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Abstract
Background: Tsetse fly-transmitted African animal trypanosomosis causes annual losses that run into billions of
dollars. The disease is assumed to cause hunger and poverty in most sub-Saharan countries since it represents a
serious impediment to sustainable livestock production. Both a cross-sectional and a longitudinal study were carried
out from November to December 2007 to evaluate trypanosomosis risk and susceptibility of trypanosomes to
trypanocidal drug treatment in village cattle populations in south-east Mali.
Methods: Eight purposively selected villages participated in the study. In each village, eight traps deployed along
drainage lines over 24hour duration were used to catch tsetse. One hundred systematically selected cattle in the
study villages were examined for trypanosomes. All trypanosome-positive cattle were randomly allocated into two
treatment groups: a group treated with 0.5 mg/kg bw. isometamidium chloride (ISMM) and a group treated with
3.5 mg/kg bw. diminazene aceturate (DIM). The cattle were monitored for trypanosomes at day 14 and 28
post-treatment.
Results: Of the 796 cattle examined, 125 (15.7%) were trypanosome-positive. Village trypanosome prevalences
ranged between 11% and 19%. There were no significant (p > 0.05) differences in the village trypanosome
prevalences. Trypanosoma congolense was the dominant trypanosome species accounting for 73% (91/125) of the
infections and T. vivax the remainder. Twenty (31.7%) of the 63 cattle on 0.5 mg/kg bw. ISMM treatment were still
positive14 days post-treatment. Of the 43 aparasitaemic cattle monitored to day 28, 25.6% (11) became
parasitaemic, resulting in a cumulative failure rate of 49.2% (31/63). Trypanosoma congolense accounted for 77.4%
(24/31) of failed ISMM treatments. The 62 cattle treated with 3.5 mg/kg bw. DIM resulted in 30.6% (19/62) failed
treatments. Although 42.2% (19/45) of T. congolense positive cattle did not respond to DIM treatment, all T. vivax
positive cattle responded positively to DIM treatment.
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Conclusions: The overreliance on trypanocides in the control of trypanosomosis will ultimately lead to multiple
drug-resistant trypanosome populations as detected in villages in south-east Mali rendering the use of drugs
doubtful. Effective alternative methods for trypanosomosis control ought to substitute chemotherapy to ensure
sustainable cattle production in these villages. Since there is no single strategy for containing trypanocidal drug
resistance, promotion of an integrated approach combining proven trypanosomosis control approaches in high
trypanosomosis risk areas is most desirous. The best-bet strategy this study recommended for areas with multiple
drug resistance included area-wide community tsetse control, control of co-infections to exploit self-cure against
resistant trypanosome populations and the rational use of trypanocidal drugs which should be urgently promoted
at all levels as a way of containing or reversing resistance.
Keywords: Cattle, Trypanosomosis risk, Trypanocide resistance, Mali

Background
In sub-Saharan Africa (SSA), tsetse fly-transmitted African animal trypanosomosis (AAT) is estimated to cause
annual losses that run into billions of dollars [1]. AAT is
indeed considered one of the root causes of hunger and
poverty in most SSA countries where it represents a serious impediment to sustainable agricultural rural development (http://www.africa-union.org/Structure_of_the
Commission/dep-Pattec.htm). About 80% of land in SSA
is tilled by hand due to the high risk of AAT that threatens the survival and use of draught animals. In southeast Mali for instance, AAT outbreaks in the 1980s killed
trypano-susceptible zebu cattle introduced in the 1960s
for draught power leaving most households without oxen
for traction [2].
Chemotherapy is and will continue to be preferred in
the control of trypanosomosis. Vector control requires
donor support for sustainability while trypanotolerant
cattle are a minority in the cotton zone of West Africa
[3]. Only a small group of chemo-prophylactic and
chemo-therapeutic compounds are currently in use with
new anti-trypanosomal compounds or anti-infection vaccine unlikely to be available in the near future [4]. Unfortunately, the rapid development of resistance to the
available drugs presents a serious threat that will potentially render them ineffective in trypanosomosis control
[4]. The dependence of smallholder farming on trypanocides, the serious negative effects of drug resistance and
the fact that resistance will worsen and spread if nothing
is done, warrant action to prevent and contain the problem of drug resistance.
In the cotton zone of West Africa, reports of trypanocidal drug resistance were first made in south-west Burkina Faso in the 1980s [5,6]. This was followed by
multiple drug resistance reports in the same country [7].
Comprehensive epidemiological surveys across the cotton zone of West Africa have revealed high prevalences
of trypanosomes and trypanocidal drug resistance in a
wider area stretching from south-west Burkina Faso across
southern Mali into north-east Guinea [8-10]. Unlike in
Burkina Faso where drug resistance situation has clearly
been established through a number of studies [5-7,10],

information on this subject in south-east Sikasso is still
scanty. This paper describes results of a study undertaken to confirm trypanocidal drug resistance in southeast Sikasso to set the scene for testing of integrated
best-bet strategies for containing and or reversing
resistance.

Methods
Study area description

The study was carried out in Sikasso District, south-east
Mali. Sikasso lies on longitude 11° 19’ N, latitude 5° 40’
W at an altitude of 410 m above sea level. The district is
situated on the eastern side of Sikasso Region, which is
bordered to the east by Burkina Faso, Guinea Conakry
to the west, to the south by Côte d’Ivoire and by Koulikoro and Segou Regions to the north and north-east.
The region has a sub-humid climate typical of the preguinean savannah zone with 3 seasons: cold dry season
from November to January, hot dry season from February to May and rainy season from June to October [8].
Sikasso receives ~1000-1200 mm of rainfall annually,
peaking in July and August which makes it one of the
areas in Mali with the highest agricultural potential [11].
Mixed crop-livestock farming is the main source of livelihoods. Maize, sorghum, millet and rice are the main
subsistence crops while cotton and groundnuts are the
main cash crops. Other crops grown include root crops
(yams, sweet and Irish potatoes), legumes, fruit trees, and
small-scale horticultural crops, particularly vegetables.
Sikasso landscape is dominated by a series of river valleys featuring riparian vegetation types that are still
largely undisturbed providing a favourable habitat for
the palpalis (Nemorhina) group of tsetse flies. Savannah
flies formerly present in Sikasso and in other areas of
the cotton zone of West Africa are believed to have
since disappeared [12] following the destruction of their
habitat through opening up of more land for settlement
and food crop cultivation.
Cattle breeds and production system

Trypano-susceptible zebu cattle account for about 80%
of cattle in the study area, with the remainder composed
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of crosses (métis) of zebu with the indigenous trypanotolerant cattle breeds, the Méré and N’Dama [13]. Cattle
are kept for traction, savings as “living banks” and performing social obligations (dowry and rituals). Cattle
also provide milk and meat [14]. Cattle were extensively
grazed on communal pastures with minimal and occasional supplements (discarded mango fruit, maize and
millet bran). During the cropping season (rainy season),
cattle are grazed away from farms but allowed to graze
on crop residues after harvesting with their dung directly
fertilizing fields in readiness for the next cropping season.They are watered in rivers or at community bore
holes when seasonal rivers dry out. Draught oxen are
grazed and watered close to the homesteads throughout
the year. Herd owners keep animals together in an enclosure at night, releasing the herd to graze during the
day. Fulani pastoralists from the north bring transhumant herds to Sikasso in the south during the dry season, creating seasonal or permanent complementary and
competitive relationships between the settled agropastoralist communities and the immigrant pastoralist
groups, sometimes leading to conflicts [14].

Study villages

Eight villages participated in this study. The villages were
purposively pre-selected from a list of 25 villages due to
high prevalence of trypanosomes in cattle (> 10%) and
suspected trypanocidal drug resistance [9,10]. Half of the
selected villages were located along the road from
Sikasso to Burkina Faso, termed the eastern sector, and
the other half along the road from Sikasso to Côte
d’Ivoire, constituting the western sector (Figure 1). The
study villages had comparable agricultural production
systems, vegetation type and river drainage system.

Study design

Cross-sectional and longitudinal surveys were conducted
in November-December 2007. The cross-sectional survey helped to estimate tsetse density, trypanosome
prevalence in village cattle and trypanocide use practices
while the longitudinal survey established trypanocidal
drug resistance levels.

Tsetse survey

A cross-sectional entomological survey was conducted
in November 2007 to establish tsetse fly densities. Eight
unbaited and untreated bi-conical traps [15] per village
were deployed at an interval of about 100–200 m in the
forest galleries along the rivers. The traps were emptied
24 hours later and flies counted, identified, and separated into their respective species and sex.
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Cattle sampling and trypanosome prevalence

A systematic sampling approach was used to select study
cattle [16]. Briefly, the first animal in every village herd
was randomly sampled and thereafter every second animal until the 100 sample size was reached. This sampling was adopted because the cattle population per
village was approximately 200. Only cattle aged at least
12 months were examined for trypanosomes from each
of the 8 study villages as per recommendation [17]. A
jugular vein blood sample was extracted from every cattle into vacutainer tubes containing di-sodium salt of
ethylene diamine tetra-acetate (EDTA) and evaluated for
packed cell volume (PCV) using the Hawksley microhaematocrit reader (Hawksley, Lancing, United Kingdom)
and for trypanosomes using the dark-ground phase
microscopy [18].
Drug sensitivity study

Trypanosome-positive cattle from each village were randomly allocated into a group treated with isometamidium chloride (ISMM) (TrypamidiumW, Merial, France)
or diminazene aceturate (DIM) (VeribenW, Ceva Animal
Health Inc., France). The cattle were ear-tagged and
their weights estimated using a weighing band and conversion tables developed for Mali’s local zebu cattle [19].
The two drugs were reconstituted in distilled water as
per the manufacturers’ recommendation; the ISMM
group was treated with 0.5 mg/kg body weight (bw.) of
2% solution and the DIM group treated with 3.5 mg/kg
bw. of 7% solution through a deep intramuscular (i.m.)
injection by an animal health assistant under supervision
of a team of veterinarians. The treatment day was considered as day 0. Treated cattle were monitored for trypanosomes and PCV on days 14 and 28 post-treatment.
Trypanosome-positive cattle in both groups at days 14
and 28 were retreated with 7 mg/kg bw. DIM. This
block treatment study lasted 4 weeks (28th November to
28th December 2007).
Data analysis

Entomological data were summarized by tsetse species
and presented as the number of flies per trap per day
(FTD). Differences in fly densities were determined
using the Kruskal Wallis test. Trypanosome-positive cattle were classified by trypanosome species and Pearson
chi square (χ2) used to test differences in trypanosome
prevalence between villages. Treatment response was
given by drug and monitoring date. ISMM treatment response was considered at days 14 and 28 post-treatment
whereas DIM treatment response was considered only at
day 14 post treatment due to its short prophylactic activity [20]. Fisher exact test compared treatment failure
between villages while Student’s t-test was used to determine differences in PCV values. Persisting trypanosomes
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Figure 1 Study map showing the study sites (circled) and study villages (dotted red), south-east Mali.

in the ISMM or DIM treated cattle were indicative of
resistance to the respective drug. Data were analysed
using SPSS version 18. The online program OpenEpi
(http:/www.openepi.com) was used to calculate confidence intervals.

Results
Tsetse survey

Two riverine tsetse species, Glossina palpalis gambiensis
and G. tachinoides, were encountered in the study area.
A total of 580 tsetse flies were caught (Table 1). Glossina
p. gambiensis was the dominant tsetse species with FTD
of 6.8 in the eastern sector and FTD of 4.4 in the western sector. For G. tachinoides, a mean FTD of 4.0 was
recorded in the eastern sector and a mean FTD of 2.9 in
the western sector. Although fly catches varied across
villages, the eastern sector registered slightly higher
mean catches than the western sector.
Trypanosome prevalence and PCV levels

Of the 796 cattle that were examined in the 8 villages,
125 (15.7%) were trypanosome-positive (Table 2). Although the trypanosome prevalence was slightly higher
in the western sector villages than in the eastern sector
villages, there was no significant difference between the
villages (p > 0.05). Trypanosoma congolense was the dominant trypanosome species and accounted for 73% (91/
125) of all the trypanosome infections. No T. brucei or
mixed infections were detected.
Mean PCV in the studied cattle was 26.4% (95% CI:
26.1-26.8%) with those from the eastern sector having a

significantly (p < 0.05) higher mean PCV of 27.3% compared to mean PCV of 25.5% for the cattle in the western sector (Table 2). Trypanosome-positive cattle had
significantly (p < 0.05) lower PCV (23.2%) compared to
trypanosome-negative cattle (27.0%). Among the
trypanosome-positive cattle, those infected with
T. congolense had a lower PCV (22.7%) compared to
the cattle infected with vivax (24.7%). This difference
was not significantly (p > 0.05) different.
ISMM treatment response

At day 14 post-treatment, trypanosome susceptibility to
0.5 mg/kg bw. ISMM varied across the study villages
(Table 3). Overall, of the 63 trypanosome-positive cattle
treated at this dose, 31.7% (20/63) still had persistent
infections. Despite the high ISMM treatment failure in
the eastern sector villages, the difference between the
sectors was not significant (p > 0.05). Among the ISMM
treated cattle, T. congolense accounted for about 90%
(18/20) of the failed treatments. Trypanosoma vivax
positive cattle in the eastern sector that received ISMM
treatment were all cleared of these trypanosomes as
opposed to cattle in the western sector where a few
T. vivax still persisted following treatment with ISMM.
Of the 43 cattle aparasitaemic at day 14 post-treatment,
25.6% (11/43) were trypanosome-positive on day 28. Trypanosoma congolense accounted for 54.5% (6/11) of the
failed treatments (Table 3). The cumulative treatment
failure rate (summing days 14 and 28 failed ISMM treatments) was 49.2% (31/63). Trypanosoma congolense
accounted for 77.4% (24/31) of all ISMM treatment
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Table 1 Glossina caught in 8 traps/village in south-east Mali (November to December 2007)
G. p. gambiensis1

Villages
No. flies

G. tachinoides2

Total fly catch

Flies/trap/day (FTD)

No. flies

Flies/trap/day (FTD)

No. flies

Flies/trap/day (FTD)

Eastern sector
Kafela

27

3.4

26

3.3

53

6.6

Finibougou

94

11.8

64

8.0

158

19.8

Daresalame

63

7.9

37

4.6

100

12.5

Ziébougou

35

4.4

2

0.3

37

4.6

219

6.8a

129

4.0b

348

10.9

Diassadié

43

5.4

22

2.8

65

8.1

Waibera

72

9.0

47

5.9

119

14.9

Subtotal flies/mean FTD
Western sector

Kapala

15

1.9

1

0.1

16

2.0

Tiogola

10

1.3

22

2.8

32

4.0

Subtotal flies/mean FTD

140

4.4a

92

2.9b

232

7.3

Total flies/mean FTD

359

5.6

221

3.6

580

9.1

1

G. p. gambiensis = Glossina palpalis gambiensis.
2
G. tachinoides = Glossina tachinoides.
Same letter superscripts denote along column of comparison denote no statistical difference (Kruskal Wallis test, p > 0.05) in FTD for the two sectors.

failures. The eastern sector had a higher treatment failure
(60.7%) compared to the western sector (40%). This was
however not significantly different (p > 0.05).
DIM treatment response

Trypanosome response to DIM treatment varied across
the study villages (Table 4). Of the 62 trypanosomepositive cattle treated with 3.5 mg/kg bw. DIM at day 0,
30.6% (19/62) had persistent trypanosomes 14 days later.

Eastern sector villages had the highest DIM treatment
failures compared to the western sector villages. Trypanosoma congolense accounted for all failed DIM treatments in both sectors. Comparatively, all T. vivax strains
were apparently sensitive to 3.5 mg/kg DIM. Re-treatment
of T. congolense positive cattle which had failed DIM with
double DIM dose (7 mg/kg DIM) still resulted in a treatment failure rate of 26.3% (5/19). The eastern sector still
had a slightly higher failure rate than the western sector.

Table 2 Trypanosome prevalence and mean PCV (%) in cattle in south-east Mali (November to December 2007)
Villages

Trypanosome positive cattle
1

T.c.

2

T. v.

Total

No. of
cattle
examined

Prevalence
(%)

95% CI3

Mean PCV%
(95% CI)

Eastern sector
Kafela

10

4

14

100

14.0

8.2-21.9

28.4 (27.2-29.5)

Finibougou

14

2

16

100

16.0

9.8-24.2

26.4 (25.5-27.4)

Daresalame

12

2

14

96

14.6

8.5-22.7

29.0 (28.1-30.0)

Ziébougou

5

6

11

100

11.0

5.9-18.3

25.4 (24.6-26.2)

Subtotal and mean PCV (%)

41

14

55

396

13.9a

10.7-17.6

27.3 (26.8-27.8)

Diassadié

17

2

19

100

19.0

12.2-27.6

26.2 (25.3-27.2)

Waibera

14

4

18

100

18.0

11.4-26.5

23.9 (23.0-24.8)

Kapala

10

4

14

100

14.0

8.2-21.9

25.8 (24.8-26.8)

Tiogola

9

10

19

100

19.0

12.2-27.6

26.2 (25.3-27.2)

Western sector

a

Subtotal and mean PCV (%)

50

20

70

400

17.5

14.0-21.5

25.5 (25.0-26.0)

Total and mean PCV (%)

91

34

125

796

15.7

13.4-18.3

26.4 (26.1-26.8)

1

T.c. = Trypanosoma congolense.
2
T.v. = T. vivax.
3
95% CI = 95% confidence interval.
PCV% = Percent packed cell volumes.
Same letter superscript denote no statistical significance (χ² test, p > 0.05) differences in trypanosome prevalence along columns of comparison.
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Table 3 Cattle with failed isometamidium chloride treatment over total treated in south-east Mali (November to
December 2007)
Villages

Treatment response
14 days post-treatment

Treatment response
28 days post-treatment1
T.c.3

T. v.4

Cumulative
treatment
response2

T.c.3

T. v.4

Total

Kafela

1/4 (25.0)

0/3 (0)

1/7 (14.3) 5

1/3 (33.3)

2/3 (66.7)

3/6 (50.0)

4/7 (57.1)

Finibougou

4/7 (57.1)

0/1 (0)

4/8 (50.0)

1/3 (33.3)

0/1 (0.0)

1/4 (25.0)

5/8 (62.5)

Total

Eastern sector

Daresalame

4/6 (66.7)

0/1 (0)

4/7 (57.1)

0/2 (0.0)

1/1 (100.0)

1/3 (33.3)

5/7 (71.4)

Ziebougou

3/3 (100.0)

0/3 (0)

3/6 (50.0)

-

0/3 (0.0)

0/3 (0.0)

3/6 (50.0)

Subtotal

12/20 (60.0)

0/8 (0)

12/28 (42.9) a

2/8 (25.0)

3/8 (37.5)

5/16 (31.3) c

17/28 (60.7) d

Diassadie

3/9 (33.3)

0/1 (0.0)

3/10 (30.0)

2/6 (33.3)

0/1 (0.0)

2/7 (28.6)

5/10 (50.0)

Waibera

0/7 (0.0)

0/2 (0.0)

0/9 (0.0)

1/7 (14.3)

1/2 (50.0)

2/9 (22.2)

2/9 (22.2)

Kapala

2/5 (40.0)

1/2 (50.0)

3/7 (42.9)

0/3 (0.0)

0/1 (0.0)

0/4 (0.0)

3/7 (42.9)

Tiogola

1/5 (20.0)

1/4 (25.0)

2/9 (22.2)

1/4 (25.0)

1/3 (33.3)

2/7 (28.6)

4/9 (44.4)

Subtotal

6/26 (23.1)b

2/9 (22.2)

8/35 (22.9) b

4/20 (20.0)

2/7 (28.6)

6/27 (22.2) c

14/35 (40.0) d

Total

18/46 (39.1)

2/17 (11.8)

20/63 (31.7)

6/28 (21.4)

5/15 (33.3)

11/43 (25.6)

31/63 (49.2)

Western sector

1

Cattle that were aparasitaemic at day 14 and monitored for trypanosomes at day 28;
2
Cumulative treatment response = trypanosome positive cattle at day 14 post-treatment added to those positive 28 days post-treatment;
3
T.c.= Trypanosoma congolense.
4
T.v. = Trypanosoma vivax.
5
Number of cattle with failed treatment over number of cattle treated (percent treatment failure rate).
Different letter superscripts along the column of comparison are significantly (p < 0.05) different.

Response of PCV level to treatment

Treatment of the trypanosome-positive cattle with DIM
or ISMM significantly (p < 0.001) increased the PCV%
from 23.2 ± 5.5% at day 0 to 27.3 ± 6.3% at day 14 and
eventually to 29.5 ± 6.0 at day 28.

Discussion
Glossina palpalis gambiensis and G. tachinoides were
the only tsetse species detected in the study area, with
the former dominating. Savannah tsetse species were not
detected during this survey. They are believed to have

Table 4 Cattle with failed diminazene aceturate treatment over total treated in south-east Mali (November to
December 2007)
Villages

Treatment response 14 days
post-treatment with 3.5 mg/kg bw. DIM

Response at day 14 post retreatment
with 7.0 mg/kg bw. DIM1

T. congolense

T. vivax

Total

T. congolense

Kafela

5/6 (83.3)2

0/1

5/7 (71.4)

2/5 (40.0)

Finibougou

2/7 (28.6)

0/1

2/8 (25.0)

0/2 (0.0)

Daresalame

2/6 (33.3)

0/1

2/7 (14.3)

1/2 (50.0)

Ziebougou

1/2 (50.0)

0/3

1/5 (20.0)

0/1 (0.0)

Subtotal

10/21 (47.6)

0/6 (0)

10/27 (37.0)

3/10 (30.0)

Diassadie

2/8 (25.0)

0/1

2/9 (22.2)

0/2 (0.0)

Waibera

2/7 (28.6)

0/2

2/9 (22.2)

1/2 (50.0)

Kapala

3/5 (60.0)

0/2

3/7 (42.9)

1/3 (33.3)

Tiogola

2/4 (50.0)

0/6

2/10 (20.0)

0/2 (0.0)

Subtotal

9/24 (37.5)

0/11 (0)

9/35 (25.7)

2/9 (22.2)

Total

19/45 (42.2)

0/17 (0)

19/62 (30.6)

5/19 (26.3)

Eastern sector

Western sector

1

Retreatment with 7.0 mg/kg bw. DIM was done on cattle that had relapsed trypanosomes 14 days after treatment with 3.5 mg/kg bw. DIM.
Number of cattle parasitaemic 14 days after treatment over number of cattle treated (treatment failure rate %).

2
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disappeared from the area following destruction of their
habitat [12] hence tsetse trapping by this study was limited to the drainage lines where palpalis species are
found. The presence of riverine tsetse species has important implications for tsetse control planning since
emphasis must be placed on riparian habitats.
A variability in tsetse catches was observed across the
study villages during this survey. The FTD for G. p.
gambiensis (5.6) was considerably lower than the FTD
15–20 reported for the same species across the border
in the Samorogouan pastoral area of Burkina Faso [21]
during surveys in 1994.
This study confirmed that trypanosomosis is an important disease in Sikasso. Variability in trypanosome
prevalence across study villages was similar to what was
observed in the Kénédougou Province of Burkina Faso
[8]. Trypanosome prevalence measured in this study is
consistent with those for the same area [9,11]. Also consistent with the two earlier studies, Trypanosoma congolense dominated T. vivax. The same pattern had been
observed in neighbouring Kénédougou Province in Burkina Faso [7,8]. Since T. congolense is the most pathogenic trypanosome of cattle its dominance is likely to
increase trypanocidal drug use and in the process accelerate the development of resistance against trypanocidal
drugs [22].
One of the undeniable pathogenic effects of trypanosome infections in cattle is the occurrence of anaemia,
indicated by low PCV [23-25]. The present study found
the expected relationship with trypanosome-positive cattle having significantly lower PCV on average than negative ones. The results also suggested that Trypanosoma
congolense-positive cattle had lower mean PCV than T.
vivax-positive cattle, though not statistically confirmed.
This agrees with what was observed in Kénédougou Province in Burkina Faso, Mandiana in Guinea and south-east
and south west Mali [14] and in a pastoral area of southwestern Burkina Faso [25].
Monitoring effectiveness of treatments given to cattle
under field conditions and drug sensitivity tests in mice
and ruminants under laboratory conditions are used to
characterize susceptibility of trypanosomes to trypanocidal drugs [17]. Drug sensitivity studies are generally expensive, time-consuming and labour intensive. Doing
sensitivity studies in mice has an additional disadvantage
that T. vivax and some T. congolense do not readily grow
in mice. In-vitro assays are suitable for characterizing T.
brucei although they are time-consuming [26]. The drug
incubation Glossina infectivity test (DIGIT) is a sensitive
method [27] although its use is dependent on the availability of laboratory-reared tsetse flies. Some genetic
markers have been developed [28,29] but their use is
very limited due to lack of appropriately equipped laboratories and skilled personnel in SSA.
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In the present study, an abbreviated 28-day field
protocol based on treatment of naturally infected cattle
[9] was preferred over the longer follow-up protocol
[17]. Although there was risk of underestimating the resistance as detection was only limited to parasitological
methods [30], the abbreviated protocol was still preferred over other resistance characterization methods
because of certain advantages. Firstly, this protocol uses
cattle of known trypanosome infection status and takes
only one month to generate results at a reasonably low
cost. Secondly, the abbreviated protocol makes it possible to simultaneously estimate resistance of both DIM
and ISMM. Lastly, the drop-out rate of participating
herd owners/study animals where the abbreviated protocol is applied is lower than for the long follow-up protocol. To increase the precision of resistance estimates, the
survey was timed to coincide with the period of highest
trypanosomosis risk (end of the rainy season) to ensure a
large population of naturally trypanosome-infected cattle.
Within the cattle cohort that received ISMM treatment, persistent trypanosomes were detected 14 days
post-treatment across the study villages indicative of
resistance against this drug. Trypanosoma congolense
accounted for about 90% of the ISMM resistant trypanosomes. The few cattle with T. vivax failed ISMM treatments were mostly detected at day 28 post-treatment
which seemed to suggest that at high plasma ISMM
concentrations, T. vivax are effectively suppressed, only
flourishing as ISMM plasma concentration wanes.
Re-treatment of ISMM treatment failures with
7 mg/kg DIM led to the apparent clearance of all persistent T. vivax infections. Since residual levels of ISMM are
still present in animals, this is likely to influence the treatment outcome of the second drug, hence caution is suggested when interpreting such parasitological outcomes [8].
There was high variability in the DIM treatment failures across the study villages. Indeed, molecular analysis
using PCR-RFLP technique of filter paper blood samples
collected during the drug sensitivity test confirmed presence of DIM resistant T. congolense populations in the
study area [31]. A slightly higher percentage of treatment failure (36.8%) after DIM treatment was observed
in the Kénéndougou Province of Burkina Faso [8]. The
sensitivity of T. vivax to 3.5 mg/kg DIM treatment reported by this study is consistent with earlier findings of
other studies [7,8]. Re-treatment of the cattle positive
for persistent T. congolense with a double dose (7 mg/kg)
of DIM did not completely clear trypanosomes in 26.3%
of the re-treated cattle. Doubling the dose of DIM only
slightly improved therapeutic efficacy on T. congolense
strains resistant to 3.5 mg/kg DIM [32]. In other studies,
higher doses like 17.5 mg/kg DIM [7] and 14 mg/kg DIM
[21] still failed to clear the T. congolense resistant to
3.5 mg/kg DIM.
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Conclusions
The results of this study confirmed the presence of apparent multiple drug-resistant T. congolense and isometamidium resistant T. vivax populations in village cattle
of south-east Mali. This scenario renders the use of sanative drug pairs in the control of trypanosomosis untenable. In areas with confirmed resistance, an integration of
trypanosomosis control should be encouraged as opposed
to over-reliance on chemotherapy as the sole strategy.
Application of integrated strategies aimed at lowering the
risk of transmission (vector control) and supplementary
health enhancing packages for bolstering immunological
responses in trypanosome-infected cattle would be of
great benefit in terms of complete elimination of the resistant trypanosome populations from an area.

Page 8 of 9

6.
7.

8.

9.

10.

Competing interests
The authors declare that they have no competing interests.

11.

Authors’ contributions
EOM carried out the field surveys, assembled data, and drafted the
manuscript. HSV, EMC, ZB, BD and YS carried out the field surveys and
reviewed the manuscript. OD, TFR, BB and PHC participated in study
coordination, design and revised the manuscript. KHZ reviewed the
manuscript. All authors read and approved the final manuscript.

12.

13.

14.
Acknowledgements
We acknowledge the contribution of the technical teams from Laboratoire
Central Vétérinaire (LCV) Bamako, Mali for their technical backup throughout
the study. Special mention goes to Nobert Miethe who performed data
analysis. This work was sponsored by the German Federal Ministry for
Economic Cooperation and Development (BMZ) whom we sincerely thank.

15.

16.
Author details
1
Institute for Parasitology and Tropical Veterinary Medicine, Freie Universität
Berlin, Königsweg 67, D-14163 Berlin, Germany. 2Kenya Agricultural Research
Institute, Katumani Research Centre, P.O. Box 340–90100, Machakos, Kenya.
3
Centre International de Recherche-Développement sur l’Elevage en Zone
subhumide (CIRDES), 01BP 454 Bobo-Dioulasso 01, Burkina Faso. 4Central
Veterinary Laboratory, Pong-Tamale, P.O. Box TL 97, Tamale, Ghana. 5FAO
Regional Office, P.O. Box GP 1628, Accra, Ghana. 6Laboratoire Central
Vétérinaire (LCV), BP 2295 Bamako, Mali. 7Pan African Tsetse and
Typanosomosis Eradication Programme (PATTEC) Mali, BP 9125 Bamako, Mali.
8
International Livestock Research Institute (ILRI), P.O. Box 30709, Nairobi
00100, Kenya. 9International Animal Health, Freie Universität Berlin,
Königsweg 67, D-14163 Berlin, Germany.

17.

18.

19.

Received: 29 January 2012 Accepted: 30 June 2012
Published: 1 August 2012

20.

References
1. Swallow BM: Impacts of trypanosomosis on African agriculture. Rome, Italy:
Programme Against African Trypanosomiasis (PAAT). Technical series, No. 2,
FAO; 2000:52.
2. Diall O: Options for tsetse fly eradication in the moist savannah zone of Mali,
West Africa.: Programme Against African Trypanosomosis (PAAT). Phase 1:
Technical and feasibility study; 2001:93–111.
3. Delespaux V, Geysen D, Van den Bossche P, Geerts S: Molecular tools for
the rapid detection of drug resistance in animal trypanosomes. Trends
Parasitol 2008, 24(5):236–242.
4. Geerts S, Holmes PH: Drug management and parasite resistance in animal
trypanosomiasis in Africa. Rome: Position Paper - Programme Against African
Trypanosomiasis. FAO (Food and Agriculture Organization); 1998:22.
5. Authié E: Mise en évidence d’une résistance aux trypanocides parmi des
souches de T. congolense récemment isolées au Burkina. Rev Elev Méd Vét
Pays Trop 1984, 37:219–235.

21.

22.

23.
24.

25.

Pinder M, Authié E: The appearance of isometamidium resistant
Trypanosomacongolense in West Africa. Acta Trop 1984, 41:247–252.
Clausen P-H, Sidibe I, Kaboré I, Bauer B: Development of multiple drug
resistance of Trypanosomacongolense in zebu cattle under high tsetse
challenge in the pastoral zone of Samorogouan, Burkina Faso. Acta Trop
1992, 51:229–236.
McDermott J, Woitag T, Sidibé I, Bauer B, Diarra B, Ouedraogo D, Kamuanga
M, Peregrine A, Eisler M, Zessin KH, Mehlitz D, Clausen P-H: Field studies of
drug-resistant cattle trypanosomes in Kénédougou Province, Burkina
Faso. Act Trop 2003, 86:93–103.
Diall O, Clausen P-H, Boucoum Z, Djiteye A, Diarra B, Grace D, Barry AM,
Diallo B, Muenstermann S, Sidibe I, Talaki E, Affognon H, Randolph TF,
McDermott JJ: Un test de diagnostic rapide pour la détection et la
surveillance sur le terrain de la résistance aux trypanocides dans les
zones cotonnières de l’Afrique de l’ouest. Proceedings of the International
Scientific Council for Trypanosomosis Research and Control (ISCTRC) 2005,
123:367–375.
Clausen P-H, Bauer B, Zessin KH, Diall O, Bocoum Z, Sidibe I, Affognon H,
Waibel H, Grace D, Randolph T: Preventing and containing trypanocide
resistance in the cotton Zone of West Africa. Transbound Emerg Dis 2010,
57(1–2):28–32.
Grace D: The epidemiology and control of trypanosomosis in areas of high risk
of trypanocide resistance in West Africa. Doctorate Thesis: Freie Universitaet
Berlin; 2005:195.
Djiteye A, Moloo SK, Foua BIK, Touré M, Boiré S, Bengaly S, Coulibaly E, Diarra M,
Traoré D, Ouattara I, Coulibaly Z: Réactualisation des données sur la répartition
des glossines au Mali. Rev Elev Méd Vét Pays Trop 1997, 50(2):126–132.
Mungube EO: Management of trypanocidal drug resistance in cattle in
identified chemioresistance hot spots in the administrative district of Sikasso,
south-east Mali. Doctorate Thesis: Freie Universitaet Berlin; 2010:195.
Grace D, Randolph T, Affognon H, Dramane D, Diall O, Clausen P-H:
Characterisation and validation of farmers’ knowledge and practice of
cattle trypanosomosis management in the cotton zone of West Africa.
Acta Trop 2009, 111:137–143.
Challier A, Laveissière C: Un nouveau piège pour la capture des glossines
(Glossina: Diptera, Muscidae): description et essai sur le terrain. Cahiers
ORSTOM Sér Méd Parasitol 1973, 11:251–252.
Dohoo I, Martin W, Stryhn H: Sample size estimation. In Veterinary
Epidemiologic Research. 2nd edition. Charlottetown Prince Edward Island,
Canada: AVC Inc Publishers; 2003:41.
Eisler MC, Brandt J, Bauer B, Clausen P-H, Delespaux V, Holmes PH,
Ilemobade A, Machila N, Mbwambo H, McDermott J, Mehlitz D, Murilla G,
Ndung’u JM, Peregrine AS, Sidibe I, Shinyangwe L, Geerts S: Standardised
tests in mice and cattle for the detection of drug resistance in tsetsetransmitted trypanosomes of African domestic cattle. Vet Parasitol 2001,
97:171–182.
Murray M, Murray PK, McIntyre WIM: An improved parasitological
technique for the diagnosis of African trypanosomiasis. Trans Royal S Trop
Med Hyg 1977, 71:325–326.
Bosma R: Stabulation des bovins en saison sèche dans le cercle de Tominian.
Sikasso, Mali: Rapport de recherche, DRSPR (Division de recherches sur les
systèmes de production rurale), IER (Institut d'Economie Rurale); 1992:2.
Holmes PH, Eisler MC, Geerts S: Current chemotherapy of animal
trypanosomiasis. In The Trypanosomiases. Edited by Maudlin I, Holmes PH,
Miles MA. Wallingford, UK: CABI International; 2004:431–444.
Bauer B, Amsler-Delafosse S, Clausen P-H, Kaboré I, Petrich-Bauer J:
Successful application of deltamethrin pour-on to cattle in a campaign
against tsetse flies (Glossina spp.) in the pastoral zone of Samorogouan,
Burkina Faso. Trop Med Parasitol 1995, 346:183–189.
Bengaly Z, Sidibe I, Ganaba R, Desquesnes M, Boly H, Sawadogo L:
Comparative pathogenicity of three genetically distinct types of
Trypanosomacongolense in cattle: clinical observations and
haematological changes. Vet Parasitol 2002, 108(1):1–19.
Murray M, Trail JC, Davis CE, Black SJ: Genetic resistance to African
trypanosomiasis. J Infect Dis 1984, 149:311–319.
Cherenet T, Sani RA, Speybroeck N, Panandam JM, Nadzr S, Van den Bosche
P: A comparative longitudinal study of trypanosomiasis in tsetse-free
and tsetse infested zones of the Amhara Region, northwest Ethiopia. Vet
Parasitol 2006, 140:251–258.
Dayo GK, Bengaly Z, Messad S, Bucheton B, Sidibe I, Cene B, Cuny G,
Thevenon S: Prevalence and incidence of bovine trypanosomosis in an

Mungube et al. Parasites & Vectors 2012, 5:155
http://www.parasitesandvectors.com/content/5/1/155

26.
27.

28.

29.

30.

31.

32.

Page 9 of 9

agro-pastoral area of south-west Burkina Faso. Res Vet Sci 2010,
88(3):470–477.
Kaminsky R, Brun R: In-vitro assays to determine drug sensitivities of
African trypanosomes: a review. Acta Trop 1993, 54:279–289.
Clausen P-H, Leendertz FH, Blankenburg A, Tietjen U, Mehlitz D, Sidibe I,
Bauer B: A drug incubation glossina infectivity test (DIGIT) to assess the
susceptibility of Trypanosomacongolense blood stream forms to
trypanocidal drugs (xenodiagnosis). Acta Trop 1999, 72:111–117.
Delespaux V, Geysen D, Majiwa PA, Geerts S: Identification of a genetic
marker for isometamidium chloride resistance in
Trypanosomacongolense. Int J Parasitol 2005, 35:235–243.
Afework Y, Mäser P, Etschmann B, von Samson-Himmelstjerna G, Zessin KH,
Clausen P-H: Rapid identification of isometamidium-resistant stocks of
Trypanosoma b. brucei by PCR-RFLP. Parasitol Res 2006, 99(3):253–261.
Gall Y, Woitag T, Bauer B, Sidibé I, McDermott JJ, Mehlitz D, Clausen P-H:
Trypanocidal drug failure suggested by PCR results in cattle field
samples. Acta Trop 2004, 92:7–16.
Vitouley HS, Mungube EO, Allegye–Cudjoe E, Diall O, Bocoum Z, Diarra B,
Randolph TF, Bauer B, Clausen P-H, Geysen D, Sidibe I, Bengaly Z, Van den
Bossche P, Delespaux V: Improved PCR-RFLP for the detection of
diminazene resistance in Trypanosomacongolense under field conditions
using filter papers for sample storage. PLoS Negl Trop Dis 2011, 5(7):e1223.
doi:10.371/journal.pntd.001223.
Silayo RS, Mamman M, Moloo SK, Aliu YO, Gray MA, Peregrine AS: Response
of T. congolense in goats to single and double treatment with
diminazene aceturate. Res Vet Sci 1992, 53:98–105.

doi:10.1186/1756-3305-5-155
Cite this article as: Mungube et al.: Detection of multiple drug-resistant
Trypanosoma congolense populations in village cattle of south-east Mali.
Parasites & Vectors 2012 5:155.

Submit your next manuscript to BioMed Central
and take full advantage of:
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at
www.biomedcentral.com/submit

