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Brucellosis is one of the most important causes of abortion in cattle resulting in signifi-
cant economic losses and public health concerns in the developing countries. A case-control 
study was conducted from October 2016 to October 2017 to investigate risk factors of bru-
cellosis in aborted cattle in Jimma zone. During the study period, 141 cases and 282 controls 
were selected to assess and compare the presence of anti-Brucella antibodies between cases 
and controls. Cattle that had experienced abortion were defined as cases, whereas controls 
were cattle that had no record of abortion. Sera samples were collected from both cases and 
control cattle groups for laboratory tests (serological test). The existence of the anti-Brucella 
antibodes in serum samples was first tested by the Rose Bengal Plate test, and the all positive 
samples were confirmed using the complement fixation test. An overall of 4.02% seropreva-
lence of brucellosis was recorded in the study areas. Antibody against Brucella organism was 
higher among cases (6.38%) than controls (2.84%). Multivariable logistic regression analysis 
identified age (OR 14.16, CI= 2.91-28.84), breed (OR 5.36, CI= 1.76-11.33), herd size (OR 
11.82, CI= 1.31-16.17) and species composition (OR 5.10, CI=1.49-13.43) as risk factors (p < 
0.05) for Brucella seropositivity. This study documented the occurrence of cattle brucellosis in 
study areas. Thus, applicable control methods and creating public awareness on the zoonotic 
transmission of brucellosis should be conducted. Moreover, further study considering more 
causes should be carried out to identify the specific causes of abortion in cattle for the prepa-
ration of the appropriate vaccine. 

         a          b          b
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Introduction 

Abortion in cattle is defined as loss of pregnan-
cy within the day 42 to day 260 of gestation 

[1]. Termination of pregnancies before day 42 is typ-
ically referred to as early embryonic death, whereas a 
calf that is born dead between day 260 and the full 
term is mentioned as stillbirth [2]. Abortion results 
from infectious agents (bacteria, viruses, protozoa, 
and fungi) and non-infection causes such as heat 
stress, nutritional deficiencies, trauma, toxic substanc-
es, etc [3,4]. The infectious agents result in extensive 
economic losses, showing the requisite for control 
measures to prevent infection cause of abortion [5].

Among infectious causes, brucellosis is one of 
the most important causes of abortion in cattle and 
challenges to dairy industry [6]. It results in huge 
economic losses and public health concerns world-
wide [7, 8]. Brucellosis in cattle is primarily caused 
by Brucella abortus, and B. melitensis and B. suis are 
seldom cause the disease in cattle. This disease is char-
acterized in cattle by causing abortion, retained fetal 
membranes and infertility [9]. Contact with aborted 
cow, aborted fetus, or the contaminated fomites are 
the major routes of Brucella transmission [10]. Risk 
factors such as increased herd sizes, increased age, 
sex of cattle and husbandry practices are identified as 
precipitating factors for the occurrence of diseases in 
cattle [11, 12, 13, 14].  

Brucellosis has higher incidence in a mixed live-
stock production system. Where people live with their 
livestock, they are also at higher risk of acquiring the 
disease [15]. The evidence for Brucella infections in 
cattle has been serologically evaluated by different au-
thors [15, 16, 17, 18, 19]. According to some reports, 
Brucella seroprevalence is higher in the intensive 
farming systems than in extensive cattle rearing sys-
tems. 

Recent reports by different reports [6, 20, 21, 22, 
23] indicate that brucellosis is still a widespread dis-
ease, resulting in huge economic losses due to abor-
tions. A limited number of studies have been con-
ducted on brucellosis in a case-control approach. 
Moreover, almost all of the surveys were limited to 
the study of bovine brucellosis based on the cross-sec-
tional study. A case-control study is paramount for 
Brucella organism assessment as a cause of abortion in 
cattle [24]. Hence, this study was carried out with the 
aim of investigating the risk factors of brucellosis in 
aborted cattle of Jimma zone, Ethiopia. 

Results        

From a total of 423 (141 cases and 282 controls) 
tested cattle 4.02% were positive for the anti-Brucel-

la antibody by using CFT. A higher seroprevalence of 
brucellosis was observed in cases (6.38%) than con-
trols (2.84%). Statistically significant (p < 0.05) differ-
ences in serostatus of the anti-Brucella antibody was 
observed among age categories. Relatively older ani-
mals were found to be more likely to be seropositive 
than their younger counterparts. Besides, variation in 
the seroprevalence of Brucella organism between the 
two breeds was statistically significant (p < 0.05). The 
local breed of cattle being almost four times (OR=4.04) 
more likely to harbor the anti-Brucella antibody com-
pared to crossbred animals. Similarly, the variation in 
the serostatus of Brucella organism between pregnant 
and non-pregnant cows was statistically significant, 
where pregnant cows were three times (OR=3) more 
likely to harbor anti-Brucella antibody compared to 
non-pregnant ones. However, body condition, abor-
tion period, retained fetal membrane and parity were 
not able to explain the seroprevalence distribution of 
the anti-Brucella antibody (Table 1).

Statistically significant variation (p < 0.05) was 
observed between Brucella serostatus and herd sizes. 
Cattle from large herd size category were almost eight 
times (OR= 8.29) more likely to be seropositive for 
anti-Brucella antibody than the cattle from the small 
herd size category. Similarly, a statistically significant 
difference in the serostatus of Brucella organism (p < 
0.05) was observed in cattle herded with sheep and/ 
goats; those having close contact with small rumi-
nants had about four times (OR=4.42) more chance 
to be infected with Brucella organism than those with 
no contact. However, the study districts, agro-ecology, 
management system and introduction of the new ani-
mal were not significantly associated with anti-Brucel-
la antibody distribution among cattle (Table 2).

No significant interactions (p > 0.05) between 
variables were detected. A Hosmer-Lemeshow good-
ness-of-fit value (p = 0.94), indicated that the model 
was fit the data. The model had the good predictive 
ability (ROC=0.82). The final multivariable logistic 
regression model showed that age, breed, herd size 
and species composition of domestic ruminants were 
independently associated (p < 0.05) with the seroprev-
alence of cattle (Table 3). 

Discussion      

A case-control study is paramount for the Brucel-
la organism to investigate associated risk factors of 
brucellosis [24]. An overall of 4.02% seroprevalence 
of anti-Brucella antibody was recorded in the present 
study. A similar level of prevalence was reported by 
previous studies [27, 38], that reported a seroprev-
alence of 3.2% from the central and 4.8% from the 
southern Ethiopia. Likewise, other studies [40, 41] 
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Table 1 
Univariable logistic regression analysis of host-related risk factors of cattle brucellosis in the study areas  

p-valueOR (95% CI)Controls Cases CategoryVariables

0.035Age

1811<3 years (Ref)

0.0353.92 (1.10-13.96)137673-6 years

0.0125.92 (1.49-23.52)12763>6 years

Breed

6749Cross (Ref)

0.0034.04 (1.5-10.89)21592Local

0.269BCS

3321Poor (Ref)

0.3131.84 (0.56-6.01)17391Medium 

0.1094.12 (0.76-23.26)7629Good 

0.216Parity

11272Nulliparous (Ref)

0.2062.31 (0.63-8.47)7240Monoparous

0.1442.63 (0.72-9.62)9829Pluriparous

Pregnancy status

11154Non-Pregnant (Ref)

0.0343.0 (1.09-8.28)17187Pregnant

0.070Abortion period

2820No history (Ref)

0.8321.26 (0.15-5.29)044After 5th month

0.0290.33 (0.12-0.89)097Before 5th month 

Retained placenta

21975No (Ref)

0.1380.478 (0.18-1.27)6366Yes

OR: Odds Ratio; CI: Confidence Interval, Ref: Reference; BCS: Body condition score

reported 4.6% seroprevalence in selected regions of 
Ethiopia; [34] reported 3.1% in Jimma zone; [42] re-
ported 4.3% in Adami Tulu and [43] reported 4.9% in 
northwest Ethiopia. Comparable prevalence was also 
reported by [44] 4.2% and 3.3% [45] in Eritrea and the 
Central African Republic, respectively. However, the 
seroprevalence report in this study is lower than some 
previous studies carried out in the country: 11.2% in 
East Shewa [46]; 6.1% in western Tigray [13]; 14.1% 
in Assela [47]; and 10.6% in Borana [21]. Similarly, 
higher seroprevalence was also reported in other Afri-
can countries, For instance, 6.6% in Ghana [48], 41% 

in Togo [49], 6.6% in Chad [50] and 46.8% in Uganda 
[51]. On the other hand, the seroprevalence reported 
in the current study was higher than the 2.9% report-
ed in central Ethiopia [52]; 1.7% in Sidama zone [17]; 
2.6% in Arsi zone [23] and 1.4% in central Ethiopia 
[22, 53]. The variation in seroprevalence of brucel-
losis may be related to the prevalence of brucellosis 
that may vary based on the breed involved, manage-
ment and environmental factors that influence the 
transmission rate of Brucella organism. This result 
is in agreement with a study [10] that reported that 
Brucella infection varies from country to country and 
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also between regions even within a country.
In this study, an increase in age is associated with 

the increased risk of being Brucella seropositive; older 
animals (>6 years) were fourteen times (OR=14.16) 
more likely to be infected by brucellosis compared to 
their younger age groups. Similarly, several studies in-
dicated age as one of the important risk factors influ-
encing Brucella serostatus in cattle [12, 15, 16, 21, 32, 
37, 54, 55, 56] in Ethiopia and elsewhere. This report 
is in line with the standard veterinary literature which 
supports younger animals tend to be more resistant 
to infection and being frequently infection-clear. Old-
er animals are more susceptible to brucellosis than 
younger animals, which are due to sex hormones and 
erythritol that stimulate the growth and multiplica-
tion of bacteria [9]. 

There is an argument among different researchers 

on the issue of breed susceptibility to brucellosis. This 
study revealed that breed caused statistically signifi-
cant variations in Brucella serostatus with the odd of 
the disease being five times (OR=5.36) higher in local 
than the crossbred breeds. The better management in 
the crossbred herds, intensive feeding that minimizes 
contacts between animals may be responsible for this 
difference. This finding is consistent with some pre-
vious studies in Ethiopia and elsewhere [12, 22, 43, 
55, 57, 58] showing that the seropositivity for the an-
ti-Brucella antibody was significantly associated with 
the breed in cattle. However, several studies [37, 39, 59, 
60,] report that breed was not significantly associated 
with Brucella seropositivity in cattle in different parts 
of the country. Similarly, a few other studies [11, 61, 
62] also reported no significant association between 
Brucella seropositivity and cattle breed in Zambia, Ni-

Table 2 
Univariable logistic regression analysis of managemental and environmental-related risk factors of cattle brucellosis in the 
study areas

p-valueOR (95% CI) Controls Cases CategoryVariables

District

16683Limu Seka (Ref)

0.3211.71 (0.59-4.95)11658Chora Boter

Agro-ecology

234117Mid-altitude (Ref)

0.2403.39 (0.44-25.99)4824Lowland

Management system

18291Semi-intensive (Ref)

0.3451.61 (0.60-4.31)10050Extensive

Introduction of new 
animal

68No (Ref)

0.0542.71 (0.98-7.46)14673Yes

0.036Herd size

12060Small (Ref) 

0.1872.18 (0.69-6.92)6834Medium 

0.0448.29 (1.06-64.60)9447Large 

Species composition

168Only cattle (Ref)

0.0084.42 (1.47-13.26)266133
Mixed with sheep 

and/ goat

OR: Odds Ratio; CI: Confidence Interval, Ref: Reference
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geria, and Malaysia, respectively. This variation could 
be due to the difference in environmental factors and 
management systems. 

In the present study, statistically significant vari-
ation has been observed in the seroprevalence of 
anti-Brucella antibody between different herd sizes; 
larger herd sizes were almost twelve times (OR=11.82) 
more likely to be seropositive. Herd size has previous-
ly been reported in Eritrea as an important determi-
nant for transmission of Brucella organism between 
susceptible and infected animals [44] and thus; larger 
herds were more likely to have at least one positive an-
imal than smaller herds [63]. Several authors in Ethi-
opia and Zimbabwe also reported that large herd size 
enhances the exposure to and maintenance of Brucel-
la organisms following abortions through increased 
contact at common feeding and watering points [12, 
16, 17, 18, 64]. However, contrary to this another 
study [37] reported that the risk of seropositivity was 
independent of herd size in the central Ethiopia. The 
observed variation could be attributed to various fac-
tors including agro-ecology and management system. 

In this study, cows from households herding cat-
tle together with goats and/ sheep had five times 
(OR=5.10) more odds of brucellosis than those kept 
without other species. Herding of these animals to-
gether increases the chance of cross-species trans-

mission of Brucella organisms. Brucella organism is 
not strictly host-specific; Brucella melitensis has been 
isolated from cattle [65] and thus, herding together 
might have increased the spillover of the pathogen 
from small ruminants to cattle. Moreover, herding 
more cattle at one farm may increase animal density 
and chance of contact among animals, as a result, fa-
cilitating exposure to Brucella species and increasing 
the chance of acquiring the disease [66]. This finding is 
in line with the previous study [21], that reported the 
mixing of sheep and/ goats with cattle increased risk of 
Brucella seropositivity in cattle in Borana zone, Ethi-
opia. Moreover, other reports from Eritrea [44], Ma-
laysia [62] and Jordan [63] also confirmed that mixed 
farming especially raising sheep and/ goats along with 
cattle was a risk for Brucella spread among different 
animal species. This is different from the findings of 
another study [67], that reported that keeping sheep 
and/ goats with cattle is not significantly associated 
with Brucella seropositivity in Sudan. This variation 
could be due to the difference in environmental fac-
tors, breed of animals, and management system.

In conclusion, the present study shows that cases 
have higher Brucella seropositive status than control 
cattle groups. Higher Brucella seropositivity was re-
corded in this study. This indicates that brucellosis 
causes huge economic losses and serious public health 

Table 3 
Final multivariable logistic regression model of risk factors associated with cattle brucellosis in the study areas

p-value Adjusted OR (95% CI)Controls  Cases Variables

0.004Age

1811    <3 years (Ref)

0.0146.43 (1.46-12.34)13767    3-6 years

0.00114.16 (2.91-28.84)12763    >6 years

Breed 

6749     Cross (Ref)

0.0035.36 (1.76-11.33)21592     Local

0.037Herd size

12060    Small (Ref) 

0.1092.77 (0.62-2.93)6834    Medium 

0.02411.82 (1.31-16.17)9447    Large 

Species composition

168    Only cattle (Ref)

0.0095.10 (1.49-13.43)266133
    Mixed with sheep  
and/ goat

OR: Odds Ratio; CI: Confidence Interval, Ref: Reference 
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problem. The present study identified that age, breed, 
herd size, and species compositions as risk factors for 
Brucella seropositivity in cattle. Hence, different live-
stock species need to be kept and maintained sepa-
rately to reduce the risk of transmission of Brucella 
among them. It is also important to conduct applica-
ble control methods and increasing public awareness 
of the zoonotic transmission of brucellosis. Moreover, 
further study should be carried out to identify the spe-
cific causes of abortion in cattle for the preparation of 
the appropriate vaccine.

Material and methods   

Study areas  
The study was conducted from October 2016 to October 2017 

in selected districts of Jimma zone. These districts are one of the 
potential areas for cattle production in the zone. Limu Seka dis-
trict is situated 109 km from Jimma town. The district is located at 
an altitude of 1400-2200 meter above sea level, 09°29’ North lati-
tude and 37°26’ East longitudes. The agroecology is characterized 
by 13% highland and 55% mid-highland and 32% lowland. The 
average temperature varies from a minimum of 15.1°C to a maxi-
mum 31°C. There are two distinct seasons in Limu Seka: the rainy 
season (from late March to October), and the dry season (Novem-
ber to early March). Limu Seka district has 295,627 cattle, 104,892 
sheep, 89,079 goats and 134,370 human populations. Chora Boter 
district is located 112 km from Jimma town. The district is located 
at 9°-10°24’ North latitude and 37°56’-40°35’ East longitude with 
an altitude range of 1100-2200 meter above sea level. The agro-
ecology is characterized by 25% highland, 73.5% mid-highland 
and 2.3% lowland. The annual average temperature ranges from 
18.3°C to 26.7°C. Similar to the Limu Seka district, the district 

has two seasons. The rainfall is often more than 1,800-2,200 mm 
per annum. Chora Boter district has 228,846 cattle, 47,854 sheep, 
68,037 goats and 215,348 human populations. There are two man-
agement systems in the area: these are extensive (crop-livestock 
production) systems and semi-intensive (urban production). Lo-
cal cattle are the dominant breed in the area and crossbred Hol-
stein- Friesian also present (Figure 1).

Study population, design and methods
Target populations were female cattle in the selected districts 

of Jimma zone. The study population was breeding cattle in se-
lected peasant associations of the study districts. Animals in this 
study were female cattle from herd having three and above cows 
and/or heifers with a history of abortion. Case-Control study de-
sign was used, where cows or heifers that had experienced abor-
tion were defined as cases. Controls were cows or heifers from the 
same herd but had no record of abortion with the age of two years 
and above. Abortion was the loss of pregnancy from 42 to 260 days 
of gestation [1] for this study. Jimma zone was selected purposive-
ly based on the dominant of cattle population, while the peasant 
associations, village, and herd were selected randomly. A simple 
sampling method was used to select a sample of animals. Cattle 
involved in this study had no vaccination against brucellosis.

Sampling procedure and sample size determina-
tion 

Limu Seka and Chora Boter districts were selected purposive-
ly based on the history of abortion. A total of ten peasant associa-
tions were included from these districts using a random sampling 
technique, where six peasant associations were from Limu Seka 
and four of them from Chora Boter. Cows/heifers with a history 
of abortion in the herd were selected purposely based on districts’ 
veterinary clinic case book and the owners’ information. Before 
the selection of herds with the history of abortion, the availabil-
ity of cases were checked. To incorporate more herds (clusters), 

Figure 1
Map of the study areas (Limu Seka and Chora Boter districts).
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the number of cases per herd was limited to a maximum of two 
and four control per herd. The necessary minimum sample size 
was calculated using [25] base on case-control study design with 
a predetermined odds ratio (OR) of 3, an expected prevalence of 
exposure in control groups of 10%, a desired level of 95% confi-
dence, 5% precision, and a power of 80% [26, 27], thus leading to 
a sample size of 97 cases. With two controls selected per case, the 
number of controls should have been 194. To adjust the difference 
among the clusters, the sample size was multiplied by the design 
effect (D) by using the formula D= ρ (n-1) + 1, where n is average 
number of dairy cattle in cluster (6), and intra-cluster correlation 
coefficient of ρ = 0.09 has been reported for B. abortus in cattle 
[28]. The design effect (D) was 1.45 and increasing the power by 
using two controls per case. Thus, a minimum of 141 cases and 
282 controls were selected to be enrolled in this study. Eventually, 
a total of 423 cows were involved in the study. Selecting sample 
animals, a sampling frame of the herd with abortion was prepared 
in collaboration with district veterinary departments and a total of 
118 herds were chosen at random. In each herd where one or two 
cases were found, these were selected and controls were chosen 
at random using a lottery method. On the other hand, a random 
sampling method was used where large cases and controls were 
available in the herd.

Data collection 
Information related to district, agro-ecology, age, body con-

dition, breed, parity, pregnancy status, history of retained fetal 
membrane, abortion period, herd size, management system, in-
troduction of new animal and species composition (mixed of cat-
tle with sheep and/ goats) were gathered using a separate format 
prepared for this purpose. Classification of management systems 
(extensive and semi-intensive) was done based on the criteria 
adopted by [29]. Body condition score was based on the criteria 
adopted by [30] and for all cows, under the study, their body con-
dition grouped into three groups (poor, medium and good). Age 
of animals was categorized into <3, 3-6 and >6 years and groups 
were chosen because optimal age at first calving cattle reared un-
der tropical conditions was estimated to be 2-3 years [31]. Herd 
size was categorized into small (3-5 heads of cattle), medium (6-10 
heads of cattle) and large (>10 heads of cattle). Those cattle that 
kept in the same barns grouped and considered as one herd [16, 
32]. Parity number was categorized as nulliparous (zero parity), 
monoparous (parity one) and pluriparous (≥ two parities) [33, 34]. 

Blood sample collection 
Approximately 10 milliliters of blood samples were collected 

from the jugular vein of each animal, using sterile needles and 
plain vacutainer tubes. The identification of each animal was la-
beled on the corresponding vacutainer tubes and blood samples 
were allowed to stand overnight (12 hours) at room temperature 
to obtain the serum. The animals’ identification codes were trans-
ferred to the cryovials to which the serum was decanted and se-
rum samples were kept at -20°C [35] in Jimma University micro-
biology laboratory until they transported to National Veterinary 
Institute, Debrezeite using icebox for serological analysis.  

Rose Bengal Plate Test
The serum samples were screened by using Rose Bengal Plate 

Test (RBPT) (KT153NB, UK) for the presence of Brucella agglu-
tinins according to the previously published procedure [35]. Se-
rum samples and antigens when taken out from the refrigerator, 
will be kept at room temperature for half an hour and processed 
following the recommended procedure. A total of 30 microliters 
of serum sample was dispensed onto the plate and 30 microliters 
of RBPT antigen were dropped on the slide with sera. The inter-

pretation of both positive and negative control results was done 
according to the degree of agglutination and the reaction was 
read in a good light source or by a magnifying glass when micro 
agglutination was suspected. The RBPT results were interpreted 
0, +, ++ and +++ as has been described by [26], where 0 indicates 
no agglutination, + indicates barely visible agglutination (using 
magnifying glasses), ++ indicates fine agglutination and +++ in-
dicates coarse clumping. Those serums identified with no aggluti-
nation (0) were regarded as negative, while those with +, ++ and 
+++ were considered as positive. 

Complement fixation test
All RBPT positive sera were further tested using a comple-

ment fixation test (CFT) using standard B. abortus antigen S99 
and control sera (positive and negative) (KT15 3NB, United 
Kingdom). The antigen dilution was standardized at 1:10. Two-
fold dilutions (1:5, 1:10, 1:20 and 1:40) of test sera were ready in 
standard 96-well U-bottom microtiter plates before adding Bru-
cella antigen, guinea pigs complement and 3% sensitized sheep 
red blood cells. The preparation of the reagent was evaluated by 
titration and performed according to the recommended proto-
cols by [7]. The plates were incubated at 37°C for thirty-minute 
with agitations and results were read after the plates have been 
centrifuged at 2500 rpm for five minutes at 4°C. Sera with a strong 
reaction, more than 75% fixation of complement (3+) at 1:5 dilu-
tion or at least with 50% complement fixation (2+) at 1:10 dilu-
tion and above were considered as positive and lack of fixation/
complete hemolysis was considered as negative [35]. An animal 
was considered positive if tested seropositive on both RBPT and 
CFT in serial interpretation. Both the Rose Bengal plate test and 
the Complement fixation test were done in the National Veteri-
nary Institute (NVI). The combination of RBPT and CFT in serial 
most widely used is commonly recommended to maximize the 
specificity of the test result by ruling out false-positive serological 
cross-reactions [26]. 

Data management and analysis
The collected data were stored in Microsoft Excel for Win-

dows 2010 and then transferred to SPSS version 20.0 (IBM SPSS, 
2011) for analysis. The seroprevalence of brucellosis was calcu-
lated by dividing the number of seropositive samples to the total 
of cattle samples. The association between brucellosis and asso-
ciated risk factors were analyzed using logistic regression model. 
Risk factors associated with brucellosis were identified by using a 
multivariable logistic regression model and the strength of their 
association was assessed using adjusted odds ratios (OR). Vari-
able with a p-value less than or equal to 0.25 in the univariable 
analysis were involved in the multivariable logistic model. The 
backward elimination procedure was used for a further selection 
of variables. The variables were tested for interaction effect us-
ing cross-product terms and for multiple-collinearity using the 
collinear matrix index before building the final model [36]. Hos-
mer-Lemeshow test was used to evaluate the validity of the mod-
el. Similarly, the predictive ability of the model was assessed using 
the ROC curve. Confidence level (CL) was at 95% and p ≤ 0.05 
were set for significance for all analyses.

Acknowledgment   
The authors would like to thank Jimma Univer-

sity college of Agriculture and Veterinary Medicine 
for financial support. Moreover, the authors also 
acknowledge Ethiopian Institute of Agricultural Re-
search for logistic support.



RESEARCH ARTICLE

IJVST 2019-2 (21) DOI:10.22067/veterinary.v11i2.81661

34

Author Contributions   
D.T. contributed to sample collection, laboratory 

tests, data analysis and drafting the manuscript. B.D. 
and F.B. contributed to the main design of the study, 
and reviewed and edited the manuscript. All authors 
approved the final version of the manuscript for pub-
lication.

Conflict of Interest    
The authors declare that there is no conflict of in-

terest.

References      
1. Peter AT. Abortions in dairy cows: new insights and economic 

impact, Advances in Dairy Technology, 2000; 12: 233.

2. Hovingh E. Abortions in dairy cattle. Common causes of abor-
tions, Virginia Coop, Virginia Polytechnic Institute and State 
University, Blacksburg, Extension publication, 2009; pp. 404-
288.

3. Pal M. Etiology and management of infectious abortion in ani-
mals, Indian Journal of Field Veterinarian, 2006; 2:70-72.

4. Parthiban S, Malmarugan S, Murugan MS, Rajeswar J, Pothiap-
pan P. Review on Emerging and Reemerging Microbial Caus-
es in Bovine Abortion, International Journal of Nutrition and 
Food Sciences, 2015; 4(4-1):1-6.

5.Givens MD, Marley MS. Infectious causes of embryonic and fe-
tal mortality, Theriogenology, 2008; Pp. 1-16.

6. Pal M, Lemu D, Worku S, Desta G. Seroprevalence Study of Bo-
vine Brucellosis and Reproductive Problems in Small-scale 
Dairy Farms of North Shewa, Ethiopia, International Journal 
of Livestock Research, 2016; 6(9): 1-10.

7. OIE. Manual of diagnostic tests and vaccines for terrestrial an-
imals, World Organization of Animal Health, 2009; 2(14):5-
35.

8. FAO. Brucella melitensis in Eurasia and the Middle East, FAO 
Animal Production and Health Proceedings, No. 10, Rome, 
2010.

9. Radostits OM, Gay CC, Hinchcliff KW, Constable PD, Veteri-
nary Medicine, A Textbook of Diseases of Cattle, Sheep, Pigs, 
Goats, and Horses, 10th Ed. W.B., Saunders, London, 2007; 
pp. 963-985.

10. Acha NP, Szyfres B. Brucellosis in zoonosis and communica-
ble diseases common to humans and animals. 3rd Ed., Pan. 
Amer. Health, Organization Washington, D.C., USA, 2001; 
pp. 40-62.

11. Muma JB, Samui KL, Oloya J, Munyeme M, Skjerve E. Risk 
factors for brucellosis in indigenous cattle reared in live-
stock-wildlife interface areas of Zambia, Preventive Veteri-
nary Medicine, 2007;  80:306-317.

12. Matope G, Bhebe E, Muma JB, Lund A, Skjerve E. Herd level 
factors for Brucella seropositivity in cattle reared in small-
holder dairy farms in Zimbabwe, Preventive Veterinary Med-
icine, 2010;  94: 213-221.

13. Mekonen H, Kalayou S, Kyule M. Serological survey of bovine 
brucellosis in Barka and Orado breeds (Bos indicus) of west-
ern Tigray, Ethiopia, Preventive Veterinary Medicine, 2010; 
94: 28-35.

14. Tolosa T, Bezabih D, Regassa F. Study on seroprevalence of 

bovine brucellosis, and abortion and associated risk factor, 
Bulletin of Animal Health and Production in Africa, 2010; 
58: 236-247.

15. Berhe G, Belihu K, Asfaw Y. Seroepidemiological Investiga-
tion of Bovine Brucellosis in the Extensive Cattle Production 
System of Tigray Region of Ethiopia, International Journal of 
Applied Research in Veterinary Medicine, 2007; 5(2): 65-71.

16. Tolosa T, Regassa F, Belihu K. Seroprevalence Study of Bovine 
Brucellosis in Extensive Management System in Selected 
Sites of Jimma Zone, Western Ethiopia, Bulletin of Animal 
Health and Production in Africa, 2008; 56: 25-37.

17. Asmare K, Asfaw Y, Gelaye E, Ayelet G. Brucellosis in the ex-
tensive management system of Zebu cattle in Sidama Zone, 
Southern Ethiopia, African Journal of Agricultural Research,  
2010; 5(3): 257-263.

18. Haileselassie M, Kalayou S, Kyule M, Asfaha M, Belihu K. 
Effect of Brucella Infection on Reproduction Conditions of 
Female Breeding Cattle and Its Public Health Significance in 
Western Tigray, Northern Ethiopia, Veterinary Medicine In-
ternational, 2011; 201:7, 2011.

19. Adugna KE, Agga GE, Zewde G. Seroepidemiological survey 
of bovine brucellosis in cattle under a traditional production 
system in western Ethiopia, Review in Scientific and Techni-
cal of the Office International des Epizooties, 2013; 32(3):1-
20.

20. Alem W, Solomon GA. Retrospective sero-epidemiology 
study of bovine brucellosis in different production systems in 
Ethiopia, In: Proceeding of 16th Annual Conference, Addis 
Ababa, Ethiopia, 2002; pp. 53-57.

21. Megersa B, Biffa D, Abunna F, Regassa A, Godfroidand J, Sk-
jerve E. Seroprevalence of brucellosis and its contribution to 
abortion in cattle, camel, and goat kept under pastoral man-
agement in Borana, Ethiopia, Tropical Animal Health and 
Production, 2011; 43: 651-656.

22. Asfaw M, Ameni G, Kassa T, Tuli G, Arenas A, Mamo G. Sero-
positivity and risk factors for Brucella in dairy cows in Asella 
and Bishoftu towns, Oromia Regional State, Ethiopia, Afri-
can Journal of Microbiology Research, 2016; 10(7): 203-213. 

23. Tsegaye Y, Kyule M, Lobago F. Seroprevalence and Risk Fac-
tors of Bovine Brucellosis in Arsi Zone, Oromia Regional 
State, Ethiopia, American Scientific Research Journal for En-
gineering, Technology and Sciences, 2016; 24(1): 16-25.

24. Tekle M. Seroprevalence of brucellosis and isolation of brucel-
la from small ruminants that had history of recent abortion 
in selected kebeles of amibara district, afar region, Ethiopia, 
Msc thesis, Addis Ababa University, 2016; pp. 47-49.

25. Ausvet, Epitools epidemiological calculators, http:// epitools.
ausvet.com.au, Accessed on October 3, 2016.

26. Dohoo I, Martin W, Stryhn H. Veterinary epidemiologic re-
search, 2nd ed. AVC, Charlottetown, Prince Edward Island, 
2009; pp. 239-249.

27. Asmare K, Regassa F, Robertson LJ, Martin AD, Skjerve E. 
Reproductive disorders in relation to Neospora caninum, 
Brucella spp. and bovine viral diarrhoea virus sero status in 
breeding and dairy farms of central and southern Ethiopia, 
Epidemiology and Infection, 2012; pp. 1-9. 

[28]. Otte MJ, Gumm ID. Intra-cluster correlation coefficients of 
20 infections calculated from the results of cluster-sample 
surveys, Preventive Veterinary Medicine, 1997; 31147-150.

29. Richard W. Dairying, Tropical Agriculturalist, 1st Ed. Mac-



35

IJVST DOI:10.22067/veterinary.v11i2.81661.2019-2 (21)

RESEARCH ARTICLE
millan Press London, 1993; pp. 43-48, 
1993.

30. Moran J. Tropical dairy farming: feed-
ing management for small holder 
dairy farmers in the humid tropics, 
Landlinks Press, 2005; 18:209-218.

31. Wathes D, Brickell J, Bourne N, Swali 
A, Cheng Z. Factors influencing heifer 
survival and fertility, Journal of Ani-
mal Science, 2008; 2(8): 1135-1143.

32. Asgedom H, Damena D, Duguma 
R. Seroprevalence of bovine brucel-
losis and associated risk factors in 
and around Alage district, Ethiopia, 
Springer Plus, 2016; 5(851): 1-8.

33. Markusfeld NO, Epidemiology of bo-
vine abortions in Israeli dairy herds, 
Preventive Veterinary Medicine, 1997; 
31: 245-255.

34. Ibrahim N, Belihu K, Lobago F, Bekana 
M. Sero-prevalence of bovine brucel-
losis and its risk factors in Jimma zone 
of Oromia Region, South-western 
Ethiopia, Tropical Animal Health and 
Production, 2010; 42: 35-40.

35. OIE. Bovine brucellosis, Manual of Di-
agnostic Tests and Vaccines for terres-
trial Animals, 5th Ed. Office Interna-
tional des Epizootics, Paris, 2004: pp. 
409-438. 

36. Apeanti WO. Contributing factors to 
pre-service mathematics teachers’ 
e-readiness for ICT integration, Inter-
national Journal of Research in Educa-
tion and Science, 2016; 2(1): 223-238.

37. Kebede T. Ejeta G, Ameni G. Sero-
prevalence of bovine brucellosis in 
smallholder farms in central Ethiopia 
(Wuchale-Jida district), Revue de Me-
decine Veterinaire, 2008; 159(1): 3-9. 

38. Asmare K. Neospora caninum versus 
Brucella spp. exposure among dairy 
cattle in Ethiopia: A case control 
study, Tropical Animal Health and 
Production, 2014; 46: 961-966.

39. Shabbir MZ, Khalid RK, Freitas DM, 
Javed MT, Rabbani M, Yaqub T, et al. 
Serological evidence of selected abor-
tifacients in a dairy herd with history 
of abortion, Pakistan Veterinary Jour-
nal, 2013; 33(1):19-22.

40. Derdour SY, Hafsi F, Azzag N, Tennah 
S, Laamari A, China B, et al. Preva-
lence of the main infectious causes 
of abortion in dairy cattle in Algeria, 
Journal of Veterinary Research, 2017; 
61: 337-343.

41. Hailemelekot M, Kassa T, Tefera M, 
Belihu K, Asfaw Y, Ali A. Seropreva-
lence of brucellosis in cattle and occu-
pationally related humans in selected 
sites of Ethiopia, Ethiopian Veterinary 

Journal, 2007; 11: 85-100.

42. Tibesso G, Ibrahim N, Tolosa T. Sero 
prevalence of bovine and human bru-
cellosis in Adami Tulu, Central Ethi-
opia, World Applied Sciences Journal, 
2014; 31:776-780.

43. Alehegn E, Tesfaye S, Chane M. Sero-
prevalence of Bovine Brucellosis and 
its Risk Factors in Cattle in and around 
Gondar Town, North West Gondar, 
Ethiopia, Journal of Advanced Dairy 
Research, 2017;  4: 166.

44. Omer MK, Skjerve E, Woldehiwet Z, 
Holstad G. Risk factors for Brucella 
spp. infection in dairy cattle farms in 
Asmara, State of Eritrea, Preventive 
Veterinary Medicine,2000; 46: 257-
265, 2000.

45. Nakoune E, Debaere O, Koumand-Ko-
togne F, Selenkon B, Samory F, Ta-
larmin A. Serological surveillance of 
brucellosis and Q fever in cattle in the 
Central African Republic, Acta Tropi-
cal, 2004;  92:147-151.

46. Dinka H, Chala R. Seroprevalence 
study of bovine brucellosis in pastoral 
and agro-pastoral areas of East Showa 
Zone, Oromia Regional State, Ethi-
opia, American-Eurasian Journal of 
Agricultural and Environmental Sci-
ences, 2009; 6(5): 508-512.

47. Deselegn TB, Gangwar SK. Seroprev-
alence study of bovine brucellosis in 
Assela government dairy farm of Oro-
mia Regional State, Ethiopia, Interna-
tional Journal of Science and Nature, 
2011;  2(3): 692-697.

48. Kubuafaor DK, Awumbila B, Akan-
mori BD. Seroprevalence of brucel-
losis in cattle and humans in the Ak-
wapim-south district of Ghana: Public 
health implication, Acta. Tropical, 
2000; 76: 45-48. 

49. Domingo AM. Current status of some 
zoonoses in Togo, Acta Tropical, 2000; 
76: 65-67.

50. Schelling E, Dinguimbaye C, Daoud 
S, Nicoletti J, Boertin P, Tanner M,  
Zinnstag J. Brucellosis and Q-fever 
seroprevalence of nomadic pastoral-
ists and their livestock in Chad, Pre-
ventive Veterinary Medicine, 2003; 
61:279-293.

51. Kungu JM, Okwee AJ, Ayebazibwe C, 
Okech SG, Erume J. Sero-prevalence 
and risk factors for brucellosis in cattle 
in Gulu and Amuru districts, North-
ern Uganda, Africa Journal of Ani-
mal and Biomedical Sciences, 2010; 
5:1819-4214.

52. Teshale S, Kindah H, Bekana M, Kelay 
B, Jergefa T. Epidemiological study of 

bovine brucellosis in three agro eco-
logical areas of central Oromia Ethio-
pia, Review in Scientific and Technical 
of the Office International des Epizo-
oties, 2009; 28: 933-943.

53. Tesfaye G, Tsegaye W, Chanie M, Abi-
net F. Seroprevalence and associated 
risk factors of bovine brucellosis in 
Addis Ababa dairy farms, Tropical 
Animal Health and Production, 2011; 
43: 1001-1005.

54. Mussie H, Tesfu K, Yilkal A. Seroprev-
alence study of bovine brucellosis in 
Bahir Dar Milk shed, Northwestern 
Amhara Region, Ethiopian Veterinary 
Journal, 2007; 11(1); 42-49.

55. Kushwaha N, Rajora VS, Mohan A, 
Upadhyay AK, Kumar R. Compari-
son of serological tests for detection of 
Brucella antibodies in cattle of an or-
ganized dairy farm, Indian Journal of 
Animal Research, 2016; 50(1): 69-74.

56. Ali S, Akhter S, Neubauer H, Melzer F, 
Khan I, Nji AE, et al. Seroprevalence 
and risk factors associated with bovine 
brucellosis in the Potohar Plateau, Pa-
kistan, BMC Research Notes, 2017; 
10(73): 1-11.

57. Jergefa T, Kelay B, Bekana M, Teshale 
S, Gustafson H, Kindah H. Epidemi-
ological study of bovine brucellosis in 
three agro-ecological areas of central 
Oromiya, Ethiopia, Review in Scien-
tific and Technical of the Office Inter-
national des Epizooties, 2009; 28(3): 
933-943.

58. Kong AT, Nsongka MV, Itoe SM, Hako 
AT, Leinyuy I. Seroprevalence of Bru-
cella abortus in the Bamenda Munic-
ipal Abattoir of the Western High-
lands, of Cameroon, Greener Journal 
of Agricultural Sciences, 2016; 6(8): 
245-251.

59. Yohannes M, Mersha T, Degefu H, To-
losa T, Woyesa M. Bovine Brucello-
sis: Serological Survey in Guto-Gida 
District, East Wollega Zone, Ethiopia, 
Global Veterinary, 2012; 8: 139-143.

60. Shiferaw J, Fikadu A, Waktole H. Se-
roprevalence and Associated Risk 
Factors for Seropositivity of Bovine 
Brucellosis at Wollega University Hor-
ro-Guduru Animal Breeding and Re-
search Center, Einstein International 
Journal Organization, 2017; 1(1): 45-
56.

61. Mai HM, Irons PC, Kabir J, Thompson 
PN. A large seroprevalence survey of 
brucellosis in cattle herds under di-
verse production systems in northern 
Nigeria, BMC Veterinary Research 
2011; 8(144): 1-14.

62. Anka MS, Hassan L, Khairani-Bejo S, 



36

IJVST DOI:10.22067/veterinary.v11i2.816612019-2 (21)

RESEARCH ARTICLE
Zainal MA, Mohamad RB, Salleh A, 
et al. Case-Control Study of Risk Fac-
tors for Bovine Brucellosis Seroposi-
tivity in Peninsular Malaysia, PLoS 
ONE, 2014; 9(9): e108673.

63. Al-Majali AM, Talafha AQ, Ababneh 
MM, Ababneh MM. Seroprevalence 
and risk factors for bovine brucellosis 
in Jordan, Journal of Veterinary Sci-
ence,2009; 10: 61-65.

64. Terefe Y, Girma S, Mekonnen N, As-

rade B. Brucellosis and associated 
risk factors in dairy cattle of eastern 
Ethiopia, Tropical Animal Health and 
Production, 2017; 49:599.

65. Smits HL. Brucellosis in pastoral and 
confined livestock: prevention and 
vaccination Review in Scientific and 
Technical of the Office International 
des Epizooties, 2013; 32(1): 219-228.

66. Kaoud H, Zaki MM, Shimaa A, Nasr 
A. Epidemiology of brucellosis 

among farm animals, Nature and Sci-
ence, 2010; 8: 190-197.

67. Elabdi SZ, Angara E, Elfadi A, Sanou-
si E, Ibrahim A. Prevalence and Risk 
Factors of Ruminants Brucellosis in 
Jabel Aolia Locality, Sudan, Sudan 
Journal of Science and Technology, 
2014; 15(2): 60-72.


