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Abstract
Background The tsetse-transmitted African trypanosomiases affect humans and animals. Trypanosoma.
brucei rhodesiense sleeping sickness, or human African trypanosomiasis is a zoonosis, for which cattle
are the main reservoir of infection in south-eastern Uganda. Transmission of human and animal infective
trypanosomes can be reduced by the application of deltamethrin insecticide to the belly and legs of
cattle, thus reducing tsetse �y populations. Alongside an epidemiological study in southeastern Uganda,
a farm level assessment was done to calculate the average and incremental bene�t-cost ratios of
spraying different proportions of the village cattle population using this restricted application protocol.

Method A study comprising 2,400 semi-structured interviews was undertaken over a period of 18 months.
Financial data on household income and expenditure on cattle provided the basis for the marginal
analyses. The bene�t of RAP to farmers was assessed using gross margin analysis whereas the costs
were obtained from expenses incurred by farmers in participating in the RAP intervention. Subsequently,
the RAP intervention villages were compared with a control village to determine the average and
incremental bene�t-cost ratio across all households.

Results The bene�t-cost analysis of spraying 25%, 50% and 75% of the cattle population yielded bene�t-
cost ratios of 6.22, 5.56 and 4.46. The incremental bene�t-cost ratios from spraying each additional 25%
of the population cattle were 14.32, 3.97 and 0.79 respectively, showing a very high return on investment
in spraying 25% of the population, with returns reducing thereafter.

Conclusion Comparing the gross margins per bovine of applying RAP to different proportions of the cattle
population to a pre-intervention situation and a control, the study found that increasing the proportion of
cattle sprayed yielded increasing bene�ts to farmers, but that these bene�ts were subject to diminishing
returns. Given the high proportion of draft males in the cattle population (37%) their important
contribution to livestock output and farmers’ preference for treating these animals, from a practical
viewpoint this study recommends spraying only draft cattle to control trypanosomiasis in this area,
although in areas or households with a lower proportion of draft males, farmers could be advised to also
include cows.

Background
African animal trypanosomiasis (AAT) and human African trypanosomiasis (HAT) are controlled by
targeting the tsetse �y or by using chemotherapeutic/chemoprophylactic trypanocidal drugs [1], [2].
Approaches are often combined in order to improve the effectiveness of control measures [3]. In the past,
ground spraying of tsetse breeding and resting sites with residual insecticides and aerial spraying have
both been deployed against tsetse �ies in Uganda [3], [4]. The drawbacks to large scale spraying of tsetse
habitats include environmental degradation, the high costs incurred, the unsuitability of some methods
for hilly terrain and the re-invasion of cleared areas [5]. Environmental issues associated with large scale
spraying led to the development of bait technologies that can be implemented by the community and
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these involved the use of odour-baited traps and insecticide-impregnated targets or traps (stationary
baits) and insecticide-treated cattle (mobile baits) [6]. Traps have been successfully deployed in Uganda
to control human African trypanosomiasis (HAT) during large scale epidemics [7]. The restricted
application protocol (RAP) is a form of bait technology that involves spraying of insecticide at dip
concentration only to the tsetse predilection feeding sites on cattle (the legs and belly), rather than
applying insecticide to the entire animal (as in dipping) or when a concentrated formula is applied along
the back of the animal in the case of pour-on formulations [8]. RAP is environmentally friendly and
cheaper as it uses less insecticide compared to other methods, while conserving the enzootic stability of
tick-borne diseases (TBDs) [9].

Aside from vector control, trypanocidal drugs are used prophylactically and therapeutically to control AAT.
It has been estimated that 35 million doses of trypanocides are administered annually in Africa [10].
Control of TBDs and AAT is often considered to be a private good with the farmers frequently expected to
pay for the service [11]. To ensure farmers’ participation and decrease overall disease impacts, it is vital
to have an affordable and effective farmer-led integrated control of both tsetse and tick-borne diseases
[12].

Assessments of the economic impacts, the costs and bene�ts from controlling tsetse and
trypanosomiasis [13], [14], [15], are critical for deciding on interventions. Uganda was the subject of one
of the earliest studies on the economics of AAT control [16], and more recently the costs of different
techniques for tsetse control were estimated for Uganda [17] and an analysis of historic and current
tsetse control costs done [18]. The few recent studies that looked at the impact of trypanosomiasis in
Uganda include [19], [20], the latter emphasizing the importance of draft power, also later analyzed in
more detail [21].

The largest scale study on the impact of AAT was undertaken by the African Trypanotolerant Livestock
Network (ATLN) [22]. Similar protocols were implemented in study sites in eight countries, combining the
monitoring of cattle, sheep and goats for trypanosomiasis alongside the collection of livestock
productivity data, including milk yields [22]. Productivity data from various studies has been used to
model the economic impact of AAT and its control in different contexts [23], [24], [25]. Field studies,
except for the ATLN studies, have largely been cross-sectional and under-powered with relatively small
sample sizes. Obtaining the information required for these analyses is challenging: i) cattle productivity is
di�cult to measure, and ii) farm level interviews are time-consuming and inclusion of longitudinal studies
increases project costs. Studies have almost exclusively directly measured or focused on cattle
production parameters (such as deaths, births, weight, milk yields) rather than on the effects on livestock
keepers’ incomes. De�ning a comparator has also been challenging; these have often been based on
comparing households or animals who participated in trypanosomiasis control activities (usually referred
to as ‘with’ intervention) to those who didn’t (‘without’ intervention). Other counterfactual estimates have
been based on measured prevalence (in the case of the ATLN work), but in an era before the use of
molecular techniques or, more often, on comparing sites with high and low AAT prevalence or before and
after intervention situations, but without using a control (no intervention) site or livestock population.
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For insecticide-treated cattle, there has been little information about the optimal proportion of cattle (live
baits) to be sprayed in order to control trypanosomiasis, and therefore calculations had been based on
estimates [17]. However, in 2014, Kajunguri and colleagues calculated, that using RAP treating 27% of the
herd was su�cient to control T. brucei sensu lato [26].

Field studies were undertaken to con�rm the modeling work and showed that spraying 25% of cattle
using RAP could be effective in preventing clinical re-infection of cattle with trypanosomes in south-
eastern Uganda, protecting humans from zoonotic HAT as well as controlling AAT [27]. In south-eastern
Uganda, it has been shown that cattle act as the main reservoir for T. b. rhodesiense, zoonotic HAT [28],
[29], [30]. A study in Dokolo and Kaberamaido districts in south-eastern Uganda found that use of RAP
and injection of cattle with the trypanocide diminazene aceturate reduced the prevalence of T. vivax from
5.9% to 0.5% in cattle [31].

Our study aimed to gain an understanding of the cost and impact of RAP on cattle farmers including: i)
what are the costs and bene�ts of controlling African trypanosomiasis using RAP from the cattle keeper’s
perspective? ii) how do these vary with different RAP treatment regimens?, and iii) what are the
implications of the �ndings for effective disease control? To provide a full counterfactual, the study
examined farmers’ income both before and after the introduction of RAP, and then for the after scenario,
for using no RAP as compared to spraying different proportions of the population. By combining this
information with both farmer and project costs for RAP, the average and incremental societal bene�t-cost
ratios from the control of African trypanosomiasis and TBDs by spraying 25%, 50% and 75% of village
cattle herds with deltamethrin were calculated.

Methodology
Selection of study villages, households and data collection

The intervention was undertaken from June 2012 to December 2013 in Tororo District, south-eastern
Uganda. Tororo is semi-arid with small-holder crop-livestock systems dominating. It is estimated that
there are over 400 villages keeping more than 37,345 cattle most of which are males used for draft work,
usually referred to as work oxen, whether castrated or uncastrated [32]. The selection of villages for the
economic study was based on a concurrent epidemiological study evaluating the effectiveness of
controlling trypanosomiasis by spraying different proportions of the cattle population using RAP [27].
Fifty-seven villages were selected for evaluation to meet eligibility for the RAP epidemiological study. The
parameters included: i) cattle AAT prevalence of 15% or more, ii) a population of 50 or more cattle in the
village, and iii) villages being at least 5 kilometers apart. Of the 57 villages investigated, 20 villages met
the criteria for RAP intervention [27].

The sample size (number of households to be studied) was determined using CSurvey software version
2.0 [33] where the prevalence of AAT was set as 30%, rate of homogeneity at 0.15 and the average eligible
persons per household as 1. Thereafter, a sample size of 600 households (30 per village) comprising a
total of 5,534 individuals was determined for the economic baseline survey.
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The 20 selected villages were randomly allocated to �ve RAP treatments [27]. All cattle were given two
doses forty days apart of Veriben B12 (CEVA Santé Animale, containing diminazene aceturate, vitamin
B12 (cyanocobalamin) and B12a (hydroxocobalamin) at 0.01 g/kg live body weight) to treat any pre-
existing trypanosome infection [27], [34]. Treatment 1 (T1) cattle received no further treatments whereas
treatments 2 to 4 (i.e. T2, T3 and T4) consisted of villages where 25%, 50% and 75% of the cattle
population were sprayed using RAP at 28 days interval. Treatment 5 (T5) comprised villages whose cattle
were dewormed once every three months but received no other treatment. T1 and T5 were considered as
control groups for the graded (25%, 50% and 75%) RAP regimes [27]. For this study T1 villages were used
as the control for comparing bene�t-cost ratios as well as the incremental cost bene�t ratios.

Prior to data collection, two study enumerators were provided with 10 days training as to how to
approach farmers, to identify study cattle (using ear tag numbers) and to appropriately complete
questionnaires. Enumerators were deployed to the villages depending on their understanding of the local
language with each covering 10 villages. Semi-structured questionnaires were pre-tested in two villages
that were not included among those randomly selected for this study. Data were collected detailing
whether the cattle in the household had had a blood sample taken by the epidemiology team, household
characteristics (number of people, livestock kept, type of dwelling, animal health measures used) and
components of livestock income.

Data were collected from 600 households in the 20 villages eligible for RAP intervention using six months
recall over a period of 18 months (a total of 2,400 interviews before and during the RAP intervention). Six
months recall enabled data on cattle ‘exits’ and ‘entries’, productivity, mortality, fertility, cattle-related
expenses and revenues, the number of times farmers took their cattle for spraying and the related costs
to the household to be updated.

Economic analysis

In the study villages, gross margin analysis and marginal analysis were used to establish the bene�t of
using RAP to control trypanosomiasis at the household/farm level. For a livestock enterprise, the gross
margin is given by the value of livestock output, which includes not just production, but also all entries
and exits of livestock and the change in the herd valuation, less the variable costs. This re�ects the
impact of disease, via mortality, fertility, draft days worked, etc. Marginal analysis consists of analyzing
the relationship between small increases in costs and in output; formula for change in net bene�t as
adapted from [35] was as follows:

Change in net bene�t = marginal bene�t - marginal cost

where change in net bene�t refers to change in income gained by the farmer with each increase in the
proportion of the cattle population sprayed using RAP (from T1 to T2, T2 to T3 and T3 to T4). The
marginal bene�t referred to the difference between the annual income per bovine between the treatments
whereas the marginal cost referred to the difference between the annual cost per bovine between the
treatments. The annual income per bovine was calculated as a gross margin based on the questionnaire
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data and compared to the total annual costs to farmers and to the project for implementing the
intervention under each treatment. 

The marginal analysis involved analyzing the costs and bene�ts from stepwise increases in the
proportion of cattle sprayed (the measure of output) up to the point at which the marginal cost is either
equal to or greater than the marginal bene�t. Until then it is considered economic to continue increasing
output even though the ratio of marginal bene�ts divided by marginal costs may be reducing
(diminishing returns). After this when the additional bene�ts received are less than the cost of achieving
them, negative returns are experienced, and it is no longer pro�table to increase output.

The gross margin information was combined with the total societal costs of each treatment to determine
the incremental net bene�t of spraying an extra 25% of the cattle using RAP i.e. 0% to 25%, 25% to 50%
and 50% to 75%. The cost of implementation (delivery cost) for the epidemiological study on the RAP
intervention have been previously calculated in detail [36]. Interviews with farmers in this study enabled
their own costs to be collected over the 18-month period, to complete the calculation of the full societal
cost of the intervention. The costs to the farmer included time required to collect animals and to take
them for spraying, money spent on ropes, on maintenance of a crush, on hired labor, etc.

Monetary data collected from the household questionnaires was in Ugandan shillings which were
converted to United States Dollars (USD) at 1 USD being equivalent to 2,575 Ugandan shillings (sourced
from OANDA, historical currency exchange rates). It represents the average rate applicable for the period
when the study was undertaken and is also the same rate used for the project costs [36].

Results
Intervention household characteristics and cattle production parameters

At the start of the intervention study, the total number of cattle in the study households was 2,341, with
mean and standard deviation (SD) per household of 3.5 and 3.0 respectively. These included 869 draft
cattle (37%) and 632 cows (27%). Additionally, sheep (149), goats (1,222), pigs (808), chickens (5,399)
and other animals (184 ducks, 112 turkeys, 27 dogs and 9 cats) were kept by the farmers. Most
households undertook some form of vector control, with only 17.2% reporting that they did nothing. The
most common method of vector control for each household was hand tick picking (46.5% of the
households) which was also the method most frequently applied (on average 11.3 times a year). Other
vector control methods were infrequently used annually, and these included; spraying, 3.5 times,
application of para�n, 9.6 times, application of grease, 7.2 times, and pour-on, 1.1 times. Of the
households that carried out some of vector control, 21.9% (109) treated work oxen only, 13.8% (69) cows
only, and 13.2% (66) heifers only. The type of cattle treated for ticks and tsetse is summarized in Table 1.

At the end of the intervention, 213 of the RAP households (59.1%) each owned 2 draft cattle and the rest
1, 3 or 4 or more (Table 2). Given that 59.1% of draft cattle owning households had the same number of
draft cattle (2 oxen) analyzing pooled data from the whole sample was deemed representative. The
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average days plowed per household over the 18-month study period was 88.0 post-intervention,
equivalent to 58.7 days per year (Table 2). Most cattle keepers used their draft cattle to plow other
people’s farms as a way of generating income. In the year before the intervention, the average number of
days plowed was 50.4 per year per household among the RAP households.

Gross margin calculation

Gross margin calculations were undertaken for pooled data for the villages where 25%, 50% and 75%
cattle were sprayed with deltamethrin using RAP. The items valued included both cash income and
expenses and the values of animals not bought or sold and estimated value of farm labor both in
components of the variable costs and as an estimate of the value of the labor households saved by using
their own work oxen. The variable costs included: mastitis treatments; farm labor on their own and other
people’s farms; the cost of buying and administering trypanocides, spraying against ticks and tsetse and
hand-picking ticks and of borrowing draft cattle from others to plow on the households’ own farms. A
summary of the cattle numbers and gross margin calculations for T1, T2, T3 and T4 is shown in Table 4.
The observed cattle numbers were similar across the different treatment groups, averaging 455 (range
407 – 491). The importance of draft power in the cattle economy of the district can be seen by the fact
that the single largest item both pre- and post-intervention is income gained and labor saved from using
draft power for plowing (Table 3). Overall, the income from hiring out draft cattle plus the value of the
human labor saved comes to 66.9% (range 62.9% to 72.2%) of the cattle and produce ‘out’ category (a)
component of livestock output. In addition, for all the treatment groups in the absence of RAP, the value
of the herd was lower at the end than at the beginning of the year. The annual average variable cost per
bovine for the control and RAP treatments were reduced by USD 3.1, USD 7.2, USD 9.9 and USD 13.4 for
T1, T2, T3 and T4 respectively, this fall in variable costs was mostly due to reductions in expenditure on
trypanosomiasis and vector control.

To obtain the mean annual income per bovine in the RAP and control households, the changes in gross
margins were obtained from Table 3 and divided by the number of households (i.e. 120 households in
each treatment). The mean annual income per RAP household ranged from USD 95.26 – USD 142.35, a
mean of USD 125.22 across all the RAP households, whereas the mean increases in annual income per
bovine in the RAP treatment varied between USD 26.93 and USD 35.44 (mean of USD 32.12 across all the
RAP households) (Table 4). However, an income increase of USD 6.51 was also observed in T1 (who only
received the initial trypanocide treatment) and of USD 35.44 in T4.

Cost of RAP to farmers, the project and marginal analysis of bene�ts and costs

In the cost analysis of the RAP intervention [36], the full costs of the epidemiological intervention study
were calculated, including all staff costs, overheads and depreciation, and then adjusted to obtain the
costs of the RAP component only, which came to USD 2.02, 3.75 and 5.47 per bovine per year for
spraying 25%, 50% and 75% of cattle respectively. The average cost per bovine of diminazene aceturate,
needles, syringes and sterile water was USD 0.81 per dose. The delivery cost was estimated at USD 0.61
per dose for T1, where no RAP or other intervention was undertaken [36]. For the RAP treatments, where
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the drug was administered at the same time as the RAP treatment, the need to include veterinarians for
administering the drug was estimated to add USD 0.22 to the delivery cost of USD 0.39 per bovine for
RAP alone also based on the �gures in the RAP cost analysis [36]. Administering diminazene aceturate
thus incurred a cost of USD 2.84 per bovine in T1, and 2.06 for T2, T3 and T4. By adding the farmers’
additional expenditure to these costs and to the other RAP project costs cited above, the total societal
cost of RAP per year was estimated to be USD 4.33, USD 6.11 and USD 7.94 for spraying 25%, 50% and
75% of cattle respectively. For T1, the total cost of diminazene aceturate and the slight increase in
farmers’ costs came to USD 2.90 per bovine, which when set against the increase in income of USD 6.51
yielded a bene�t cost-ratio of 2.24. The marginal bene�ts and costs are calculated as the cost of
changing from one treatment to the next. The average bene�t-cost ratios were 6.22, 5.56 and 4.46 for T2,
T3 and T4 respectively. The incremental bene�t-cost ratios from spraying each additional 25% of the
population cattle were 14.32, 3.97, and 0.79 respectively. Table 6 shows this in more detail

Discussion
This is the �rst AAT study to use a large sample size and longitudinal survey to focus on farm incomes
rather than on cattle production parameters (such as mortality, fertility, weight, etc.). The most similar
investigation was the multi-site ATLN which linked production parameters to trypanosomiasis status on
individual animal basis, as well as to study sites and herds [22]. The intervention studied here was also
unusual in including both a control group, different levels of control and a before and after comparison
for the 600 households followed longitudinally. In terms of vector control, tick control requires repeated
spraying (ideally twice a month) thus, it can be expensive in the long run. Consequently, most farmers
practiced tick handpicking and sprayed for ticks infrequently, although they preferentially treated draft
cattle.

The study demonstrated that investing in spraying 25% of cattle provides the highest average return with
a bene�t-cost ratio of 6.22. In addition, the study showed that changing from a scenario where farmers
practiced minimal vector control to spraying 25% of cattle using RAP offered the best returns with an
incremental bene�t-cost ratio of 14.32. However, spraying an additional 25% (i.e. 50%) of the cattle
population was subject to diminishing returns, as it yielded a much lower incremental bene�t-cost ratio of
3.97. This was also the case with spraying a further 25% (i.e.75%) of the cattle population as the
incremental bene�t-cost ratio fell to 0.79 so that costs exceeded bene�ts, set alongside a negative
incremental net bene�t of USD -0.38 per bovine per year and thus negative returns set in at this point.
These �ndings contrast with the observations in the trypanosomiasis prevalence studies [27], [34]. The
authors state, “the increase in village RAP herd coverage was not signi�cantly associated with a
proportionate decrease in the trypanosomiasis prevalence. On the contrary, there was an inverse
relationship between dose (increase in RAP coverage; 25% RAP, 50% RAP, 75% RAP) and response
(reduction in trypanosome prevalence)” [27]. Similarly, the use of RAP to additionally control ticks was not
proportionately related to a decrease in the prevalence of Theileria parva the infectious agent of East
Coast fever [34]. This may re�ect the fact that these previous studies were only looking at prevalence as
opposed to the wider production bene�ts evaluated in this study.
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This study shows that increasing the proportion of the herd sprayed does increase income per bovine, but
with diminishing returns. In economic theory, investments in additional inputs should continue if these
incremental investments yield a positive net bene�t, or an incremental bene�t-cost ratio greater than one.
Therefore, theoretically investment should continue up until 50%, perhaps nearly 75% of cattle are
sprayed. However, in practical terms, particularly in resource-poor settings, producers and investors will
opt for a situation where the average return on investments is maximized, which would be 25% in this
example. This also aligns with farmers’ preferences for treating work oxen and cows, which respectively
account for 37% and 27% of the cattle population.

It also complements the prediction of the earlier modeling study that spraying 27% of the cattle
population is enough to control T. brucei s.l. [26]. This level of spraying should be su�cient to lower the
risk of transmission of zoonotic HAT from animals to people while, as the calculations described here
have shown, provide a very attractive bene�t to cattle keepers.

In addition, the average bene�t-cost ratio of 6.22 for the 25% RAP treatment regime compared well with
the �ndings from Ghibe in Ethiopia [37] where the authors estimated a bene�t-cost ratio of 4.3 for a tsetse
control project based on applying pour-ons to cattle. After adding the cost incurred by the farmer, i.e.
charges to farmers for the pour-on insecticides/ acaricides and the opportunity cost of farmers’ time, they
found that the bene�t-cost ratio of RAP to farmers was 8.0. For the RAP intervention in Uganda, where the
research project paid for the bulk of costs, the implied average bene�t cost ratio to the farmers would be
107.7 for the example of T2 (25% RAP). This extremely high �gure would change if livestock keepers
were to bear some of the delivery and insecticide costs, for example, sourcing and applying the
insecticide, which accounted for just over 10% of total costs. Furthermore, farmers would likely select the
animals they value most (cows and draft animals) for treatment as shown in this study.

It has been shown that tsetse feed preferentially on larger animals, so the effect of spraying this selected
25% subset of their herds would have an enhanced effect on tsetse populations [38]; and even bene�t
non-participants since trypanosomiasis control is a public good. The study found the average increase in
income per bovine over the three RAP regimes to be USD 32.12, a �gure which seems to �t in well with
other estimates. In the eastern Africa study, the modeled increase in average annual income per bovine in
the agro-pastoral and mixed farming high oxen use systems if trypanosomiasis were absent, came to
USD 20 and 25 respectively when converted to year 2015 USD values [24].

This study showed that the opportunity cost of cattle keepers’ labor (a non-cash item) and buying ropes
(a cash item) were the two most signi�cant expenditures incurred by the farmers during the RAP
intervention, accounting for 92.5% of their expenses. Farmers forgo certain activities such as herding,
planting, harvesting, socializing, etc. to participate in spraying. Moreover, they have to gather the cattle,
take them for spraying, participate in the spraying and then bring them back to the homestead. There are
few communal crushes in Tororo district and so farmers frequently required ropes for tethering and
restraint during spraying and substantial amounts of cash buying ropes. The location selected for
application of spraying and e�ciency in restraining cattle are critical factors to consider in communal
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spraying since they have a major in�uence on the cost incurred by the farmer. Such information could be
used to lobby for communal crushes.

Conclusion
Based on four sets of household interviews at 6-month intervals, this study compared the costs and
bene�ts of spraying different proportions of the cattle population using RAP both to the pre-intervention
situation and to a control, thus looking at before and after as well as with or without intervention. The
results showed that spraying only 25% of the cattle yielded the highest incremental bene�t-cost ratio.
Increasing the proportion of cattle sprayed using RAP led to an increased income per bovine but with
diminishing returns and spraying of 75% of cattle no longer yielded a positive incremental bene�t, as
costs outweighed bene�ts. From a pragmatic perspective the study recommends spraying only the most
valuable adult cattle using insecticides effective against tsetse. In some cattle production systems these
would be cows and bulls, but in this area of Tororo for most farmers these would be draft cattle as which
constitute 37% of the herd and thus well above 25%. This recommendation is reinforced by the fact that
most farmers in this area would preferentially treat draft cattle.
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