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Background: Trypanosomosis is the most prevalent disease and causes serious economic 
losses in Ethiopia. The disease is among the major constraint to camel production in the 
country. Hence, this study aimed to determine the occurrence and associated risk factors of 
camel trypanosomosis in the Borana zone, Ethiopia.
Methods: A cross-sectional study design was conducted from December 2018 to 
December 2019 using parasitological techniques in the Yabelo and Gomole districts of the 
Borana zone. A total of 384 camels were randomly selected and tested using wet blood film 
(thin) and the Giemsa-stained technique. The packed cell volume (PCV) of sampled camels 
was recorded using a hematocrit reader.
Results: An overall 3.91% prevalence of camel trypanosomosis was observed in study areas. 
Trypanosoma-infected camel had significant (P=0.0001) lower mean PCV (20.73±1.91) than 
non-infected camel (27.07±4.35). The current study showed body condition of camel 
(OR=6.8, 95% CI: 1.44–31.83) and season (OR=3.1, 95% CI: 1.04–9.07) as risk factors 
for the occurrence of camel trypanosomosis. However, the sex, age, and origin (district) of 
camel did not affect the occurrence of camel trypanosomosis in the study areas.
Conclusion: Camel trypanosomosis impeded camel production in the study areas. 
Therefore, control and prevent methods considering seasonality, different ecology is neces-
sary to design and implement. Moreover, a further study involving more sensitive molecular 
techniques should be conducted on camel trypanosomosis and their vectors.
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Introduction
Camel is the notable varied species of animal within the arid areas of Asia and Africa, 
significantly within the arid lowlands of countries like Sudan, Ethiopia, Kenya, Eritrea, 
and Djibouti.1,2 The camel population in the world has been estimated as about 35 million 
and more than 95% of these were found in developing countries.3 Ethiopia has about 
2 million camels and most of them were kept in southeastern pastoral areas of the 
country.4 Camel production is the major livelihood of most people in the Somali, Afar, 
and Oromia regions. The camel is the most effective domesticated animal for changing 
fodder into work, transport, milk, and meat.5 Within the desert areas, camels could be 
important animals to the existence of individuals as the supply of food means that of 
transportation and most significantly its milk is used as drugs for various ailments.6
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Camel husbandry is the primary source of living for mil-
lions of pastoralists in the arid and semiarid zone in Ethiopia 
and the country stands third in camel production in the world.3 

Camels have a multi-purpose role within the drylands of 
Ethiopia like transporting grain, water, salt, and for production 
of milk and meat. Moreover, throughout drought conditions 
camels are the animal less likely affected and remain 
a consistent means that of transport; thus referred to as the 
ship of the desert. Like bovine, camel supports a range of 
resources (milk, meat and hide), they are a type of investment, 
and that they play a crucial role in pastoralist culture. They 
sustain the lifetime of pastoralists in those harsh environmental 
conditions as a result of they are the foremost economical 
animals in changing fodder into energy for work expendable 
products like meat and milk.7 Moreover, the camel is relatively 
less prone to several of the devastating disease; that affects 
different species like render pest, contagious pleuropneumo-
nia, and foot and mouth disease; nevertheless, they are littered 
with several other diseases.8

Trypanosomosis is a serious pathogenic disease in camel 
caused by Trypanosoma evansi and it is endemic in tropical 
and subtropical areas.9 Camel trypanosomosis is the most 
prevalent disease in Ethiopia (22%) and serious economic 
loss results from morbidity (30.0%) and mortality (3.0%) of 
camels in the country.1 Camel trypanosomosis or Surra is one 
of the major problems worldwide and it can attack camels at 
any age, even fetuses. In Ethiopia particularly in the Borana 
zone, the disease is widespread reducing thus the camel pro-
duction and productivity.10 Usually, trypanosomosis in camel 
results in anemia, weight loss, pale mucous membranes, 
enlarged lymph node, loss of milk and meat, and abortion.11

The principle for the management of camel trypanoso-
mosis was dependent on reducing the contact between 
camel and vectors. To effectively control camel trypano-
somosis, it is crucial to know the magnitude and associated 
risk factors of the disease in the areas. This study helps to 
implement appropriate control and prevention methods. 
However, a little study is available that determines the 
occurrence and associated risk factors of Trypanosoma 
infection in the camel of study areas. Therefore, this 
study aimed to determine the magnitude and associated 
risk factors of camel trypanosomosis in study areas.

Materials and Methods
Study Areas
The study was carried out in two districts namely, Yabelo and 
Gomole districts which are located at 570 and 530 km from 

Addis Ababa, the capital city of Ethiopia, respectively. 
Gomole district is situated at 40km North of Yabelo district. 
Gomole district is located at attitude 1857 meters above sea 
level, 4°52ʹN 38°5ʹE latitude and 4.884°N 38.082°E long-
itudes while Yabelo district was located at 4°53ʹN 38°5ʹE 
latitude and 4.883°N 38.083°E longitudes. The areas have 
bimodal (two seasons) rainfall patterns with a mean annual 
rainfall of 558mm and a mean annual temperature of 19.0°C. 
January and August were the driest months with very low 
precipitations while April has high precipitation (average of 
158 millimeters). The warmest period in the year is from 
March to May months, while the lowest annual minimum 
temperatures occur in November and January. The landscape 
is marked by gently sloping low lands and flood plains 
vegetated predominantly with grass and bushland. The gen-
eral vegetation type is Acacia of savanna vegetation types 
dominated by bush and acacia trees. The people in the area 
are kept livestock as a major activity, based on the traditional 
pastoralist system. Borana Zone has 1,416,180 cattle, 
776,870 head of sheep, 126, 2782 goats, and 23, 7250 
camels.4 The pastoralist also grows some crops for their use 
in the valley area (Figure 1).

Study Population
The study population was dromedary camels including all 
sex, different age groups, and body conditions in Yabelo 
and Gomole districts. The study comprised a recording of 
age, sex, and body condition of camels in the areas to 
determine the prevalence of camel trypanosomosis and 
associated risk factors using parasitological techniques. 
The age of camels was categorized as less than 4 years 
were considered as young and above 4 years were cate-
gorized as an adult.

Sampling Procedure and Sample Size 
Determination
A cross-sectional study design was conducted in the 
Yabelo and Gomole districts of the Borana zone from 
December 2018 to December 2019 to determine the mag-
nitude and associated risk factors of camel trypanosomo-
sis. Yabelo and Gomole districts were selected purposely 
based on the number of camel populations. A total of 
eight pastoral associations (PAs) were selected randomly 
from the two districts (four PAs from each district). 
Similarly, a total of sixteen villages were selected from 
those PAs using the lottery method. Olla (local language – 
Afan Oromo) is characterized by the clustering of 
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households with proximity houses in a pastoral campy. 
Each village is traditionally administered by a village 
chief, Abba Olla, who is an important contact person in 
facilitating cooperation among camel owners. Sampling 
frames of individual camels were obtained from Abba 
Olla in each respective villages. A random sampling tech-
nique was employed to select camel herds from each 
village. A simple random sampling was conducted to 
select individual camels from each herd. To estimate the 
sample size 95% level of confidence (CL), 5% desired 
absolute precision, and the expected prevalence of 50% 
was used. The sample size was determined by using the 
formula given by Thrusfield.12 Therefore, a total of 384 
camels were needed to demonstrate the prevalence of 
camel trypanosomosis.

Sample Collection and Laboratory 
Examination
Blood samples were collected from the jugular vein of 
each camel with the help of a sterile lancet after 

disinfecting the site with 70% alcohol. Then, a blood 
sample was drawn by a heparinized capillary tube. The 
collected blood samples were centrifuged at 12,000 rpm 
for 5 minutes immediately in a hematocrit centrifuge and 
read under microhematocrit to determine package cell 
volume (PCV) for each sample. The camel with PCV ≤ 
24% was assumed as anemic.13,14 The contents of the 
capillary tube (above 1mm and below the buffy coat) 
were tested using the buffy coat technique to identify the 
Trypanosoma parasite under magnification 40x light 
microscope.15,16 Thin blood smears were prepared from 
Trypanosoma positive samples and prepared samples were 
dried and fixed with methanol on the day of preparation 
for five (5) minutes to avoid all possible deteriorations. 
The prepared samples were immersed in the Giemsa stain 
solution for 40 minutes. Then, the slides were tested using 
×100 magnifications with an oil immersion microscope. 
Trypanosoma species were identified based on the mor-
phology of the Trypanosoma parasite like the size of the 
parasite, shape of the posterior end, size and position of 

Figure 1 Map showing study areas (Yabelo and Gomole districts).
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the kinetoplast, and presence or absence of the flagellum 
following the procedure of Murray et al.15

Data Management and Analysis
The collected data during the study were entered into 
a Microsoft Excel spreadsheet. The prevalence of camel 
trypanosomiasis was computed by dividing a positive sample 
by a total sample collected. The confidence interval at 95% 
was calculated for each prevalence using Epitools online.17 

The Student’s t-test was conducted to compare the mean 
PCV of the infected camels with that of the non-infected 
camels. The presumptive risk factors of the Trypanosoma 
parasite in camel were tested using the logistic regression 
model.18 The variables were tested for multicollinearity and 
interaction effect using collinear matrix index and cross- 
product term respectively, after univariable logistic regres-
sion analysis. Then, variables with p≤0.05 in univariable 
analysis were entered into multivariable logistic regression 
analysis. The potential risk factors of camel trypanosomosis 
were identified using multivariable logistic regression analy-
sis. The fitness and validity of the model were assessed by the 
Hosmer–Lemeshow test and ROC curve, respectively.18,19 

All analyses were performed using STATA version 13.0 soft-
ware. In all cases, a p-value of 0.05 and a 95% confidence 
interval (CL) were used for significance.

Results
Prevalence of Camel Trypanosomosis in 
Study Areas
From a total of 384 camels tested, 15 were positive for 
Trypanozoon using wet blood film (thin) and the Giemsa- 
stained technique. The overall 3.91% of camel trypanoso-
mosis was recorded in the areas. Trypanozoon was the 
Trypanosome subgenus documented in camel in the study 
areas. The Trypanosoma infection was higher in Gomole 
(4.46%) than in Yabelo (3.30%) districts (Table 1).

Hematological Finding
Trypanozoon infection causes anemia with a mean PCV 
infected camel of 20.73±1.91 and non-infected camel 
(27.07±4.35) with statistically significant difference 
(P=0.0001) as stated in Table 2.

Univariable Logistic Regression Analysis 
of Risk Factors of Camel Trypanosomosis
The number of positive camels to Trypanozoon that origi-
nated from Gomole district (4.46%) was higher than those 

from Yabelo district (3.30%). However, there was no dif-
ference (P=0.340). Likewise, a lower prevalence of camel 
trypanosomosis was observed in males (2.98%) than 
females (4.63%) with a statistically insignificant difference 
(P=0.410). Even though a higher prevalence of camel 
trypanosomosis was noted in adults (3.76%) than young 
(3.98%), no significant difference was observed (P=0.914). 
Similarly, a higher prevalence of camel trypanosomosis 
was recorded in the wet season (6.21%) than in the dry 
season (2.51%) (P=0.079). Nevertheless, an insignificant 
difference was observed between seasons in univariable 
logistic regression analysis (P=0.079). The highest preva-
lence of camel trypanosomosis was recorded in camel had 
poor body condition (7.75%) following by medium 
(2.75%) and good body (1.37%) condition. Poor body 
condition camel had the highest odds (OR=6.1) of trypa-
nosomosis compared to good body condition camel with 
statistically significant difference (P=0.022) as indicated in 
Table 3.

Multivariable Logistic Regression Analysis 
of Risk Factors of Camel Trypanosomosis
The explanatory variables with p≤0.25 in univariable analy-
sis with no multicollinearity were further analyzed using 
multivariable logistic regression. No significant interactions 
were detected between variables. The model was fitted the 
data well as indicated by the Hosmer–Lemeshow test 

Table 1 Distribution of Camel Trypanosomosis in Gomole and 
Yabello Districts

Study 
Areas

Total Camels 
Tested

Prevalence 
(%)

95%; CI

Yabelo 182 6 (3.30) (0.70–5.89)

Gomole 202 9 (4.46) (1.61–7.30)
Overall 384 15 (3.91) (1.97–5.84)

Abbreviation: CI, confidence interval.

Table 2 Association Between Anemia and Trypanosomosis in 
Camels

Infection 
Status

Observation Mean 
PCV±SD

CI; 95% P-value

Non- 
infected

369 27.07±4.35

Infected 15 20.73±1.91 4.12–8.56 0.0001

Abbreviations: PCV, packed cell volume; SD, standard deviation; CI, confidence 
interval.
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(χ2=1.244, p=0.871) and the area under ROC (0.748) was 
also revealed that the model had a good predictive ability. 
The final multivariable logistic regression model showed 
that a camel with poor body condition was 6.8 times more 
likely to be exposed to Trypanosoma infection compared to 
a good body condition one. Similarly, the camel had higher 
odds (OR=3.1) of trypanosomosis in the dry season than wet 
season (Table 4).

Discussion
An overall 3.9% prevalence of camel trypanosomosis 
recorded in the present study agreed with the prevalence 
stated by Kassa et al8 4.4% and Tadesse et al20 3.5% in the 
Fentale district and Jijiga zone, respectively. Comparable 
prevalence of trypanosomosis was also documented by 
Gerem et al2 and Gerem and Hamid21 4.5% in selected 
districts of the Afar region. The low prevalence observed 

in the current study and previous ones may be related to 
regular treatment and avoiding the movement of camel herds 
to insect challenges areas. Camel herders were aware of the 
seasonality and ecology of the biting flies and this could 
reduce the disease challenge.22 Moreover, the transmission 
of camel trypanosomosis was varied based on agroecology 
and density of biting flies.23 This might lead to the low 
recorded prevalence of the current study. However, the pre-
sent prevalence was lower compared to the findings of 
Hagos et al24 12.1% and Megersa25 10.5% and Abdurkadir 
et al26 10.2% in Ethiopia and prevalence of 8.3% Swai et al27 

from Tanzania and 11.5% in Bhutto et al28 from Pakistan. 
Similarly, a higher prevalence of trypanosomosis than the 
present finding was also reported 21% in Ethiopia,29 28% in 
Kenya,30 68.7% in Somalia,31 and 20.6% in Egypt.32 This 
difference may be related to the difference in the ecosystem, 
distribution, and uses of the trypanocidal drug and the 

Table 3 Univariable Logistic Regression Analysis of Presumptive Risk Factors of Camel Trypanosomosis in Gomole and Yabello 
Districts

Variable Level No Camel Tested No Positive Camel (%) COR (95% CI) p-value

District Gomole 202 9 (4.46)

Yabello 182 6 (3.30) 1.4 (0.48–3.92) 0.340

Sex Female 216 10 (4.63)

Male 168 5 (2.98) 1.6 (0.53–4.72) 0.410

Age Adult 251 10 (3.98)

Young 133 5 (3.76) 1.1 (0.36–3.17) 0.914

Body condition Good 129 10 (7.75)

Medium 109 3 (2.75) 3.0 (0.80–11.08) 0.105
Poor 146 2 (1.37) 6.1 (1.30–28.15) 0.022

Season Wet 145 9 (6.21)
Dry 239 6 (2.51) 2.6 (0.90–7.38) 0.079

Abbreviations: COR, crude odds ratio; CI, confidence interval.

Table 4 Final Multivariable Logistic Regression Model for Potential Risk Factors of Camel Trypanosomosis in Gomole and Yabello 
Districts

Variable Category Number of Camels Examined Number of Positive Camel (%) AOR (95% CI) p-value

Body condition 0.021

Good 129 10 (7.75)
Medium 109 3 (2.75) 3.6 (0.94–13.55) 0.063

Poor 146 2 (1.37) 6.8 (1.44–31.82) 0.016

Season

Wet 145 9 (6.21)
Dry 239 6 (2.51) 3.1 (1.05–9.07) 0.041

Abbreviations: AOR, adjusted odds ratio; CI, confidence interval.
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seasons when the studies were conducted in which distribu-
tion of biting flies are either increase or decrease.

In the present study, Trypanozoon was the 
Trypanosome subgenus that causes camel trypanosomosis 
in the areas which is in agreement with a study done in 
Somalia33 who found 5.3% of infection was due to 
Trypanozoon, whereas only 0.06% of the infections were 
due to T. congolense and T. vivax. Infection caused by 
Trypanosoma congolense is expected in tsetse fly- 
infested areas whereas T. vivax can occur anywhere as 
far as biting flies and parasites exist. In the Borana area, 
however, only biting flies exist and the occurrence of 
Trypanosoma congolense is less likely. Tabanus and 
Stomoxys genus are the most important biting flies that 
transmitted Trypanozoon infection in this area.30,34 Similar 
to this, various studies in tropical areas showed that the 
occurrence of Trypanozoon infection was associated with 
the number of biting flies.8,30 The presence of biting flies 
in all seasons ensures that the transmission of the parasite 
occurs wherever that co-existence of the reservoir and 
susceptible hosts.30

The present study showed that Trypanozoon infection 
was associated with anemia as the mean PCV of infected 
camel (20.73±1.91) was significantly (P=0.0001) lower 
than non-infected camel (27.07±4.35). The infected 
camel with PCV less than or equal to 24% was assumed 
as an anemic.13,14 Thus, Trypanozoon infection may be 
reduced the PCV of a diseased camel. There was also 
a non-infected camel with PCV <24%. This may be due 
to delayed recovery of anemia condition after treatment 
and anemia also caused by nutritional deficiencies, hel-
minthiasis, blood parasite, and other infectious diseases.35 

The infected camel with PCV >24% was also recorded in 
this study. The reason for this may be some camel able to 
control PCV within the normal range or they were recently 
infected camel. The current result is consistent with pre-
vious results in the country36–38 and elsewhere,35,39 who 
reported that the mean PCV of trypanosomosis infected 
camels were significantly lower than non-infected camels.

The current study indicated that body condition was 
significantly associated with the occurrence of camel try-
panosomosis. The odds of trypanosomosis were 6.8 times 
higher among camels with poor body condition than those 
in good body condition. This may be due to trypanosomo-
sis results in progressive emaciation of infected camel,; 
however, non-infected camel under good condition have 
well-developed immune status that can respond to any 
foreign protein better than those of non-infected camel 

with poor body condition.11,40 This finding is in line with 
previous results,38,41 which stated that the occurrence of 
camel trypanosomosis was associated with the body con-
dition of the camel. The season was another risk factor that 
has shown significantly associated with the occurrence of 
trypanosomosis in the camel. Camel had three times 
(OR=3.1) odds of Trypanosoma infection in the dry season 
than the wet season. This might be camels were over-
crowded at a watering point during the dry season which 
facilitated the transmission of parasites among camels.42 

Our result agrees with the findings of32,43 who stated that 
season was associated with the occurrence of 
Trypanosoma infection in camel.

Even though a higher prevalence of trypanosomosis 
was recorded in the Gomole district than in the Yabelo 
district, an insignificant difference was noticed between 
districts. This might be associated with the agroecology 
of the Gomole district which has several animal watering 
points and the presence of different size trees and shrubs 
along with year-round natural or artificial lakes and ponds. 
In agreement with the present finding, Gerem et al2 found 
a statistically insignificant difference between the districts. 
Even though a statistically insignificant difference was 
observed between age groups, a higher prevalence of 
camel trypanosomosis was recorded in young camel. 
This might be due to having less immunity to resist and 
more susceptible to the protozoan than that of the matured 
ones. This finding significantly differs from the previous 
report from Mauritania which reported that young camel 
(<1 year age) was less likely to be infected with 
Trypanozoon infection.44 Surra can attack camels at any 
age, even fetuses.10 This is because that is impossible to 
control of biting fly which is found everywhere and there 
is an equal chance of bite by flies in both adult and young. 
Similar to this finding, Kassa et al8 stated a higher pre-
valence in young than an adult in the Afar region. This 
result is in line with the findings of Sobhy et al32 who 
found a low prevalence of Trypanosoma parasite in adults 
than young camels.

In the current study, a higher prevalence of trypanosomo-
sis was recorded in female than male camels,; however, the 
difference was statistically insignificant. This result is in line 
with previous findings in Pakistan and Egypt which reported 
a higher prevalence of trypanosomosis in female than male 
camels.28,32 This also agrees with the findings of Olani et al45 

and Shah et al46 who reported a higher prevalence of trypa-
nosomosis in females than male camels. This might be due to 
stress during pregnancy and lactation, which could decrease 
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resistance in female camels and render them more suscepti-
ble to Trypanosoma infection. In agreement with this finding, 
a previous study also reported as Trypanosoma infection was 
high during pregnancy and lactation this reduce the resistance 
and increase susceptibility to the disease.47

Conclusion and Recommendations
The present finding showed that trypanosomosis was 
a common disease in the camel herd of the most district 
of the study areas with a higher prevalence in the 
Gomole district. Camel had poor body condition was at 
increased risk of acquiring Trypanosoma infection. 
Similarly, the occurrence of trypanosomosis in the 
camel was influenced by season. Trypanozoon was the 
Trypanosome subgenus that causes camel trypanosomo-
sis in study areas. Anemia is one of the characteristics of 
camel trypanosomosis. Camel trypanosomosis was an 
impediment to camel production in the study areas. 
Therefore, control and prevent methods considering sea-
sonality, different ecology is necessary to design and 
implement. Moreover, a further study involving more 
sensitive molecular techniques should be conducted on 
camel trypanosomosis and its vectors.
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