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ABSTRACT

MUGUNIERI, G.L. & MURILLA, G.A. 2003. Resistance to trypanocidal drugs—suggestions from
field survey on drug use in Kwale district, Kenya. Onderstepoort Journal of Veterinary Research, 70:
29-36

A household survey was conducted in 21 villages of Kwale district, Kenya, to assess farmers’ try-
panocidal drug use characteristics for treatment of bovine trypanosomosis and their relationship to
drug effectiveness. Descriptive statistical tools were used to summarize the farmers’ drug use pat-
terns. The chi-square test was the done to establish the relationship between proper drug use and
recovery. The results indicate that the farmers had considerable knowledge about trypanocidal drugs
with 82 % (n = 65) having used these drugs within 6 months preceding the survey. Cases of incor-
rect drug use were reported. This study established that there was no significant relationship
between correct drug use and recovery of the treated animals, suggesting the presence of drug

resistance in Kwale district.
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INTRODUCTION

Treatment with trypanocidal drugs is the most wide-
ly used means of controlling bovine trypanosomo-
sis in many parts of Africa where the disease is a
constraint to development (Stevenson, Munga &
Dolan 1993; ILRAD 1994). The drugs that are cur-
rently available are few and relatively expensive,
and their widespread use has led to increased
reports of drug failure (Dolan, Stevenson, Alushula
& Okech 1985; ILRAD 1993). For the last 30 years,
reliance has been placed on the use of three close-
ly related compounds, i.e., isometamidium, homidi-
um and diminazene. Resistance to these drug com-
pounds has been detected in the laboratory, in vitro
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(Hirumi, Hirumi & Peregrine 1993; Kaminsky, Mam-
man, Chuma & Zweygarth 1993), in vivo (Codjia,
Mulatu, Majiwa, Leak, Rowlands, Authie, D’Iteren &
Peregrine 1993; Joshua, Obwolo, Bwagamoi & Man-
debvu 1995; Mulugeta, Wilkes, Mulatu, Majiwa,
Masake & Peregrine 1997), by use of trypanocidal
drug-ELISA (Eisler, Elliott & Holmes 1996; Murilla,
Eisler, Peregrine, Ndung'u & Holmes 1999) and by
use of longitudinal parasitological data (Rowlands,
Mulatu, Authie, D’leteren, Leak, Nagda & Peregrine
1993). The findings of a study which preceded an
investigation to establish the presence and extent
of drug resistance through drug sensitivity testing in
vivo of populations of Trypanosoma originating from
cattle in Kwale district, Kenya, are summarized in
this paper. This study was undertaken to determine
the prevalence and frequency of use of trypanoci-
dal drugs, drug use characteristics and their rela-
tionship to drug effectiveness as described by the

29



Resistance to trypanocidal drugs—field survey in Kwale district, Kenya

farmers. The information generated, besides offer-
ing suggestions on presence of resistance to try-
panocidal drugs, would be required when designing
options for control of trypanosomosis in this area.

MATERIALS AND METHODS

Sampling

Kwale district is one of five districts in Coast Prov-
ince of Kenya. Twenty-one villages were purposive-
ly selected covering all the farming systems within
the district (Jaetzold & Schmidt 1983). Purposive
sampling of villages was done so as to capture the
spatial diversity in farming systems within this dis-
trict. A list of all farmers rearing cattle in the selected
villages was then complied during a survey where
cattle were sampled for the presence of trypano-
some parasites, using the standardized protocols
for the microhaematocrit centrifugation-buffy coat
technique, and thick and film blood smears (Woo
1969).

In this survey, 950 cattle belonging to 650 farmers
were sampled for trypanosomes. Serum samples
were collected for quantitative measurement of try-
panocidal drug concentration using ELISAs for iso-
metamidium (Eisler et al. 1996). Positive sera were
sub-inoculated in irradiated mice in the field for sub-
sequent in vivo drug sensitivity testing.

A total of 65 farmers, representing 10 % of those
who presented their cattle for trypanosome screen-
ing, were then selected from across all the villages
with probability proportional to size. This two-stage
sampling is self-weighting, making the estimation of
means, totals, ratios and proportions straightfor-
ward (Poate & Daplyn 1993). The farmers were re-
quested to complete a questionnaire, which was
supervised by the authors together with a member
of staff from the local veterinary investigation labo-
ratories.

Assessment of prevalence, knowledge, and
use of trypanocidal drugs

Open-ended questions were prepared in English,
translated in Kiswahili, and then pre-tested and
revised. The survey was conducted in November
1998 and the resulting data coded and analyzed.

Questions were asked on:

* Prevalence of use of trypanocidal drugs

« Details on the use of trypanocidal drugs. These
included purpose of use (curative or prophylac-

30

tic), description of frequency of use, and details
on preparation, method of administration and
dosage rate

* Farmers’ perception on the effectiveness of the
drugs used.

Use of trypanocidal drugs

The major question to be answered was whether a
farmer used trypanocidal drugs when trypanoso-
mosis was noted in the herd. In order to know the
extent of drug use vis a vis infection levels, it was
important to determine the following:

¢ The number of farmers who identified trypano-
somosis in their herds either personally or with
the assistance of an animal health assistant

* The number of farmers who took steps to treat
their animals upon discovery of infection. This
was for all diseases identified by the farmer in
the 6 months preceding the survey (Six months
was selected so as to capture more accurate
recalls. This period also coincided with the be-
ginning of the long rain period and provided a
good point of reference).

* The number of animals infected and treated or
not treated in the six months

¢ The person who administered the treatment.

In self-identification of trypanosomosis the approach
was to understand farmers’ perception of the main
clinical signs of trypanosomosis and then relate this
to modern veterinary knowledge. The farmers were
requested to identify all diseases they had experi-
enced in their herds by local names and by describ-
ing their clinical signs.

They were further requested to identify the vector of
each of the diseases and the likely habitat for this
vector. From this description, the authors, together
with local veterinary field staff inferred the disease
names in English. This approach was to enable the
authors to understand how farmers characterize
trypanosomosis in comparison to other common
diseases endemic in the area (used as control dis-
eases), mainly foot-and-mouth disease (FMD),
East Coast fever (ECF) and anaplasmosis. The use
of control diseases in identification of trypanosomo-
sis was intended to avoid exaggeration of respons-
es to trypanosomosis.

Knowledge on trypanocidal drugs

The next step was to establish whether farmers
knew the drugs they used by name and whether
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the drugs used were administered correctly or not.
Proper use of drugs entailed their preparation
(water to drug ratio), administration (intra-muscular
injection) and dosage rate. Farmers were request-
ed to describe in detail all the steps they undertook
in the preparation of the drugs and the subsequent
administration and dosage. Questions were also
posed to determine whether the treated animals
recovered or not. Farmers who reported non-recov-
ery were requested to give their opinion on what
could have been the cause.

Is there resistance to trypanocidal drugs in
Kwale district?—the chi-square analysis

The relationship between the recovery of animals
after treatment and the procedure of treatment, i.e.
correct or incorrect treatment procedure was inves-
tigated. Animals treated were reported either to
have recovered or not. The idea was to investigate
if there is a relationship between recovery and
proper drug use. Lack of a significant relationship
between recovery and proper drug use could mean
that there is a possibility of there being resistance
to the drugs. The chi-square test was used to estab-
lish this relationship.

RESULTS AND DISCUSSION

Prevalence of trypanosomosis and use of try-
panocidal drugs

From the data collected, 91 % of the farmers cor-
rectly linked the main clinical signs of trypanoso-
mosis-like disease to trypanosomosis infection and
associated this to tsetse flies as the vector. Fur-
thermore, they correctly described the likely habitat
of this vector. These farmers were therefore classi-
fied as being able to identify trypanosomosis in
their herds. Ninety-two percent of the farmers
reported to have experienced these trypanosomo-
sis-like clinical signs in their herds, indicating that
most of the farmers had considerable knowledge
about the disease. Ninety-six percent of the farm-
ers reported to have undertaken measures to treat
the disease. Of those who treated their animals,
62 % undertook the treatment by themselves, 27 %
sought the services of trained animal health per-
sonnel and 11 % called either their neighbour or
fiend whom they believed had knowledge in
administering of the drugs.

Farmers associated trypanosomosis with weight
loss, abortion, reduced appetite, diarrhoea, cough-
ing and loss of tail hair, and with the licking of sand

or soil. If an animal died, it was reported to have a
“watery” (oedematous) carcass.

Further questioning about the signs showed that
farmers also noted swollen lymph nodes and a star-
ing coat. On the aetiology, they thought that try-
panosomosis was caused by tsetse flies. Haemor-
raghic trypanosomosis was characterized by rapid
onset and short duration, diarrhoea, abortion and
death. After death, a “bloody carcass” was observed
with bleeding from internal organs. However, other
diseases such as anthrax might cause similar dis-
ease signs. Anthrax was ruled out as a possibility
since the veterinary investigation laboratories had
not encountered any cases of the disease in the
area during the study period.

Apart from coughing, these clinical signs are indica-
tive of trypanosomosis. It should be noted that in
trying to identify trypanosomosis, common endem-
ic diseases were selected for comparison of dis-
ease-signs and disease-causes. This aspect of the
methodology was intended to highlight differences
between the other important diseases in the area in
order to limit exaggeration concerning the specific
interests of researchers. Further, to facilitate cor-
rect interpretation of the diseases being described
by the farmer, the authors worked together with the
local animal health and veterinary investigation lab-
oratories staff in the questionnaire administration.
Loss of hair is rarely cited in veterinary books as a
sign of trypanosomosis. However, this sign is wide-
ly reported in the ethnoveterinary literature from
pastoral areas of eastern Africa (Catley & Moham-
med 1996).

Extent of trypanosomosis prevalence from
parasitological data

Trypanosome infections recorded following cattle
sampling in 18 of the 21 villages are shown in Table
1. The disease prevalence ranged from 0-38 % in
Mwena and Tsimba respectively, and 139 cattle out
of the 951 sampled were infected with trypanoso-
mosis. The overall prevalence was 14.6 %.

Knowledge on trypanocidal drugs

Information on knowledge on trypanocidal drugs
showed that 98 % of the farmers who used drugs
knew the drug they used by name. Those who did
not know the drug used had engaged veterinary
personnel in order to administer the treatment. The
drug use characteristics of the farmers are summa-
rized in Table 2.
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TABLE 2 The number and percentage of farmers who correctly prepared, and administered the drugs via the correct route and

dosage rate

Drug name No. of farmers Correct Correct Correct
who used the drug preparation administration dosage

Diminazene aceturate 36 22 (61 %) 35 (97 %) 29 (80 %)
(Veriben®, Sanofi)
Homidium bromide 10 9 (90 %) 10 (90 %) 10 (100 %)
(Novidium®)
Isometamidium chloride 8 7 (88 %) 8 (100 %) 7 (88 %)
(Samorin®, May-Baker)
Diminazene aceturate 3 3 (100 %) 3 (100 %) 3 (100 %)
(Norotryp®, Nobrook)
Diminazene aceturate 1 1 1 1
(Berenil®, Hoechst)
Diminazene-di-aceturate 1 - - -
(Trypan®, ATAROST GmbH & Co)

The results in Table 2 show that Veriben® was the
most widely used drug. It also had the highest inci-
dence of incorrect preparation, administration and
dosage. Incorrect preparation entailed mainly the
use of less water than is recommended by the
manufacturers in the mixing of the drug. Most farm-
ers administered it correctly except in one case
where a farmer reported to have dosed the drug
orally. Cases of under dosage were reported. In an
effort to find out whether or not the animals that
were given treatment recovered, 78 % of the farm-
ers reported that their animals did recover fully after
using the drugs, and therefore, in their opinion the
drugs were effective in the treatment of trypanoso-
mosis. Those who did not report recovery gave the
following reasons as possible causes of non-recov-

ery:

* Administration of the wrong dose was reported
by 11 % of the farmers

* Continuous existence of tsetse—33 %
* Unknown reasons—56 %

Evidence of drug use from laboratory findings

Isometamidium (Ismm) levels in serum of the sam-
pled cattle were determined using isometamidium
ELISA but serum diminazene levels were not deter-
mined due to lack of a suitable assay. Table 3
shows the range of Ismm concentrations and the
number of cattle, both infected and non-infected, in
which these drug levels were detected. In all serum
samples, Ismm was detected, implying that all ani-

mals sampled had been exposed to this compound.
Although only 12 % of the farmers reported to have
used this compound during the reporting period,
most indicated to have used it immediately before
this period in anticipation of the wet season associ-
ated with high trypanosomosis prevalence.

A total of 121 cattle had trypanosome infections
with Ismm levels less than 0.4 ng/m¢, of which 63
and 58 were infected with Trypanosoma vivax and
Trypanosoma congolense, respectively. Twelve
cattle had infections with Ismm levels between 0.4-
2.0 ng/m¢. Seven of these were infected with T. vi-
vax and five with 7. congolense. The only infection
found in Ismm above 2 ng/m/ was with T. vivax.

Trypanosomes appearing in cattle blood when
serum isometamidium concentrations are in excess
of 6.0 ng/mg express marked resistance to iso-
metamidium. When they occur with serum concen-
trations of 2.0 ng/m¢, or greater, they possess a
moderate level of resistance to isometamidium,
and those occurring in the presence of between 0.4
and 2.0 ng/m¢ can be considered to be slightly re-
sistant. At serum concentrations below 0.4 ng/m¢,
no inference regarding drug resistance can be made
(Eisler, Arowolo, Gault, Moloo, Holmes & Peregrine
1994).

Is there resistance to trypanocidal drugs in
Kwale district?

The presence of trypanosomes circulating in blood
with serum Ismm levels above 0.4 ng/m/ suggests
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TABLE 3 Isometamidium (Ismm) concentration in infected (+ve) and non-infected (—ve) cattle from Kwale district

Ismm level < 0.4 ng/m/ Ismm levels 0.4-2.0 ng/m/ Ismm levels > 2.0 ng/m/
Village Number of Number of Number of Number of Number of Number of
trypanosome trypanosome trypanosome trypanosome trypanosome trypanosome
—ve cattle +ve cattle -ve cattle +ve cattle -ve cattle +ve cattle
Buda 35 14 0 0 0 0
Gandini 29 1 3 1 ] 0
Gulanze 29 2 1 0 0 0
Jorore 41 7 1 1 0 0
Kibaoni 43 3 2 1 0 0
Kibuyuni 45 5 0 0 0 0
Kwale Vet Farms 36 5 6 0 0 0
Makobe 36 12 0 1 0 0
Mbuguni 34 12 1 3 0 0
Milalani 49 1 0 0 0 0
Mtsaviyani 36 12 1 0 0 0
Ndavaya 40 2 1 1 6 0
Shimba Hills 31 3 4 1 7 1
Tsimba 39 6 1 0 0 0
Tiwi 45 3 2 0 0 0
Vanga 38 5 2 0 0 0
Waa 46 1 1 1 0 0
Yapha 40 3 0 1 0 0

TABLE 4 Contingency table for households classified by drug use and recovery (observed and expected frequencies)

Treatment Recovered Not-recovered Total

Correct Veriben® treatment Observed 16 4 20
Expected 15 5 20

Incorrect Veriben® treatment Observed 10 6 16
Expected 11 5 16

Computed chi-square = 0.56
Degrees of freedom (r-1)(c-1) = 1
= = 5 %, rejection region y > 3.841

the presence of resistant strains in Kwale district.
However, based on the questionnaire findings,
VeribenO was the only drug used by a large
enough sample to enable cross-tabulation analysis
between recovery and proper drug use (Poate &
Daplyn 1993). The first step was to set out the
response frequencies of drug use (correct and
incorrect) and recovery (recovered and not recov-
ered) in a table. This is shown in Table 4. To be
able to calculate the chi-square value, the expect-
ed frequencies were computed and are shown. The
calculated chi-square falls in the acceptance
region. The null hypothesis that proper drug use
and recovery are unrelated was therefore accept-
ed. Although this test does not tell us anything
about the cause of the non-relationship, it provides
grounds to suggest that there is drug resistance
within the sampled cattle in Kwale district.
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Evidence of resistance from
laboratory findings

Table 5 shows the number of irradiated mice sub-
inoculated with T. congolense positive sera and
those in which the inoculated parasites established.
Stabilates were then prepared from all the positive
mice and cryopreserved in liquid nitrogen. One sta-
bilate from each village was tested for drug sensi-
tivity in mice. Five mice were used for each stabi-
late, for each dosage. The dosages used were 0.1,
1.0 and 10 mg/kg body mass for isometamidium
and 1, 20 and 40 mg/kg body mass for diminazene
aceturate. The number of mice that relapsed for
each dosage rate is shown in Table 6.

Isometamidium chloride is the most commonly used
chemoprophylactic agent and the recommended
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TABLE 5 The number of mice sub-inoculated in the field and those that turned positive

Village Number of positive animals Number of mice Number of mice in which
inoculated T. congolense established
Tiwi 9 (2Tc, 6Tv, 1 Te/TV) 3 2
Waa (2 Tv) 0 0
Mbuguni 15 (8Tc, 6Tv, 1 Tc/Tv) 4 0
Tsimba 17 (7 Te, 10 TV) 6 2
Vet. farms (4Tv, 1Th) 3 0
Vanga 7 (5Tc, 2Tv) 3 0
Milalani 1 (17Tv
Ndavaya 16 (2Tc 12 Tv, 2 TH/Tc) 6 2
Gulanze 3 (1Tc,2Tv) 8 2
Yapha 6 (5Tc, 1Tv) 7 0
Gandini 13 (2Tc, 8 Tv, 2 TH/TV)
Jorori 8 (3Tc, 4Tv, 17Tb) 10 1
Shimba hills 13 (9Tc, 4Tv) 11 3
Makobe 6 (4Tc, 2Tv) 14 2
Kibuyuni 6 (1Tc, 5Tv) 6 1
Mtsavyani 12 (4Te, 8Tv) 4 1
Total 139 85 16
Tb = Trypanosoma brucei
Te = T. congolense
Tv=T. vivax
TABLE 6 Resistance testing in mice with Trypanosoma congolense stabilates from Kwale district
Number of mice that relapsed at various dose rates (mg/kg bogy weight)
Stabilate no. Isometamidium Diminazene aceturate
0.1 1.0 10 1 20 40
1 5/5 5/5 4/5 5/5 5/5 4/5
2 0/5 0/5 0/5 0/5 0/5 0/5
3 5/5 0/5 0/5 1/5 0/5 0/5
4 5/5 2/5 0/5 5/5 4/5 5/5
5 5/5 3/5 0/5 5/5 3/5 2/5
6 /5 0/5 0/5 2/5 0/5 0/5
7 0/5 0/5 0/5 0/5 0/5 0/5
8 5/5 5/5 4/5 5/5 5/5 5/5
9 5/5 5/5 5/5 5/5 5/5 5/5

dose for this purpose is 0.5-1.0 mg/kg body mass
(b.m.), given intramuscularly. Dosages of 0.25-0.50
mg/kg via the same route are recommended for
therapeutic purposes.

Table 6 shows relapses in mice treated with dosage
level of 1 and 10 mg/kg b.m., suggesting presence
of resistance to isometamidium. Furthermore, the
occurrence of relapses at doses above the recom-
mended dose of 7 mg/kg b.m. diminazene acetu-
rate also suggests the presence of resistance to this
compound.

CONCLUSION

When this study was undertaken, most farmers
demonstrated awareness about trypanosomosis.
Over 90 % of the respondents gave more than five
correct clinical signs of the disease and correct
measures that can be used to control it. They were
also able to link trypanosomosis to its vector and
correctly describe the likely habitat of the vector.
The results from the descriptive statistics show that
knowledge on trypanocidal drugs was high with
over 95 % of the farmers having used the drugs in
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the past. These farmers could positively relate try-
panocidal drugs with trypanosomosis. This study
also confirms that trypanocidal drugs were the main
technology in use in the management of trypano-
somosis (Stevenson ef al. 1993; ILRAD 1994).
Additional analysis showed that untrained person-
nel did 73 % of the treatment and this led to cases
of incorrect drug use being reported. The chi-square
test showed no significant relationship between
proper drug use and recovery of the treated ani-
mals. For the drugs to be said to be effective in the
management of trypanosomosis such a relation-
ship should exist. The absence of such a relation-
ship provides grounds to suggest the presence of
resistance to trypanocidal drugs in this district.

The results of the survey therefore suggest the
presence of resistance to trypanocidal drugs in
Kwale district. This was subsequently confirmed by
laboratory findings. Thus, an approach similar to
this can be useful in identifying regions where
resistance to drugs is likely to occur before com-
mitting more resources for verification.
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