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BOVINE TRYPANOSOMOSIS AS A HERD DISEASE AND AN 


ASSESSMENT OF ITS SOCIO-ECONOMIC IMPACTS 
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4.1 Introduction 

An important determinant in the selection of priority areas for the control of 

bovine trypanosomosis is the effect of the disease on agricultural development. These 

effects can be either direct or indirect (Section 1.4.3). The indirect socio-economic 
_. 

impacts of nagana are often difficult to qualify and quantify. They are a result of the 

effects of the disease on agricultural production and farming practices. They are 

likely to be affected by factors other than trypanosomosis and are, therefore, subject to 

temporal and spatial variability. Hence, the indirect effects of trypanosomosis can 

only be quantified and qualified after a thorough analysis of the farming system and 

the factors constraining it. Most of the direct effects, on the other hand, can be 

quantified relatively easily. 

The direct effects of bovine trypanosomosis and its control on herd productivity are a 

result of changes in the health status and performance of cattle in areas under 

challenge. The proportion of infected animals and disease tolerance, to a large extent, 

determines the health status of a herd. A wide range of factors can increase an 

animal's susceptibility to trypanosomosis (Section 1.4.2.2). Hence, susceptibility is 

also subject to temporal and spatial variations. With bovine trypanosomosis, 

tolerance to the disease is associated with an animal's ability to control the intensity, 

prevalence and duration of parasitaemia and to limit the pathological effect of 

parasites, the most prominent of which is anaemia. Consequently, the relationship 

between prevalence of trypanosomal infections in a herd and the herd 's average 

packed cell volume could be a useful indicator of disease tolerance. A study was 

undertaken to investigate this relationship and the usefulness of this relationship as an 

adjunct to the rapid assessment of the impact of bovine trypanosomosis (Section 4.2). 

Bovine trypanosomosis is considered to be one of the major constraints to livestock 

development in large parts of southern Africa. Despite the perceived importance of 

the disease, the real impacts of nagana on productivity are unknown. This is surprising 

since the sustainabil ity of a control intervention will depend largely on the benefits 

accruing from such an intervention. To quantify the impact of bovine trypanosomosis 

on production and predict the potential impacts of controlling the disease under the 
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different epidemiological situations occUlTing in the southern African region socio

economic surveys were conducted. Information was collected about the proportion of 

households directly affected by the disease, cattle marketing practices and cattle 

productivity under different epidemiological situations and current disease 

management practices (Section 4.3). Conclusions were then drawn about the socio

economic impact of trypanosomosis control. 
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4.2 The relationship between the parasitological prevalence of trypanosoma) 

infections in cattle and herd average packed cell volume 

4.2. J Introduction 

The distribution of tsetse-transmitted bovine trypanosomosis is usually 

established by demonstrating trypanosomal infections in cattle. By comparing the 

proportion of infected animals between herds, areas of low, medium or high disease 

prevalence can be distinguished from disease-free areas. Several factors including 

trypanosome strain, age of the infected animal, breed and nutritional status affect the 

tolerance of trypanosomal infections in susceptible breeds (Connor, 1994a) Therefore, 

decisions to intervene and control trypanosomosis cannot be based solely on the 

presence of trypanosome-infected animals but should be supported by an assessment of 

the impact of the infection on animal condition and, hence, animal production. In cattle 

and other domestic animals, anaemia is a well-recognized and inevitable consequence 

of an infection with pathogenic trypanosomes (Murray and Dexter, 1988). It is best 

measured by determining the PCV In the absence of other factors causing anaemia, 

the PCY gives a reliable indication of the disease status of a trypanosome-infected 

animal and is strongly correlated with its performance (Trail et ai., 1991; 1993). 

Consequently, the herd average PCY should give a good indication of the health status 

of a herd. Furthermore, by establishing the relationship between herd average PCY 

and prevalence of infection in an area, useful information can be obtained on (i) the 

impact of various levels of disease prevalence on herd health and (ii) the likely impact 

of control interventions on herd health. Although the herd average PCY is expected to 

decrease with increasing prevalence of trypanosomosis, this relationship has not been 

quantified sufficiently. Data obtained from trypanosomosis surveys conducted in 

eastern Zambia were used to study this relationship in more detail. The usefulness of 

this relationship as an adjunct to the rapid assessment of the impact of bovine 

trypanosomosis is discussed . 
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4.2.2 Materials and methods 

The herd mean prevalence of trypanosomal infections and herd mean PCV 

were obtained from cattle sampled at 141 sampling sites (crushpens) in Katete, 

Petauke, Chipata and Lun~azi Districts (ChipangaJi area) of eastern Zambia. All 

districts are ecologically similar, have similar farming systems (RTTCP, 1998; 1999) 

and are situated on the eastern plateau. Bovine trypanosomosis, transmitted by G. m. 

morsitans, is endemic. Bovine trypanosomosis is managed using trypanocidal drugs 

mainly diminazene aceturate (Berenil ®, Hoechst). The proportion of animals treated 

and the treatment frequency is low (Section 5.2.3). Two separate disease surveys were 

conducted. The first survey covered all four districts. It was conducted during the 

rainy season (November-March 1996). Sampling sites were selected depending on 

their location and were evenly spread over each district. During a second survey, 

sampling was repeated Clt the sampling sites in Petauke District only but different 

animals were sampled. The second survey was conducted during the dry season 

(August-September 1996). 

A "random" sample of communally managed adult cattle (Angoni breed) was selected 

at each sampling site (Section 3.4.2.1). The buffy coat, stained thick and stained thin 

smears were used as parasitological diagnostic methods (Section 3.3 .2.2). The PCV 

of each blood sample was determined. The level of bovine trypanosomosis at a 

sampling site was calculated as the proportion of cattle with a trypanosomal infection; 

it is henceforth referred to as "herd prevalence". The PC V of all animals sampled at 

each site was averaged; this is referred to as the "'herd average PCV". From all 

animals, blood contained in one heparinized microhaematocrit centrifuge capillary 

tube was extruded onto a filter paper (Whatman n° 4. Whatman®). Eluted blood spots 

were screened for the presence of trypanosomal antibodies using an indirect ELISA 

(Section 3.3.2.2). 

The relationship between the parasitological prevalence of trypanosomal infections 

and herd average PCV was examined by regression analysis using the estimates of 

herd average PCV as the dependent variable and the prevalence of trypanosomal 

infections in a herd as the independent variable. The effects of area of sampling 
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(district) and season of sampling on the herd average PCV was also investigated by 

analysis of variance using data obtained from the four districts in Zambia during the 

rainy and one district during the dry season. In addition use was made of a multiple 

linear regression model with herd average PCV as the dependent variable and 

combinations of season, area of sampling (district) and herd prevalence of 

trypanosmal infections as independent variables. 

The models fitted were: 

Yij = a + di+ bixij + [ii fo r all four districts (i = 1, ... , 4) during the rainy season 

and 

Yij = a + Si + bixij + rij for rainy and dry season (i = 1, 2) for herds in Petauke 

District 

where Yij = herd PCV for herdj within respectively district or season i 

a = average intercept 

di (i = 1, ... ,4) = effect of district on mean herd PCV 

Si (i = 1, 2) = effect of season on mean herd PCV 

= regression coefficient for district in season i bi 


Xii = prevalence of trypanosomal infections in a herd 


rij = residual 


All analyses were performed using the statistical package SPSS (SPSS Inc.). 

4.2.3 Results 

A total of 8 640 head of cattle were sampled in four districts (Chipata, 

Lundazi, Petauke and Katete) of the Eastern Province of Zambia. Trypanosomal 

infections, mainly due to congolense (86.4%), were detected in 1 252 animals (14 .5%) 

from 97 herds out of a total of 141 herds sampled. 
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The herd average prevalence of trypanosmal infections in the ramy season varied 

between areas. It was highest in the Petauke and Lundazi Districts and lowest in 

Chipata District (Table 4.2.1). 

Table 4.2.1: Number of herds sampled, number of trypanosome-positive herds, average 

parasitological prevalence of trypanosomosis and average PCV of parasitological positive and 

negative herds in four districts of the Eastern Province of Zambia during the rainy season and in 

Petauke District during the dry season. 

Area Season Number Number of Average Average PCV (% ± 1 s.e.) 

of herds positive prevalence 

sampled herds (% ± 1 s.e.) positive herds negative herds 

Chipata ram 21 10 8.4 ± 2.3 29.9 ± 0.9 3US±0.8 

Katete ram 16 13 11.4±1.6 27.7±0.7 297 ± 0.8 

Lundazi ram 22 22 17.8±1.8 27.1 ± 0.5 

Petauke ram 43 38 24.7±2.8 26.5 ± 03 29.6 ± 0.9 

Petauke dry 39 39 26.1 ±4.2 26.1 ±0.5 

The average PCV of parasitologically positive herds decreased with increasing average 

prevalence of infection The majority of the parasitologically negative herds (68.4%) 

contained animals with anti-trypanosomal antibodies. However, the herd average PCV 

of parasitologically negative and seronegative herds (31.8 ± 1.2%, n = 6) did not differ 

from the average herd PCV of parasitologically negative but seropositive herds (30.5 ± 

0.5%, n= 13) (Fig. 4.2.1). 
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Figure 4.2.1: Frequency nistribution of average packed cell volume (reV) 

of parasitologically negative herds that are serologically negative (=) and 

serologically positive (=). 

In all areas, regressIon analyses showed that the herd average PCV of 

parasitologically positive herds decreased with increasing prevalence of trypanosomaI 

infections (Table 4.2.2). 

Table 4.2.2: Linear regresslOn of herd average PCV (%) on parasitological prevalence of 

trypanosomosis (%) in four districts of the Eastern Province of Zambia during the rainy season. 

b+ Area Season Number of a 
+ 

r Significance 

herds 

Chipata ramy 10 32.8 ± 0.8 -0 .35 ± 0.08 0.84 P<O.OOI 

Katete ramy 13 31.3±1.3 -0.31 ± 0.11 0.65 P<0.05 

Lundazi ramy 22 30 .6 ± 0. 9 -0.20 ± 0.04 0.71 P<O.OOI 

Petauke ramy 38 28.4 ± 0.4 -0.08 ± 0.02 0. 65 P<O.OOI 

- a = intercept (± I s.e.) 
b = regress ion coeffici ent ( :: I s.e.) 
r = corre lation coeffi cient 
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Removal of district from the mUltiple linear regressIon model did not result in a 

significant change in its fit (P > 0.05). Hence, the intercepts for area of sampling shown 

in Table 4.2.2 were not significantly different. T_he slope of the equation between mean 

pev and trypanosome prevalence (parameter b in Table 4.2.2), however, decreased 

with increasing prevalence of trypanosomal infections suggesting a curvilinear 

relationship with pev (Fig. 4.2.2). Season of sampling also affected the slope of the 

equation between mean pev and trypanosome prevalence (parameter b in Table 

4.2.3). 

Table 4.2.3: Linear regreSSIon of herd average pev (%) on parasitological prevalence of 

trypanosornosis (%) in Petauke District of the Eastern Province of Zambia during the rainy and 

dry season. 

Area Season Number of a 
+ r + Significance 

herds 

Petauke ramy 38 28.4 ± 0.4 -0.08 ± 002 0 .65 P<O.OOl 


Petauke dry 39 28.3 ± 0.6 -020 ± 0.03 071 P<O.OOl 


+ 	 a = intercept (± 1 s.e.) 

b = regression coefficient (± 1 s.e.) 

r = correlation coefficient 


For the same increase in prevalence of infection, the decrease in herd average pev was 

higher in the dry compared to the rainy season (P<O.Ol) (Table 4.2.3 and Fig. 423) 
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Figure 4.2.3: Relationship between herd average pev and 

parasitological prevalence of trypanosomal infections in herds sampled 

during the rainy (A) and dry (B) season in Petauke District. 

197 

 
 
 



-f.. 2.4 Discussion 

The development of anaemIa IS one of the most typical sIgns of 

trypanosomosis caused by T congoiense in susceptible cattle breeds (Murray and 

Dexter, 1988). The level of anaemia, as indicated by the PCV, usually gives a reliable 

indication of the disease status and productive performance of infected animals (Trail 

et ai. 1991 , 1993). Bovine trypanosomosis control aims at reducing the prevalence of 

infection with a concomitant increase in the herd average PCV (Bauer et ai., 1999). 

Nevertheless, reduction in trypanosomosis prevalence does not necessarily result in an 

increase in the herd average PCV (Rowlands et ai., 1996). Therefore, establishing the 

relationship between the prevalence of trypanosomal infections and herd average PCV 

is a useful tool in the preliminary assessment of the expected impact of a control 

intervention. Conversely, the slope of the regression line can be used as an indicator 

of the impact of trypanosomosis on herd average PCV and, hence, herd health. By 

comparing the slopes, temporal and spatial comparisons could be made of the impact 

of trypanosomosis. However, the herd average PCV is affected by factors other than 
b 

trypanosomosis (Connor, 1994/;' These confounding factors are not always easily 

identifiable but they are likely to affect both trypanosomosis positive and negative 

animals . Hence, the average PCVs of trypanosomosis-free herds are a good indicator 

of the levels of anaemia in the absence of trypanosomosis and could form the baseline 

for comparison between areas. Determining the PCV -distribution of parasitologically 

negative herds may be difficult with parasitological diagnostic methods of low 

sensitivity at the individual animal level (Paris et ai., 1982). However, according to 

the above results, the herd-level sensitivity of the buffy coat method for the detection 

of at least one positive sample in a positive herd is high at the sample sizes used in the 

survey (Martin et ai., 1992). Indeed, the herd average PCV of parasitologically 

negative herds does not differ from the herd average PCV of serologically negative or 

true negative herds. The PCV-distribution of the parasitologically negative herds can 

thus be used as the baseline herd average PCV distribution in the absence of 

trypanosomosis. 

The slope of the regreSSIOn equation between PCV and trypanosome prevalence 

decreased with increasing prevalence of trypanosomal infections. Hence, for the same 
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increase in prevalence, the decrease in herd average FCV is lower in herds under high 

challenge compared to herds under low challenge. This could be explained by 

differences in trypanocidal drug use. The effect of increased prevalence of infection 

on pev would, for example, be minimal if the majority of drug treatments were given 

in the early stages of infection before or during the early phase of anaemia 

development. Such a trypanocidal drug treatment regimen requires early diagnosis of 

the trypanosomal infection. Diagnostic facilities are, however, not readily available in 

the study area. Hence cattle owners mainly treat clinically sick animals in the later 

stage of infection when, often severe, anaemia has developed (Section 5.2.3). 

For the same increase in the prevalence of infection, the decrease in herd PCV is 

higher in the areas with low to medium prevalence (Chipata and Katete Districts). In 

the absence of an effect of trypanocidal drug use, the main factor determining the 

slope of the equation between FCV and trypanosome prevalence is the infected 

animal's ability to control the development of anaemia. This will differ between 

cattle breeds and will be affected by factors such as intercurrent disease, nutrition and 

the level of acquired immunity. The effect of cattle breeds is well-known. The 

development of anaemia tends to be more severe in exotic breeds whereas it is well

controlled in trypanotolerant breeds (d'Ieteren et ai., 1998). All cattle sampled during 

the survey were of the trypanosusceptible Angoni breed. The effect of the other 

factors on the relationship between prevalence and FCV is difficult to quantify. 

Differences in the prevalence of intercurrent diseases, aggravating the effect of 

trypanosomal infections on PCV, could explain the difference between areas. 

However, the prevalence of such diseases is unlikely to differ much between adjacent 

areas such as the Petauke and the Katete Districts and the Chipata and Lundazi 

Districts and can thus not be the main reason for the observed differences in the effect 

of prevalence of trypanosomal infections on herd average PCV. Nutritional stress also 

may exacerbate the severity of trypanosomosis. However, livestock management 

practices do not differ between the different survey areas and none of the areas are, as 

yet, subject to overgrazing (RTTCP. 1999c). Furthermore, surveys were conducted 

during the rainy season when grazing is at its best. Hence, differences in nutritional 

stress are unlikely to be the reason for the observed differences in the relationship 
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between prevalence of infection and herd average PCV Field trials have shown that 

infection with one serodeme of trypanosome can induce immunity to reinfection with 

that particular serodeme but not to heterologous challenge. The immunity conferred, 

however, is short lived and is no longer apparent six months after the initial challenge 

(Murray and Urquhart, 1977)_ The development of such a "non sterile immunity" to 

bovine trypanosomosis is difficult to assess but has been observed in areas of high 

challenge by a resident tsetse population that feeds mainly on cattle and where curative 

drugs are used to treat the acutely sick animals (Hornby, 1941 ; Boyt, 1967; Wilson et 

al., 1976; Bourn and Scott, 1978). Such conditions do prevail in the Petauke District 

of eastern Zambia (Chapter 2 and Section 5. 2.3 ) and may explain the observed 

difference in the relationship between the prevalence of infection and the herd average 

PCV in the Petauke District and in the other three districts. Indeed, herds in the Katete 

and Chipata Districts are subject to low and irregular challenge. This level of challenge 

may be insufficient for the development of protective immunity in cattle resulting in 

higher decrease in PCV for the same increase in prevalence compared to cattle in the 

Petauke area. Herds in the Lundazi District are subject to similar challenge as herds in 

Petauke District However, because of the invasion of tsetse from the adjacent 

Lukusuzi and Kasungu National Park challenge is likely to be more heterologous and 

will not result in the same level of "nonsterile immunity" in cattle. 

A major factor affecting the pev is the plane of nutrition. Poor nutrition is known to 

result in a lower PCV (Sawadogo et ai , 1991; Katunguka-Rwakishaya et ai, 1995) A 

study, investigating the effect of season on the food intake of Angoni cattle in eastern 

Zambia, showed that poor pasture conditions and high temperatures cause nutritional 

stress during the dry but especially the hot dry season (De Clercq, 1997). Thus, the 

observed effect of season on the association between prevalence and herd average 

PCV is very likely to have been due to poor nutrition in the dry season . Whereas the 

season of sampling has no effect on the average PCV of the parasitologically negative 

herds, trypanosomosis seems to be less well tolerated during the dry season. This may 

explain the high proportion of trypanocidal drug treatments administered during the 

dry season (Section 5.2 .3) 
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The above results indicate that the relationship between the prevalence of 

trypanosomal infections and the average pev could be a useful tool in the 

management of trypanosomosis and planning of its control. Further research should be 

conducted in the temporal and spatial variations of this relationship and the factors 

affecting it. 
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4.3 	 An assessment of the impacts of bovine trypanosomosis on herd 

performance and offtake rates 

4.3.1 	 Introduction 

Bovine trypanosomosis occurs III vast areas of southern Africa (Connor, 

1994). The distribution and prevalence of the disease is well established (Chapter 3). 

Its impact on cattle production, on the other hand, is less well known. Assessments of 

the socio-economic impact of the disease are, therefore, frequentl y based on 

assumptions. Nevertheless , the socio-economic impact of bovine trypanosomosis and 

the expected impact of its control are important criteria in determining the 

appropriateness of and need for a particular intervention. 

The impact of bovine trypanosomosis on cattle production and marketing is best 

assessed by comparing various variables before and after the implementation of a 

control intervention in a particular area. This longitudinal approach is often difficult 

and time consuming. Alternatively, animal production and marketing can be 

compared between ecologically similar areas where cattle are either kept under tsetse 

challenge or where trypanosomosis is absent or has been controlled. This approach 

\vas adopted in collecting the results described in this section. To minimise the 

differences in cattle production variables and cattle marketing for reasons other than 

trypanosomosis, data were collected in a tsetse-infested and adjacent, ecologically 

similar, tsetse-free areas. Results were compared and the impact of bovine 

trypanosomosis was deduced. 
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4.3.2 	 Materials and methods 

-1.3.2.1 Survey areas 

Surveys were conducted in six areas. In three areas (Petauke, Chipangali and 

Vwaza (adjacent to the game reserve,)), bovine trypanosomosis was prevalent. In the 

three other areas (Katete, Kasungu and Vwaza (>20 km from the edge of the game 

reserve) bovine trypanosomosis is virtually absent. 

Petauke area 

Baseline socio-economic surveys were conducted in an area of medium to high 

tsetse challenge (PetaukelNyimba) of Petauke District in the Eastern Province of 

Zambia (Fig. 4.3.1) (Section 2.5.3 4). The area is situated on the eastern plateau and is 

part of the eastern tsetse-belt (Chapter 2). Glossina m. morsitans is the only tsetse 

species present and takes about 75% of its blood meals from cattle (Section 2.3.3). 

The monthly average incidence of bovine trypanosomosis is ca. 9% (Section 2.5 34) 

Trypanocidal drugs (diminazene aceturate and isometamidium chloride) are readily 

available. Trypanocides are used by the majority of the cattle owners (8 5%) (Section 

5.2.3.1). In the use of trypanocides, preference is given to curative rather than 

prophylactic drugs. The majority of treatments are given to oxen and cows with each 

treated animal receiving ca. 1.5 treatments/year. The density of the trypanosusceptible 

Angoni breed cattle is on average 10 animals/km2 but varies significantly between 

areas. Human density varies between 60-75 people/ km2 

Katete area 

A second survey was conducted in the tsetse-free MvuvyelKatete South area of 

Katete District in eastern Zambia (Fig. 4.31) The area lies adjacent to the Petauke 

survey area. It is is ecologically similar and crops and crops combinations grown are 

virtually identicaL Tsetse were controlled effectively using odour-baited, insecticide

treated, targets in the Mvuvye area and tsetse are absent in the Katete South area 

(Section 533). The area carries ea. 24 head of cattle/km2 The human density is ca. 90 

people/km2 
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Chipangali area 

The Chipangali area is located in the north-eastern corner of Chipata and the 

southern part of Lundazi Districts in the Eastern Province of Zambia (Fig. 4.3.1). To 

the north the area is bounded by the Lukusuzi National Park and to the east by the 

Kasungu National Park (Malawi). Both national parks are heavily infested with tsetse 

(G. m. morsitans). The Chipangali area is subject to tsetse invasion from both national 

parks (Wilson, 1975). The parasitological prevalence of bovine trypanosomosis is 

comparable to the prevalence in the Petauke area. Trypanocidal drug use practices are 

similar to the ones observed in the Petauke area (Section 5.2). Human and livestock 

densities are relatively low. 

Vwaza area 

The Vwaza survey area is located along the edge of the Vwaza Marsh Game 

Reserve in the Northern Region of Malawi (Fig. 3.4.3). The Vwaza Game Reserve is 

infested with tsetse (G. In. l110rsilans and G. paf/idipes) (Davison, 1990). The survey 

was conducted within a band of ca. 40 km along the perimeter of the game reserve. 

Bovine trypanosomosis is present in herds located within 0-20 km from the edge of 

the game reserve (Vwaza < 20 km) (Section 3.4.3.4). The average prevalence of 

trypanosomal infections is about 7%. Bovine trypanosomosis is controlled with 

trypanocidal drugs by only 40% of the cattle owners (RTTCP, 1999b). Bovine 

trypanosomosis is absent between 20 to 40 km from the perimeter of the game 

reserve . Human population density in the Vwaza area is on average 85 people/km2 

Kasungu area 

The Kasungu survey area is situated along the edge of the Kasungu National 

Park in the Central Region of Malawi (Fig. 3.4.4). The Kasungu National Park is 

infested with tsetse (G. 111. l17orsilans). A 6 lG11-wide barrier of odour-baited , 

insecticide-treated. targets (Section 3.4.4.2) prevents the spread of tsetse into the areas 

surrounding the eastern edge of the national park. Hence, the prevalence of bovine 

trypanosomosis is very low in the survey area (Section 3.4.4.2). The area is heavily 

settled, with a human population density of 104/kmc. 
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Because of spatial and temporal variations 10 the performance variables of cattle, 

comparisons between the trypanosomosis-infected areas could not be made. 

Therefore, the performance variables of each area where bovine trypanosomosis was 

prevalent were compared with those recorded in an adjacent ecologically similar 

trypanosomosis-free area (c~ntrol area) surveyed during the same year Crable 4.3.1) . 

Table 4.3.1: Trypanosomosis-infected and their adjacent 

trypanosomosis-free (control) survey areas. 

Survey areas 

Trypanosomosis- Control 

infected 

Petauke Katete South 

Chipangali Kasungu 

Vwaza (>20 km)VwazaJO-20 km) 

4.3.2.2 Sampling methods 

All surveys were conducted in the dry season between July/August and 

September/October. A rapid rural appraisal method was used (ILCA, 1990). 

Households interviewed were selected by using a two-stage cluster sampling method 

(ILCA, 1990). Detailed household counts were made for all the villages in each of the 

survey areas. Villages were then clustered, each cluster consisting of ca. 200 

households. Twenty-five percent of the clusters were selected by random sampling 

and full household listings were made of all selected clusters. Households chosen for 

interview were selected by systematic sampling. Approximately 500 households were 

interviewed in each area. 

A standard questionnaire was used (Annex I). The questionnaire was pre-tested and 

revi sed to clarify specific questions and ensure that the average interview time did not 

exceed 45 minutes. Enumerators were trained for several days before the interviews 

were conducted. The questionnaire contained ca. 200 questions covering issues such 

as household characteristics, otT-farm employment and income generation, crop and 

206 


 
 
 



livestock practices and asset ownership. Replies were coded, transferred to a coding 

sheet and entered into a database. The Statistical Package for Social Sciences (SPS S, 

SPSS Inc.) was used to analyse the data. 

4.3.2.3 Variables measured 

The following variables were measured for the 12-month period prior to 

interview: 

Mortality rates ofdifferent sex and age categories ojcattle 

• 	 (Number of deaths/Total herd opening number for a sex or age category) x 

lOa 

Cattle performance 

• 	 Calving rate (%) = [(Calves born)/(Cow closing number + cow deaths + 

cow offtake -	 cow purchases)] x 100 


= (Calves born/Cow opening number) x 100 


• Wf:'8ning r8te (%) = [(Calves born - Calf deatbs)/Cow opening x 100 

, Offtake rate (%) = Total cattle offtake/total herd opening number x 100 

• 	 Sales rate (%) = Total cattle sales/total herd opening number x 100 

• 	 Commercial offtake rate (%) = Cattle sales + Exchanges/ total herd 

opening x 100 

-1.3.3 	 Results 

The surveys were conducted between June 1997 and October 1998. A total of 

2622 households were interviewed (Table 4.3 .2). 
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Table 4.3.2: Number of households interviewed in each survey area. 

Survey area 

Petauke Chipangall Vwaza Vwaza Katete Kasungu 

<20krn >20krn 

Households 546 424 277 255 541 579 

4.3.3. 1 Cattle ownership 

The majority of the households in all survey areas did not own cattle (Table 

4.3.3). The average proportion of households owning cattle in all survey areas was 

only 33.9%. Furthelmore, average herd sizes per owner were small (Table 4.3.3). 

Cattle ownership was highly skewed with 5% and 10% of the households owning half 

of the cattle in the Malawian and Zambian survey areas, respectively. In all areas 

surveyed, the proportion of cattle owners lending cattle to relatives and other farmer 

was < 10%. Bovine trypanosomosis was reported as the main reason for cattle loss in 

the Petauke, Chipangali and Vwaza survey areas. 

·:1.3.3.2 Herd structure 

Herd structures differed substantially between survey areas. Herd structure in 

the Kasungu survey area was fairly typical for African sedentary farming systems in 

southern Africa where oxen constituting ca. 20% and cows between 30-35% of the 

average herd. In both tsetse-infested areas of Zambia the oxen/cow ratio was high 

(1.30 and 0.96 for the Petauke and Chipangali area, respectively). In the Vwaza area 

of Malawi, on the other hand, a very low ox/cow ratio was recorded (on average 0.38) 

(Table 4.3.4). 

-1.3.3.3 Cattle performance variables 


k /orta/ity rates 


Except for the relatively high average mortality rates in the Petauke survey 

area, cattle mortality rates in all age and sex: categories Jl1 the tsetse-infested areas 

were low (Table 4.3 .5). Differences between the average mortality rates in the 
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Table 4.3.3: Frequency distribution of cattle ownership in each survey area. 
.. 

Herd size Survey area 

Petauke+ KateteO Chipangali+ KasunguO Vwaza l Vwazao 

No cattle 69.3 51.4 66.7 71.2 83.0 78.8 

1-5 12.0 24.7 15.6 14.3 8.3 10.9 

6-10 11.6 11.1 9.0 7.4 4.5 7.3 

11- 15 3.6 6.2 4.0 3.8 1.8 2.4 

> 15 3.5 6.6 4.8 3.3 2.4 0.6 

Average per owner 8.1 8.5 89 8.0 8.3 9.1 

+ trypallosomosis-infected areas 
" control areas 
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Table 4.3.4: Proportion of cattle (%) in each age and sex category in each survey area. 

Age and sex Survey area 

category Petauke+ KateteO Chipangali+ KasunguO Vwaza ' Vwazao 

Male calves 6.6 9.7 5.7 8.3 9.2 10. ] 

f.cmale calves 6.6 9.6 6. J 8,7 8.7 12, 2 

J-4 yr old males 6. 8 11.0 9.8 8.3 11.4 7. ] 

1-4 yr o lJ females 8.1 10.8 13.9 10.4 12 .8 9.4 

Cows 30.3 30.1 30.7 34.3 35 .4 41.4 

Oxen 39 .3 25.6 29.4 24. 8 14.9 14.3 

Bulls 2. 1 3. 1 4.4 5. 2 7.6 5.5 

, trypanosol11os is-infected areas 
U control areas 
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Table 4.3.5: Average mortality rates (% ± I s.e.) per age and sex category of cattle in each survey area. 

Age Average mortality rate per survey area (%) 

category Petauke+ KateteO ChipangaW KasunguO Vwaza+ Vwaza,° 

Cow 10.2 ± 2.2 10.3 ± 1.5 6.6 ± 1.7 4.7±1.4 3.1 ± 1.9 3.7 ± 1.5 

Oxen/bulls 8.4 ± 1.6 11.8 ± 1.8 4.6±1.4 3.3 ± 1.2 2.3 ± 2.2 2.3 ± 1.5 

Young stock 5.4 ± 1.7 3.6±1.1 1.6 ± 1.2 8.1 ±2.2 3.4 ± 3.4 17.5 ± 6.0 

Calves 13.2 ± 2.1 8.7 ± 1.6 7.1 ± 2.8 8.4 ± 2.5 7.l±2.6 8.1 ± 3.7 

Table 4.3.6: Average calving and weaning rates (% ± 1 s.e.) per survey area. 

Survey area 

Petauke+ KateteO Chipangali+ KasunguO Vwaza+ VwazaO 

Calving rate 46.9 ± 4.6 47.8 ± 4.0 37.1 ± 4.0 49.2 ± 3.4 36.0 ± 3.2 53.7 ± 4.1 

Weaning rate 40 .7 ± 3.8 43.6 ± 3.5 34.4 ± 4.0 45.5 ± 3.5 33.5 ± 3.8 49.3 ± 3.7 

+ trypanosomosis-infected areas 
o control areas 
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Petauke area and the adjacent Katete area were, however, not significant (P>0.05). 

were comparable to those recorded in their respective control areas (Table 4.3.5). 

Except for young stock, average mortality rates in the Chipangali and Vwaza (0-20 

km) areas 

Calving and weaning rates 

With the exception of the Petauke survey area, average calving rates were 

significantly lower (P<O.O 1) in all trypanosomosis-infected areas compared to their 

control areas (Table 4.3 .6). 

4.3.3.4 Cattle sales, offtake rates and purchases 

Mean sales rates and offtake rates were low in all areas (Table 4.3.7) and did 

not differ between cattle owners with small (less than the median number of animals) 

and large (above the median number of animals) herds (P>0.05) . This suggests that 

the majority of cattle owners in tsetse-infested and tsetse-free areas meet cash needs 

by alternative means. In all areas, commercial reasons for disposal (sales and 

exchange) accounted for more than 50% of total offtake (Table 4.3.8 ). Emergency 

slaughter was particularly high in the Katete area (Table 4.3.8). This is attributed to 

an East Coast Fever (ECF, Theileria pm-va) outbreak a few months before the survey 

was conducted. Market-related reasons for not disposing of cattle (market prices too 

low, unable to sell cattle or not enough buyers) were relatively unimportant (Tables 

4.3.9 and 4.3.10). They constituted less than 5% of all the reasons for not selling 

more animals. 

In the year preceding the survey, a substantial proportion of households and cattle 

owners bought cattle in the Zambian survey areas (Table 4.3 .11 ). The differences 

between the Zambian survey areas were not significant (P>0.05) . In the Malawian 

survey areas. on the other hand, cattle purchases were substantially lower (Table 

4.3 . l l) . The cattle owners ' strategies for stock purchase differed markedly between 

areas (Table 4.3.12). In the tsetse-infested areas in Zambia and most areas in Malawi, 

the majority of all purchases were draught animals. Most of the cattle (99%) were 

purchased from farmers living within the same area or a nearby village. 
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Table 4.3.7: Average gross offtake rate , sales rate and commercial offtake rate per cattle owner in each survey area. 

Offtake measure Survey area 

Petauke+ KateteO ChipangaW KasunguO Vwaza r Vwazao 

Gross offtake rate 7.0 7.9 9.0 13.7 19.4 17.9 


Sales rate 3.7 3.5 2.6 5.3 8.1 6.5 


Commercial offtake rate 3.9 3.7 3.9 5.8 8.6 9.5 


Table 4.3.8: Frequency distribution of reasons for cattle disposal in each survey area. 

Reason for disposal Survey area 

Petauke1 KateteO Chipangalt KasunguO Vwaza+ Vwazao 

Cash-sal e 55.9 49.8 45.4 42.1 42.5 45 .2 

Home consumption 7.8 3.7 7.5 4.9 8.5 5.4 

Lobola/bride price 5.0 2.3 20.1 26.2 8.5 15.0 

Ceremonies 0 4.6 3.4 7.9 10.6 6.5 

Emergency slaughter 15.6 25.6 9.2 11.0 23.6 19.3 

Exchange 11.3 11.9 11.0 6.7 4.2 6.5 

Other reasons 4.4 2.1 3.4 1.2 2.1 2.1 

+ trypanosomosis-infected areas 
o contro I areas 
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Table 4.3.9: Frequency distribution of reasons for not selling more cattle in each survey area. 

Reason for not selling more Survey area 

cattle Petauke+ KateteO Chipangalt KasunguO Vwaza+ Vwazao 

No more cash required 22.4 30.8 26.5 36.0 43.5 51.9 

Needed to keep oxen 43.3 33.7 25.8 13.4 8.7 1.9 

Market prices too low 1.5 1.5 0 1.2 0 0 

Not enough buyers 0 0 0 0 4.3 0 

Herd too small 32.3 31.5 45.3 39.1 42.3 44.2 

Other reasons 0.5 0.5 1.1 10.3 1.2 2.0 

Table 4.3.10: Frequency distributions of reasons for cattle sale. 

Reason for sale Survey area 

Petauke+ KateteO Chipangali+ KasunguO Vwaza+ Vwazao 

Cash for specific purpose 85.6 82.6 100.0 91.6 87.5 88.6 

Animals ready for market 4.8 2.7 0 2.8 3.1 0 

Animals were sick 4.8 12.4 0 2.8 6.3 9.1 

Other reasons 4.8 2.7 0 2.8 3.1 2.3 

+ trypanosomos is-infected areas 
o con tro I areas 
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Table 4.3.11: Proportion of households and owners buying cattle in each survey area. 

Proportion buying (%) Survey area 

Petauke+ KateteO Chipangali~ KasunguO Vwaza+ Vwazao 

Households 7.5 10.4 9.0 4.3 3.2 1.6 


Owners 23.2 21.1 27.0 15.0 19.1 7.4 


Table 4.3.12: Cattle purchases (%) within different stock categories per cattle owner in each survey area. 

Stock purchase category Survey area 

Petauke+ KateteO Chipangali+ KasunguO Vwaza+ VwazaO 

Males ~ 4 yrs old 25.4 29.1 20.9 20.6 28.6 25.0 

Males ~ 4 yrs old 44.8 18.5 43.3 41.2 71.4 25.0 

Females ~ 4 yrs old 10.4 33.0 16.4 14.7 0 50.0 

Females ~ 4 yrs old 19.4 19.4 19.4 23.5 0 0 

+ trypanosomosis-infected areas 
o control areas 
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4.3.4 Discussion 

4.3.4. J Cattle ownership 

In all survey areas the proportion of households owning cattle was low and 

ownership was highly skewed. Several studies in East and West Africa (Swallow, 

1998) have indicated that the control of bovine trypanosomosis will lead to an 

increased proportion of households owning cattle with a concomitant increase in the 

average herd size per owner. Such an increase in cattle numbers after trypanosomosis 

control could be one reason for the higher proportion of households owning cattle and 

the larger average herd size in the Katete area compared to the adjacent, tsetse

infested, Petauke area of eastern Zambia. Increased cattle ownership and increased 

herd size should, however, not be considered as a normal consequence of 

trypanosomosis control. Indeed, notwithstanding the absence of trypanosomosis in 

the area 20-40 km from the edge of the Vwaza Game Reserve, the proportion of 

households owning cattle and the average herd size per owner does not differ 

significantly from the cattle ownership and average herd size in the area immediately 

adjacent to the game reserve where trypanosomosis is prevalent. In the V waza area, it 

is likely that the land pressure has placed severe limitations on the potential to 

increase herd size and cattle ownership. 

Since wealth in terms of livestock ownership tends to be skewed towards the cattle 

owner (RTTCP, 1999b), trypanosomosis control interventions will tend to benefit the 

wealthiest part of the population most. Although difficult to quantify, trypanosomosis 

control will also have indirect effects on the non-cattle owners through, for example, 

increased availability of oxen for hire for land preparation. Therefore, an important 

indirect impact of trypanosomosis control is likely to be an expansion in the area 

ploughed per household with a concomitant reduction in the proportion of deficit food 

producing households (Swallow, 1998). However. the capacity to expand the 

cultivated areas depends on the amount of land available. The amount of land 

available is extremely limited in both Malawi survey areas with human population 

densities in excess of 100 people/kro2 around both game areas. In such circumstances 

the indirect impact on crop production will be limited. 
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4.3.4.2 Herd structure 

Data on herd structures can be instructive. The observed variations between 

the different survey areas may reflect differences in management strategies or 

investment priorities that may result from particular constraints affecting the cattle 

owners. It is possible that some of the observed differences in herd structure are a 

result of the presence or absence of bovine trypanosomosis. The relatively high 

proportion of cows in herds in the tsetse-free area compared to both tsetse-infested 

areas of eastern Zambia, for example, could be the result of the farmers' emphasis on 

herd growth and the accumulation of breeding animals after trypanosomosis has been 

removed. Indeed, in areas where bovine trypanosomosis is endemic, the reproductive 

performance of cows is low with, consequently, low returns from investments in 

breeding stock (Section l.4.1). This emphasis on oxen in tsetse-infested areas can 

clearly not be generalised suggesting that other factors, not related to the presence of 
, 

tsetse, affect the herd structure. The low proportion of oxen in the Vwaza area of 

Malawi, for example, could again be a result of the low availability of arable land and 

small plot sizes, which reduces the need for draught power. Hence, the survey results 

indicate that it is dangerous to draw conclusions on the impact of bovine 

trypanosomosis, and its control, on herd structure. 

Although the effect of nagana and its control on herd structure may be difficult to 

predict, knowledge of the existing herd structure is perhaps more important in the 

design of a strategy for the control of bovine trypanosomosis. The structure of the 

herd can, to a significant extent. determine the impact of trypanosomosis control on 

herd growth and, where land is available, the rate of arable land expansion. For 

example, in the Katete area, where herd structures are normal, herd size is likely to 

increase by ca. 3% per annum after trypanosomosis has been controlled (Doran. pers. 

comm.). In the Petauke area, on the other hand, where oxen constitute a large 

proportion of the herd (39.3%) annual herd growth will be substantially lower (0.9%) 

after trypanosomosis has been controlled. 
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4.3.4. 3 Performance variables 

The estimation of cattle performance parameters was an important objective of 

the survey. Parameter estimation is, however, fraught with problems since 

performance will be influenced by intra-and inter-seasonal climatic changes, disease 

outbreaks and levels of drug use, etc. 

iviortality rate 

Despite the presence of trypanosomosis, average mortality rates recorded in all 

Zambian survey areas fell within the ranges expected for communally kept cattle in 

Zambia (Perry et af., 1984). In the Malawian survey areas also, average mortality 

rates were low (Soldan and Norman, 1994). The relatively high average mortality 

rates in most age and sex categories of stock in the Petauke and Katete areas were 

attributed to an outbreak of ECF during the February-June period preceding the 
. 

survey. Swallow (1998), reviewing studies on the impact of trypanosomosis in 

vanous parts of Africa, stated that trypanosomosis increases calf mortalities by 

between 10-20% and redu~s the density of cattle between 37-70%. Survey results 

collected in the trypanosomosis-infected areas in Zambia and Malawi cannot confirm 

those findings. The ranges of calf and adult mortality rates in the tsetse-infested areas 

of Zambia and Malawi were not atypical for traditional African livestock-keeping 

systems without trypanosomosis challenge and fell within the ranges recorded by 

Perry er 01. (1984) (4-32% range and 4-10% range for calves and adults, respectively). 

A likely reason for the low mortality rate in all age categories of STOck could be the 

effective treatment with trypanocides. However, trypanocidal drug use figures, 

collected in the survey area, indicate that the propol1ion of calves treated with 

trypanocides is low (Section 5.2.3.2). A more likely explanation for the low 

mortality in calves is, therefore, the low levels of tsetse challenge calves undergo. 

Research has shown the low attractiveness of calves to tsetse compared to adult 

animals (Torr. personal communication, 1999). This low level of attractiveness must 

result in a lower level of challenge and. hence. trypanosomosis-related mortality. 
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Calving and weaning rates 

In two of the tsetse-infested areas, calving rates were significantly lower 

compared to their tsetse-free control areas. These results confirm observations made 

by other authors that trypanosomosis does affect the calving rate (reviewed by 

Swallow, 1998). Reproductive disorders are frequently seen in animals infected with 

trypanosomes (Section 1.4-1). They are attributed mainly to the effects of 

trypanosomosis on the endocrine system of cows resulting in irregular oestrus, foetal 

death and abortion (Ike de et aI. , 1988; Gombe, 1989). The effect of trypanosomal 

infections on reproduction are reversible after diminazene aceturate treatment but it 

may take several months before normal cyclical activity resumes (Llewelyn et aI., 

1988). It is, therefore, not surprising that the curative diminazene aceturate treatments 

administered by the cattle owners contribute little to improved reproductive 

performance in the tsetse-infested area. 

The relatively high average calving rate in the Petauke survey area is more difficult to 

explain. Disease prevalence is comparable to the one in the Chipangali area and 

trypanocidal drug use practices do not differ (RTTCP, 1999c). However, a study 

investigating the effect of trypanosomal infections on herd average PCV showed that 

the effect was more severe in the Chipangali (Lundazi District) than in the Petauke 

survey area (Section 4.2.3). These results indicate differences in trypanosomosis 

tolerance between the two areas . In the Petauke area, the increased tolerance was 

attributed to the high level of homologous challenge by a resident tsetse population 

almost entirely feeding on cattle which induces a level of "nonsterile immunity" in the 

cattle population. Cattle in the Chipangali area, on the other hand , are subject to 

challenge by tsetse invading from the adjacent game areas (Lukusuzi National Park 

and the Kasungu Game Reserve). Since a substantial proportion of the invading flies 

obtained trypanosomal infections from game animals. cattle will undergo 

heterologous challenge and "nonsterile immunity" is unlikely develop. This may 

explain the lower tolerance of cattle to trypanosomosis in the Chipangali area (Section 

4.2.3) and. hence, the low calving rate. Reasons for the low calving rate observed 

along the vicinity of the Vwaza Game Reserve are likely to be similar. 
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4.3.4.4 Offtake, sales rates and cattle purchases 

In the context of planning for trypanosomosis control, it is important to obtain 

information about the sales and offtake rates and the reasons for cattle disposal. In all 

survey areas, sales rates were low and were influenced predominantly by the need to 

obtain cash to pai for food, school fees, clothes and inputs (e.g. drugs andlor 

fertiliser) . Market-related factors (e.g prices or animal condition) did not seem to 

constrain the offtake of cattle. 

Sales and offtake rates are often assumed to increase after control operations become 

effective and benefits of this kind are sometimes incorporated in economic and 

financial appraisals of trypanosomosis control interventions. Swallow (1998), for 

example, stated that trypanosomosis control may result in a 30% increase in the 

commercial offtake of cattle. However. the direct relationship between cattle sales 

rates and cash needs observed in all suryey areas has important implications. When, 

for example, alternative sources of cash are available these are likely to be used to 

meet cash needs in preference to the sale of cattle (Doran et aI., 1979; Low et ai., 

1980) . Significant improvements in, for example, crop revenue earning capacity 

thus tend to be associated with reduced sales rates and more rapid herd accumulation. 

Animal disease interventions, such as trypanosomosis control, which increase the 

availability of draught power and hence the capacity to expand the areas under 

cultivation are. therefore, likely to have similar effects on the rate of herd 

accumulation over time. Other things being equal, the greater the agricultural 

potential of an area and the greater the capacity for arable land expansion, the greater 

will be the capacity for herd accumulation and the lower the aggregate offtake and 

sales rates. 

Survey results indicate that trypanosomosis control did not affect the proportion of 

households or cattle owners purchasing cattle. In the Zambian survey areas. however, 

the cattle purchase data suggest that under tsetse challenge, emphasis is given to the 

purchase of especially adult males for draught purposes. Removal of the 

trypanosomosis constraint, appears to shift the emphasis to a longer term herd 

accumulation strategy in which the purchase of breeding females is given priority. As 
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suggested above, the high proportion of male cattle purchased in tsetse-infested areas 

can be explained by the low reproductive performance of females. Other factors may 

also affect the purchase strategy. 

The outcomes of the socio-economic surveys conducted in Zambia and Malawi 

indicate that is it is dangerous to make generalizations on the impact of bovine 

trypanosomosis and its control on cattle production and offtake. With the exception 

of the impact of the disease on calving rates, all other direct and indirect impacts are 

affected by non-trypanosomosis related factors such as the cattle owners' disease 

management practices, the potential for herd and arable land expansion and cash 

requirements. All these factors and their linkages and the local decision making 

process have to be considered when planning for the localised control of bovine 

trypanosomosis. Failure to do so may result in an overestimate of the benefits 

accruing from control and is likely to affect the sustainability of an intervention. 
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CHAPTER FIVE 


OPTIONS FOR THE CONTROL OF BOVINE 


TRYP ANOSOMOSIS 
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5.1 Introduction 

Control of tsetse-transmitted trypanosomosis can be based on the control of the 

causal agent, the trypanosome, the control of the vector, the tsetse fly, the genetic 

selection of resistant cattle or a combination of all. 

Despite the progress made in the development of effective tsetse control methods, 

trypanocidal drugs are, and will continue to be, an important means of controlling 

bovine trypanosomosis. In several countries of southern Africa (Malawi, Zambia and 

Mozambique), trypanocidal drugs (diminazene aceturate and isometamidium chloride) 

are readily available. The current and future effectiveness of a trypanosomosis control 

strategy based on the use of trypanocidal drugs will be determined largely by the 

prevalence of trypanosome strains resistant to those drugs. In areas where drug 

resistance is absent or present at low prevalence, the potential for widespread 

resistance in trypanosomes to these compounds is an important component 

determining the sustainability of a control strategy based on trypanocides. Detailed 

information on the distribution and prevalence of trypanocidal drug resistance in 

trypanosomes is not available. Moreover, tests to detect resistance are labour 

intensive, expensive and are unlikely to provide information on time or on a scale 

required for planning. The factors contributing to the development of resistance to 

trypanocidal drugs, on the other hand, are well-known (Section 1.S). Hence, detailed 

area-specific data on, for example, levels of trypanocidal drug use, trypanocidal drug 

preference, dose and frequency of application could be used as a practical, indirect 

indicator of the likelihood of the development of resistance to trypanocidal drugs in 

trypanosomes. 

To determine current trypanocidal drug use in a bovine trypanosomosis endemic area 

and assess the potential for the development resistance a survey on trypanocidal drug 

use was conducted in eastern Zambia (Section 5.2). The survey results were used to 

determine the appropriateness of a bovine trypanosomosis control strategy based on 

trypanocides in the area. Moreover, general principles of cattle owners' attitudes 

towards trypanosomosis and its control were deduced and conclusions. relating to the 

implementation of other control methods were drawn (Section 5.2). 

 
 
 



During the past 20 years much effort has gone into the development of low

technology and cost-effective tsetse control methods (Section 1.5). At the moment, 

most tsetse control operations rely on the use of stationary (odour-baited, insecticide

treated targets) or mobile (insecticide-treated cattle) baits. Odour-baited targets have 

been used to clear tsetse from large areas of Zimbabwe (Lovemore, 1999). They have 

proved to be highly effective when used in large areas where human and cattle 

population densities are often low. Moreover, odour-baited, insecticide-treated target 

barriers are highly effective in preventing the re-invasion of tsetse (Section 3.6.3) or 

significantly reducing the contaqct between tsetse and cattle at the edge of tsetse

infested areas (Section 3.4 .3). Despite the successful implementation of the target 

technology under these conditions, the effectiveness of the method in controlling 

tsetse in small cultivated areas with high cattle and human population densities, where 

trypanosomosis is endemic and tsetse habitat patchy, still needs to be assessed . This 

situation occurs on the plateau area of eastern Zambia (Chapter 2). To evaluate the 

effectiveness of the target technology under the conditions prevailing on the plateau 

area of eastern Zambia, a tsetse control trial using odour-baited, insecticide-treated 

targets was conducted (Section 5.3). 

Much of the development of insecticide-treated cattle as mobile baits to control tsetse 

has been conducted in southern Africa (Section 1.5). Nevertheless, with the exception 

of a few small trials, the method has never been used on a large-scale. Furthermore, 

the effectiveness of insecticide-treated cattle under the various epidemiological 

situations prevailing in southern Africa (Chapter 3) still needs to be assessed. It is, for 

example, important to clarify the effect of insecticide treatments on the tsetse's 

feeding responses and trypanosomosis transmission. Any repellent or irritant effect 

that the insecticide has on tsetse could be of particular importance in situations where 

the interaction between tsetse and cattle occurs along the edge of a tsetse-infested area 

(Section 3.4.3.4). Therefore. a trial was conducted to evaluate the effect of 

deltamethrin (the most commonly used pyrethroid to control tsetse) applied to cattle 

on the transmission of bovine trypanosomosis (Section 5.4). In view of the localised 

control of tsetse, effective barriers are required to prevent re-invasion. Targets 
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effectively prevent tsetse re-invasion (Hargrove, 1993). However, the maintenance of 

a target barrier is costly and constant vigilance is required in order to prevent the 

barrier breaking down. Recent work has indicated that the efficacy of insecticide 

treatment of cattle against tsetse might be greater than was originally supposed (Baylis 

and Stevenson, 1998) and it has been suggested that cattle treatments alone might be 

sufficient to stem the re-invasion of tsetse. To assess the potential use of insecticide

treated cattle as a barrier to fe-invasion of tsetse, a trial was conducted in northeastern 

Zimbabwe (Section 5.6). 

Insecticide-treated cattle have lead to the clearance of mainly riverine species of tsetse 

from large areas in West Africa (Section 1.5.2.2.2). The effectiveness of the method 

in cultivated areas, where tsetse (savannah species) distribution is patchy still needs to 

be assessed. A trial was, therefore, initiated in eastern Zambia (Section 5.7). 

Finally, the pyrethroid insecticides used to control tsetse have good acaricidal activity. 

Hence, regular treatment of cattle with pyrethroids is likely to have a significant effect 

on the tick population. This may affect the development and maintenance of enzootic 

stability to certain tick-borne diseases. To determine the effect of regular deltamethrin 

treatments on the epidemiology of babesiosis, a survey was undertaken in northeastern 

Zimbabwe (Section 5.5). 
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5.2 An analysis of trypanocidal drug use in the Eastern Province of Zambia 

5.2.i introduction 

In many parts of Africa where bovine trypanosomosis is a serious constraint to 

development, trypanocidal drug treatments constitute the principal method of 

controlling the disease. Despite the availability of effective vector control methods, it 

is very likely that in the foreseeable future, chemotherapy and chemoprophylaxis will 

continue to contribute significantly to the control of bovine trypanosomosis . 

Only a small group of chemoprophylactic and chemotherapeutic compounds are 

currently in use and new compounds are unlikely to become available in the near future 

(Peregrine, 1994). Moreover, there is growing concern that the effectiveness of this 

control method will be severely reduced by the widespread development of resistance 

in trypanosomes to these compounds (Geerts and Holmes, 1998). 

Notwithstanding the importance of this trypanosomosis control method and the threat 

of drug resistance, little is known of how African communal farmers use trypanocides. 

This is partly because of the decline in services offered by veterinary departments in 

many African countries, which has resulted in the unsupervised use of many veterinary 

drugs, including trypanocides. 

Information on the use of trypanocides is required when determining options for the 

control of trypanosomosis in an area. Depending on the drug-use strategy, areas can 

be selected where chemoprophylaxis or chemotherapy may be an effective and 

sustainable way of controlling trypanosomosis In other areas, information on 

trypanocides may indicate that they are not a viable option and other methods. such as 

vector control, should be adopted 

In the course of developing strategy options for the control of bovine trypanosomosis 

in Zambia, a survey was conducted to quantify and qualify the current use of 

trypanocidal drugs in the Eastern Province. Use was made of a rapid rural appraisal 

method. The survey aimed at determining the way that communal cattle owners use 

trypanocides. The value of this rapid rural appraisal approach is discussed. 
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5.2.2 ivlaterials and methods 

5.2.2.1 Survey area 

A survey was conducted in Petauke District of the Eastern Province of Zambia 

111 December 1997. Two areas were surveyed; Mvuvye (referred to as tsetse

controlled) and PetaukelNyimba (referred to as tsetse-infested) . They are situated on 

the eastern plateau and are ecologically similar with medium to high agricultural 

potential and mixed farming systems. Glossina m. morsitans was the only tsetse 

species present. The annual climatic cycle comprises three seasons; the rainy season 

(from November to April), the cold dry season (from May to August) and the hot dry 

season (from September to October). In the Mvuvye area (ca. 900 km"), an odour

baited, insecticide-treated target, tsetse control operation was initiated in 1989 

(Section 5.3). Despite the resulting decline in trypanosomosis prev8if'tlce, animals that 

graze outside the area may still contract trypanosomosis. The monthly average 

incidence of trypanosomal infections was 3.3% (mainly due to T congolense) 

(Department of Animal Health and Production, unpublished data). 

In the PetaukelNyimba area (ca. 2000 km\ tsetse are not controlled. The monthly 

average incidence of trypanosomal infections at the time of the survey, also mainly 

due to T congolense, was ca. 10% (Section 2.5) . 

In both survey areas , farmers buy the trypanocidal drugs, diminazene aceturate 

(Berenil®, Hoechst, in sachet of 2.36 g) and isometamidium chloride (Samorin®, 

Rhone Merieux, in sachet of 1 g), from the offices of the Department of Veterinary 

Services or from a Government Veterinary Assistant at cost. Widespread resistance of 

trypanosomes to either of the trypanocidal compounds used in the survey areas had 

not been reported at the time of the survey. 
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5.2.2.2 Sample selection and questionnaire 

Cattle owners using trypanocides were identified during a socio-economic 

survey conducted in the same areas from June to September 1997 (Section 4.2) . A 

total of 262 cattle owners indicated that they had purchased trypanocidal drugs during 

the year preceding the survey. Two hundred and seven of these trypanocidal drug 

users (l Olin the tsetse-controlled and 106 in the tsetse-infested area) were 

interviewed in a more detailed follow-up survey to determine trypanocidal drug use 

practices. A uniform questionnaire was used (Annex 2). The questionnaire was pre

tested on a pilot basis. It was revised to clarify specific questions and ensure that the 

average time taken to interrogate each respondent was not more than 45 minutes. 

Enumerators were trained for several days before interviewing farmers. Questions 

were posed on herd structure, trypanocidal drug preference, treatment rationale, reason 

for treatment method of treatment and treatment frequency. The information 

obtained was coded and entered into a database. Statistical analyses (chi-square tests) 

were conducted using the Statistical Package for Social Sciences (SPSS, SPSS Inc. ) 

software. 

5.2.3 Results 

5.2.3. J Drug purchase and drug administration 

The majority of the cattle owners, in both survey areas, had used trypanocides 

during the year before interviews (Table 5.2.1) . In each area, farmers preferred to use 

diminazene aceturate rather than isometamidium chloride (Table 5.2.1). Nevertheless, 

about 30% of trypanocide users used a combination of both drugs. The choice of drug 

did not ditler between areas (P>0.05). 
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Table 5.2.1: Proportion of farmers owning cattle, proportion of cattle owners using trypanocidal 

drugs and drug preference in the two survey areas. 

Survey area Cattle  Cattle owners % trypanocide users using 

owners usmg diminazene isometamidium both 

(%) trypanocides aceturate chloride drugs 

(%) 

Tsetse-controlled 49.7 73 .7 63 4 "'''' .J.J 

Tsetse-infested 30.1 85 .1 68 5 27 

Most of the trypanocidal drugs purchased (98. 9%) were obtained from representatives 

of the Department of Veterinary Services. In the majority of cases (66 .7%), cattle 

owners themselves administered the drugs. Only a small proportion of users (12.1 %) 

indicated that veterinary personnel administered treatments. There was no difference 

between areas (P>0 .05). 

During the year preceding the survey, ca. 26~/o of the cattle owners in the tsetse

controlled and 15% of cattle owners in the tsetse-infested area used no trypanocidal 

drugs at all. The main reasons given (more than 90 % of the answers in both areas) 

were that "the animals were not sick and did not require treatment" or "the drugs were 

too expensive". Few cattle owners (less than 5 %) repo11ed that they could not obtain 

the drugs . 

5.2.3.2 Frequency aftreatments and caregory afcattle treated 

Application rates and the proportion of the herd treated with each trypanocide 

did not differ significantly between areas (P>0.05) and are thus not correlated with the 

disease challenge. Diminazene aceturate users treated , on average, 4.9 animals per 

herd (approximately 50% of the average tow I number of animals in the herd). 

Isometamidium chloride users treated, on average, 7.6 animals per herd (about two 
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thirds of the average total number of animals in the herd). The proportion of oxen and 

cows receiving treatment with either drug was substantially higher compared to other 

classes of stock (Table 5.2.2) . Irrespective of the type of drug and the age and sex 

category of stock, an average of ca. 1.5 treatments was given annually to each animal 

(Table 5.2.2). 

5.2.3.3 Reason for trypanocide use 

In both areas, the reasons for trypanocidal drug use were very similar (Table 

5.2.3). More than 75% of the diminazene aceturate treatments were given to clinically 

sick animals (Table 5.2.3). However, only 15% and 13% of the diminazene aceturate 

treatments in the tsetse-controlled and tsetse-infested area, respectively, were given to 

animals w ith trypanosomal infections or suspected of having trypanosomal infections 

(Table 5.2.3). Only about 30% of all isometamidium chloride treatments, in both 

survey areas, were given to prevent trypanosomosis (Table 5.2.3). On the other hand, 

almost half of the isometamidium chloride treatments were for the reason that 

"animals were sick but the reason was unknown" (Table 5.2.3 ). 
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Tahle 5.2.2: Proportion ofc(lUle trealeJ with cach trypanocidc (lnd avcl'age number oftrcalmenls by 

age and sex category (s ince proportion of cattle treatment and number treated Jid not Jiffer between 

survey areas, data for both areas were pooled). 

Category Diminazcne accturate Isometamidiul11 chloride 

% treated Treatments/animal! % treateJ Treatments/animal/ 

in each year for those treated in each year for those 

category (± I s.e.) category treated (± I s.e.) 

Calves (0-1 year old) 2.5 2.00 ± 0.77 16.4 1.82 ± 0.48 

Young stock (l-4years old) 22.2 1.22 ± 0.09 32.8 1.54 ± 0.26 

Cows 55. I 1.40 ± 0.07 61.2 1.49 ± 0.17 

Bulls 8.6 1.41.±O.27 23 .9 1.69 ± 0.35 

Oxen 83.8 1.52 ± 0.07 82. I 1.63 ± 0.23 
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Tahle 5.2.3: Reasons for diminazene aceturate and isometamidium chloride use in each of the survey areas. 

Survey area 

Reason for use Tsetse-controlled (%) Tsetse-infested (%) 

Trypanosomosis diagnosed 

To prevenl lrypunosoillosis 

Trypanosomosis suspected 

Animals sick (reason unknown) 

Combination 

Other reasons 

Diminazene 

5.2 

11.3 

63.9 

175 

2 .1 

Isometamidium 

0 

33.3 

47.2 

5.6 

139 

Diminazene 

4.0 

8.9 

66.3 

9.9 

10.9 

Isomctamidium 

0 

29.0 

48.4 

9.7 

12.9 
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5.2.3..J Season of treatment 

The majority of treatments were given during the dry season (Table 52.4). 

The seasonal pattern of treatment was almost identical for both areas. 

Table 5.2.4: Proportion of treated animals recei ving diminazene aceturate and 

isometamidium chloride during different seasons of the year. 

Season of Treatment % of drug users using 

Diminazene aceturate Isometamidium chloride 

Wet Season 20.2 267 

Dry Season 60.4 53.4 

Both Seasons 19.4 199 

5.2.3.5 Dosage rate and drug application 

Evidence from the survey suggests that most of the farmers who used 

trypanocides did not under-dose with either diminazene aceturate or isometamidium 

chloride (Tables 5.2.5 and 52.6). On the contrary, at a normal dose rate of 3.5 mg 

diminazene aceturate/kg body weight and 0 5 mg isometamidium chloride/kg body 

weight, most calves and young stock in the 1-4 year age category were being 

overdosed (Table 52.5) 

Only 17.4% of the trypanocide users indicated that they used boiled water to dilute the 

drug. Most of them (75%) diluted the trypanocides in water from potentially 

contaminated sources (dam, river, well or a combinatIon of these) Sixty-seven percent 

 
 
 



Table 5.2.5: Frequency distribution of the number of animals treated 

with 1.05 g of diminazene aceturate. 

Number of animals Category (in %) 

treated Adult stock Young stock Calves 

(1-4 years old) (0-1 year old) 

97.9 84.5 2.0 

2 2.1 l4.9 87.6 

>2 0.0 0.6 10.4 

Table 5.2.6: Frequency distribution of the number of animals treated 

with 1 g of isometamidium chloride. 

Number of animals Category (in %) 

treated Adult stock Young stock Calves 

(1-4 years old) (0 -1 year old) 

8 42.4 1.6 0.0 

10 56 .1 71.2 4.5 

12 1 -
1.) 10.6 4.5 

14 0.0 3.0 0.0 

16 0.0 9.1 22.7 

20 0.0 4.5 62.2 

>20 0.0 0.0 6.1 
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of the users kept residual isometamidium chloride powder for later use. The 

remainder of the farmers (33%) sold the residual powder to other cattle owners. 

5.2.4 Discllssion 

5.2. .j,1 Drug purchase and drug administration 

In all areas, preference was given to the use of a curative (diminazene 

aceturate) rather than a prophylactic drug (isometamidium chloride). Most 

trypanocides were obtained from representatives of the Department of Veterinary 

Services, This arrangement reduces the risk of administering generic products which 

may have unknown efficacy and offers a useful mechanism to monitor drug sales and 

drug application rates. Given the recent decline in the level of services offered by the 

veterinary department, cattle owners administer most trypanocides themselves. This 

may increase the risk of underdosing. However, survey results indicate that this does 

not seem to be the case. On the contrary, most of the calves and young stock receive 

an overdose of both drugs, The use of non-sterile water may induce the formation of 

abscesses that can reduce the availability of the drug. Advice is required t () improve 

the mode of application 

5,],.j,2 Trypanocidal drug-use strategy 

In both areas, the majority of trypanocidal treatments are given to clinically 

sick animals that are not necessarily infected with trypanosomes. Moreover, 

irrespective of the type of trypanocidal drug used, oxen and cows received the 

majority of treatments. This suggests that farmers prefer to treat the productive 

animals in the herd and appear to apply a production-oriented curative treatment 

strategy, This may also be the reason \vby most treatments were given during the dry 

season when body condition and tolerance of infection are lowest (Doran, LU1published 

data), 

Despite the differences in the monthly incidence of trypanosomosis between the two 

areas, the trypanocide-use tactics adopted are similar. This suggests that after the 

implementation of tsetse-control measures and the concomitant reduction of the 
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challenge, cattle owners are unlikely to automatically change their pattern of 

trypanocide use. This is not surprising given the history of tsetse challenge before 

tsetse control and the treatment strategy, which focuses on the treatment of clinically 

sick animals rather than only on animals infected with trypanosomes. At the observed 

treatment frequenGY in the tsetse-controlled area, the number of trypanocide 

treatments given IS higher than the monthly average incidence of trypanosomal 

infections (3.3 %). Indeed, on the assumption that all animals infected with 

trypanosomes in the tsetse-controlled area were clinically sick and were treated, 68% 

of the diminazene aceturate treatments given to oxen (26% of treated herds) and 48% 

to cows (30.1 % of treated herds) were inappropriate or administered to animals that 

were not infected with trypanosomes. In young stock (21.8% of treated herds), 46% 

of the diminazene treatments were given inappropriately. Obviously, the proportion 

of inappropriate treatments increases when isometamidi urn use is taken into 

consideration. Moreover, many animals infected with trypanosomes may not be 

clinically sick which will increase the number of inappropriate treatments even more. 

Since diagnostic facilities are not readily available, it will be difficult for the cattle 

owner to distinguish between clinically sick animals infected with trypanosomes and 

clinically sick animals infected with other disease agents . Cattle owners in the tsetse

controlled areas would, therefore, benefi t from improved diagnosis and improved 

veterinary extension advisory services. 

At the observed treatment frequency in the tsetse-infested area, on the other hand. 

95% of the trypanosoma! infections in oxen (39.3% of treated herds) , 64% of the 

trypanosomal infections in cows (30.9% of treated herds) and 22% of the 

trypanosomal infections in young stock (14.9% of treated herds) could have been 

treated with diminazene aceturate. These figures will also increase when 

isometamidium treatments are taken into consideration. [n the tsetse-infested area, a 

large proportion of the cl inically sick animals is likely to be infected with 

trypanosomes often concealed by the presence of more readily detectable secondary 

infections (Connor. 1994b). Hence treCltment of clinically sick animals in the 

trypanosomosis endemic area may, in the absence of microscopic diagnosis, be an 

effective way of combating trypanosomosis-l'elated mortality. This seems to be the 
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case since the cattle mortality rate in the tsetse-infested area did not differ from that in 

an adjacent tsetse-free area (Section 4.2). Moreover, the strategy of administering 

curative treatment to clinicaily sick animals in the tsetse-infested area is likely to keep 

oxen in reasonable condition during the ploughing season. Despite the substantial 

proportion of treatments given to cows, compare.d to other categories of cattle, many 

trypanosomal infections in cows were not treated. The treatment regime adopted 

would have boosted the condition of clinically sick cows but would not have 

improved their reproductive performance. Hence, the significantly lower calving rate 

recorded in the tsetse-infested area compared to that in the adjacent tsetse-free area 

(44.1 % compared to 60.4%) (Doran, personal commication, 1999). Trypanosomosis 

is known to reduce reproductive performance of cattle (Losos and Ikede, 1972). 

There are, however, numerous examples of susceptible cattle being kept successfully 

under tsetse challenge. This may be achieved by applying trict treatment regimes 

with chemotherapeutic or, especially, chemoprophylactic drugs (Boyt, 1979; ILCA, 

1988). A curative treatment strategy, as adapted in the tsetse-infested survey area, is 

not sufficient to maintain normal reproductive performance of cows. 

5.2.4.3 Risk ofdevelopment oftrypanosome resisrance 

A major drawback, which affects the sustainability of chemotherapy in the 

control of bovine trypanosomosis, is the development of (esistance by trypanosomes 

to trypanocides. Resistance to mainly chemoprophylactic trypanocides used in cattle 

has been repolied at sites in West, Central, East and southern Africa (Peregrine, 

1994) . It is widely accepted that the best way to delay the development of drug 

resistance is to reduce selection pressure on parasite l)opulations. This is best 

achieved by using the correct dose, decreasing the treatment frequency and reducing 

the nwnber of animals treated (Geerts and Holmes. 1998) . The survey results 

presented in this section show that even though fa rmers administer most of the 

trypanocides themselves, there is no evidence of frequent under-dosing. On the 

assumption that all diminazene aceturate treatments in the tsetse-infested area were 

gi ven appropriately, only about half (51 %) of all trypanosomal infections in a herd 

were treated. The risk of trypanosomes developing resistance associated with the 

frequent and large-scale use of chemoprophylactic drugs in the tsetse-infested area is, 
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therefore, minimal. Additionally, only a small proportion of owners use 

isometamidium chloride and treatment frequency is low (Tables 5.2.1 and 5.2.2). 

Hence, the risk of resistance developing in trypanosomes associated with the frequent 

and large-scale use of chemoprophylactic drugs is also minimal. Since the incidence 

of trypanosomosis is low in the tsetse-controlled areas, the risk of resistance to 

trypanocides developing in this area appears to be extremely low. Thus, information 

obtained from the survey indicates that the factors enhancing the development of 

resistance to trypanocides are not present in any of the areas surveyed. 

There is a lack of reliable information on the prevalence of trypanocidal drug 

resistance in Africa. Despite the availability of highly sensitive drug resistance 

monitoring tools (Geerts and Holmes, 1998), systematic surveys are too expensive for 

countries where trypanosomosis is a problem. It is, therefore, very unlikely that in the 

foreseeable future reliable data on the true prevalence of drug resistance will become 

available from systematic surveys. In this respect the results of this and similar 

farmer-based surveys could provide a useful baseline to indicate the likelihood of the 

development of resistance to trypanocides in an area. Such information could be used 

to focus more technically based approaches to map both the temporal and spatial 

distribution of trypanocidal drug resistance. 

Information obtained from this survey clarified the pattern of trypanocidal drug use by 

communal cattle owners in a trypanosomosis endemic area of Zambia. The outcome 

of similar surveys, conducted in Malawi and Mozambique, shows a similar 

production-oriented, curative strategy (Doran. unpublished data). According to these 

survey results the use of trypanocides is an appropriate option for the control of 

bovine trypanosomosis in these areas. However, a more rational strategic use of 

chemoprophylactic drugs could improve the reproductive performance of cows. 

Valuable data have been obtained on the frequency of treatment. method of 

application and disease management strategies that could form the baseline for 

monitoring drug resistance. Improving veterinary extension could reduce the 

inappropriate use of trypanocides in areas where tsetse have been controlled. 
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However, in the absence of practical, affordable and easy tests for the diagnosis of 

trypanosomosis a certain level of inappropriate usage appears to be unavoidable. 

The type of information obtained from this survey is essential when developing 

strategy options for the control of bovine --trypanosomosis and similar approaches 

could be adopted for planning of animal disease control in general. Communal 

farmers' attitudes towards the control of cattle diseases and the marmer in which they 

spend money on veterinary medicines should form the baseline from which an animal 

disease control strategy is developed. This approach is likely to improve the 

acceptability and, hence, sustainability of animal disease control in communal areas. 
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5.3 	 The control of G. m. morsitans (Diptera: Glossinidae) in a settled area in 

Petauke District (Eastern Province, Zambia) using odour-baited targets 

5.3.1 	 Introduction 

In much of Zambia, bovine trypanosomosis retards agricultural development. 

The disease transmitted by tsetse, Glossina spp., depresses every aspect of livestock 

production making it impractical to keep domestic animals in areas heavi ly infested 

by the flies. During the past decades several attempts. using both aerial and ground 

spraymg, have been made to control tsetse in the Eastern Province (Evison and 

Kathuria, 1984). Most of these operations caused considerable reduction in fly 

population density, or removed flies completely from some areas. Unfortunately , due 

to financial constraints on the Department of Veterinary and Tsetse Control Services 

and the lack' of effective means of preventing re-invasion, most of the fonner 

controlled areas have been reinfested with the nies . 

The development of odour-bai ted targets as a low-technology method of controlling 

G. m. morsitans and G. pallidipes in Zimbabwe (Vale et a f. _1986), and the successful 

application of this method to control G. m. centralis in the Western Province of 

Zambia (Willemse, 199 1), led to the trial described in this section. The objective of 

the trial was to investigate the efficacy of odour-baited targets to control G. m. 

morsitans in highly cultivated areas with patchy tsetse distribution and high cattle 

densities. At the same time, a methodology for use of odour-baited targets in such 

cultivated areas was developed. 
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5.3.2 Materials and methods 

5.3.2.1 Trial area 

The trial was conducted in 300 km" of the Chimpundu area in Petauke 

District. It is situated between the Great East Road in the north, the Mozambican 

border in the south, the Chikalawa Road i11 the west and the Sinda Road in the east 

(Fig. 5.3 .1 ). The trial area lies southwest of the area described in Section 2.2 .2.1. The 

main vegetation type was miombo (Section 2.2.2.1). Hills in the area carry extensive 

woodlands of Brachystegia spp. whereas ca. 70 % of the lowland (munga, Section 

2.2.2.1) is cleared for cultivation (subsistence farming). The area carries about 8-10 

head of cattle/km" together with goats, pigs and a few game animals , mainly small 

antelopes. The tsetse species present was G. 171. morsitans which takes 75% of its 

blood meals from cattle at this locality (~ection 2.3). There are three main seasons: 

the rainy (November to April ), cold dry (May to August) and the hot dry (September 

to October) (Section 2.2). 

5.3.2.2 Targets 

The S-type target (Vale et al., 1988a), d veloped in Zimbabwe, was used in 

the trial. It consists of a central piece of )lack cotton cloth, 0. 7 x 1.0 m. Hanked on 

each side by fine black terylene netting, 0.5 'C 10 m. Targets were fixed on a metal 

frame rotating in the wind about a central post. 

5.3.2.3 Odour attractants 

Acetone was dispensed from 500 ml brown glass bottles. Its vapour diffused 

through a 4.5 mm aperture in the lid resulting in an average dose of 250 mg/h. Bottles 

were placed in front of the target or attached to the top of its horizontal support: they 

were replenished at three-monthly intervals. For the first three months of the trial , 3

n-propylpheno1l1-octen-3-01l4-methylphenol (ratio of mixture: 114/8) in polyethylene 

sachet dispensers (150 ~lm thick, surface area 30 cmC
) were used as an additional 

odour attractant (Vale and Hall. 1985b). The sachet was placed in a pocket at the top 

of the central panel of the cloth. 
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Figure 5.3.1: Map of the trial area, l1y round transects, location of field cam ps anu 

sentinel herds. 
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5.3.2. -/. Insecticide 

All targets were treated with 0.1 % deltamethrin (Glossinex 200 S.c.@, 

Coopers) applied by knapsack sprayers to both sides of the cloth and netting until run

off. Spraying intervals varied from two months during the rainy season to three 

months during the dry season. Eighteen months after the initial deployment, all 

targets were resprayed with 0.6% deltamethrin, and the spraying interval was 

increased to nine months. This significantly reduced the amount of maintenance 

work. 

5.3. 2. 5 Target deployment 

The targets were deployed mainly in miombo woodland. Patches of 

woodland. suitable for target deployment were identified using lI50 000 scale maps 

and 1130 000 scale aerial photographs. Target deployment was facilitated by erecting 

most of the targets at 250 m intervals along roads. All equipment was transported 

using 4 WD vehicles and was hand-carried from the road to the selected deployment 

site. Each target site was identified by blazing trees along the roads. Teams, of 12 

people each, deployed an average of 25 targets/day. The risk of targets being burned 

by bush fires was reduced by clearing ail vegetation within 3 m of :l1e target. All 

targets were numbered and mapped. A total of 980 targets ,,,,ere deployed uring the 

cold dry season (July) giving an overall target density of 3.3 targets/km2
. 

5.3.].6 Target maintenance 

Three permanent field camps within the trial area were used for maintenance 

operations (Fig. 5.3.1). Every working day, maintenance teams were sent to inspect 

and, if necessary , maintain targets. Torn, stolen, or faded cloths were replaced, odours 

were replenished and regenerating vegetation around the target was cleared. Extra 

casual labourers were employed for target resprays. To improve mobility , all 

labourers were issued with bicycles. 
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5.3. 2.7 Monitoring ofthe tsetse population 

The tsetse population was monitored along fly-round transects of ca. 6 km 

long with stops at 200 m intervals (Section 2.2.2.2). A total of 15 transects were 

traversed inside (transect number L 2,3 ,4,5 , 8 and 10), adjacent to (transect number 

6,7, 11, 12, 13 and 15), and outside the trial area (transect number 9 and 14) (Fig. 

5.3.1). To produce sufficient pre-control data, tsetse monitoring started 18 months 

before the onset of the trial. The monthly average index of abundance (IA) of tsetse 

was calculated as the average number of flies (males anu females ) captured per stop 

and per fly-round. The monthly average indices of abundance in the trial area and 

adjacent area were expressed as a percentage of the monthly mean indices of 

abundance in the untreated area. 

The corrected percentage was -::alculated using the following formula (KLi pper et ai., 

1982): 

[ [ E j • (C,,/C) - Ell, ] I ( E j • (CI1,iCJ 1 ] . J00 

where: Ei = Il1ltial IA in the trial ar a 

Eill = IA in the control area per month 

C j = lni tial IA in the untreated area 

C", = IA in the untreated area per month 

5.3.2.8 Trypanosomosis monitoring 

To monitor the effec t of tsetse control on the transmission of tsetse-transmitted 

trypanosomosis, the trypanosomosis incidence in cattle was assessed using two 

sentinel herds. one inside the trial area (Chimpundu) and one 5 km outside 

(Kalambule) (Fig. 5.3.1). Each herd consisted of 20 adult Ngoni breed cattle 

belonging to local farmers. The cattle were kept under traditIonal village management. 

Each month blood collected from each sentinel animal was examined uSing 

parasitological diagnostic methods (Section 3.3.2.2). Animals infected with 

trypanosomes recei ved a curative treatment of diminazene aceturate (Berenil@, 

Hoechst), at a dose of 7mg/kg body weight for T brucei or 3.5 mg/kg body weight for 
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T congolense or T vivax, by intramuscular injection. To evaluate the effect of the 

tsetse control measures on the prevalence of anti -trypanosomal antibodies, blood 

samples were taken from 20 adult and 20 young (6 -12 months old) head of cattle 

inside and outside the trial area 15 months after the start of the trial. Since the 

antibody-ELISA was not available at the time the trial was conducted, the anti

trypanosomal antibody levels were determined usmg the Immunofluorescent 

Antibody Test (IF A T) (Katende et al., 1987). 

5.3.3 Results 

5.3. 3.1 Index ofabundance of tsetse 

The monthly average 1A of tsetse outside the trial area (Fig. 5.3.2) tended to be 

lowest in May/June (cold dry season) and highest a few months later thot dry season). 

Allowing for this seasonal effect (Section 1.2.3.1), there was a fairly steady increase 

in the monthly average IA of tsetse over the'four years of this study. The monthly 

average 1A inside the trial area were, except for the 6 months before the onset of the 

trial, about the same as outside the trial area. After the targets were deployed the 

catches inside the trial area declined rapidly. One month after target deployment, 

tsetse catches in the trial area were 81.8% lower compared to catches outside the trial 

area (Fig. 5.3.3). A 94.8% reduction was reached three months later. 

Except for four nies caught during the 1991 rainy season, no further ft catches were 

recorded. 

A less drastic reduction in catches was observed on the area adjacent to the trial area. 

Here the monthly average I declined by 38.4%, compared to catches outside the trial 

area, in the first month after target deployment. The monthly mean I gradually 

decreased during the following months, reaching a maximum reduction of 97 .6% 

eight months after target deployment (Fig. 5.3.3). 
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Figure 5.3.3: Reduction in the monthly average index of abundance of G. m. 

/Ilorsi!al1S (%) inside (_) the trial area and adjacent (... ) to the trial area compared 
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5.3.3.2 incidence a/bovine trypanosomosis 

Except for September 1990, trypanosomosis incidence was higher lD the 

sentinel herd outside the trial area than in the herd inside the trial area (Fig. 5.3.4). 

None of the sentinel cattle were parasltologically positive in February 1990, June 

1991 , Octo berl991 and December 1991. 
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Figure 5.3.4: Monthly incidence of crypanosomai infections (%) in sentinel 

cattle inside ( Q) and outside (=0) he trial area. 

Inside the trial area, the incidence of trypanosomosis in sentinel cattle decreased 

significantly from an annual mean of 35 . % prior to target deployment to means of 

5.4% and 2.3% in 1990 and 1991, respectively. However, outside the trial area 

trypanosomosis incidence remained high ( [able 5.3 .1) . Trypanosoma congolense 

accounted for 96 .1 % of all :nfections. 
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Table 5.3.1: Annual average parasitological incidence of trypanosomal infections and 

average PCV in sentinel cattle inside and outside the target trial area and anti

trypanosomal antibody prevalence in adult and young cartIe. 15 months after the start 

of the trial. 

Location Year ~Average Average Antibody 

parasitological PCV (0 /
0 ) Prevalence (%) 15 

incidence (%) (= 1 s.c.) months after trial start 

Sentinel herds Adults Young 

Inside 1990 5.4 ± 4.9 29.3 i 3.5 88.9 20 

1991 2.3 ±l A 27.9:: ..LO 

Outside 1990 30.7 ± 21.5 '5 6 ' l -r ~ . == -to I 100 47.9 

1991 13.3 ± l l. 7 25.2 ± ; ~ 

Differences be tween mean annual PCVs of sentinel 11 rds kept inside or utside the 

tsetse-controlled area were statistically significant (p 0.01) . Fifteen months ner the 

stmi of the triaL 88.9% of the adult cattle sampled in the trial area had anti

trypanosomal antibodies. However, the prevalence of anti-tr 'panosomaI antibodi s in 

young animals kept in the tsetse-controlled area was substantially lower that the 

prevalence of anti-trypanosomal cmtibodies in animals of the same age-category but 

grazing outside the trial area C"ble - .3. ). 

5. 3. ~ Discuss/on 

The results of the trial indicate that odour-baited targets are very effective in 

controlling C. m. morsitans. under the conditions prevatling in the Eastern Province of 

Zambia. Compared to other areas where odour-baited targets have been used to 

comrol G. mars/rans (Vale e/ ot. 1988; Willemse. 1991). the distribution of tsetse in 

the trial area is patchy and the contact between tsetse and cattle i'5 high (Chapter 2). 

Tlle methodology used in this trial differs from that applied in other tsetse control 

campaigns using odour-baited targets (Vale el oi. , 1988: Willemse .. 1991). Due to the 

 
 
 



high level of cultivation and (he subsequent patchy distribution of tsetse habitat, 

targets were not deployed '-,iong gridlines but deployment was restricted to suspected 

tsetse habitat. :'his re:Sc1Jted in an irregular distribution with concentration of targets in 

miombo and an overall target density lower iban the recommended four targets/krnc 

(Vale et al- 1988), The deployment of targets along roads greatly facil itated their 

deployment and maintenance. Though it was beyond the scope of this trial , it is 

expected tbat access to largets could be an important parameter when the 

responsibili ty for target maintenance is ultimately handed over to ,he local 

community. As was bserved by\1ale Cl at. (1 988) population density of G /11, 

morsirans \Vas reduced for several kilometres utside the trial area, This effect is 

attribute a cO the movement of tsetse into the target -treated zone. 

The decline of the LSctsc; DODl dation denc;itv WL':" associated with a ::; ig:nificant
1. _ .. ...... 

reduction in ,n-':l1cidence ('i C Twine trypann·,Jmosis and a significant incr"Jse in the 

average PCVs )T';attle;fuzin!l '1. 11(; trial areJ. Th is is not surprising in \ nv of the 

highly signiiicant regres ::. lOD betwe<:n the index of abundance of tse tse ::md the 

incidence f bovine trypanosomosis (Fig 2,.5,.5). The PCV is a reliable ll1dicator of 

anaemia \ SuroL 1979). which is a major 'haracteristic of bovine trypanosomosis 

(MulTay and Dexter, 1988), Significant differences between herd CYs could, 

therefore. be llsed as an additional ll1dicator of trypanosomal infection and tsetse 

challenge. It is not :s urprising that the serological prevalence of tr. pano omosis in 

adult cmtle \Vas high for J 5 months after targets were deployed. The d cline of anti

trypanosoma l antibody levels is slow evan after challenge is reduced (Semon 3,2.3), 

hence tbe high proportion of adult cattle wi th anti- trypanosomal antibodies inside the 

trial area. Tbe prevalence of anti-trypanosomal antibodies in calves born in the trial 

area :ll'ter the onset of the tr iaL on the ther hand. was about .50% lower than in the 

control area. ~'his dearh indicates a significant decrease in trypanosome challenge in 

the trial :lre:::t. ' he sero-monitoring of young animals. born after ~ selse have 

supposedly been cleared. could be :l useful additional monitoring tool of a tsetse 

control campaign (Section 3,6.4). 
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From six months after the start of the trial , almost no tsetse were captured in the trial 

area. Trypanosomes \Nere. however. still detected, though at a much lower incidence 

rate. There may be many reasons for this. The difficulty in detecting low density 

populations of G. !11. morsitans and the limited area covered by fly-rounds hinders 

objective interpretation of entomological results. Moreover, tsetse eradication in the 

whole trial area could not be guaranteed because of the invasion pressure from 

sUlTounding areas. Hargrove (1993 ) suggested that an 8 km-wide barrier. with four 

targets/km2
• is needed to prevent re-invasion. This means that. in the case of this triaL 

only the most central pan of the target area could be considered to have been re

invasion pressure free. Moreover, movements of sentinel cattle into tsetse-infested 

areas outside the trial lock complicates interpretation of the ll1cidence of 

trypanosomosis . 

Expanding [he treated area, creating a central :l.rea where tsetse are Ii ely to be 

eradicated, could solve the problem of tsetse re-invasion. How ver. e\'en this might 

not solve the problem of cattle moving to tsetse-infested areas. which can occur 

during the dry season when they search for ~razing. Trypanosomos[s lI1cidence is 

determined by various host and vector-related parameters (Rogers, 1988: see Chapter 

1). Theoretical disease transmission thresholds and basic rates of r production 

emphasise the ditficulty of controlling trypanosomosis caused by T rivax or T 

congolense bv any strategy n1hf'r than total elimination of the veclur fRog r , 1988). 

Results of this rrial and th epidemlOlogical considerations indicate the importance of 

the scale at which such vector-control operations should be conducted. 

Due to the rapidly grOWll1g human population, increasing number of peopl will have 

to settle in or near tsetse-infested habitats. Tsetse-transmitted try anosomosis is 

expected to be a serious constraint to rural development for those communities. 

Results of thi s trial show that odour-baited targets can be Llsed to control tsetse in such 

settled areas. It should. howeveL be realised that trypanosomosis control will only be 

achieved through large-scale vector control resulting in al most complete absence of 

challenge. 
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5.4 	 The effect of deltamethrin pour-on (SpotonC'!, Coopers) applied to cattle on 

the transmission of bovine trypanosomosis 

5.4. J 	 In troduction 

Tsetse flies (Glossina spp.), and the disease that- they transmit, have been 

controlled successfully by applying insecticide to cattle or to artificial baits, termed 

targets (Bauer eta!" 1995 : Green, 1994: Merot c[ al.. 1984) (Section 5.3). With both 

types of application the disease transmission is reduced due to a slow declin of tsetse 

population densities in the surrounding areas, and hence a gradual reduction m 

challenge. Howe er, there is some vidence that disease transmission can aloe 

reduced more directly and immediately by the inhibition of the tl ies' feeding responses 

on insecticide-treated animals (Van den Bossche f!l at., 1987: Bauer et aI., 1 992a) . 

Other evidence contradicts this (Thomson, 1987 : ay[i s et (/1.. 1994. Gout ux et Cl f .• 

1996). 

It is necessary to clarify tbe importance of this direct effect of insecticide treann nrs 

on the tsetse' s feeding responses or trypanosome transmission because it is tbe on 

which could offer an immediate benefit to th farmer who treats his cattle. irrespective 

of whether the cattle are treated in adjacent areas or irrespectiv of its effect on the 

tsetse population density (Echessah et al., 1996). In contras1, the effect that depends 

on the decline of tsetse population d nsity cannot be achieved by one farmer alone . If 

cattle in nearby areas are untreated, or treated only sporadically, the tlies w i 11 p rsist 

there, alIo·wing a steady stream of tl i s to invade the areas where cattle may be treated 

properly. In this case, :leltamethrin treatments on cattle will have [ ss effect on the 

incidence of trypanosomosis in treated cattle. A related problem occurs where cattle 

are kept immediately adjacent to a game reserve from which tsetse can continuously 

invade (Section 3.4.3). 

The present work elucidated the importance of the direct effect by studying the 

incidence of trypanosomosis in groups of deltamethrin-treated and untreated cattle 

herded in the same area and subject to a similar and constant tsetse challenge. 
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5. -I. 2 /vfaterials and methods 

5.-1. 2. j Trial area 

The trial was conducted between August 1992 and December 1992 in the 

Katete District, Eastern Province, Zambia (31 °50' E -13°05'S) (S ection 2.2.21 ) 

5. -I. 2. 2 Experimental animals and treatments 

Twenty-seven randomly selected adult oxen (Ngoni breed), aged between 1 5 

and 3 years, were divided Into two herds a control herd (n == IS) and one treated with 

deltamethrin pour-on (S poton ~ I , Coopers) (n == 12). At the start of the trial (W ek 0), 

all animals were eartagged and treated with diminazene aceturate (BereniT"I, Hoechst) 

at 7.0 mg/kg body weight. Deltamethrin pour-on (Spoton &', 1% deltamethrin a. i ) was 

applied to aJl animals of the treated herd in a line along each side of the animal at a 

dose of 10 mli lOO kg body weight, using aT-shaped hand applicator. Pour-on 

treatment was repeated at 4-week intervals (W eks 0,8, 12 and 16) 

To avoid the risk of contamination, oxen treated with deltamethrin pour-on were kept 

as one group and kraaied together. All animals were exposed to the same natural field 

challenge of tsetse )y herding them in the arne area (ca. 10 km::) Different herdsmen 

looked after the treated and the untreated groups and -ept the two herds separate. 

To allow for a prophylactic effect of a double dose of diminazene aceturate (7mg/kg), 

all animals were considered to be protected during the first four weeks after the initial 

treatment . Trypanosomosis incidence in both herds was calculated at two-weekly 

intervals from Week 5 onwards . On each occasion, ear vein blood of all animals was 

examined for trypanosomes using the haematocrit centrifugation technique and the 

PCV was measured (Section 3322) Since resistance to diminazene aceturate has 

not been reported in the trial area, trypanosomal infections were treated with 

diminazene aceturate at a dose of 7mg/kg body weight for T bmcei or 3.5 mg/kg body 

weight for T congo/ense or T vivax. Animals gi ven diminazene were co nsidered to be 

protected during the subsequent two weeks and were therefore excluded from the next 

calculation of incidence. 
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5-/2.3 Statistical analysis 

Packed cell volumes of treated and untreated cattl were compared using a t

test (Sokal and Rohlf, i (98). A one-sided Fisher' s exact test (Sokal and Rohlf 1998) 

was used to test whether the trypanosomosis incidence m the deltamethrin-treated 

herd was significantly lower compared to the l11cidence in the untreated herd (SPSS , 

SPSS Inc. ). 

5. -I. 2. -I \;fol1itoring 'if {setse population 

The index 0 ,' abundance of ts;;tse in each herd's grazing area was monitored 

using fi ve epsilon traps baited with acetone (at J release rate of 200 m g/h) (H argrove 

and Langley, 1990) . Traps were sited in munga and m iom bo (Section 2 .2.2 .1). In 

addition. ±lve epsilon traps (control traps) were dep loyed 10 km south of the grazing 

area. Trap cages were emptied daily. Li e t1ies \\'ere dissected to determine 

trypanosome infection rate (Lloyd and Johnson, 1924). The monthly mean index of 

abundance (IA) of tsetse was calculated as the average num ber f Hies (males and 

females) captured per ay and per trap. 

5. -1. 3 Res/llts 

5. -I. 3. j Index a/abundance ofrsetse 

The IA in the grazing area was imilar to the }1 outs ide the grazing area (Fig. 

5A.1). This is not surprising considering the low number of d itame thrin-treated 

cattle in the trial area . 
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During the trial period, the monthly proportion of infected tsetse increased gradually 

from 0.63% to 2.5%. A total f 62.5% of the trypanosoma! infections in tsetse were 

congolense-type. the remaining being l'ivax-ty pe. 

5. cf.. 3,] incidence of. ovine trypanosomosis 

The first trypanosmal infect io n was detected;even weeks after . he onset of the 

trial (Fig. 5 ...U) . 0 tr:panosomal infections were dc ,,~ cteci in Wc~k 1.'):. the contro l 

herd and \\'eeks 7 ;l11d 17 in the de ltamethrin .. treated herd. Trypano somosis inc id nee 

varied consIderably betvveen herds and between weeks. The o.verage two .. \V ekly 

trypanosomosis incidence. however. was 8.1% and 7.8% for the control and the 

deltametlU'in.. trecn d herd. respectively . .~ to ml of 16 trypanosomal int' C'.: lO I1S ,vere 

deTected. Tlypul1osoma conr,;oiense accollnted for he majorit:-' \87 .5%) Of the 

infectlOns. The remo.ining 12.5% was attributed to T vivax. The pro babi lities fo r the 

l1uil hypor lvsis of no difference between the trypanosomosis in idence ' 11 the 

deltamethrin ..n ated and the untreated herds area is shown in Table ~ ..! .I . 

able 5...U: [\vo-weekly incidence ot rypanosomal infections ill eltamethrin.. 

treated anL untreated. controL herd nd significance of Fisher ' exac t test. 

\\i~ek Control herd De!tamethrin- treat d erd P.. value 

Infected 0lot infected Infected Not infected 

I 
I 

9 

11 

13 

15 

17 

19 

1 

.., 
J 

14 

12 

13 

14 

13 

I 1 

11 

o 
2 

o 

12 

to 

9 

9 

10 

1 1 

1 1 

1. 00 

0.64 

0,44 

0.38 

0.70 

1.00 . 

0.76 

For none of the weeks was the ditference between the incidence of trypanosomal 

infections significant. 
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Figure 5.-1.3: Two-weekly average packed cell volume (pe V) (T 1 s.e.) of the 

control (i: ) and deltamethrin-treated (=) animals. 

The two-weekly average PCVs of both erds decreased gradually, from 32.8% in 

Week 5, to 26.6% in Week 15. From Week 17 onwards the average PCV lOcreaseo. 

reaching 28 .2% in Week 19 None of the differences between average PCV of 

untreated and deltamethrin-treated herds was statistically significant (P>005) (Fig 

543). 

5. -I. -I Disclfssion 

During the three-month observation period, the incidence of tsetse-transmitted 

trypanosomosis was never statistically [ower in the deltamethrin-treated herd co mpared 

to the untreated herd. This lack of association between deltamethrin treatments and 

disease incidence and the variations in the incIdence of trypanosomosis between herds 

and between samplings could have been due to the low sensitivity of the parasitological 

diagnostic methods to detect trypanosomal infections (Paris et a/, 

256 


 
 
 



1982). Such low sensitivity could lead co the misclassification of non-diseased 

animal s and consequently affect parasitological incidence. This low diagnostic 

sensitivity is, however, non-discriminatory and would have affected both the 

deltamethrin-treated and untreated herd. Therefore, it calmot affect the degree of 

association (Thrusfield, 1986). It can, nevenileless. cause substantial variations in the 

parasitological incidence of trypanosomosis .)dween herds and between consecutive 

samplings. 

Measuring indirect ;l fects 0 " trypanosomosis in both herds cCJ\.\lQJartly comp nsate 

for the low diagnostic sensitivity. A major characteristic of b0vme uypanosomosis is 

anaemia (Munay and Dext r. 1988) and be pev is a reliable indicators of anaemia 

(Saror, 1979) . .= ignificant differenc s bet\veen herd CVs could, therefo r . be us d as 

an additional indicator 0 trypanosomal infections and ts tse challenge. No .s ignificant 

differences \vere observed between the average two-weekly CVs of the deltamethrin 

treated and untreated herds. The gradual decrease in the PCV during the fi rst 15 

weeks of the trial fo llowed by an increase during the la t four weeks is attribut d to 

seasonal changes in the pasture condition (Sawadogo et ul., 1991) . 

According to tbe parasitological incidence and pevs. there was no difference between 

the incidence of tsetse-transmitted tr. panosomosis in eltamethrin- treated and 

untreated herds. 

. repel lent or irritant effect of the deltamethrin pour-on. applied at the dose laIC ("1 nd 

treatment intervai llsed in this tr ial. cannot be excluded from the currene experimentaL 

design. This could affect the preference of tsetse for either treated or untreated animals 

Nonetheless, results indicate that even if such dlects do occur, they are too small to 

reduce the trypanosomosis incidence to a level that would be a direct ~cnefit accruing 

to the owners of treated animals. 

Consequently. the cHect of deltamethrin-treatment of cattle on the incidence of tsetse

transmitted trypanosomosis observed in other experiments or control campaigns 

seems to be a result of its effect on the population density of tsetse or tsetse challenge 
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rather than its direct effect on the tsetse ' s f eding response. Successful control of 

tsetse-transmitted trypanosomosis using deltamethrin-treated cattle (at a dose rate of 

10 ml Spoton@1l 00 kg body weight and at monthly treatment intervals) will. therefore. 

depend on the level of induced tsetse mortality and tsetse invasion pressure. The use 

of thi s tsetse control method in areas_ where, for whatevCf reason. the tsetse population 

density cannot be sufficiently reduced to reduce di sease challenge will not result in a 

decline in trypanosomosis incide' I '~e . 
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5.5 	 The effect of short- interval delta methrin app lications to control tsetse, on 

the seroprevalence of babesiosis in cattJe 

5.5. j 	 Intro duction 

Regular treatments with acaricides have long oeen regarded as the most 

effective means of controlling ticks and tic f borne-diseases. However. co nsiderable 

ev idence from several epidemiological studies has emonstrated that such intensive 

dipping bas often been the main cause of tick-borne disease problem~ <.\[orvaL 1983). 

As a result most tick-borne diseases are nowadays managed by integrating the 

strategi c LIse of acancides. the applicat ion of vaccines if available and the exploitation 

of endemic stability if present. 

The concept of endemic stabili ty is w 11 estab lished. An endemically stable situation 

is one in which the maj ori ty of the host Dopulation acquires protective im muni ty to a 

particular tick-borne disease. tlrrough int c[ion when young while still protected by 

passively -acquired and non- p cific factO rs il orvaL 1983 ). For endemic stability to 

develop. infe cted vectOrs must be resent in sufticient numbers to ensure regular 

challenge of young animals. Effect ive ti ck control. in areas where endemic stability is 

present. may cause endemic instability due to infrequent disease transmission. 

Consequently. animals 'Wi ll become susceptible and when challenged would develop 

clinical disease. 

Regular treatments of cattle with p, re[hroids, to control tsetse. mi ght have a 

significant effect on the density of the tick population. The degree of tick control wilL 

however. depend upon the interval between treatments, the proportion of animals 

treated. the acariCIdal activity 0 - the co mpound and the dose at w hich the pyrethroid is 

applied. 

For the past decade, deltamethrin treatment of cattle along Zimbabwe ' s eastern/north

eastern border has been part of an integrated approach to counteract conti nuous 

invasion of tsetse from the Mozambique tly-belt (Sbereni. 1990). To determine the 

eiTect of these deltamethrin treatments on the epidemiology of babesiosis , a survey 
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was conducted to estimate the prevalence of ant ibodies against Babesia higemina in 

adult cattle. The seroprevatence figures were compared wlth those from a SLlrvey 

conducted before the implementation of the tsetse control measures l ~orval et 

a!.. 198 31 . The seroprevalence of B. bigemina in adjacent areas. where came are not 

treated \\ lth deltamethrin. \vas also determll1ed 'or compan son . 

5.5 2 .\faterials and methods 

5. 5.2.1 Trial area 

Tile survey was conducted between , ov,-mber 1995 an February; 9q7 in the 

Chibviz Communal L nd ( ~Iudzi District, Y[ashonaland East Province) I Fig. .55 .1), 

The sun ey area had been cl Jred of tserse for many years but is subj ect to ' ominuous 

il1\ 'as ion of IS tse nies (G. lJailidiDes and CJ..' /7. ,'11Or s/ron.) I from the Moza!ll l"iqlle 'lv

belt lSherem. 1l 90; Van den 80ssch and v [l1d nge, 1997: see Section 5.6) , To 

protect [SeTS -free dreas. a alTier of odour-baited targets (Hargrove . I. '}l):i ,vas 

erected aiong the \t[ozambique border. From 1986 omvards. the t.::ffecl or .he :arget 

barri er \\ as suppiememed by compulsory :reatm lltS ()f c::ntl In a l one or _0- 5 km 

' Vide (cl ltarner.hrin treatment zone, DTZi rFig. 5,5.1) oy dipping [h m in )00375 % 

delt methrin (Decatix :D . Coopers) 8.l tvvo -weekly inter [lIs 1Thon son end 

,\VilSOI1. 992) . 111 areas 'ldjac nt to the DTZ (F ig. :5 .:. 1'1 . Lartl \V re treatea xith shon 

lesldual Jcmic 'des (Amltraz. Tliatix ". Coo ers). Babesia igemina IS wioesnread in 

cattle iJ1 communal areas or Zimbabwe (N r\'al e! Lt! , 1983): he 'l1l"'C'. '\,vns. 

therefo re, restricted to establishing its pre valence. The ~tfect of r gular dc! t8mcdu-in 

treatmems n the prevalence of B. bigemina was determined y comJ)aring the 

serological preva Ll1Ce of B. bigemina 111 the OTZ ' itil il~ serological pre\alence in 

cattle outside h l1 t adjacem to this 7.one, 

 
 
 



F ig u re 5.5.1: M ap of th e lnal area indicating locati o n o f the sent in el herd s an d th e areas covered by th e survey , 
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5.5.2.2 Sample collection and analyses 

Jugular blood was collected from at least 30. randomly selected , adult 

communal cattle at 8 localities inside and -l- localities outside the OTZ (Fig .5.S.l). 

Serum was separated from the clotted blood and-::wred at - l Oce prior to serological 

testing. The indirect fl uorescent antibody 1est was Llsed to detect ( nti-B bigemzna 

antibodies (Norval et al.. 1983). 

To determine th level of B bigemina transmission, 90 head of c dult s ntinel cattle 

were introduced into the TZ in January 1996. Before introduction . J.ll the animals 

we re tested fo r :mtibodies to B. higemina. Only serologicall y egmi\e animals were 

retained and as igned to nine sentine, herds (Sl -S9) (fjg . ":-. 5. 1). Sentinel animals 

were not treated with dehamethrin. The prevalence of cll1ti-B. higemina antibodies in 

the sentinel canle was determined at 3-month ly intervals. 

E stimates of the monthly coverage with del tamethrin-trcatments \\'ere obtained by 

comparing the numb r of animals dipp d in a articular month with the total number 

of animals regi stered < t that dip in the same month. The monthly average dipping 

coverage m lhe DTZ, expressed as a p rcentage of th total cattle population 

registered. was calculated ior 1996. 
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5.5.3 Results 

5.5. 3. j Proportion ofcattle dipped 

The proportion of animals dipped each month in the DTZ varied between 50 

and 80% of the total population registered (Fig. 5.5 2) Attendance for dipping was 

lowest during the hot dry season and at the beginning of the rainy season 

~ 

0
:!2. 100 -, 
'0 
(j) 

Cii 90 
(j) 
.;::: 
c 
0 80 {~, 

).,co 
70 I"i ' I 

I .'Q. I 
0 ,j 
Q. 

~ 60 
:::: ·1.co 

"-
u 

0 50 
c 
0 

40 jt::: 
0 
Q. 


0 

'
CL 30 

Jan eb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Month 

Figure 5.5.2: Monthly average proportion (± s.e.) of the total cattle population 

treated In the "deltamelhrin treatment zone" during 1996. 

5.5.3. 2 Prevalence and incidence of cartie with Olztr-B bigemma 

antibodies 

Anti-B. blgemilla antibodie::; were detected in sera from cattle sampled 

at only two locations (25%) In the deltamethrin-treated zone. At those 

locations, the prevalence of serologically positive cattle was low, indicating low 

levels of disease transmission (Table 5 5 I) 
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Tllble 5.5. 1: Prevalence of antibouies against B. aigemina in cattle 

sampled at various locations in the deltamethrin- treatment zone. 

Location Sample )lumber Prevalence 

Slze positive (%) 

Zano 34 0 0 

Nyamvu 3S 0 0 

Kapotesa 35 -t 11. -t 

Mangwada 35 0 0 

Dendera 
-,r 
J) 0 0 

Fombe 35 0 0 

Chimusasa 
... .., 
.).) 0 0 

Chaperuka 35 -, 5.7 

Sero logically . o itive animals were resent at all locations outside the DTZ (Tabl 

5.5.2). The mean prevalence of antibodies against B hiuemina in cattle sampled at 

locations inside am! oUTside th DTZ wa ' 2 . ~ =1. -% and -+3 .2 ± 3.6%, respectively . 

Ta ble 5.5.2 : Prevalence of catt l with antibodies against B bigemina 

sampl ed at various locations outside [he d Itamethrin-treatment zone. 

Location Sample size l umber Prevalence 

pos it ive (%) 

Masarakupa 30 13 43.3 

Kaitano 43 20 46.0 

Nyamukoto 63 32 50.0 

Chisambiro 30 10 
..,.., .., 
..J.). J 

The proportion Qt ' sentinel cattle exhibiting antibody titres against B. bigemina varied 

between months ! L:tble 5.5.3). However. incidence was generally low and did not 

increase in time. 
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Table 5.5.3: Variations in the proportion of sentinel cattle with antibodies 

against B. bigemina in the deltamethrin-treatment zone. 

Month Sample size Number Frevalence (%) 

positive 

February '96 80 4 5.0 

May '96 74 13 17 .6 

August '96 90 .:+ 44 

October '96 76 4 53 

December '96 95 10 10 5 

February '97 69 " J 4 <. ..) 

April '97 82 6 7. 3 

5,5." DisclIsslOn 

A survey, conducted in 1980-81 , on the re alence of antibod ies to B. 

bigemina and the distribution of ticks of the genus Boophilus in Zimbabwe revealed 

that B. bigemilla. together with its ain vector Boophillis dec%rallis, occurred 

throughout the ountry (Norval et al.. 1983 ; Mason and ~orval , 1980) In lost areas 

where dipping was non-existent or irregular, the prevalence of antibodie agamst B. 

bigemina was high, suggesting that endemic stabilit , was present. Unfortunately, the 

1980-81 survey did not cover the area in this study. The above results showed that the 

prevalence of antibodies to B. bigemina was much higher in areas where dipping with a 

non-pyrethroid acaricide wa conducted than in the OTZ. Seroprevalence is, however, 

insufficient to assume endemic stability fo r B, bigemina ( orval et al., 1983). 

The compulsory dipping of cattle in deltamethrin to control tsetse appears to have been 

very successful in also controlling Boophilus spp. The relatively low prevalence of B. 

bigemina antibodies in the 90 susceptible adult animals at risk of natural infection in 

the DTZ (Table 5 53) confIrmed that the challenge of Boophillis spp. in that area was 

low This low population density of Boophilus spp ['educed the chance of cattle 

receiving an immunizing infection as young animals when they would have 
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been relatively resistant and may have acquired protective immunity. The spread of 

infected ticks to such susceptible populations of cattle or the introduction of 

susceptib le cattle to emji.;mic areas could lead to serious disease outbreaks (Lawrence 

et a!.. i 98 0). 

Both deltamethrin and amltraz have good acaricidal activity wh"n applied at two

weekly intervals (Norval e{ al.1992 : Fox er a!.. 1993 : Chizyuka and Luguru. 1986). 

This is certainly the ca e for one-host ticks such as Boophilus spp. The bett r control 

of BoophiLus spp. 111 the DTZ is attributed to the regular use f eltamethrin to control 

tsetse and the stringent supervision of dipping practices by Government services . This 

resulted in a high coverage of the animals and, consequently, good tick control (F g. 

5.5.2) In the ldj acent zone in which aminaz was liS d, on the other hand, dipping 

was orten disruplcd due to problems wi th water or acaricid suppl: . As a result. tick 

control was less rigorous and permited the dcvelopm I1t of ~ndemic stabil ity . 

The dose of d ltamerhrin required to contro l tsetse is tar below that required to control 

ticks. Therefo re. the 10St obvious solution to avoid potential adverse tIec!s of 

severe!; reducing the populat ion of ticks would be to extend the int rval between 

deltametlu-in treatments. '\lthough a certain degree f tick co ntrol is unavoida Ie. 

pyrethroids J.sed to control tsetse shoul d be app li d at intervals or oses that gIve 

optimal::;dse control without affecting the transmission of tic k-borne disease ag nts 

and, ilence. permit the development of endemic stabi lity . The inter ·als, varying ti"om 

I to :3 months epending on the insecti cide and itS f ormulation, ~:n bich pyretlu-oid 

insecticides should be applied to contro l tsetse ha\·e been derived from laboratory 

studies ,Bauer et CI/. ,1992a; 1989 ; 1988) and have been adopted in the fie ld . At such 

extended treatment intervals no immediate dIect on tick-borne diseasel ransmisSlOl1 is 

expected . Nevertheless, th~ 'ong-term etfect of such treatments on tick populations is 

still unknovvn. If. fo r vvl1atever reason, the intervals between treatments used to control 

tsetse need to be shortened. adverse etfects on the tick population and transmission of 

tick-borne diseases are to be expected. 
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The results of this survey clearly demonstrate the importance of an integrated 

approach towards disease control. POtential adverse effects of pyrethroid treatments 

used to control tsetse on the transmission of tick-borne isease should e raken into 

consideration at the onset of tseTse control operations. 
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5.6 	 Evaluation of insecticide-treated ca ttle as a barrier to re- invasion of tsetse 

to cleared areas in northeastern Zimbabwe 

5.6.1 	 Introd1lction 

In Zimbabwe over recent years, a combmation of tsetse control methods has 

successfully eradicated the fly from large pam of the country's interior, leaving 

infestations in the northeastern Zambezi Valley and along the eastern border with 

Mozambique (Sherem, 1990: Lovemore, 1999) .-\5 a result. a large proportion of the 

tsetse control budget m Zimbabwe (20%) IS no v spent on maintaimng the barriers to 

tsetse re-invasion from neighbouring countnes (Shereni, 1990) These barriers consist 

of odour-baited, insecticide-treated, targets in a : and, 8 km wide, at an operational 

density of 4/km2 (Hargrove, (993) Such barriers are supported by the compulsory 

treatment of all cattle adjacent to the barrier with [he synthetic yrethrOId deitamelhrin, 

either as a dipwash (Decarix '\' , Coopers) ,n two-w ekly intervals, or as a pour-on 

(Spoton~ . Coopers) at monthly intervals. 

The maintenance of a target barner is costly. Target service intervals ar usually 

shorter in target barriers due to [he increaseci theft problems associated with the 

semipermanent layout of the targets, and constam vigilance i required in order to 

prevent the barrier breaking down. The treatment of cattle with deltamethrin pour-on 

or dip is also more costly than the acaricide that is routinely used for tick control in 

Zimbabwe, further increasing the cost of maintaining the barrier. 

Recent work has suggested that the efficacy of insecticide treatment of cattle against 

tsetse might be greater than was originally supposed (see Bauer et aI., 1992b, 199 5; 

Fox et of.. (993) and it has been suggested that cattle treatments alone might be 

sufficient to stem the re-invasion of tsetse mto cleared areas of Zimbabwe If this were 

case, a considerable cost savlI1g could be made 

This section reports the results of a field trial which was undertaken to see if 

insecticide-treatments of locaJ cattle alone could act as a barrier to the re-lI1vasion of 

tsetse into cleared areas of Zimbabwe 
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5.6.2 Materials and methods 

5. 6. 2. j The /rial urea 

An area of 428km2 C:~40 km long and 5- 15 km wide) adjacent to the 

Mozambique border and to the south of the Tete road in no rtheast Zimbabwe, was 

chosen for the trial (Fig. 5.6 .1). A..rchive data showed that this area suffered a high 

invasion pressure from populations of both G. m. mars/tans and G. pallidipes in 

neighbouring Mozambique (TTCB, 1992) "'vfuch of the area was heavily settled 

although the distribution of settlement was patchy The remaining land consisted of a 

mosaic of alluvial woodland and dry forest , with patches of thicket adjacent to the 

Ruenya, )jyamusandzara and Mudzi Rivers, which feed in a northeasterly direction 

through the trial ar a rowards the Zambezi River. cattle census revealed a 

popUlation of between eight and tv elve cattle er km2 in the 428 km2 of the tnal rea. 

which should be sufficient for an effective control of tsetse tly by insecticide treatment 

(Bauer et ai , 1992b) However, the cattle were not evenly distributed, ret1ecting the 

patchiness of the settlements, and the grazing areas cou ld not be controll d. 

The target barrier consisted of blu Iblacklblue 'S-type' targets (Vale et al., 1988a) with 

the central black portion of the target treated with deltamethrin 0.54% (Glossinex R' , 

Coopers) and baited with butanone and a mixture of 4-methyl phenol, 1-octen-3-01 and 

3-n-propyl (Torr et ai, 1997). These were arranged in transects 0.5 km apart running 

in an east-west direction, With targets placed at 05 km intervals. The la. out was 

strengthened by addi tional target lines along ' he wers and roads to give an operat ional 

density of 5.4 targets per km2 

The target barrier was supported by the insecticide treatment of cattle in, and adjacent 

to , the barrier in an area some 20 km wide, west ,)f the tsetse re-invasion front. Some 

5 400 head of cattle at three inspection sites in the area (Zano, Kapotesa and 1 yamvu, 

Fig. 5.6. 1) were dipped in 000375% deltamethrin (Decatix 'C , Coopers) at two-weekly 

intervals. After each dipping, the deltamethrin concentration in the dips was checked 

and, if necessary, adjusted. Whenever dipping co uld not be conducted (d ue to water 
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Figu re 5.6.1: Tri al urea in northeastern Zimbabwe along the borde r with 

Mozambique. rargets we re placed in transects from left to right every 1) .5 km. 

Additional targets were placed in transects along ail lhe rivers ::ll1d roads "110 \\11 on the 

map. giving a density of 5,4 targets per kl11 2. 
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shortage), the cattle were treated with pour-on 1% deltamethrin (Spoton ", Coopers) at 

monthly intervals. The pour-on was applied in a line alon g each side of th animal. 

close to the dorsal mid-line. at a dos of 1001111 OOkg body weight. Records '.vere k Dt 

of the number of animals treated even' month. 

5 6] 2 heLle moniLoring 

T serse population monit ring began in January 1996 using 54 ermancm 

Epsilon traps (Hargrove and Langley. 1990). baited \vith l11ixture of I ur3none. ,

methyl phenoL 1-octen-3-01 ;m d 3-n-prop .l pheno l (Torr e l LIZ .. 1997). Til traps were 

spaced at -+ k111 intervals along the border road. and ", 1 k111 ,1Oaft through the trial area. 

along ri 'ers and roc cis (Fig. 5.6.1). ~n acidit ion. from ybrch 1996. five ~ . "-d '-['ound 

teams operated b tv een -1-50 and ':: 00 km of rlv-ro und transect. either each momh or 

every other month. These to llowed the ')ame d ined paths and coverec the whole 

mal areJ. -:ac!1 ~no !llh . Tsets catch SJt s were pion d y geographical ( C) -orciinmes. 

and the ismnce of each catn from the ;'e-mvasion h ont (easterly si e )1 ?i\f. :: .6 .. ) 

\vas calculm , to facilitme a dear visua presentation of the results . Tl e ny-rounCl 

teams and :h traps were operated unttl tb~ end of the trial in .-\ UguSI ,997 

5.6. ::.3 rr.Ipanosol11osis moniwnng 

~v [omhly trypanosoll1osis incidence 'as monitOred us ing nine :SCt tinel : eras. 

each consist ing of nine or ten adult c ule (Masbona bre~d) . located .n '.-arious 

distances ::"rom the tsetse l'e-' nvasion front. TIl r e herds grazed along [he ts tse 

invasion hont (L -'1- dnd 7. Fig. 5.6.1), three herds ::::::.-km into the trial ar :..l I), 5 ~md 8. 

Fig. 5.6. 1t ~md three herds ::::::] 0 "m into the trial area O. <5 and . Fi g. ~. 6 . 1 ). The 

sentinel herds followed a strict grazing rota within their allotted grazing areas. 

Sentinel cattle were not treated with insecticide. 

At the stan of the trial. all lhe sentinel animals were ear-tagged and received a curatIve 

treatment of diminazene aceturate (Bereni 1i . Hoechst) by ll1tramuscular injection at a 

dose of 7.0 mg/kg. Each month, blood taken from the Jugular vein of each sentinel 

animal was examined for trypanosomes (SectIon 3.3 .2.2). infected :illimals were cured 

by intramuscular injection of c1 iminazene aceturate at a dose o j 7mg/kg body weight 
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for T brucei or 3 5 mg/kg body weight for T congo/ense or T vivax Infections. The 

incidence of trypanosomosis was calculated and presented as average incidence at the 

various distances (0. 5 and 10 km) from the tsetse re-Invasion front. 

Grazing areas for the local cattle attending ,he three inspection sites were ca. 0-15,J 0

18 km and 20-25 m west QI' the tsetse re-invasion front for Zano, Kapotesa and 

Nyamvu, respectively. The 0revalence of _fVDanosomosis in these cattle was 

determined at regular intervals by taking cross-sectional samples Ol the adult CJLt.le 

population at each inspection site (Section 3. ·:+2.1) 

5.6. 2. -I Experimema/ design 

The target barrier was maintained for eight months until September 199b when 

the targets were removed, leavi ng only the Insecticide treatment of the local catt le to 

stem the tsetse re-invasion. It was planned to ave no targets deployed for 12 m_onths, 

in order to allow for any seasonal changes 10 tsetse numbers, but, in :vlarch 1997 tile 

prevalence of trypanosomal infections in local cattle became unacceptably high and the 

target barrier was re-de joyed in the following month. The tsetse population and 

trypanosomosis m the senti nel herds continued La be monitored for a turther 1\ 

months 

5.6.3 Resllits 

5.6. 3. j The abundance of setse 

Glossina pallidipes accounted for 73% of the catch at the Epsilon traps. bUl 

only 3.5% of the catch on ox-t1y-rounds throughout the trial period. For the analysis, 

the results from both species were grouped, but the Epsilon trap catches (Table 5.6. 1) 

were predominately G pallidipes whereas the ox-fly· round catches (Table 5 62) were 

predominantly G. tn. morsitalls, ret1ecting the known sampling biases of these two 

sampling systems (Hargrove, 1980a). 
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T able 5,6,1; Catch per trap per day in the trial area, with di slance frum lhe re-invasion frullt The nllmber ur tlap 

days was variable cllIe to trap the ft , vandali sm, or weather damage. 

Distance from re-in vasion frOIlt: 0-1 kill 1-2km 2-3kl11 3-4km -'I ·5km 5-6kl11 6-7kl11 
,No .lraps II) 6 3 -j 3 .J 13 

Traps clays (range) 773-J 80 2() \ -89 11 6-5 I 222- 12-1 I 1 I -57 1 12- 5-1 572-287 
Targef burrier pIllS cUll le trearlllents 

Jan 96 0.0194 0.01 
Feb 96 0.0162 0.01 2 
fvlar . % 00 55 2 (lOI S2 ()() 132 O() 127 
i \ pI. i)6 0.0225 0.0121 
[\lay. 96 003 I 00058 O()1 26 
Jun. 96 0.0'-146 0.00 5 1 
Jui. % (J.O 13 
Alig. lJ6 (l . 03 WI U. ()() /() O()161 
Ca/f/e U '( /!lIIcn !s onfv 

Sep. % 00211 (J OO -17 
Oct. 96 00466 O.n 075 (J .O 128 
Nov. 96 0.0579 0.0674 0.0100 
Dec. 96 00881 0.0326 o.n 1% 
Jan . l)7 00305 0.00 52 ()()O 56 00 10lJ 
Feb. 9 / 0010-1 0.()U 9-l O(J I ()o (lOi n 
Mal. 97 0.0064 0.0345 (lOU S7 
Target burrier pIllS cotile {{'cullil e/l!s 

ApI. 97 0.0085 0005 7 (J. O j :2 
May 97 0.002 1 
.lUll. 97 
lui 'J / 

Au g. 97 00056 
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I Tahle 5.6.2: Total catch or tsetse tj'o m 45() to S()Okm ur ox-Ii} tOlitHi covLling the trial ilrCdS c<tch 

month , with distance from the re-invas ioll front. 

Distance from re-invasion front: 
0-1 km 1-2kl11 2-3km 3-4km ~f - 5 kJ1l S-6km 6- 7klll 7 -8k111 8+ Total 

caleh 

Target barrier plus caltie treatm ents 
Mar 96 () 

May 96 I 3 
.luI. 96 7 g 

Cattle treatments only 
Sep 96 0 1. 1 1 10 J 25 
Oct. 96 12 5 

.., 

..l 
, ) ) "'j..l _ 

Nov. 96 5 13 1 1 6 38 
Dcc . lJ6 7 ) ) 

r) ' ) 

. ) 24 
Jan 97 11 5 4 3 :2 _7 
Feb . 97 6 :2 ' ) 

..'l ") 13 
Mar. 97 1 1 4 

.., 
. ) 2 I 22 

Target barrier plus callie lrea lmen t::, 
Apr. 97 7 1 g 

May 97 () 

Jun . 97 I 
luI. 97 o 
Aug. 97 U 
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In both cases the remov ! of the target barrier in September 1996 caUSCCl an increase 

in the catch along the r -invasion front. and a change in the distribution o( (he catch as 

the nies move Into the trial area. The positions of all ox-t1Y- Tiund catch s 

throughout the experiment are plotted in Figure .5.6.2. Prior to the re.noval of the 

target barrier. catches were confined to an rea 10- t 5 km fong and stretching 2-3 km 

into the target barri er (Fig. 5.6.2a) . Once the target barri r was removed. [he fi ies 

quicldy moved into th trial bloc' \ Fig -.6 .2b. Tables 5.6.1 and 5.6. 21 and the tly 

front, or the area where re -ll1vClsiol1 ccurred. expanded. When the targets were re

deployed in .\pril 1997, the catch dropped and the positIon of capture rapidly reverte 

to the distribution that was seen efor the removal of the targets (Fig .S 6 2c). It was 

not possible [0 control for season al chana s in ts tse numbers and their ;1vaiJabllity at 

capturing de 'Jces. due (0 tbe hi gh prevaie:1ce of [rypm osomosis in th Joe;}l :sTOck in 

:vIarch 1997 (Tab le 5.6.3 ) which caused ·n early termination or tbe tr·a1. 
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Figure 5.6.2: Position of ox-ny-round catches in the trial area; (a) before removal of 

the targets (total distance covered ]33 5 km); (b) after removal of the targets (total 

distance covered 3584 km); and (c) after the targets have been fe-deployed (total 

distance covered 2296 km) 
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Table 5.6.3: Monthly prevalence of trypanosomosis (%) and 

average pev (%) in local stock. 

Sampling site 

Month Zano Kapotesa Nyamvu 

Apr. 96 Prevalence " " J.J 0 0 

pev 29.7 32.3 30.5 

Jun. 96 Preval nce 0 0 0 

pev 29.5 30.6 30.3 

Oct. 96 Prevalence 0 0 0 

pev 30.6 32.8 29.9 

Dec. 96 Prevalence 0 0 0 

pev 29.9 31.6 28.9 

Mar. 97 Prevalence 19.6 " "J.J " '1J.J 

pev 23.9 32.4 30.4 

Apr. 97 Prevalence " " .). J 0 0 

pev 26 .3 32.4 3 1. 7 

Jun. 97 Prevalence ') " J.J 0 0 

pev 28.7 30.3 30.1 

However, the pattern of tsetse capture did not follow that which is usually observed 

due to seasonal changes in Zimbabwe (Phelps and Vale, 1978), suggesting that the 

expanding population from September through to March was a direct result of the 

removal of the target barrier. By implication also, the crash in tsetse catch and the 

immediate restriction in tsetse distribution after the targets were replaced in April 

1997, suggest that this was a direct result of the increased mortality imposed on tsetse 

populations by the targets. 

5.6.3.2 incidence and prevalence ofbovine trypanosomosis 

Prior to the removal of the target barrier, trypanosomal infections were only diagnosed 

in sentinel cattle grazing along the tsetse re-invasion front (Fig.5.6.3a). During this 

period (February 1996-August 1996) the monthly average incidence for 

277 


 
 
 

http:Fig.5.6.3a


50 l A 

40 J 

r....... ... .. 
.,. ........... ...
30 I ..~ . .. •. r-...

(J) 
c 

e· • •2 -
(J) I 

0... 
] ·H 

.... .. 

; 20 .---J 
r-

II 
10 I ll 

II lin I nI 1 n i no i 
I I I I I I I I I I I I , I I I I 

50 l 
B 

40 

I 

CD CD CD CD CD CD l"- I"- l"- I"
m q q m m m m m, q m 
.0 c en 0 .0 "- c enQa. u (J)(J) ::J ::J (JJ ::J ::J 
LL <t: 0 LL <t: -, <t:-, <t: 0 
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the three sentinel herds (1, 4 and 7; Fig 5.6.1) varied from 33.7% in April 1996 to 0% 

in July 1996 (Fig 5.6.3a). After the removal of the target barrier, the monthly average 

incidence rose steadily in these herds, reaching a peak of 38.4% the following April. 

The herds grazing ~5krn from the re-invasion front (2, 5 and 8; Fig 5.6.1), first 

showed positive to a trypanosomal infection in November 1996, two months after the 

removal of the target barrier. The trypanosomosis incidence reached 33% in 

December 1996, and remained high until after the targets were replaced the following 

April (Fig.S.6.3b). 

After re-deploying the target barrier (April 1997), the incidence of trypanosomal 

infections in all the sentinel cattle returned to a level that was similar to that before the 

removal of the target barrier. 

F or seven of the 10 months of the trial period during which targets were present, the 

monthly average pevs of sentinel herds grazing along the tsetse re-invasion front 

were significantly lower (P<0.05) than the monthly average pev s of sentinel cattle 

grazing either 5 or 10 krn from the re-invasion front. The monthly average pevs of 

sentinel herds at the tsetse invasion front were highly correlated (r = -0.90, P<O.O l ) 

with the monthly incidence of trypanosomal infections in those animals and reflect the 

challenge that animals undergo even in the presence of an odour-baited target barrier. 

Removal of the target barrier resulted in a decline in the average pev of herds grazing 

5 km from the tsetse re-invasion front (Fig. 5.6.3b) but it did not affect the pevs of 

cattle grazing 10 krn away. Between January 1997 and April 1997, the average pevs 

of sentinel herds grazing 5 krn west of the invasion front were not significantly 

different from those of sentinel herds at the re-invasion front. The re-deployment of 

targets resulted in a rapid increase in the average pevs of sentinel herds 5 krn west of 

the invasion front (Fig. 5.6.3b) The prevalence of trypanosomaI infections in the local 

cattle population at each of the three inspection sites was greatly increased by removal 

of the target barrier (Table 5.6.3). 
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cases the effect of treatment of cattle on tsetse populations and trypanosomosis control 

was investigated. This is different from our investigation, which was designed to see if 

treated cattle can prevent tsetse invaSlOn Clearly the answer to this last question, 

under the circumstances that prevailed, is "no". 

Even if tsetse have a high feeding preference for the insecticide-treated animals and a 

high proportion of the cattle are treated, re-invasion will only be prevented if the 

treated cattle are evenly dIstributed over the whole area and if the probability of tsetse 

contacting treated animals is high . In this trial we had no control over where the cattle 

grazed at any particular time, and it is probable that for large portions of the trial there 

were very few cattle, treated or untreated, close to the re-invasion front. Studies in 

Zimbabwe (Scoones, 1995) have shown that communal cattle grazing patterns can be 

split according to season. In the cropping season (November-March) cattle are kraaled 

.and herded away from cropped areas, usually under supervision, to protect the srops . 

In the early dry season (Apri l-July), after the crops have been gathered, the cattle are 

allowed to roam free and feed unsupervised, mainly on crop residues. As t he dry 

season progresses - late dry season (August - October) - the cattle are forced to move 

further afield and to graze or browse on diverse food sources. Therefore, one would 

expect, and observations confirm, a more even distribution of cattle in our trial area 

during the late dry season and a more patchy distribution at other times of year This 

seasonality in the grazing pattern of cattle is common in most communal areas in 

southern Africa. Consequently, it is almost impossible to assure an even distribution of 

insecticide-treated cattle throughout the year This implies that, if insecticide-treated 

cattle are used to prevent re-invasion of tsetse, the probability of tsetse encountering a 

treated host will vary according to the season and therefore efficacy of the insecticide

treated cattle barrier will vary accordingly. 

It was not possible to test the efficacy of the target barrier in the absence of , 

insecticide-treated cattle. However, the level of management of the target barrier was 

high and resources were not a limiting factor Due to the logistical difficulties involved 

in maintaining a target barrier, and variable resource inputs, it is probably wise to 

continue insecticidal dipping of cattle in the barrier, to cover for possible breakdowns 

in barrier efficacy. The additional cost of using a deltamethrin-based dip rather than 

281 


 
 
 



5.6.4 Discussion 

Under the conditions of this trial, the regular insecticide treatment of cattle did 

not prevent the tsetse from re-invading the trial area. After the second month without 

the target barrier in place, tsetse were caught up to 8 km west of the re-invasion front. 

At the same time, the trypanosomosis incidence in sentinel cattle increased, with a 

concomitant decrease in the pev. Furthermore, the high prevalence of 

trypanosomosis in the local cattle suggested that the insecticide treatments afforded 

little protection from tsetse challenge and subsequent trypanosomal infection. This is 

in agreement with the results of Baylis et al. (1994) and the results presented in 

Section 5.4.3. After 7 months, the prevalence of bovine trypanosomosis in the local 

cattle was unacceptably high in the trial area and the trial was stopped prematurely. 

Although it was not possible to investigate the effect of the target barrier in the 

absence of cattle treatments, it appears that the target batTier performed roughly as has 

been predicted by a mathematical analysis of tsetse movement (Hargrove, 1993) and 

earlier experimental investigations (Muzari & Hargrove, 1996). As expected, ;:he 

targets did not afford complete protection for the cattle herded at the edge of the tsetse 

re-invasion front , but they gave almost full protection to cattle herded ::::oS km inside 

the barrier, and complete protection to cattle herded more than 5 km into the area. 

When the targets were removed, the trypanosomosis incidence in cattle on the re

invasion front and the tsetse catch there increased, indicating that the target barrier 

was having an effect on the adjacent tsetse populations, as was suggested by Vale et 

al. (l988a). 

Previous studies on the effects of insecticide-treated cattle for tsetse control have 

given mixed but promising results. Bauer et al. (1995), working in Burkina Faso, 

reported good control of tsetse and trypanosomosis in stock using deltamethrin pour

on, pnd Fox et al. (1 993) in Tanzania reported reduced tsetse population and increased 

herd health after the deltamethrin treatment of cattle on a large commercial ranch. 

Baylis & Stevenson (1998) , reporting on a trial on the Galana Ranch in south-east 

Kenya, concluded that the effect on herd health was greater than could be expected 

from the minimal effects on tsetse density caused by cattle treatments. In all of these 
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the routinely used acaricide is low compared to the cost of moppmg up tsetse 

populations that become established after penetrating a poorly maintained target 

barrier. 

Monthly deltamethrin treatment coverage of adult cattle in the trial area varied 

between 76 and 87% of the total cattle population. This variability is explained by the 

poor turn-out at dips on wet days, a failure of stock owners in outlying homesteads to 

trek to the inspection sites every time, and the free roaming of cattle during the dry 

season. 

282 


 
 
 



5.7 	 The large-scale use of a 1 % cyfluthrin pour-on (Cylence®, Bayer) to 

control bovine trypanosomosis in eastern Zambia 

5. 71 	 Introduction 

In the mid-1900s, the attractiveness of hosts to tsetse was first exploited as a 

tsetse control method (Whiteside, 1949; Vanderplank, 1947; Du Toit, 1954). Despite 

initial successes, this promising tsetse control method was abandoned because of the 

low persistence of the insecticides used. 

It took almost 40 years before the method was taken up again. This was a result of the 

discovery of the persistent and less toxic synthetic pyrethroid, deltamethrin. The first 

controlled study on the persistence of the toxic effect to tsetse of deltamethrin spray, 

applied to cattle, was conducted in Zimbabwe (Thomson, (987). Results of the trials 

indicated a high mortality in G. pa/lidipes and G. m. morsitans within the first two 

weeks of deltamethrin treatment followed by a period characterised by a long-lasting 

knock-down effect. 

The promising results of the initial controlled trials were followed by several field 

trials in the southern African Region. A small-scale trial, conducted in the Eastern 

Province of Zambia, involving the weekly dipping in deltamethrin of 400 head of 

cattle, resulted in a reduction of the trypanosomosis incidence from 40% at the 

beginning of the trial to 5% eight months later (Chizyuka and Luguru, 1986). Similar 

effects were observed in other parts of Zambia (Wiersma and Schoonman. 1992) and 

in Zimbabwe (Thompson et af.. 1991). Despite the successful application of this 

method in other parts of Africa (Bauer et al., 1988; Bauer et aI., 1992b; Fox et ai., 

1993; Leak et aI., 1995; Bauer et af., 1995), it has not been used widely in southern 

Africa. This is largely a result of the strategy of tsetse eradication from large areas 

where cattle are absent. However, the shift from a strategy of tsetse eradication to 

localised trypanosomosis control makes the insecticide treatment of cattle an attractive 

method of control. To evaluate the effectiveness of the method in an intensively 

cultivated area of southern Africa where bovine trypanosomosis was endemic, a trial 
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was initiated in eastern Zambia. Use was made of a 1 % cyfluthrin pour-on (Cylence@, 

Bayer) fonnulation. 

5. 7. 2 klaterials and methods 

5. 7. 2.1 Trial area 

The trial was carried out in an area of about 2 000 km2 situated between 

30 0 44'and 31 ° 08' E and between 14 ° 07' and 14 ° 42' S in Petauke and Nyimba 

Districts of the Eastern Province of Zambia (Fig. 5.7.1) . The area is intensively 

cultivated and carries a cattle population (Angoni breed) of ca. 11 animals/km2 (based 

on an aerial survey conducted in August 1997). The total number of adult cattle in the 

area was 20 130 (based on census figures of the Department of Veterinary Services). 

Vegetation and climate are described in Section 2.2.2.1. Glossina m. morsitans, the 

only tsetse species present, takes most of its blood meals from cattle (Section 2.3.3). 

Tsetse-transmitted bovine trypanosomosis was endemic (Fig. 5.7.1 ) with a monthly 

average incidence of 9.7% (Section 2.5.3.4). The index of abundance of tsetse 

explains 74% of the variance in the incidence (log transformed) of nagana (Section 

2.5.3.4) . 

5. 7.2.2 Insecticide treatments 

A 1 % cyf1uthrin pour-on (Cylence@, Bayer) was applied in one line along the 

spine of the animal, from shoulder to tail base, at a dose of 15 mll100 kg body weight 

using an automatic pour-on applicator. Treatments started in November 1998 and 

were repeated at ca. 7-week intervals. They were applied free of charge. To facilitate 

the treatment of all adult cattle in the trial area, 22 treatment centres were established. 

They were supervised by 7 veterinary camps (Fig. 5.7.1 ). Records were kept of the 

number of animals treated at each centre during each treatment. The total number of 

animals treated was expressed as a proportion of the total number of animals in the 

trial area. 

5. 7. 2. 3 Trypanosomosis monitoring 

The effect of the application of the pour-on on the tsetse popUlation was 

monitored indirectly by detennining the incidence of trypanosomosis in eight sentinel 
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herds situated throughout the trial area (Fig. 5.7.1). Each herd consisted of 20, 

eartagged, adult Angoni cattle. They were kept under traditional village management 

but not treated with cyfluthrin pour-on. Each month blood collected from each 

sentinel animal was examined using parasitological diagnostic methods (Section 

3.3.2.2). Animals infected with trypanosomes received a -curative treatment of 

diminazene aceturate (Berenil®, Hoechst) by intramuscular injection, at a dose of 

7mg/kg body weight for T brucet or 3.5 mg/kg body weight for T congalense or T. 

vivax,. 

To evaluate objectively the cattle owner's perception of the effect of the pour-on on 

animal condition, records were obtained from the Veterinary Offices of the Districts 

on the sales of diminazene aceturate (Berenil®, Hoechst) . Diminazene aceturate sales 

to cattle owners between January 1999 and June 1999 were compared with the sales 

during the same period in 1998. 

5.7.3 Results 

5. 73.1 Proportion afanimals treated 

The number of animals treated with the cyfluthrin pour-on, expressed as a 

proportion of the total number of animals in the trial area, increased throughout the 

trial. It was low (47%) during the first treatment but increased gradually (Fig. 5.7.2). 

It was again low (about 30%) during the last two treatments (Fig. 5.7.2). 
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Figure 5.7.2: Proportion of the total cattle population treated with 

cyfluthrin pour-on during consecutive treatments. 

5. 7. 3. 2 incidence ofbovine trypanosomosis 

During the first eight months of the trial (November - June), the monthly mean 

incidence of trypanosomosis in the sentinel herds differed little from the the monthly 

mean incidence before treatment was initiated (Fig. 5.7.3). 
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Figure 5. 7.3: ~lonth l y :lerage incidence ,)f rf. panosomal infections m sentinel 

herds. 

From July onwards, however. the monthly mean incidence starred to d cli ne st eply. 

It reached 0.8% in ' ugust. From Septem ber onwards no trypanosomal infections 

were detected. 

Between January 1999 and .f une 1999 a total of 3.738 doses of diminazene aceturate 

were sold compared to 13 134 doses uring the same period in 1998. 

5. - 3. 3 Packed cell 'oI l/me 

The app lication of the pour-on resulted in an immediate increase in the 

average PCV of the sentinel cattle. The average pev remained relatively high 

(compared to the PCv values during ,he months preceding the start of the pour-on 

application) during treatment period (Fig. 5.7.4). It reached peak values of on average 

32.4% between September and December 1999. 
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srart of the pour-on application, 

5. /, -J J iSCIIssioli 

5,-:, -/,! LIJect ofcyfillthrin PO/IJ'-()f) on the i llcnfence O/lIUgClflG 

Several studies have shown that regular ;:reatment of cattle with yrethroid 

insecticides such as deltamethrin, f1 umethnn or cypermethrin can significant ly reduce 

the incidence of nagana (e,g, Chizyuka and Luguru. 1986 ; Bauer et al, 1992; Leak et 

of., (99 5) Results from this trial show that a 1% cyt1uthrin pour-on ( Cylence Bayer) 

applied at 15 mill 00 kg body weight at 7 -week intervals also results in a significant 

reduction in the incidence of bovine trypanosomosis, However, a significant effect on 

the incidence of bovine trypanosomosis was only observed eight months after the 

application started (July 1999) Several reasons explain this delayed 
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c feet. First. the propo rtion of :lI1imals [reared etween . ovember 1998 and March 

1999 was substantially 10 \ er than the total coverage etween :vlarch 1999 and j uly 

1999. Despite J I1 intens l c ;'!xt nsion ,-xercse. [ 1 low turn- up is explained b.. the 

presence of crops in the ti Ids during rl e rainy season. TIli s made It difficult for a 

large propol1ion of the cattle o\vners ~() r ach tbe nearest tr atmenl centre. Second. 

mud on the skin of treated Clllimals :1I1d heav: rain showers may have r dllced [he 

availability of the insecticide to is tse ur · ng the rainy season. :\ second possible 

reason for the :> udden inereas 1I1 th eff criveness ll i .he pour-on in July i ,be 

,~co i ogy of tsetse in the Iria area lu·oughout the trial area. tsetse are bighly 

dependent on :.:attle ::is the ir sOUrCe)T food ( ection .:..3 .3) . Because of thIS 

dependence. seasonal changes in [he ~razin g 'Jarterns of cartl affi ct the distribution 

and abundanc () f lsetse {Sections 2.2.3 ~lLld ': .-+ .3). ' uch a sud 'en change in tbe 

grazing pattern of cattle occurs in JuneiJuly. when .:attle are a lowed to roam t'i:ee ly 

'S . '" '" J.)~ etlon ':' ..:... , . The abr pr reduction in 'lost :.lvailabililY together '.vith the high 
o 

proportion of caTtle treated with cyr1Uliu'in in June p~ ably contribut d signi ficantly to 

the ~'educt ion in the denslt: uf the tsetse .:Jopuiation <nd concomitanr reducti on in the 

incidd1ce of bovin trypanosomosis . 

The high proportion of anima ls treated Juring this period seems to have had a severe 

impact on the tsetse po uiation densit} . Indeed. despite the low treatment . equency 

fro m September onwards no trypanosoma! infections were (,et ct d in the sentinel 

cattle. 

5. '7 -1.2 Effect o/cyjluthrin pour-on on packed cell volume 

Whereas the eJ f'ect of the application Oi Lhe 'lour-on on ,he incidence of nagana 

was only seen c!early~ ight 'nonth~ '.l1terhe ';-[art cHhe :;.nplication. the effect on the 

herd average pev was observed from four months (March 1999) onwards. Between 

March 1999 and December 1999. the monthly herd average pev was either equal to 

or higher than the maximum monthl . average pev recorded during the period 

preceding the pour-on treatments. Since the first months of treatment had little eUect 

on the incidence of nagana. the increase in average pev may be attributed to the 

eUect of the cyfluthrin treatment on ticks and, hence. tick-borne disease challenge. 
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Babesiosis and anaplasmosis occur in the trial area. oth tick-borne diseases cau e 

anaemia and signi tl cant ly reduc the pev (Section 333, Table .3 .3. 1) . Cytl u hnn 

applied at the dose ,·ate clnd treatmcm int r 'al L s 1 in [his trial is an effectIve 

acari cl d ~. It IS. therefore. t1 t surpris ing t:bat the a 'crage pev of the sentinel canl 

Increased subslantiall y cyen dunng p riods of highest .ick challenge. This eifecrive 

control of ticks (including !?IlIjJ 7cephallls up endicuIOIllS) contained an East Coast 

F-:ver (Th eiieria pan.'Ct ;)(/1 '1'(1) outbreak that occurred dming the trial period 111 

Petauke (Lubll1ga, pel's. comm.) . 

The increase in the herd average ev is probably [11 ~)e s t re:t1 cbon of the improved 

condition of .:: ~ntl :n the tral area .lI1:er 'yt1U1.1u··n -remments \.vere inillated. _1..n 

indirect rer1ectlon of 'chis improved herd health is [ile :iuoswnual reduction in the sales 

of diminazene aceturar (8 reI il®. Hoechst). The :najority of the cartle owners 

(85.1%) in lhe trial area i.lse lrypanocides (Section : .2.3.1. Tabl e 5.2 .1). In lhe 

absence of micro 'copic iagnosis. lre:1tment was nsua.l/ given to lil1J c:111y sick 

animals or animals in poor co ndiTion (Sec tion 5 . 2 . ~ .'::). '\n improv m m lD unimal 

condition f";~su lt i ng from a reduction in {set e aneL: pecially during the fi rst months of 

the triaL tick challenge ma\' be the "110 st likely c: ' planation for the reductlOu in 

diminazene 1ceturate sales . Similar ind irect resuits have een observed elsewhere 

with other pyr~thro id insecticide (Bauer el a/. , I 92: Baylis and tevenson, 1998: 

Bauer el ai., 1999 ). 
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The formul ation of a strategy for the ustainable control of tsetse- tra nsmitted 

bovine trypano omos is is a dynam ic proc ss in wh ich areas sUl table for contro l are 

td ent i ri ed. ranked :lnd adjusted over ti me. The cO lm I stra tegy dddresses c uest io ns such 

as where . hOll why. when. /). J lI·h() m. and f ()r 117m benefirs ne! costs nagana shou Id be 

controlled. To answer these questions <"Ie urate : . potent ial con trol 0 [ions are sct'eened 

by carefully cons idering s cio-economic. tec hni cal. en vi ronmental and institutional 

en rena . 

!' ;le Ivork presented in this :hesis ;:UI11 a at contr ibuti ng to a framework 'o r the 

form ulatio n of appropriate strat gi es fl r he ,ustamab le loca lised comro l M' tsetse 

transmitted bo ine tr.' panosomosis ill southern -\r'ri :l . Some or the uestions memioned 

Joove were ~lO dressed, after -:o nsidering: ;; :lrer'ull v the technical and socia-ec onom ic 

.-\ pre'equisi te I'or the development of a ,trme gy .'0 1' [he sustainab le contro l or" tsetse

transmi tted (w ine .r.' pano omosis IS accurare kll o,- Ie ge of the distribut ion n' the 

di sease. Usua ll y, the distribut ion ,) r nagana is cSlablished by determining the distri bution 

of catt le with [t., pan somal infections. The -i iagnosis of bov ine tr. 'panosomos ls is. 

however. frau ght wi th difficu lties . B caUSL of the low diagnostic sensit ivity of the 

commonly used parasitologica l diagnostic [e t5, Cl reas where bovine trypanosomosis is 

present at lo w prevalence or where it occurs seasonal ly are oft n missed. Hence, maps of 

the paras itolog ical dis trib ut ion of bov ine trypanosomos is often provide an inaccurate 

bas is fm the formulation of a control strategy. [n \tla lawi and Zimbabwe, fo r example. 

large areas where bovine trypanosomo::;is occurs would not have been identi fie d if 

re! iance had been p laced on Iy on paras ito logica l diag nostic methods (Sections .3 .--U and 

3.6.3). This sensiti vity problem co ul d be so l ed large ly by using the recentl y deve loped 

peR method (Section 1.3 .2.3). The test is promi sing but not yet available for use in large

scale surveys However, by sampling a sufficien tly large part of the popu lati on. and by 

combining parasitological diagnostIc methods \/ ith IIldirect tests. a more accurate pictu re 

of the distribution and the dynamics of the disease can be obtained that could '-orm a 

sound bas is ro r strategy ro rmulation (Sections 3.4.3.5 <l lld 3.6). Such indirect tests detect 

the an imal 's Immune respon se to trypanoso ma l infection, and include the anti

trypanosomal antibod y-detecti on ELISA (antibody-E LISA). The high sensiti vity and 
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specificity of the antibody- ELlSA impro ves accuracy and also. and o r' equal importance. 

u i ELISA detects ami- trypanoso ma I antibod ies that persist in cattle long after infections 

:1ave bee n cLII'ed (SectIo n ' .2.3) . As ~( (·esul t. Jreas or' 10 \ \1 or Irreguiar rset e c lalleng" 

can b !dentiTled 111 the absence of tbe causal arrent. 

The value of a diasno t iC test Sl h as tl c antibody-ELlS, depends O il its characte ·ist ics . 

These charac teri st ics C:l11 be detined In .erms of ·epeaca bi lin. sensiri \,iry and spec ific ity . 

rhe antibody-EliSA lI sed in the \\o ri< r sented !n this thesis had hIgh repeatabi li t., 

(Section 3 2. "' ). FL n hermore. the rest's ::;ensitiv ltv I n soeclticltY' 'or anti-T cungolense 

antibod ies was high (-' ect ion s 3.3.2 and 3.3.31 ,md non-speci fic cross r actIons with 

antibodies agai nst B. hl!,;el71ino and .-1 . i/wrr;tnuie 'v re not fou nd to occ ur I Secti on 3.3.3) . 

The (est s sensitiv ity and specific it. ' i'o r lnti bodies Jgall1st oathogellic tr.!pano orne 

species ot he r [b all T congo[ense requires further invesl igatloll . However. since lise has 

I ee n made of J I1l igens de rived franl Nhole ~rYI anosome' the lest ,vas probably not 

5 ec ies-spec ific (Section :3 ..5 .3.3). he 5tandardizmi on of technical parameters and 

continuous quality comrol are essential Sleps Lowards the susta ined LIse () . the antibody-

LISA. Sta ndardization coul d be Improved ,'lDtroducing defined recombinant antig IlS . 

he use of r res Iltative reference standards as 1'01lt ine qua li ty controls would..:: lsure 

~\c curate [est results . r ailme to standardise . nd validate the ant ibody-ELfS t 1ay 

produce incorrect results that will consti tute J false basis I'or the form ulatio n of a strategy 

for the control of bovine rrypanosol11osi s. 

-\ variety of methods are <wallable to comrol nagana (Section 1 . .5 ). \I1 ost of them have 

been de veloped with large-scale vector control in mind (Sectio n 1.5.2). On a smaller 

scale. the suitabiliLY of a contro l method or combinati on of methods is likely to depend 

un the local circ umstances . In southern Africa, bovine trypanosomosis :)c curs in areas 

where cattle are kept in side or ad jacent to a tsetse-infested area (Chapter 3) . The areas 

\v here cattle are kept inside a tsetse-infested zone are generally we ll-known. The easte rn 

platea u of Zambia is sll ch an example (Chapter 2). Usual ly, however, tsetse and cattle do 

Iw t OCCLl r in the same area and the distribution of bov ine trypanosomosis is restricted to 

the zone where the lsetse-be lt and the cattle grazing 
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areas overlap (the "cattle/tsets interface"). In such llreas. nagana is an .- cotonal or 

edge" problem. Tbree types of cattle/tsetse interface have been identified in southern 

Africa, i. e. (i ) areas vvhere cattle are kept Imm diat l ~ ' a jacent to a tsetse-infested 

zone, (i i) areas where bovine trypanosomosis is r ialenr because of the occasional or 

seasonal invasIOn by tsets imo the tsetse- i' e .1rea. and I ii i area where bovme 

trypanosomosls is present because of small. uh n .midenti fied. tsetse pockets (Chapter 

3). 

(i) .-{ l eas where cattle are kept immedimeil' ac!iacem to u lselse -injested ::one 

This type 0 cattleftseTs inr rfac~ IS (:om lOn in );laiavvi where the distri bUlion 

of tsetse is restricted to nati onal parks. ;ame reserv S :1I1d forest reserves . 

Bovine trypanosomosis is pre 'a nt:n the adjacent. tsetse-free, areas (Section 

3 .-1- .3. -+). A simi lar mtl :tsetse imerface occurs in ~1Teas where the movement 

of tsetse is restricted because of narurai or artificial barriers, In rile Ea tern 

Caprivi, for example: tb Zambezi Ri\ er r smcts t1 c spread of ts ts from the 

Sesheke area of Zambia into th { a ima \[ul ilo Jrea. fevertheless. cattle are I 

stil l chailenged when mo 'ing into or ~ lose to ts ts -infested ar as in Zambia 

(Section 3 .5.3 ). A ' irni iar situatio 1 occurs along Zimbabwe's eastern! 

northeastern border vvhere an artiTl cia l JanieI' lodour-baited, ll1sect ic ide 

treated. targets) separates the tset e-b it 111 Mozambique from th tsets

cleared areas in Zimbabwe (Sec tion 3 6. 2.2). 

(ii) 	Arecrswhere hovine tr)-panosol11osis occurs becall.'i" of"occasional or 

seasonal invasion hv tsetse. 

This type of interface i agam common in Malawi where bO'l1 tJi~ 

trypanosomosis occurs far outside know tsetse foci (Section 3.4.3.4). it is 

attributed mainly to the seasonal movemem of tsetse a long rivers such as the 

South Rllkuru River in the Northern egion of the country (Section 3.4.4.2). 

(iii) ,..J.reCiS where bovine /lypClnosomosis is lJresent hecaLise ofsmall. often 

IInidentified. iSel.\ e pockets 

This type of cattle/tsetse interface occurs in Malawi where G. brevipalpis is 

present in several small unidentified toci and tn western Zimbabwe where 

small foci of tsetse (probably G. pallidipes) have gone undetected for the past 

20 years (Sections 3.4.3 and 3.6.3) . 
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Figu re 6. 1: The consequences of gradual enCrOacl1l 1 m llf p opl t: and 'a ltle !lito ~ :sersc- infesI J Llrea 

,)n the epidemiolog.' of bo ine tr:panosomosis . 
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Cattle kept in a tsetse-infested area 

A usual consequence of the introduction of eo Ie and cattle into tsetse

infested areas is a reduction of the habitat ::i uitab le for tseTse becaUSe \)f the clearing of 

vegetation for cultivation and i1 reduction in the d nSlty of game animals l Figs. 6. a

c). Tsetse adapt rapid ly to the reduced QvailabiJity of wdd hosts b;-' incre:ring the 

proportion of feed s that they take from cartl. C ltimatel. ' . the t1ics become highly 

dependent on catti fo r lei r survival. In some areas of as t rn Zambia. for example. 

tsets rak 75% f th i1" blood meals trom c::tttle Sect ion ~ . 3 . ~ '). TIl high dep ndenc 

of tsetse on cattle as source of food and the gradual reduction in suitable tsetse 1abitat 

have llTIportant reperc~ssions (Sections 2.2 and 2.--!-)' \vhich should b taken in to 

consideration wh n a stmt gy for the [ocalis d contro l of bovine rrypanosomosis IS 

formulat d. 

Because of the close relationship betwee:1 cartl anci 'setse. bovine trypanosomosis hus 

an enciemic haraCIer. Its incidence IS correlated with the densit, OT' the tsetse 

population (Section 2.:.3 .'-1-) , which in turn. 'an e exploited in the timing of 

prophylactic trypanocidal drug campaigns . Increasing [he mortality rate In the tsetse 

popUlation has two effects un the .ransmission of nagana. F"rst. increased tsets 

mortality \'vill have an immediate and significant erEct on the incldenc of bovine 

trypanosomosis Sections 5.3.3 and 5.7.3) . Secon . because 0 t le ag -dependent 

prevalence of trypanosomal . fec tions in tsetse. it will reduce the infection rate in the 

fly population (Section 2. 5.3.3). 

Probably the most Jppropri ate method of controlling a tsetse population that is highly 

dependent on cattle as its food source is the treatment of cattle with insecticides. This 

method was highly ifective in eastern Zambia but only after a high proportion of Lhe 

catt le population was treated. over a large area for 6 consecutive months (S ections 5.4 

and 5. n Stationary baits also were highly effective in controlling ts tse in cultivated 

areas and sea.sonal "ar iations in the distribution uf cattle and tsetse have been 

exploited successfull y by deploying stationary baits in selected habitats (Section 5.3). 

Furthe rmore. the effectiveness of a control operation ca.n be increased if it starts just 
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before the time thar he Isetse populatIOn IS subject to additional mortality, caused, for 

example, by the sudden changes in the grazing pattern of canle, 

Cottle kem at the cartlel /setse Inter(clce . . 

In areas where cattle ilre kept ~ t rh cog or'ts tse- infested areas iusua I;, game 

reserves) (Chapter 3) or \vhere cattle are ::i ubject to ::;easonal challenge b. tsetse. the 

importance of can le as host is likely LO be minimal. Consequently, cattle are 

challenged at irregular intervals and the leve of challenge is 11m necessary correlated 

·.vith the density of the tsetse populatIOn. ovine trypanosomosis, therefore. has an 

epidemic character at the cattleitsclse i l1len~lce. lic h nagana e idemics occurred 

along the Kasungu National Park :n :Vb m\'i in ,he 1111 d - J980s, and along Umfolozi 

Game Reserve in Zulul ' nd (South !\ti'l ca I In 1990. It such situations. comrol methods 

should aim at ither contro lling the tsetse IJo pulation in the ts tse-infested area or 

reducing the interaction between ts r e and catt le along the interfac . Odom-baited, 

insecticide-treated targets are effective in comrolling t et e in game areas ut are also 

" cry effective in reducing the contact bet\veen ts tse and cattle at the edge of such 

tsetse-infested areas . VforeoveL they , r vent the spr ad of tset e from an inrestec 

area into a tsetse-free area (Section 3":+,3, 3.: .3 . nd 3.b.3). The treatment of cattle 

with insecticide at the ~dge 0 ~ a tsetse-infested area is unlikely to have a dramatic 

effect on the density of tsetse inside the tsetse- infested zone. Furthermore, the 

insecticide treatments will not protect the animal from tsetse challenge l ection:5 4.3 l. 

It is, therefore, an inaprropriatc method in ~ llch situalions. i'he simplest and probably 

most effective method would be to prevem cattle from grazing in the vicinity of the 

tsetse-infested area. However, se ere pressure for land often makes it impossible to 

change grazing patterns and to enforce restrictions on livestock movement 

The direct and indirect SOClO-economlC impacts of bovine trypanosomosis on 

agricultural development are Important determinants in the selection of priority areas 

for the localised control of bovine trypanosomosis. The indirect impacts on 

agricultural production and farming practices are often difficult to quantify. 

Furthermore, they vary substantially between areas (Section 433). The direct 

impacts, on the other hand, are easier to quantify. In southern Africa, nagana has a 
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direct impact mainly on ' du lt mortality and <..: aiv ing rates (Section 4,3. 3) . The degree 

to which both production vari ables are affected by tbe disease is. howe\'er. d termined 

by factors such as the innate Jnd acquired Immunity -0 the disease (see elow) and 

stress factors ( ecti on -+ .2.3). Tr: anocldal drug treatments also may sIgnificantly 

affect the di£ect impact of nagana on especially monaEty rates IS ction -+.3. 3) . 

Consequently. the socio-economic impacts of bovi ne rrypanosomosis n agricultural 

development Jre 'ubjecl to .,ignificant temporal an spatia l var iations . ::S ince the 

sustainability of ::1 control inter'entlOll 'vill depend largely on tbe enetits accruing 

from it. dec isions w interve ne ()r not should b ased on an objectiv 3. sessment of 

the local impacT or the disease. 

The high c e end nee of tsetse on cmtl JS J source [) f food also has a repercussion on 

tbe impact of Dov ine trypanosomos]s . Several tield studies in tsetse-infested m as of 

Africa ISc.ction 1.-1-.2 .2) have demonstraled that ' usceptible cattle breed which 

survive trypanos l110s is because of tre;:nmem 'vith trypanoci de' or eC~lUse of self-cure 

are subsequently more resisrant to rechailel ge with the same serodeme( S J. , uch 

immunity is likely [0 develop in areas where tr 'panocid s are us d and where a 

resident tsetse population feed almost entire] on catt le . This is th case in som 

parts of eastern Zambia t ections 2. 3.3 Jnd ).2 .3). Furthermore. the close int mction 

between tsetse and cattle must have plaved a role in the natural selection of the 

indigenous catt le population and the gradual disappearance of highly athogenic 

trypanosome strains and trypanosome sp cies ·uc,) as T. vivax. It is. lherefore. not 

surprising that results from the socio-economic sur eys conducted 111 the Petauke 

District of the Eastern lateau in Zambia suggest some degree of resistance to 

trypanosomosls in the-esident cattle population tSections 4.2.3 and 4.3.3). 

Because of the irregular challenge and the high proportion of new trypanosome strains 

in tsetse acquIred from game animals. protective immunity to !.rypanosomal infections 

is unlikely to develop in cattle along the cattle/ tsetse interface. Furthermore, no 

selection has OCCUlTed against highly pathogenic trypanosome strains. The impact of 

bovine trypanosomosis along such interfaces is , therefore, expected to be higher 

(Chapter 4). In areas where curative trypanocidal drugs are used, this higher impact 
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directly affects reproduction in cattle, hence the lower calving rates in cattle kept 

along the Vwaza Game eserve in Yfalawi but also in the Chipangali area of eastern 

Zambia where cattle are chall nged by lS tse from the Kasungu "Iational Park and 

Lukusuzi Game Reserve (S ction 43 3 3 ), In areas wher trypanocid s ar not 

routinely used, high ortali ty rates ar expected, Such high mon ality rates 'yer 

observed during the nagana pidemics along the edge of the Kasungu )Jational Park 

and adjacent to the Cmfolozi Game R serve. The significant j fects of 

trypanosomo is on call le producti on and lhe potential for de ' ast tl g nagana 

epidemics along mecattle/tsetse interrace should be cons idered when fo nnulating a 

strategy for the 10ca1is d control of bovine trypanosomosis. 

T .1e level of ,'esistance to trypanosomosis in Cil t Ie is an 'mportant det rmmanr 111 

strategy formulation. A useflll indicatOr of resisrance to tl'. panosomosl s can be 

obtained by establishing th r lationship b tween herd a\·erage..PCV and reya ence of 

rf " panosomai infections in an area (Section 4 .3) 

In many pans of Africa. trypanocidal drug treatments co nsti tut lh pn n ipal method 

of controlling bovi ne trypanosomosis. Despite the vailability f various etfecli ,e 

vector control methods it s lik ly that, in the foreseeable future, chemotl erapy ~l11d 

chemoprophylaxis will continue to contnbute significantly to the control of [be 

disease . Furthermore, trypanocidal drug treatments play a crucial role 111 the 

acquisition of : n munity in cattle kept in tsetse-infested areas (Sections '+.2 .3 and 

4.3.3). In areas where resistance in trypanosomes to trypanocidal drugs is absent or 

present at low Jrevalence, the sustainability of a drug-based control strategy will 

depend on the ;isk of large-scale resistance development. Surveys to investigate the 

trypanocidal drug-use practices by cattle owners provide a useful baseline to indicate 

the likelihood of the development and spread of such resistance (Section 5.2.3) and, 

therefore. should form part of the control strategy formulation process. Furthermore, 

the results of dnlg-use surveys provides a good picture of the farmer's attitudes 

towards control of cattle diseases and the manner in which they spend money on 

veterinary medicines. This information is important when determining the 
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appropriateness of a strategy for the control of bovine trypanosomosis, 10 articular, 

and animal health in general 

The appropriateness of a tsetse control method will depend on its suitability, 

transferability and sustainabi lit 1e suitability of a control method is .1 rechrucal 

question, which involves an assessment of the technical ffi ciency of a method under a 

particular situation The results presented in this thesis indicate that odour-baited 

targets are suitable in all epidemiological situatlons. They are effecti e in dearing 

tsetse from relatI vely small areas and are effective barriers against tsetse re-i nvasion 

( c: . -..,.., - 6'".J, -. d -. , -. ) . .J-. d '" 6. J 1) The use 0 t' · . . . dvectlons ) JJ , _ . J . ' , . J J - n J . msectlcloe-treate cmt1e, on 

the ther 1and, is most effective when it is restricted to areas where [he tsetse 

popuiation is isolated or where remvasion of fl ies IS low Furthermore, lI1se"ticide 

treatments of cattle do not provide an effective barrier against the invasion of :setse in 

the areas studied here (Section) 63 ) 

The transferabi litv of a tsetse comrol method is intluenced by the willingness and 

ability of a farmer to adopt a particular technique or combination of techniques. It was 

beyond the scope of this thesis to study in epth the 'ociological aspects of 

trypanosomosis controL However, the results of the drug-use survey dearl · showed 

that cattle owners in southern Africa have a curative approach towards the control of 

nagana (Section :; 242) In the absence of widespread trypanocidal drug res istance, 

transferability of tsetse control methods that are essentially pro phylactic measures may 

be low. The susrainability of a control method involves an assessment of the ability of a 

farmer or community to sustain the use of a technique or combination of techniques . 

Of particular importance are the risks associated with unwanted side effects such as the 

development of resistance in trypanosomes to trypanocidal drugs (Section 523) or the 

effect of pour-on treatments on enzootic stability in cattle against some tIck-borne 

diseases (Section 5 5.3) Furthermore, the implementation of tsetse control operations 

in areas where cattle have developed immunity to the disease is likely to result in the 

loss of such immunity. Whereas this may not be a problem as long as tsetse control 

measures are effective, the loss of immunity may have important consequences after 

the tsetse control operation coJlapses and a highly susceptible cattle population 

becomes subject to tsetse challenge. 
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The formulation of a strateg I for lhe .s ustainable localis d control of bo me 

trypanosomosls lS ~. , ynamic process that has ~o 'ake mto accoLlnt wide range of 

vanables that determine the c: oidemlOlogy 01 the c isease and. hence. itS 

appropriateness in a panicuiur . r a. Se era of t11 variab l shave een resent d and 

discussed in this thesis. It is not iffic it to im ·gine that the various epidemiological 

situations that were identified ,1re part f :l logIcal seq uence triggered b. ,l sing! 

phenomenon. i.e. the cncr achmem of eop le .m d the ir Ii lestoc k into tsetse-in±e ted 

areas. Human encroachm m J irectiy f.l tfects the po pulation. Jensitie · ut caLtl and 

game ~mimais, the a ailabili ry of suimble :mbitm ['or tsetse. These a cto rs ,:md th ir 

consequences for the impac l ot bOVine try anosomosis de termine . to ..t Jarge extent. 

the appropriateness of strmegi s tor 'he sllstamable loc li sed control l' [sets I 

transmitted oVlne try anosomosi ·· in southern Africa !Table 6.1 and Figs. 6.1a-c) 

Previo usly, strategy formulation ,or large-scale eradication <n' tsetse ID southern 

Africa was dominated by stra ight or var i 'echmcal ;.:onsiderations. The most cost 

effective and technica ly ciIicient me<u s of controlling tsets 111 an area was 

emphasised. The success of <1 control !l11:ervention was large y dep ndent \ 11 the 

availability of manpower, cquipmenr and the organizationa capacity of the 

implementer. Results of this thesis have shown thm the planmng for the sustainable 

Localised COnTrol of bovine trypanosomosis is a multidisciplinary exercise that 

requires a good understanding of the dist!' .buti on and epidemIology of lbe disease. 

This will require the necessary· .' pent s to anal "se the local situation and draw 

conclusions relevant to tbe ormulation of a control strategy. However. it may be 

facilitated greatly by tbe use of geographical information systems. ;'he cbo ice n[ a 

particular control method will l epend large ly on the local epidemiological situation. 

By distinguishing the different epidemiological situations ·11 southern Africa and by 

analysing their characteristics. appropriate methods to control bovine trypanosomosis 

bave been identitied. This thesis has. therefore. contributed to a better understanding 

of the epidemiology and contro l of bov ine trypanosomosis 111 southern :\.frica and 

made a significant contribution to the development of a framework for the formulation 

of appropriate strategies for the effec tIve control of tsetse-transmitted bovine 

trypanosomosis in the southern African region. 
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Table 6.1 : Expec1ed effects of tile introducti on of cat1Je ami vegeta ti on clearing in a tse tse-in ks ted (!rCd Oil the ep Idcmi ology , imp<lct <mel contro l of 

bovine trypanosomosis (- = no impact, i = slight, ++ = intermed iate, +++ = great). 

Events figure Populat ion density [lost preference Disc,lsc Suil ilbi lity or cunlrol mdhmf 

Tsdse CaU l Game n ame ('a tLl c impdd Trypal10ciLics l Targd s lnsect icide
( reament s 

Cattl e-free, tsetse- infested area 6. 1a +++ -I I 1- 1+ + ·1 · I I 

Introduction of carrie and peo ple 6. 1 b +++ -I H -I I I -II \ I I· I I 

Progressi ve clearin g or vege tati on 6. 1 b I· 1- · 1 ! I II I I i I 11 -\ ;.i ·I· 

Sigl1lficant reduc ti on in tsetse hab itat 6. 1c + +++ I . ~ I -j . I I I I I I H + 

No habitat left , chall enge on ly at interl~lce 6.1 d + -H-+ -I HI I t I I I 1 I I I 

.-- --. -- - -- - -.- - --

1 Trypanocidal drug resistance is not present 
2 Not taking into accoun t transferability and Slb i,iinab ilIl) 
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