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Abstract: A cross sectional study of bovine trypanosomosis was conducted in Sayo district of Kellem Wollega zone,
Western Oromia Region, during early dry (December, 2016) and early rainy (June, 2017) seasons employing parasitological
blood examination and survey of vectors. A total of 860 representative blood samples were collected from randomly selected
cattle and examined using standard methods of parasitological examination techniques. Accordingly, the overall prevalence of
bovine trypanosomosis was found to be 11.16%. The species of trypanosomes encountered include Trypanosoma congolense
(52.10%) followed by T. vivax (32.30%), T. brucei (10.40%) and mixed infection of T. congolense and T. vivax (5.20%). The
seasonal prevalence of bovine trypanosomosis was 15.11% and 7.20% in early dry and early rainy seasons, respectively. There
was a statistically significant difference (P <0.05) in the prevalence of bovine trypanosomosis between low land (13.8%) and
mid land altitude (8.5%). Similarly, there was also a statistically significant difference (P <0.05) in the prevalence of bovine
trypanosomosis between poor body conditioned cattle compared to both medium and good categories. On the contrary, there
were no statistically significant differences (P>0.05) in the prevalence of bovine trypanosomosis between different sex
categories. The mean PCV value of trypanosome infected animals was (22.94% ± 0.15%) compared to non infected groups
(26.47 ± 0.35%) with statistically significant difference (P<0.05). As part of survey of vectors of bovine trypanosomosis a total
of 1575 flies were caught during the study period. The findings encountered revealed that 807 (51.24%), 667 (43.35%) and
101(6.41%) were Stomoxys, Glossina and Tabanus respectively. The apparent density of Glossina, Stomoxys and Tabanus were
4.16, 5.04 and 0.63 f/t/d, respectively. The present study disclosed that despite vector control implementation practices in the
study area, bovine trypanosomosis still remain to be a core problem. Therefore, the current control strategies being
implemented in the study area should be further assessed and consideration of integrated trypanosomosis and vector control
approaches should be instituted.
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1. Introduction
African animal trypanosomosis is a vector-borne disease,

which is transmitted biologically by different tsetse flies [1, 2]
and mechanically by a number of biting flies of genus diptera
[3]. African Animal trypanosomosis (AAT) is a major
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constraint to livestock and mixed crop-livestock production in
tropical Africa [4]. The distribution of the disease is parallels
the distribution of tsetse flies and comprises of an area
approximately 10 million Km2 [5] in 37 sub-Saharan countries
[6]. Most species of domestic animals are to some degree
susceptible to trypanosomosis, but it is of major importance in
cattle [7, 8]. Trypanosomosis can exert serious losses in pigs,
camels, equines, goats and sheep as well. In cattle, the disease
is caused by T. vivax, T. congolense and T. b. brucei [9, 10].
Animal trypanosomosis has a significant negative impact
on economic growth in many parts of the world [11];
particularly in sub-Saharan Africa [12]. About 50 million of
cattle and other livestock species are at risk of the disease
and farmers lose 3 million cattle every year because of
trypanosomosis [13]. In Africa the overall economic loss due
to trypanosomosis was estimated at 4.5 billion USD [14].
Thus, animal trypanosomosis constitutes a major threat to
food security and livestock production in several parts of
sub-Saharan Africa [15], retarding agricultural development
in large areas of the continent in terms of mortality, abortion,
reduced fertility, milk and meat production, and ability to
work as traction animals [16].
In Ethiopia trypanosomosis is widespread in domestic
livestock in the Western, South and South western lowland
regions and the associated river systems (Abay/Dedessa,
Ghibe/Omo and Baro/Akobo and rift valley) [17], limiting
livestock productivity and agricultural development in the
country [18]. Currently, about 220,000 Km2 areas of fertile
land are infested with five species of tsetse flies namely
Glossina pallidipes, G.morsitans morsitans, G. fuscipes, G.
tachinoides and G. longipennis [18]. Trypanosome species
affecting livestock in Ethiopia are T. congolense, T. Vivax and
T. brucei in cattle, sheep, and goats, T. evansi in camels and
T. equiperdium in horses (17]. Annual losses to the national
economy are estimated to exceed $200 million because of
mortality and morbidity of livestock, denied access to land
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resources and the costs of controlling this disease [19].
The distribution of trypanosomes is dynamic due to
climatic change, ecological disturbances, and human
interventions. Previous studies conducted so far in Sayo
District [20] did not considered the different altitudes and
seasonal dynamics of the disease prevalence as well as the
flies’ density. In addition, as part of prevention and control of
the disease, regular surveillance of the vector and parasite
need to be considered in tsetse infested areas of the country.
Therefore, the present study was initiated and designed to
identify the species of trypanosomes affecting cattle and the
vector and their dynamics in early dry and early rainy
seasons of the year in different altitudes of the study area.

2. Materials and Methods
2.1. Study Area Description
This study was conducted in six selected villages of Sayo
district. Sayo district is located in Oromia regional state,
Western Ethiopia at about 636 Km's to the West of the capital
city, Addis Ababa. The total surface area of the district is
estimated 127,800 hectares. The district has an altitude
ranging from 1100 to 2000 meters above sea level. Based on
altitude the district is subdivided in to three climatic zones:
highland 29%, midland 46% and lowland 25%. The area has
two distinct seasons: the dry season extending from
December to May and the rainy season extending from June
to October. The annual rainfall and temperature ranges of the
area are 1200-2000 mm and 15-25OC, respectively [21]. The
livelihood of the society largely depends on mixed livestock
and crop production. The main crops cultivated in the area
are maize, teff, sorghum, pepper, and barley. Coffee is the
main source of income for the society. The livestock
populations of the district are 59,593 cattle, 53,377 sheep,
6225 Goats, 11, 3149, equines [22].

Source: [21]
Figure 1. Map of study area.
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2.2. Study Design
A cross-sectional study design was employed to determine the
prevalence of bovine trypanosomosis and apparent density of
vectors during early dry (December 2016) and early rainy
season (June 2017). In the present study, six peasant associations
were purposively selected for the sake of convenience and
accessibility, three from lowland (<1500 meters above sea level)
and the rest three from midland (>1500 meters above sea level).
A simple random sampling method was used to select the study
animals from animal various gathering points located within the
peasant associations.
2.3. Study Animals and Sampling Strategy
The study animals consisted of all zebu cattle above one
year of age and both sexes. The study animals were kept
under an extensive husbandry system. The sample size was
determined using the formula given by [23] with an expected
prevalence of 16.9 % [20], 95% confidence interval and 5%
desired absolute precision. Accordingly, sample size of 215
was obtained. Thus, 215 animals each were sampled from
midland and lowland in two different seasons of the year.
Overall, a total of 860 cattle were sampled in both seasons
and altitudes. Potential host related risk factors associated to
the disease such as age, sex and body condition score of the
studied animals were recorded during sampling. Based on the
appearance of ribs and dorsal spines for zebu cattle as per the
description given by [24], animals were grouped into poor,
medium, and good body condition categories. The age of
study animals was estimated by means of their dentition as
described by [25] and conventionally categorized as young
(≤3 years) and adult (>3 years).
2.4. Examination Techniques and Protocol
2.4.1. Parasitological Examination
For parasitological examination, blood sample collection
was performed by piercing the marginal ear vein of cattle
with a sterile lancet in to heparinized capillary tube.
Following, centrifugation of capillary tubes at 12,000 rpm for
5 minutes was undertaken in a microhaematocrit centrifuge.
Then, the PCV for each sample was determined using the
hematocrit reader [26]. Animals with PCV ≤ 24% were
considered to be anemic [27]. Then the Buffy coat zones
were examined to reveal trypanosomes as per
recommendation by [28] under 40 x magnifications as a wet
preparation for motile trypanosomes under the light
microscope [29]. Thin blood smears were made and stained
with Giemsa staining for the purpose of species identification
by light microscope under oil immersion [30]. The
trypanosome species were distinguished using their size,
position of the kinetoplast, degree of the development of
undulating membranes and presence or absence of free
flagellum [31].
2.4.2. Vector Survey
Vector survey was conducted in four villages of Sayo

district in early dry and early rainy seasons only in lowland
areas. A total of 80 monoconical traps (40 in early dry and 40
in early rainy) were deployed at approximate intervals of 100
to 200 meters for 48 hours at watering and grazing points and
baited with acetone, octenol (1-3-octane) and 3 days old cow
urine filled in separate bottles [32]. The underneath of each
trap pole was smeared with grease in order to prevent the
ants climbing up on the pole towards the collecting cage that
could damage the tsetse flies. After 48 hours of deployment,
tsetse flies in the cages were counted and identified based on
their habitat and morphology to the genus and species level
[33]. Biting flies were identified to genus level based on their
morphological characteristics such as size, color, wing
venation structure, and proboscis [34]. Sexing was done for
tsetse fly by observing hypopygium on the posterior end of
the ventral aspect of male flies [35]. The Apparent density of
the tsetse fly was calculated as the number of tsetse
catch/trap/day [36].
2.5. Data Management and Analysis
The collected data during the study period were entered
into Microsoft Excel 2007 program and was decoded.
Descriptive statistics was employed in analyzing the data.
Prevalence was expressed as percentage of number of animal
found positive versus the total number of sampled cattle. The
association between the prevalence of bovine trypanosomosis
and host related risk factors were assessed by logistic
regression, whereas the student’s t-test was used to assess the
difference in mean PCV between trypanosome positive and
negative animals. All statistical analyses were conducted
using SPSS version 20.0 software. The test result was
considered significant when the calculated p-value was less
than 0.05. The apparent density of fly population was
calculated by dividing the number of flies caught by the
number of traps deployed and the number of days of
deployment and expressed as fly/trap/day (FTD).

3. Results
3.1. Parasitological Findings
Out of the total 860 cattle randomly selected and
examined, 96 were found to be positive for trypanosomosis
with an overall prevalence of 11.16%. The prevalence of
bovine trypanosomosis was 15.11% and 7.20% in early dry
and early rainy seasons, respectively. There was a
statistically significant difference (P<0.05) in the prevalence
of trypanosomosis between the two seasons. Cattle were
invariably infected with different species of trypanosomes.
Trypanosoma congolense (52.10%) was the dominant
trypanosome species followed by T. vivax (32.30%), T.
brucei (10.40%) and mixed infection from T. vivax and T.
congolense (5.20%). In the present study, trypanosome
prevalence was (13.76%) in lowland and (8.5%) in midland
areas, with a statistically significant difference (P <0.05)
(Table-1). The highest prevalence of trypanosomosis was
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recorded in poor body condition score (22.40%) followed by
medium body condition (9.70%) and the lowest in good body
conditioned animals (3.54%), with statistically significant
difference (P<0.05). The prevalence of trypanosomosis was
higher in males (13.22%) as compared to female animals
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(9.23%), showing no statistically significant difference
( >0.05). Concerning age of cattle, the prevalence of
trypanosomosis was statistically significantly different (P
<0.05) in the adult age group 12.89% than in younger
animals (7.22%) (Table-1).

Table 1. Prevalence of bovine trypanosomes on the basis of altitude and season.
Season
Altitude
Low land
Mid land
Season
Early dry
Early rainy
Body condition
Poor
Medium
Good
Sex
Male
Female
Age
1-3 years
>3 years
Over all

No. examined animals

No. infected animals

Prevalence (%)

X2 test

P- Value

436
424

60
36

13.8
8.5

6.02

0.01

430
430

65
31

15.11
7.20

13.55

<0.001

250
299
311

56
29
11

22.40
9.70
3.54

50.71

<0.001

416
444

55
41

13.22
9.23

3.44

0.06

263
597
860

19
77
96

7.22
12.89
11.16

5.92

0.01

T.c = T. congolense, T.v = T. vivax, T. b. = T. brucei Mixed (T. congolense and T. vivax)

Figure 2. Proportion of trypanosome species identified during the study period.

3.2. Haematological Findings
From the total of 860 examined animals, 219 (25.46%) were
anemic having PCV ≤24%. The anemic distribution was
higher in parasitaemic cattle 58.33% than aparasitaemic ones

(21.33%). The overall mean PCV values were statistically
significantly different (P<0.05) between parasitaemic 22.94%
(95% CI: 22.25-23.63) and aparasitaemic animals 26.47 (95%
CI: 22.25-23.63) (Table-2).

Table 2. Mean overall PCV in parsitemic and aparsitemic cattle.
Status of animals
Aparsitemic
Parsitemic

No. examined
764
96

Percentage of anemic animals
21.33
58.33

Mean PCV (%)
26.47
22.94

Std. Error
0.15
0.35

P-value
<0.001

95% Confidence Interval
26.17-26.77
22.25-23.63
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3.3. Entomological Findings
A total of 1575 flies were caught during the study period.
Of these, 667 (42.35%) belong to Glossina species. Similarly,
807 (51.24%) and 101 (6.41%) were Stomoxys and Tabanus,
respectively. The overall apparent fly density was 9.84 f/t/d.
The relative abundance of Glossina and other biting flies is

shown in Table 3. Out of total of 667 Glossina species
captured, 301 (45.13%) flies were males and the rest 366
(54.87%) flies belong to females. The apparent density of
Glossina, Stomoxys and Tabanus were 4.16, 5.04 and 0.63
f/t/d, respectively.

Table 3. Flies caught during the study period.
Season
Early dry
Male
Female
Early rainy
Male
Female
Total

No. trap deployed
40

40

80

G.m.m.
164
76
88
47
13
34
211

G.pal.
155
70
85
40
11
29
195

G.fusc.
127
51
76
65
22
43
192

G.tach.
7
3
4
62
17
45
69

Stom.
441

Tab.
79

366

22

807

101

Total
973
200
253
602
63
151
1575

FTD
12.16
2.50
3.16
7.53
0.78
1.89
9.84

G.m.m: G. Morsitans Submorsitans; G.pal: Glossina Pallidipes; G. tach: G. Tachnoides
FTD: Fly/trap/day

4. Discussion
The current study indicated that trypanosomosis is the
most prevalent disease of cattle causing considerable direct
and indirect economic losses in the study area. The overall
prevalence of bovine trypanosomosis was 11.16%. This is
much lower than previous reports: 16.9% in Sayo district,
Kellem Wollega Zone, Western Ethiopia [20], 17.5% in
upper Didessa of tsetse infested regions [37], 20.40% in
Wolyta and Dawero zones of southern Ethiopia [38] and 29%
in Gawo Dale District of western Ethiopia [18]. The
relatively low prevalence of trypanosomosis in this report is
related to the vector control intervention practiced in the
study area since 2014 by National Tsetse and
Trypanosomosis Investigation and Control Center
(NTTICC), which includes deploying of impregnated targets
and application of delthamethrine pour-on.
The prevalence of bovine trypanosomosis was 15.11% and
7.20% during early dry and early rainy seasons, respectively,
with statistically significant variations (P<0.05). During early
rainy season it is obvious that the population of flies
increases. Due to this farmers inject their animals with
trypanocidal drugs and also use insecticide spray in this
season better than any other time to minimize the effect of
the disease. This result is inconsistent with the report of [39,
40], which indicated higher rate of T. congolense infection in
dry season than in wet season. They suggested that presence
of few ponds in the dry season might have forced the animals
to come close together and also created a favorable ground
for the tsetse flies.
The prevalence of bovine trypanosomosis in lowland areas
was 13.76% as compared to the midland areas 8.5%. Higher
prevalence in lowland areas might be attributed to the fact
that animals in lowland areas are more challenged by vectors
than higher altitudes. It is assumed that there are many
factors that contribute to the distribution of tsetse flies and
tsetse transmitted trypanosomosis: Among these, altitude
with temperature is one of the major biotic factors that limit

the distribution of flies. This finding is in agreement with
many other studies [41, 42].
In this study three species of trypanosomes identified were
T. congolense (52.10%), T. vivax (32.30%), and T. brucei
(10.40%) and mixed infection with T. congolense and T.
vivax (5.20%). These species were widespread in most parts
of Western and South Western Ethiopia [43, 44]. The high
proportion of T. congolense (52.10%) in the present study is
in agreement with previous reports of [45] at Pawe, North
west Ethiopia (60.9%), [46] in selected sites of southern
region (63.4%) and [47] in West Gojam (54.3%). The
predominance of T. congolense infection in cattle suggests
that the major cyclical vectors or Glossina species are more
efficient transmitters of T. congolense than T. vivax in East
Africa and also due to the high number of serodems of T.
congolense as compared to T. vivax. [48], indicated that T.
vivax was highly susceptible to treatment while the problems
of drug resistance were higher in T. congolense.
This study also showed that there is strong association
between body condition score of cattle and trypanosome
infection. The occurrence of infection was 22.40%, 9.70%
and 3.54% in cattle with poor, medium and good body
conditions, respectively. This finding was in agreement with
the study of [47] and [49] who found the highest prevalence
of trypanosomosis in animals with poor body condition. The
majority of the infected animals manifested clinically poor
body condition, as trypanosomasis is characterized by
progressive weight loss [50]. In contrast, out of 250 poor
body conditioned animals 194(77.6%) were not infected by
trypanosomes. This could be due to malnourishment, internal
parasites and other body loss causing diseases [51, 52].
During the study period, the prevalence of bovine
trypanosomosis was 13.22% and 9.23% in male and female
animals, respectively. Different works on the other hand
reported higher prevalence in male than female cattle [9, 53]
and the possible suggestion to this finding could be that male
animals travel more long distances to tsetse abundant areas
for draught purpose. On the other hand, [54] and [55] in
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separate studies showed that no statistically significant
difference in the prevalence of bovine trypanosomosis by
sex. [56, 57] and [58] were also reported similar results were
they observed no significant difference in trypanosome
infection between the two sexes.
The trypanosome prevalence was found to be 12.90% and
7.22% in older and younger animals, respectively. This is in
agreement with the findings of [56]. [59] and [60] were also
found significantly higher prevalence of trypanosome
infection in older animals. This could be associated with the
fact that older animals travel long distance for grazing and
draught as well as harvesting crops to high tsetse challenge
areas, while young animals are usually kept around the
homestead. According to the [61] tsetse flies are attracted
significantly more by odor of older animals. In addition,
young animals are protected to some extent by maternal
antibodies [62]. Other reports showed that T. congolense is a
chronic disease increasing with age of animals and its
infection is usually higher in adult animals than in young
animals [63].
Anemia is an important clinical sign and indicator of
trypanosomosis [50]. In the present study, 58.33 % of the
parasitemic cattle were anemic. The mean PCV of
parasitemic animals was significantly lower than that of
aparasitaemic animals. Such significant difference of PCV
values in infected cattle had been reported in Ethiopia: [38,
47] and [64]. In the absence of other diseases causing
anemia, a low PCV value of individual animals is a good
indicator of trypanosome infection [65]. The aparasitaemic
cattle with PCV ≤24% in this study could be due to the low
sensitivity of buffy coat method in chronic cases of
Trypanosomosis [31] or due to other anemia causing diseases
[66], or delayed recovery of the anaemic situation after
current treatment with trypanocidal drugs. However, 40
infected animals had a PCV value >24. This could be
explained as new infections that had not progressed to
chronic stage [66].
Results of entomological survey revealed the presence of
four Glossina species (G. m. submorsitans, G. pallidipes, G.
tachinoides and G. fuscipes) and two genera of biting flies
(Stomoxys and Tabanus). These four species of Glossina have
also been reported in the Western and South Western parts of
the country [56, 67]. The apparent density of Glossina,
Stomoxys and Tabanus were 4.16, 5.04 and 0.63 f/t/d,
respectively. Our finding is lower than [58] and [68] who
reported 14.97 f/t/d and 11.9 f/t/d, respectively. The relative
low level of tsetse population in the present study may be due
to the control intervention under taken in the area by National
Tsetse and Trypanosomosis Investigation and Control Center
(NTTICC) and expansion of farmlands leading to the
destruction of tsetse habitat and elimination of their wild
hosts [69]. A higher number of female tsetse species 366
(54.87%) were caught than male 301(45.13%), and this is in
line with reports from the country [56] and [44]. This could
be attributed to the longer lifespan of female compared to
male Glossina [48].
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5. Conclusions and Recommendations
The current study disclosed that bovine trypanosomosis in
Sayo District with a prevalence of 11.33% remains to be a
significant constraint to livestock productivity despite tsetse
and trypanosomosis control efforts. Three species of
trypanosomes, T. congolense, T. brucei, and T. vivax were
responsible for disease of trypanosomosis in the study area.
The occurrence of trypanosomosis was associated with high
challenges of tsetse and biting flies. The present crosssectional studies confirmed that, altitude, age and body
condition score of animals are significant risk factors for
trypanosomosis distribution in the area. This study also
revealed the negative impact of trypanosomosis on the PCV
value-of infected animals.
In nutshell, in Sayo district the ongoing tsetse and
trypanosomosis control intervention decreased the prevalence
of trypanosomosis and the tsetse sustained support and
interventions are required from local government bodies in
mobilizing and increasing participation of the farmers.
Trypanocidal drug efficacy studies should be undertaken
using the common drugs circulating in the area.
Strengthening community awareness on trypanosomosis
control methods considering the risk of drug resistance and
improper drug usage is essential.

Acknowledgements
We would like to thank Wollega University and Addis
Ababa University for finical support to conduct this
investigation. We are also grateful to National Tsetse and
Trypanosomosis Investigation and Control Center, Bedelle
(NTTICC) for their technical and material support. Sayo
district Livestock Development and Health Office is also
acknowledged for their invaluable support and collaboration
during the study period.

Conflict of Interest
The authors declare that there is no conflict of interest
regarding the publication of this paper.

Ethical Considerations
This research was approved by the animal research ethics
committee of the College of Veterinary Medicine and
Agriculture of the Addis Ababa University.

References
[1]

Krafsur, E. S., (2009): Tsetse flies: genetics, evolution, and
role as vectors. Infect. Genet. Evol. 9, 124-141.

[2]

Simarro, P. P., Diarra, A., Ruiz Postigo, J. A., Franco, J. R.
and Jannin, J. G. (2011): The Human African
Trypanosomiasis Control and Surveillance Program of the
World Health Organization 2000–2009: the way forward.
PLoS. Negl. Trop. 5 (2), 1-7.

62

[3]

[4]

[5]

Efrem Degneh et al.: A Cross-sectional Study of Bovine Trypanosomosis in Sayo District,
Oromia Regional State, Western Ethiopia
Kone, N., N'Goran, E. K., Sidibe, I., Kombassere, A. W. and
Bouyer, J. (2011): Spatio-temporal distribution of tsetse and
other biting flies in Mouhoum River basin, Burkina Faso.
Med. Vet. Entomol.25, 156-168.
Holt, H. R., Selby, R., Mumba, C., Napier, G. B., and Guitian,
J. (2016): Assessment of animal African trypanosomiasis
(AAT) vulnerability in cattle-owning communities of subSaharan Africa. Parasit Vectors.9 (1), 53. DOI
10.1186/s13071-016-1336-5.
O’Gorman, G. M., Park, S. D. E., Hill, E. W., Meade, K. G.,
Mitchell, L. C., Agaba, M., MacHugh, D. E. (2006). Cytokine
mRNA profiling of peripheral blood mononuclear cells from
trypanotolerant and trypanosusceptible cattle infected with
Trypanosoma congolense. Physiol. Genomics. 28(1), 53-61.

[6]

Sachs, J.,(2010): The current situation. In: Linking sustainable
human and animal African trypaosomiasis control with rural
development. PAAT Tech. Sci. 10, 3-8.

[7]

Delespaux, V., Geysen, P. V., Van den Bossche, P. and Geerts.
S. (2008): Molecular tools for the rapid detection of drug
resistance in animal trypanosomes. Trends in Parasitol. 24,
236-241.

[8]

Hotez, P. J., Fenwick, A., Savioli, L. and Monlneux, D. H.
(2009): Rescuring the bottom billion through controlling of
neglected tropical disease. Lancet. 373, 1570-1575.

[9]

Magona, J. W., Walubengo, J. and Origin, J. T. (2008): Acute
haemorrhagic syndrome of bovine trypanosomosis in Uganda.
Acta. Trop. 107: 186-191.

[10] O’Gorman, G. M., Park, S. D. E., Hill, E. W., Meade, K. G.,
Coussens, P. M., Agaba, M. and Mac Hugh, D. E. (2009):
Transcriptional profiling of cattle infected with Trypanosoma
congolense highlights gene expression signatures underlying
trypanotolerance and trypano-susceptibility. BMC. Genomics.
10 (207), 1-21.
[11] Taylor, A., Coop, L. R. and Wall, L. R. (2007): Veterinary
Parasitology, 3rd ed. UK. Blackwell publishing, pp 44-102.
[12] Cecchi, G., Mattioli, R. C., Slingenbergh, J. and Delarocque,
S. (2008): Land cover and tsetse fly distributions in subSaharan Africa, Med. Vet. Entomol. 22, 364-373.
[13] Chitanga, S., Marcotty, T. and Namangala, B. (2011): High
prevalence of drug resistance in animal trypanosomes without
a history of drug exposure. PLoS Negl. Trop. Dis.5 (12),
https://doi.org/10.1371/journal.pntd.0001454
[14] Affognon, H., (2007): ‘Economic analysis of trypanocide use
in villages under risk of drug resistance in West Africa’, PhD
dissertation, Leibniz Universita¨t Hannover, Germany.
[15] Swallow, B. M., (2000): Impact of Trypanosomiasis on
African Agriculture. PAAT Tech. Sci. Series., FAO. Rome.
Vol. 2.
[16] Zewdu, S., Getachew, T. and Hagos, A. (2013): Farmers’
perception of impacts of bovine trypanosomosis and tsetse fly
in selected districts in Baro-Akobo and Gojeb river basins,
Southwestern Ethiopia. BMC Vet. Res.9, 214-223.
[17] Abebe, G., (2005): Current Situation of Trypanosomasis in
Ethiopia. Review Article Trypanosomosis in Ethiopia. Eth. J.
Bio. Scie.4 (1), 75-121.
[18] NTTICC (2004): National Tsetse and Trypanosomosis

Investigation and Control Center, Annual Report on Tsetse
and Trypanosomosis Survey, Bedelle, Ethiopia.
[19] Taye, M., Belihu, K., Bekana, M. and Sheferaw, D., (2012):
‘Assessment of impacts of tsetse and trypanosomosis control
measures on cattle herds’ composition and performance in
southern region, Ethiopia’, Trop Anim Health Prod.44, 1759–
1763.
[20] Siyum, G., Tadele, K., Zelalem, A. and Benti, D. (2014):
Epidemiological Survey of Bovine Trypanosomosis in Sayo
District of Kellem Wollega Zone, Western Ethiopia. Amer.Euro. J. Sci. Res. 9, 67-75.
[21] KWZAHFRDO (2017): Kellem Wollega Zone Animal Health
and Fishery Development Office Annual Report, Dembi
Dollo. June, 2017.
[22] CSA (Central Statistical Agency) (2013): Agricultural
Sample Survey, Volume II: Report on livestock and
livestock characteristics (Private peasant holdings);
Statistical Bulletin 570. Federal Democratic Republic of
Ethiopia, Addis Ababa.
[23] Thrusfield, M., (2005): Veterinary Epidemiology, 3rd ed.
Blackwell science, Ltd., and London, UK. pp. 228-246.
[24] Nicholson, M. J., and Butterworth, M. H. (1986): A guide to
condition scoring of Zebu cattle, International Livestock
Centre for Africa (ILCA), Addis Ababa.
[25] Pasquini, C., Spurgeon, T. and Pasquini, S. (2003): Anatomy
of domestic animals: systemic and regional approach, 10th
ed., Sudz Publishing, USA, pp: 255.
[26] Samdi, M. S., Abenga, J. N., Attahir, A., Haruna, M. K.,
Wayo, B. M., Fajinmi, A. O., Sumayin, H. M., usman, A. O.,
Hussaina, J. Z., Muhammad, H., Yarnap, J. E., Ovbagbedia, R.
P. and Abdullahi, R. A. (2010): Impact of Trypanosomosis on
Food Security in Nigeria: A Review, Nigerian Institutefor
Trypanosomiasis Research. Int. J. Anim. Vet. Adv. 2(2), 4750.
[27] OIE (2008): Standardized techniques for the diagnosis of
tsetse transmitted trypanosomiasis. OIE Terrestrial Manual, p.
49, OIE, Rome, Italy.
[28] Eisler, M. C., Brandt, J., Bauer, B., Clausen, P. H., Delespaux,
V., Holmes, P. H., Ilemobade, A., Machila, N., Mbwambo, H.,
McDermott, J., Mehlitz, D., Murilla, G., Ndung'u, J. M.,
Peregrine, A. S., Sidibe, I., Sinyangwe, L. and Geerts, S.
(2001): Standardized tests in mice and cattle for the detection
of drug resistance in tsetse-transmitted trypanosomes of
African domestic cattle. Vet. Parasitol. 97, 171-182.
[29] Chappuis, F., Loutan, L., Simarro, P., Lejon, V. and Buscher,
P. (2005): Options for the field diagnosis of human African
trypanosomiasis. Clin. Microbiol. Rev. 10, 133-146.
[30] Buscher, P., Ngoyi, D., Kaboré, J., Lejon, V., Robays, J.,
Jamonneau, V., Berbronne, N. and Bieler, S. (2009): Improved
Models of Mini Anion Exchange Centrifugation Technique
(mAECT) and Modified Single Centrifugation for Sleeping
Sickness Diagnosis and Staging. PLoS Negl Trop Dis. 3, 471478.
[31] Picozzi, K., Tilley, A., Fèvre, E. M., Coleman, P. G., Magona,
J. W., Odiit, M., Eisler, M. C. and Welburn, S. C. (2002): "The
diagnosis of trypanosome infections: application of novel
technology for reducing disease risk." Afr. J. Biotech.1, 39-45.

International Journal of Nutrition and Food Sciences 2018; 7(2): 56-64

[32] Brightwell, R., Dransfield, R. D., Stevenson, P. and Williams,
B. (1997): Changes over twelve years in population of
Glossina pallidipes and G. longpennis (Diptera: Glossina)
subject to varying trapping presure at. Nkurman, South-West
Keniya. Bull. Entomol. Res. 87, 349-370.
[33] Fisher, M. S and San, D. R. R. (1989): Manual of tropical
veterinary phraseology. 1st ed. UK: C. A. B. I. Pp.181-278.
[34] Marquardt, W. C., Demaree, R. C. and Grieue, R. B. (2000):
Parasitology and vector biology, 2nd edn., Academic Press,
London.
[35] Leak, S. G. A., (1998): Tsetse biology and ecology. The role
in the epidemiology and control of trypanosmiasis. London:
CABI Publishing.
[36] STEP (2012): Southern tsetse eradication project (step). Field
operation manual of tsetse and trypanosomosis control and
monitoring, Ministry of Science and Technology Addis
Ababa, Ethiopia, Pp. 5-63.
[37] Tewelde, N., (2001): Study on the occurrence of the drug
resistant Trypanosomes in cattle in the farming tsetse control
area (FITCA) project in western Ethiopia, Addis Ababa
University and Freie Universitat, Berlin.
[38] Miruk, A., Hagos, A., Yacob, H. T., Asnake, F. and Basu, A.
K., (2008): ‘Prevalence of bovine trypanosomosis and
trypanocidal drug sensitivity studies on Trypanosoma
congolense in Wolyta and Dawero zones of southern
Ethiopia’. Vet. Parasitol.152, 141-147.
[39] Ameen, S. A., Joshua, R. A., Adedeji, O. S., Raheem, A. K.,
Akingbade, A. A. and Leigh, O. O. (2008): Preliminary
studies on prevalence of ruminant trypanosomosis in
Ogbomoso Area of Oyo State, Nigeria. Middle East J Sci Res.
3, 214-218.
[40] Lelisa, K., Abdela, A and Damena, D. (2016): Prevalence of
Small Ruminant Trypanosomosis in Dangur District, Metekel
Zone, Benishangul Gumuz Region, North Western Ethiopia. J.
Vet. Sci. Technol. 7 (4): 1-4.
[41] Mamoudou, A., Zoli, A., Mbahin, N., Tanenbe, C., Clausen,
B. P. H., Marcotty, Bossche, P. V. and Geerts, S.(2006):
Prevalence and incidence of bovine trypanosomosis on the
Adamaoua plateau in Cameroon 10 years after the tsetse
eradication campaign. Vet. Parasitol. 142, 16-22.
[42] Mekuria, S. and F. Gadissa, (2011): Survey on bovine
trypanosomosis and its vector in Metekel and Awi zones of
Northwest Ethiopia. Acta. Trop.117, 146-151.
[43] Dagnachew, S., Girma, H and Abebe, G. (2011): Acrosssectional study on bovine trypanosomosis in Jawi district of
Amhara Region, Northwest Ethiopia. Ethio. Vet. J. 15, 69-78.
[44] Lelisa, K., Shimeles, S., Bekele, J. and Sheferaw, D. (2014):
Bovine trypanosomosis and its fly vectors in three selected
settlement areas of Hawa-Gelan district, Western Ethiopia.
Onderstepoort. J. Vet. 81(1), 5-10.
[45] Afework, Y., Clausen, P. H., Abebe, G., Tilahun, G. and
Dieter, M. (2001): Appearance of Multiple drug resistant
trypanosome population in village cattle of Metekel District,
North west Ethiopia. Livestock community and environment.
Veterinary Medicine. Copenhagen, Denmark. 1-11.
[46] Terzu, D., (2004): Seasonal dynamics of Tsetse and
Trypanosomosis in selected sites of Southern Nation,

63

Nationalities and peoples Regional State (SNNPRS), Ethiopia.
[47] Bitew, M., Yeshitila, A., Asmamaw, A. and Tadele, T. (2011):
Prevalence of bovine trypanosomosis in selected areas of Jabi
Tehenan district, West Gojam of Amhara region Northwestern
Ethiopia. African J. Agri. Res. 6, 140-144.
[48] Leak, S. G. A., (1999): Tsetse Biology and Ecology: Their
Role in the Epidemiology and control of Trypanosomosis.
CABI publishing in association with the ILRI. pp.152-210.
[49] Feyissa, B., Samson, A. and Mihreteab, B. (2011): Bovine
Trypanosomosis in Selected Villages of Humbo District,
Southern Ethiopia Jimma University College of Agriculture
and Veterinary Medicine. Glob. Vet. 7(2), 192-198.
[50] Radostits, O. M., Gay, C. C., Hinchcliff, K. W and Constable,
P. D. (2007): Veterinary Medicine: A Text Book of Diseases
of Cattle, Horses, Sheep, Pigs and Goats. 10th ed. SaundersElsevier.; pp. 1536-1596.
[51] Pereckiene, A., Kaziūnaite, V., Vysniauskas, A., Petkevicius,
S. and Malakauskas, A. (2007): A comparison of
modifications of the McMaster method for the enumeration of
Ascaris suum eggs in pig faecal samples. Vet. Parasitol. 149,
111-116.
[52] OIE (2009): Manual of standards for diagnostic tests and
vaccines for terrestrial animals, 6th ed. Paris. pp: 813-820.
[53] Afework, Y., (1998): Field investigation on the appearance of
drug resistant population of Trypanosomes in the Metekel
District, North West Ethiopia. Msc thesis, Addis Ababa
University, Free University of Berlin, Faculties of Veterinary
Medicine, Berlin, Germany.
[54] Onyiah, J. A., (1997): African animal trypanosomosis, an
overview of the current status in Nigeria. Trop. Vet. J. 15, 116.
[55] Quadeer, M. A, Danbirni, S., Usman, M., Akogun, O. B.,
Gundiri, M. A. and Bobbo, A. G. (2008): Prevalence of bovine trypanosomosis in Bassa local government area, Plateau
State, Nigeria. Nigeria J. Parasitol. 29, 136-139.
[56] Daya, T. and Abebe, G. (2008): Seasonal dynamics of tsetse
and trypanosomosis in selected sites of Ethiopia. Ethiop. Vet.
J. 12, 77-98.
[57] Dayo, G. K., Bengaly, Z., Messad, S., Bucheton, B., Sidibe, I.
and Cene, B. (2010): Prevalence and incidence of bovine
trypanosomosis in agro-pastoral area of southwestern Burkina
Faso. Res. Vet. Sci. 88, 470–477.
[58] Teka, W., D. Terefe and Wondimu, A. (2012): Prevalence
study of bovine trypanosomosis and tsetse density in selected
villages of Arbaminch, Ethiopia. J. Vet. Med. Anim. Health.4
(3), 36-41.
[59] Rowlands, G. J., Leak, S. G. A., Peregrine, A. S., Nagda, S. M
and Mulatu, W. D. (2001): The incidence of new and the
prevalence of recurrent trypanosome infection in cattle in
Southwest Ethiopia, exposed to a high challenge with drugresistant parasite. Acta Trop. 79(2), 149-163.
[60] Chernet, T., Sani, R. A., Speybroeck, N., Panandam, J. M.,
Nadzr, S. and Van den Bossche, P. (2006): A comparative
longitudinal study of bovine Trypanosomosis in tsetse-free
and tsetse-infested zones of the Amhara Region, northwest
Ethiopia. Vet. Parasitol. 140, 251-258.

64

Efrem Degneh et al.: A Cross-sectional Study of Bovine Trypanosomosis in Sayo District,
Oromia Regional State, Western Ethiopia

[61] Torr, S. J., Mangwiro, T. N and Hall, D. R. (2006): The effects
of host physiology on the attraction of tsetse (Diptera:
Glossinidae) and Stomoxys (Diptera: Muscidae) to cattle. Bull
Entomol Res. 96, 71-84.
[62] Fimmen, H. O., Mehlitz, D., Horchiners, F. and Korb, E.
(1999): Colostral antibodies and Trypanosoma Congolese
infection in calves. Trypanotolerance research and application
GTZ, No, 116, Germany. pp. 173-178.
[63] McDermott, J., Woitag, T., Sidibe, I., Bauer, B., Diarra, B.,
Ouedraogo, D., Kamuanga, M., Peregrine, A., Eisler, M.,
Zessin, K. H., Mehlitz, D and Clausen, P. H. (2003): Field
Studies of Drug Resistance Cattle Trypanosomes in
Kénédougou Province, Burkina Faso. Act. Trop. 86, 93-103.
[64] Stein, J., Ayalew, W., Rege, E., Mulatu, W., Lemecha, H.,
Tadesse, Y. (2011): Trypanosomosis and phenotypic features
of four indigenous cattle breeds in an Ethiopian field study.
Vet. Parasitol. 178, 40-47.
[65] Marcotty, T., Simukoko, H., Berkvens, D., Vercruysse, J.,
Praet, N. and Van Den Bossche, P. (2008): Evaluating the use

of packed cell volume as indicator of trypanosomal infections
in cattle in eastern Zambia. Prevent. Vet. Med. 87, 288-300.
[66] Van den Bossche, P. and Rowlands, G. J. (2001): The
relationship between the parasitological prevalence of
trypanosomal infections in cattle and herd average packed cell
volume. Acta Trop. 78, 163-170.
[67] Lelisa, K., Damena, D., Kedir, M. and Feyera, T. (2015):
Prevalence of bovine trypanosomosis and apparent density of
tsetse and other biting flies in Mandura District, Northwest
Ethiopia. J. Vet. Sci. Technol. 6 (3), 1-4.
[68] Fentahun, T., Tekeba, M., Mitiku, T. and Chanie. M. (2012):
Prevalence of bovine trypanosomosis and distribution of
vectors in Hawa Gelan District, Oromia Region, Ethiopia.
Glob. Vet., 9(3), 297-302.
[69] Van den Bossche, P., de La Rocque, S. Hendrickx, G. and
Bouyer, J. (2010): A changing environment and the
epidemiology of livestock trypanosomiasis.- Trends Parasitol.
26, 236-243.

