
Heliyon 10 (2024) e33413

Available online 21 June 2024
2405-8440/© 2024 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

Research article 

Sero-epidemiological study of brucellosis in cattle under pastoral/ 
agro-pastoral and mixed crop-livestock systems in South Omo, 
southern Ethiopia 

Wondimagegn Demissie a, Kassahun Asmare b, Melaku Legesse c, Kassaye Aragaw b, 
Desie Sheferaw b,* 

a Livestock and Fishery Resources Development Department, Dawro Zone, Mareka District, Waka, SNNPRS, Ethiopia 
b Hawassa University, Faculty of Veterinary Medicine, P. O. Box 05, Hawassa, Ethiopia 
c Jinka Regional Veterinary Laboratory, Jinka, South Omo, Ethiopia   

A R T I C L E  I N F O   

Keywords: 
Brucellosis 
CFT 
Cattle 
RBPT 
Seroprevalence 
South omo 
Ethiopia 

A B S T R A C T   

Background: In the pastoral/agro-pastoral communities in Ethiopia, like in South Omo, brucellosis 
constitutes a serious health threat for livestock and the public. The public health risk is especially 
high in these communities, as their way of life is highly linked with their herds. 
Objective: The study was conducted to estimate the seroprevalence and identify potential risk 
factors of cattle brucellosis in South Omo zone in southern Ethiopia. 
Methods: A total of 614 traditionally managed local zebu female cattle, above six months old, 
were bled and data on hypothesized risk factors were collected using a semi-structured ques-
tionnaire. The preliminary screening of the sera for Brucella antibodies was done using Rose 
Bengal Plate Test (RBPT) and positive sera were further subjected to complement fixation test 
(CFT). 
Results: The overall animal level seroprevalence of brucellosis was 2.8 % (95 % CI: 1.72–4.41) 
while herd level prevalence was 11.3 % (95 % CI: 6.5–19.0). Among the risk factors considered, 
seroprevalence was associated with herd size, new animal introduction, district, history of 
occurrence of abortion, and retained fetal membranes (RFM), at both individual- and herd-level 
(p < 0.05). Higher seroprevalence of brucellosis was observed in cows than heifers and in animals 
older than 4 years (p < 0.05). Brucella seroprevalence was higher in herds in lowland areas than 
those in mid-altitude and highlands (p < 0.05). 
Conclusion: The individual and herd level prevalence observed in our study indicates endemicity 
of brucellosis and the potential public health threat it poses in pastoral and agro-pastoral areas of 
southern Ethiopia. The results of the study also suggest that the disease might be responsible for 
significant losses in cattle productivity due to impaired reproductive performance.   

1. Introduction 

Brucellosis is an important disease of animals and people with worldwide distribution. It is one of the most important zoonoses in 
many areas of the world, though controlled and eradicated in many countries [1–4]. In cattle brucellosis is usually caused by Brucella 
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abortus, less frequently by B. melitensis, and rarely by B. suis [4,5]. The most important clinical signs of brucellosis in cattle are abortion 
at the first gestation and infertility [6,7]. Brucellosis causes loss through spontaneous abortion or birth of weak offspring, reduced milk 
production and infertility [8]. 

During abortion, billions of Brucella spp. Are excreted and this is a major source of infection for congeners and for people in contact 
with aborted materials [7]. Grazing on infected pasture, or consuming other feedstuffs and water supplies contaminated by discharges 
and fetal membranes from infected cows, and contact with aborted fetuses and infected newborn calves are the most common methods 
of spread [5]. In addition, chronically infected cattle can shed lower numbers of organisms via milk and reproductive tract discharges, 
and can even vertically transmit infection to subsequently born calves [3,9]. In humans, brucellosis is mainly transmitted through 
direct contact with infected animals, particularly when they are aborting, and consumption of infected raw milk and dairy products 
made of unpasteurized milk [3,10]. Airborne transmission through inhalation of infected aerosolized particles can also occur [10,11]. 

Serological studies suggest that brucellosis is prevalent and widespread in livestock and humans in Sub-Saharan Africa [3]. 
Similarly, several serological studies conducted in livestock [12–19] and humans [20–22] in different parts of Ethiopia have 
demonstrated the endemicity of brucellosis in the country. In a study involving human patients with febrile illness in Hammer district 
of South Omo zone, one of the districts bordering the study area, 29.4 % of the patients were found to be sero-positive to Brucella [21]. 

A recent meta-analysis of 20 years published data in Ethiopia has estimated the animal and herd level pooled prevalence of cattle 
brucellosis at 2.6 % and 16.3 %, respectively with variability along production systems and regional administrations. The prevalence 
being higher in the pastoral/agro-pastoral system compared to mixed crop-livestock and intensive systems [23]. In the pastoral 
communities brucellosis constitutes a serious public health threat because their way of life is closely interlinked with their large 
livestock herds [24]. 

Understanding the local epidemiology of a disease is vital for designing relevant control strategies. However, there is no sufficient 
up-to-date data regarding the status of brucellosis in South Omo zone. Therefore, the study was conducted to assess the seroprevalence 
of brucellosis in cattle in South Omo zone and to identify potential risk factors for exposure to the infection. 

2. Materials and methods 

2.1. Description of the study area 

The study was conducted from December 2020 to June 2021 in Malle, Bena Tsemay and South Ari districts of South Omo zone of 
SNNP Region in southern Ethiopia (Fig. 1). Some of the major constraints of livestock production in the area include shortage of feed, 
animal diseases and poor genetic makeup of the local animals [25]. 

South Ari district is an intensively cultivated highland area of South Omo zone with average altitude of 1600 m. a.s.l. The district 
receives an average annual rainfall of 900 mm with a bimodal distribution. The mean annual temperature is 20 ◦C. Mixed crop- 
livestock farming is the livelihood of the farmers [26,27]. In mixed crop-livestock production system both crop and livestock pro-
ductions are practiced, and livestock are raised on limited communal and/or private grazing areas and crop residues and stubble [28]. 

Malle and Bena Tsemay districts are characterized by semi-arid and arid climatic conditions, with mean annual rainfall increasing 
from the extreme south lower part, with some 350 mm, to the upper part where it ranges to 838 mm. The rainfall is bimodal, which 
occurs between September and November, and between March and May. In general, the area has an erratic, variable rainfall and high 
ambient temperature ranging from 26 to 35◦C. The communities’ livelihoods in the districts are based on pastoralism and agro- 
pastoralism [29]. The pastoral production system is based on extensive communal grazing while agro-pastoralists are characterized 

Fig. 1. Map showing the study districts.  
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by a combination of both pastoral and mixed crop-livestock production [28]. Pastoralists own large, mixed livestock species herds, 
upon which their daily livelihood depends on from a social, economic and dietary point of view [24]. Pastoralism and agro-pastoralism 
are generally practiced in the arid and semi-arid lowlands of Ethiopia and involve seasonal migration of pastoralists with their animals 
in search of grazing and water [24,30]. 

2.2. Study animals 

The study involved 614 indigenous zebu cattle reared under traditional extensive production system where cattle are usually kept 
with other species of domestic animals (i.e. goats, sheep and camels). Female cattle above six month of age were included in the study. 
The study animals had no history of vaccination against brucellosis, as vaccination against brucellosis is not practiced in Ethiopia. 

2.3. Study design, sampling and sample size 

The study was a cross-sectional study conducted from December 2020 to June 2021 in three districts of South Omo zone, southern 
Ethiopia. Three districts (Bena Tsemay, South Ari and Malle) and 4 villages from each district (12 villages in total) were selected 
purposively for the study based on their relative high cattle population, Study herds (n = 106) were selected using simple random 
sampling method from a list of 214 herds identified in the study districts with the help of local development agents. Individual animals 
were selected using systematic random sampling technique as they were released from night enclosures for grazing. The 12 villages 
selected for the study were Gudo, Makana, Kamba-Bobo, Tike-Boko, Gurimamero, Keyafer, Dizi-Ama, Ansonda, Singal, Gazer, 
Baytsemali and Tolta. 

The number of animals required for the study from each district was calculated using expected seroprevalence of 3.3 % [31], 95 % 
confidence level and 5 % desired absolute precision [32]. Accordingly, the calculated minimum sample size was 147 animals per 
district (441 in total). However, 614 animals were included in the study with 206 from Malle and Bena Tsemay each, and 202 from 
South Ari district. 

Individual animal data (age, parity, reproductive status, history of abortion and retained fetal membranes) and herd level infor-
mation (herd size, new animal introduction, history of abortion and retained fetal membranes) were collected using semi-structured 
questionnaire from herd owners. 

According to the local community perception herd size was classified into three: small (1–15 heads of cattle), medium (16–30) and 
large (≥31). 

2.4. Blood sample collection 

Blood samples were collected early in the morning as animals were moved out for grazing. About 10 ml of blood was drawn from 
the jugular vein into plain (with no anticoagulant) vacuum tubes after disinfecting the venipuncture area with 70 % ethanol. Each 
collected blood sample was labeled with the cow’s identification information. The tubes containing the blood samples were kept in 
slant position overnight at room temperature for the blood to clot and contract. Serum was then collected into appropriately labeled 
cryo vials of 2 ml capacity using Pasteur pipettes. The sera samples were then transported to Jinka Regional Veterinary Laboratory 
where they were stored at − 20◦C. 

2.5. Laboratory tests 

Sera were analyzed serially for the presence of Brucella antibodies using Rose Bengal plate test (RBPT) for screening (Screening test) 
and then complement fixation test (CFT) for confirmation (Confirmatory test) following the standard procedures described by the OIE 
[1]. RBPT is a simple brucellosis diagnostic method, which is affordable, quick and efficient screening test [33,34]. But it generates 
false positive results in vaccinated animals due to its high sensitivity. CFT is widely used as confirmatory diagnosis. It is very specific, 
but less sensitive than RBPT. It cannot differentiate between infected and vaccinated animals, and also early stage of infection is 
associated with negative results due to low IgG titers [33–35]. 

The screening with RBPT was performed at Jinka Regional Veterinary Laboratory, and positive sera were transported to National 
Animal Health Diagnostic and Investigation Center (NAHDIC), Sebeta, Ethiopia for CFT. Sera were always kept cold in an icebox 
during transportation. 

To perform the RBPT, 30 μL of serum was placed onto a microscope glass slide, and an equal volume of RBPT antigen was dispensed 
near the serum spot. The serum and antigen were then thoroughly mixed using wooden toothpick and the mixture was manually 
agitated for about 4 min. Any visible colored agglutination formed was considered to be a positive reaction. 

For CFT, test sera were inactivated for 30min in a water bath at 60◦C. The diluted inactivated test sera were placed to the wells of 
standard round bottom microtitre plates. Then diluted antigens and complements were added to the wells. The plates were incubated 
at 37◦C for 30min and sensitized sheep RBCs were added to the wells. The plates were re-incubated at 37◦C for 30min and the results 
were read after the plates had been centrifuged at 1000 g for 10 min [1]. 

2.6. 2.5data management and analysis 

All collected data were entered into Microsoft Excel spread sheet and checked for completeness and validity. Descriptive statistics 
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were used to summarize and present the data. Animal level prevalence was calculated by dividing the number of CFT positive animals 
to the total number of animals tested, while herd level prevalence was calculated by dividing the number of herds with at least one 
sero-reactor with CFT to the number of herds tested. True prevalence (TP) of Brucella was calculated by adjusting the AP for specificity 
(Sp) and sensitivity (Se) of the tests using the formula, TP = AP − (1 − CSps)/1 − [(1 − CSes) + (1 − CSps)] [36], where TP represents 
true prevalence, AP represents apparent prevalence, CSes represents the combined sensitivity of the test series (SeRBPT × SeCFT), and 
CSps represents the combined specificity of the test series (1-(1-SpRBPT) × (1-SpCFT)). The sensitivity and specificity of RBPT and CFT 
have been reported as 0.981 and 0.960, and 0.998 and 0.998, respectively [37]. Association between sero-positivity to Brucella and 
factors considered in the study were analyzed using Pearson’s chi-square or Fisher’s exact test, based on the number of observations. 
All analyses were done using STATA version 13 statistical software (Stata Corp, College station, Texas 77,845, USA). The study 
considered 95 % confidence level and 5 % desired level of precision. A p value < 0.05 was considered statistically significant. 

3. Results 

3.1. Sero-prevalence 

Out of the total of 614 animals screened with RBPT 21 (3.4 %; 95 % CI: 2.24–5.19) were found to be positive for Brucella antibodies. 
However, the subsequent confirmatory test using CFT revealed only 17 (2.8 %; 95 % CI: 1.7–4.4) were positive for brucellosis. The true 
animal-level prevalence estimate was 3.0 % (95 % CI: 1.8–4.7). Of the 106 herds evaluated, 12 (11.3 %; 95%CI: 6.5–19.0) had at least 
one seropositive animal. At district level seroprevalence ranges from 0 % for South Ari to 4.9 % (95 % CI: 2.6, 8.8) for Malle (Tables 1 
and 2). 

3.2. Association with risk factors 

All factors considered at individual animal level, except agro-ecology, were found significantly associated (P < 0.05) with seros-
tatus (Table 1). There was a tendency for increasing seroprevalence with increasing herd size, increasing age and increasing parity. 
Proportion of seropositive animals was higher in Bena Tsemay and Malle districts compared to South Ari. Higher seroreactor rate was 
observed in animals from herds with history of introduction of new animals. Significantly higher proportions of cows with history of 
abortion and retained fetal membranes were found seropositive to Brucella. 

All factors considered in the analysis (herd size, new animal introduction, district, agro-ecology, history of abortion, history of 
retained fetal membranes) were found significantly associated (p < 0.05) with herd sero-status. Herds with larger size, new animal 
introduction, in Malle and Bena Tsemay districts, located in lowland areas, with history of abortion, and RFM were more likely to have 
seroreactors than their counterparts (Table 2). 

4. Discussion 

The overall seroprevalence of bovine brucellosis observed in this study was low (2.8 %) at individual animal level but moderately 

Table 1 
Association of Brucella serostatus with risk factors, and abortion and retained fetal membranes at individual animal level.  

Variable Category No tested No positive (%) 95 % CI χ2 -value p-value 

Age <2 years 151 0 (0) – 16.26 0.000 
2–4 years 210 2 (1.0) 0.2, 3.7  – 
>4 years 253 15 (5.9) 3.6–9.6   

Parity Nulliparous 361 2 (0.6) 0.1, 2.2 16.22 0.000 
1–3 107 7 (6.5) 3.1, 13.1   
>3 146 8 (5.5) 2.8, 10.6   

Herd size Small 162 1 (0.6) 0.0, 4.3 9.14 0.015 
Medium 227 4 (1.8) 0.7, 4.6   
Large 225 12 (5.3) 3.0, 9.2   

New animal introduction No 551 7 (1.3) 0.6, 2.6 44.78 0.000 
Yes 63 10 (15.9) 8.7, 27.2   

District South Ari 202 0 (0) – 9.38 0.002 
Bena Tsemay 206 7 (3.4) 1.6, 7.0   
Malle 206 10 (4.9) 2.6, 8.81   

Agro-ecology Mid altitude 96 0 (0) – 6.00 0.061 
Highland 107 1 (0.9) 0.1, 6.4   
Lowland 411 16 (4.0) 2.4.6.3  – 

Abortion No 238 6 (2.5) 1.1, 5.5 138.99 0.000 
Yes 20 9 (45.0) 24.9, 66.9   

RFM No 242 11 (4.5) 2.5, 8.0 55.53 0.000 
Yes 11 4 (36.4) 13.6, 67.5   

Overall  614 17 (2.8) 1.7, 4.4   

RFM: Retained fetal membranes. 
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high (11.3 %) at herd level. This pattern of low individual but high herd seroprevalence is consistent with what has been described for 
endemic areas [6]. Studies in many areas in Ethiopia documented similar observations [12,13,19,38,39]. The individual animal level 
prevalence was in agreement with previous reports from different parts of Ethiopia with prevalence ranging from 2.0 to 3.2 % [12,13, 
38–41]. The current finding was also consistent with a 2.6 % pooled prevalence estimate obtained by a recent comprehensive review of 
20 years published data in Ethiopia [23]. Similarly, comparable seroprevalence (2.9 %) was reported from Ghana (2.9 %) in West 
Africa [42]. On the other hand, much higher [16,19,43,44] and lower [17,45–48] seroprevalence of brucellosis were reported from 
different parts of the country. 

The herd level seroprevalence of 11.3 % observed in the present study is moderately high and corroborates with earlier reports in 
the country [13,14,19,31,39,48]. However, there are some reports of much higher herd level prevalence from Ethiopia [12,38,49] and 
elsewhere in Africa [40,48,50]. Differences in prevalence among studies may be explained by differences in geographic locations, 
diagnostic tests and production systems [23]. The reported herd level prevalence could be seen as evidence to the potential of the 
disease to flare up when conditions promoting transmission occur [6]. 

In this study brucellosis was highest (5.9 %) in animals older than four years of age. This observation is in line with previous reports 
[12,15,19,40,45], which recorded association between older age and higher brucellosis seroprevalence. Higher prevalence of 
brucellosis in older cattle may be attributed to higher chance of acquiring the infection due to longer exposure time during the animals’ 
life. As once infected, animals remain infected for life even if they can lose their antibody titer [7]. It should also be noted that steady 
increase in prevalence with age might indicate relatively constant infection pressure in the area [3]. 

The significantly higher seroprevalence observed in cows (parous) than heifers (nulliparous) in the current study is consistent with 
some earlier reports [51,52]. This might associate with the higher seroprevalence observed in older animals in the current study. 

New animal introduction into herds was significantly associated with higher seroprevalence at the herd and individual animal 
level. It is highly likely that diseases are introduced to herds through incoming animals, as there is virtually no practice of screening 
replacement animals against any disease in the country. Purchase of infected replacement animals is one of the ways of introduction of 
the disease into unaffected herds [5]. 

Seroprevalence was higher in animals from large herds and in large herds at animal and herd level, respectively. This observation is 
consistent with earlier reports from various parts of the country [13,15,18,19,38,45]. The possible reason could be that larger herds are 
associated with a higher density of animals that facilitate close contact and environmental contaminations that lead to higher chances 
of transmission, especially, during cases of abortion and parturition [5]. 

Seroprevalence of brucellosis was higher in Malle and Bena Tsemay than South Ari District. Malle and Bena Tsemay districts are 
areas where pastoralism/agro-pastoralism is practiced, while South Ari is a district where intensively cultivated highland areas pre-
dominate with mixed crop-livestock production system. Our observation is consistent with reports of higher prevalence in pastoral/ 
agro-pastoral production systems where there is extensive movement and commingling of cattle at common grazing and watering 
points. On the other hand, prevalence is usually low in crop-livestock system reflecting very low level of cattle to cattle contacts [3]. In 
agreement with earlier reports from different parts of Ethiopia [12,13], the highest proportion of seropositive herds was observed in 
lowland areas where pastoral management systems prevail over sedentary ones. 

Higher sero-positivity was observed in herds with abortion history and animals having history of abortion. In a general agreement 
with the current observation various authors [12,16–18] reported significant association between abortion and sero-positivity to 
brucellosis. It is well established in the literature that brucellosis is characterized by reproductive disorders such as abortion, stillbirth 
and birth of weak offspring [5]. 

The individual and herd prevalence observed in the present study indicates that brucellosis continues to be endemic in cattle 
population in pastoral and agro-pastoral areas in southern Ethiopia. This in turn entails the significant public health risk the disease 
poses especially to pastoralists and agro-pastoralists that usually practice risky activities such as consumption of raw milk [24]. Our 

Table 2 
Association of Brucella serostatus with risk factors, and abortion and retained fetal membranes at herd level.  

Variable Category No tested No (%) positive 95 % CI χ2 -value p- value 

Herd size Small 35 1 (2.9) 0.4–18.5 6.48 0.042 
Medium 40 4 (10.0) 3.7–24.3   
Large 31 7 (22.6) 10.9–40.9   

New animal introduction No 95 5 (5.3) 2.2–12.2 33.46 0.000 
Yes 11 7 (63.6) 32.2–86.6   

District South Ari 39 0 (0)  7.88 0.008 
Bena Tsemay 34 6 (17.6) 8.0–34.6   
Malle 33 6 (18.2) 8.2–35.5   

Agro-ecology Mid altitude 17 0 (0)  7.88 0.015 
Highland 22 0 (0)    
Lowland 67 12 (17.9) 10.3–29.2   

Abortion No 88 5 (5.7) 2.3–13.1 16.41 0.000 
Yes 18 7 (38.9) 19.2–63.1   

RFM No 92 7 (7.6) 3.6, 15.3 9.56 0.002 
Yes 14 5 (35.7) 15.0, 63.3   

Overall  106 12 (11.3) 6.5, 19.0   

RFM: Retained fetal membranes. 
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results also suggest that brucellosis might be causing significant loss in productivity of cattle in the affected areas through impaired 
reproductive performance. However, to fully understand the epidemiology of Brucella there is a need to look for its status in other 
livestock species, as Brucella is a multi-host pathogen. Moreover, identifying the circulating biotype using microbiological or molecular 
techniques is indispensable to identify the primary host. 

Funding 

Not received external funding 

Institutional review board statement 

Not applicable. 

Data availability statement 

Data will be made available on request. 

CRediT authorship contribution statement 

Wondimagegn Demissie: Data curation, Conceptualization. Kassahun Asmare: Methodology, Formal analysis. Melaku Legesse: 
Data curation, Conceptualization. Kassaye Aragaw: Writing – review & editing, Writing – original draft. Desie Sheferaw: Writing – 
original draft, Formal analysis. 

Declaration of competing interest 

The authors declare that they have no known competing financial interests or personal relationships that could have appeared to 
influence the work reported in this paper. 

Acknowledgements 

The authors are greatly indebted to all staff members of Jinka Regional Veterinary Laboratory and National Animal Health 
Diagnostic and Investigation Center. The authors would also like to thank the farmers participated in the study. 

References 

[1] OIE, Brucellosis (infection with Brucella abortus, B. melitensis and B. suis), in: Manual of Diagnostic Tests and Vaccines for Terrestrial Animals, OIE, Paris, 2018, 
pp. 1–44. 

[2] E. Moreno, Retrospective and prospective perspectives on zoonotic brucellosis, Front. Microbiol. 5 (2014) 213, https://doi.org/10.3389/fmic.2014.00213. 
[3] J.J. McDermott, S.M. Arimi, Brucellosis in Sub-Saharan Africa: epidemiology, control and impact, Vet. Microbiol. 90 (1–4) (2002) 111–134, https://doi.org/ 

10.1016/S0378-1135(02)00249-3. 
[4] A. Robinson, Guidelines for co-ordinated human and animal brucellosis surveillance, FAO Animal production and Health Paper 156: FAO of the UN, Viale delle 

Terme di Caracalla, 2003, p. 46, 00100 Rome, Italy. 
[5] P.D. Constable, K.W. Hinchcliff, S.H. Done, W. Grünberg, Veterinary Medicine: A Textbook of the Diseases of Cattle, Horses, Sheep, Pigs, and Goats, eleventh ed., 

ELSEVIER: 3251 Riverport Lane, St. Louis, Missouri 63043, USA, 2017, pp. 1761–1784. 
[6] M. Ducrotoy, W.J. Bertu, G. Matope, S. Cadmus, R. Conde-Alvarez, A.M. Gusi, S. Welburn, R. Ocholi, J.M. Blasco, I. Moriyón, Brucellosis in sub-Saharan Africa: 

current challenges for management, diagnosis and control, Acta Trop. 165 (2017) 179–193, https://doi.org/10.1016/j.actatropica.2015.10.023. 
[7] J. Godfroid, K. Nielsen, C. Saegerman, Diagnosis of brucellosis in livestock and wildlife, Croat. Med. J. 51 (2010) 296–305, https://doi.org/10.3325/ 

cmj.2010.51.296. 
[8] K.A. Franc, R.C. Krecek, B.N. Häsler, A.M. Arenas-Gamboa, Brucellosis remains a neglected disease in the developing world: a call for interdisciplinary action, 

BMC Publ. Health 18 (2018) 125, https://doi.org/10.1186/s12889-017-5016-y. 
[9] F. Abnaroodheleh, A. Emadi, S. Dashtipour, T. Jamil, A.M. Khaneghah, M. Dadar, Shedding rate of Brucella spp. in the milk of seropositive and seronegative 

dairy cattle, Heliyon 9 (2023) e15085, https://doi.org/10.1016/j.heliyon.2023.e15085. 
[10] G. Pappas, N. Akritidis, M. Bosilkovski, E. Tsianos, Brucellosis, N. Engl. J. Med. 352 (2005) 2325–2336, https://doi.org/10.1056/NEJMra050570. 
[11] T. Zhang, X. Liang, X. Zhu, H. Sun, S. Zhang, An outbreak of Brucellosis via air-born transmission in a kitchen wastes disposing company in Lianyungang, China, 

Int. J. Infect. Dis. 96 (2020) 39–41, https://doi.org/10.1016/jijid.2020.03.008. 
[12] G. Berhe, K. Belihu, Y. Asfaw, Sero-epidemiological investigation of bovine brucellosis in the extensive cattle production system of Tigray region of Ethiopia, Int. 

J. Appl. Res. Vet. Med. 5 (2007) 65–71. 
[13] T. Jergefa, K. Belihu, M. Bekana, S. Teshale, H. Gustafson, H. Kindahl, Epidemiological study of bovine brucellosis in three agro-ecological areas of central 

Oromia, Ethiopia, Rev. Sci. Tech. 28 (2009) 933–943, https://doi.org/10.20506/rst.28.3.1939. 
[14] K. Asmare, B. Megersa, Y. Denbarga, G. Abebe, A. Taye, J. Bekele, T. Bekele, E. Gelaye, E. Zewdu, A. Agonafir, G. Ayelet, E. Skjerve, A study on seroprevalence of 

caprine brucellosis under three livestock production systems in southern and central Ethiopia, Trop. Anim. Health Prod. 45 (2013) 555–560, https://doi.org/ 
10.1007/s11250-012-0258-2. 

[15] H. Mekonen, S. Kalayou, M. Kyule, Serological survey of bovine brucellosis in barka and arado breeds (Bos indicus) of western tigray, Ethiopia, Prev. Vet. Med. 
94 (2010) 28–35, https://doi.org/10.1016/j.prevetmed.2009.12.001. 

[16] B. Megersa, D. Biffa, F. Abunna, A. Regassa, J. Godfroid, E. Skjerve, Seroprevalence of brucellosis and its contribution to abortion in cattle, camel, and goat kept 
under pastoral management in Borana, Ethiopia, Trop. Anim. Health Prod. 43 (2011) 651–656, https://doi.org/10.1007/s11250-010-9748-2. 

[17] G. Tesfaye, W. Tsegaye, M. Chanie, F. Abinet, Seroprevalence and associated risk factors of bovine brucellosis in Addis Ababa dairy farms, Trop. Anim. Health 
Prod. 43 (2011) 1001–1005, https://doi.org/10.1007/s11250-011-9798-0. 

W. Demissie et al.                                                                                                                                                                                                      

http://refhub.elsevier.com/S2405-8440(24)09444-1/sref1
http://refhub.elsevier.com/S2405-8440(24)09444-1/sref1
https://doi.org/10.3389/fmic.2014.00213
https://doi.org/10.1016/S0378-1135(02)00249-3
https://doi.org/10.1016/S0378-1135(02)00249-3
http://refhub.elsevier.com/S2405-8440(24)09444-1/sref4
http://refhub.elsevier.com/S2405-8440(24)09444-1/sref4
http://refhub.elsevier.com/S2405-8440(24)09444-1/sref5
http://refhub.elsevier.com/S2405-8440(24)09444-1/sref5
https://doi.org/10.1016/j.actatropica.2015.10.023
https://doi.org/10.3325/cmj.2010.51.296
https://doi.org/10.3325/cmj.2010.51.296
https://doi.org/10.1186/s12889-017-5016-y
https://doi.org/10.1016/j.heliyon.2023.e15085
https://doi.org/10.1056/NEJMra050570
https://doi.org/10.1016/jijid.2020.03.008
http://refhub.elsevier.com/S2405-8440(24)09444-1/sref12
http://refhub.elsevier.com/S2405-8440(24)09444-1/sref12
https://doi.org/10.20506/rst.28.3.1939
https://doi.org/10.1007/s11250-012-0258-2
https://doi.org/10.1007/s11250-012-0258-2
https://doi.org/10.1016/j.prevetmed.2009.12.001
https://doi.org/10.1007/s11250-010-9748-2
https://doi.org/10.1007/s11250-011-9798-0


Heliyon 10 (2024) e33413

7

[18] T. Kenea, B. Megersa, Bovine brucellosis: seroepidemiology and herder’s knowledge, attitude and practices in Bench Maji zone, southern Ethiopia, Ethiop. Vet. 
J. 25 (1) (2021) 23–42, https://doi.org/10.4314/evj.v25i1.2. 

[19] D.T. Robi, B. Urge, A. Bogale, M. Aleme, S. Temteme, Herd and animal level seroprevalence and associated risk factors of bovine brucellosis in different agro- 
ecologies of southwest Ethiopia, Heliyon 9 (2023) e16852, https://doi.org/10.1016/j.heliyon.2023.e16852. 

[20] A. Tsegay, G. Tuli, T. Kassa, N. Kebede, Seroprevalence and risk factors of brucellosis in abattoir workers at Debre Zeit and Modjo export abattoir, Central 
Ethiopia, BMC Infect. Dis. 17 (2017) 101, https://doi.org/10.1186/s12879-017-2208-0. 

[21] G. Regassa, D. Mekonnen, L. Yamuah, H. Tilahun, T. Guta, A. Gebreyohannes, A. Aseffa, T.H. Abdoel, H.L. Smits, Human brucellosis in traditional pastoral 
communities in Ethiopia, Int. J. Trop. Med. 4 (2) (2009) 59–64. https://medwelljournals.com/abstract/?doi=ijtmed.2009.59.64. 

[22] J. Kassahun, E. Yimer, A. Geyid, P. Abebe, B. Newayeselassie, B. Zewde, M. Byene, A. Bekele, Sero-prevalence of brucellosis in occupationally exposed people in 
Addis Ababa, Ethiopia, Ethiop. Med. J. 44 (2006) 245–252. 

[23] B. Sibhat, T.T. Sisay, E. Nile, K. Asmare, Brucellosis in Ethiopia: a comprehensive review of literature from the year 2000–2020 and the way forward, 
Transbound. Emerg. Dis. 69 (5) (2022) e1231–e1252, https://doi.org/10.1111/tbed.14495. 

[24] R. Tschopp, A. GebreGiorgis, O. Abdulkadir, W. Molla, M. Hamid, Y. Tassachew, H. Andualem, M. Osman, M.W. Waqjira, A. Mohammed, M. Negron, Risk 
factors for Brucellosis and knowledge-attitude practice among pastoralists in Afar and Somali regions of Ethiopia, Prev. Vet. Med. 199 (2022) 105557, https:// 
doi.org/10.1016/j.prevetmed.2021.105557. 

[25] B. Ayele, M. Girma, T. Tesfaye, Y. Alemayehu, Assessment of livestock production constraints and technology need identification of pastoral and mixed crop- 
livestock production system in Malle and benatsemay districts of South Omo zone southern Ethiopia, Food Sci. Qual. Manag. 49 (2016) 1–13. 

[26] W. Shiferaw, E. Mekonen, K. Bezaweletaw, Y. Goa, E. Mesikelu, G. Gashaw, S. Boke, A. Mekuria, B. Zeleke, Identification of crop production constraints and 
technology needs in H1 agro-ecology of Shishir PA in South Ari district of South Omo zone, Ethiopia, Int. J. Res. Granthaalayah 3 (1) (2015) 50–57, https://doi. 
org/10.29121/granthaalayah.v3.i1.2015.3053. 

[27] UNDP, Preliminary examination of major factors affecting subsistence economy of South Omo zone and Konso special wereda in south-western Ethiopia, UNDP 
Emergency Unit for Ethiopia (1995). http://www.africa.upenn.edu/eue_web/s_omo96may.htm. (Accessed 23 December 2017). 

[28] A. Negassa, S. Rashid, B. Gebremedhin, A. Kennedy, Livestock production and marketing. Ethiopia strategy support program II (ESSP II). ESSP II Working Paper 
26, 2011. 

[29] G.W. Debo, D.H. Kassa, Prevalence of malaria and associated factors in Benna Tsemay district of pastoralist community, Southern Ethiopia, Trop. Dis. Travel 
Med. Vaccines. 2 (2016) 16, https://doi.org/10.1186/s40794-016-0033-x. 

[30] A. Tolera, A. Abebe, Livestock production in pastoral and agro-pastoral production systems of southern Ethiopia, Livest. Res. Rural Dev. 19 (12) (2007). #177, 
http://www.lrrd.org/lrrd19/12/tole19177.htm. 

[31] K. Asmare, R. Krontveit, G. Ayelet, B. Sibhat, J. Godfroid, E. Skjerve, Meta- Analysis of Brucella seroprevalence in dairy cattle of Ethiopia, Trop. Anim. Health 
Prod. 46 (2014) 1341–1350, https://doi.org/10.1007/s11250-014-0669-3. 

[32] M. Thrusfield, Veterinary Epidemiology, fourth ed., John Wiley and Sons, Inc., 2018, pp. 274–295, 111 River Street, Hoboken, NJ 07030, USA. 
[33] L. Legesse, A. Mekuriaw, E. Gelaye, T. Abayneh, B. Getachew, W. Weldemedhin, T. Tesgera, G. Deresse, K. Birhanu, Comparative evaluation of RBPT, iELISA, 

and CFT for the diagnosis of brucellosis and PCR detection of Brucella species from Ethiopian sheep, goats, and cattle sera, BMC Microbiol. 23 (2023) 216, 
https://doi.org/10.1186/s12866-023-02962-2. 

[34] F.M. Khan, M.S. Qureshi, S. Nawaz, M. Aftab, U. Sadique, Z. Islam, R. Khalil, Comparative evaluation of serum plate agglutination test (SPAT) and Rose Bengal 
Plate Test (RBPT) for diagnosis of Brucella abortus in sera of cattle and human, Int. J. Biosci. 10 (5) (2017) 367–371, https://doi.org/10.12692/ijb/10.5.367- 
371. 

[35] V. Taleski, An overview of introducing various laboratory tests for diagnosis of human brucellosis in the republic of Macedonia, Macedonian J. Med. Sci. 3 (3) 
(2010) 239–245, https://doi.org/10.3889/MJMS.1857-5773.2010.0135, 15. 

[36] I. Dohoo, W. Martin, H. Stryhn, Veterinary Epidemiologic Research, second ed., VER Inc.Charlottetown, Prince Edward Island, Canada, 2014, p. 865. 
[37] EFSA (European Food Safety Authority), Scientific opinion on performance of brucellosis diagnostic methods for bovines, sheep, and goats, EFSA J. 432 (2006) 

1–44. 
[38] A. Abera, Y. Deneke, T. Tolosa, Bovine brucellosis seroprevalence and its potential risk factors in small holder dairy farms in Hawassa town, southern Ethiopia, 

Ethiop. Vet. J. 23 (2) (2019) 41–63, https://doi.org/10.4314/evj.v23i2.4. 
[39] K. Amenu, E. Thys, A. Regassa, T. Marcotty, Brucellosis and tuberculosis in Arsi-Negele district, Ethiopia: prevalence in ruminants and people’s behaviour 

towards zoonoses, Tropicultura 28 (2010) 205–210. 
[40] H. Asegdom, D. Damena, R. Duguma, Seroprevalence of bovine brucellosis and associated risk factors in and around Alage district, Ethiopia, Springer Plus 5 

(2016) 851, https://doi.org/10.1186/s40064-016-2547-0. 
[41] F. Alemu, P. Admasu, T. Feyera, A. Niguse, Seroprevalence of bovine brucellosis in eastern Showa, Ethiopia, Acad. J. Anim. Dis. 3 (2014) 27–32, https://doi. 

org/10.5829/idosi.ajad.2014.3.3.86104. 
[42] R.D. Folitse, B.B. Boi-Kikimoto, B. O, Emikpe, J. Atawalna, The prevalence of Bovine tuberculosis and Brucellosis in cattle from selected herds in Dormaa and 

Kintampo districts, Brong Ahafo region, Ghana, Arch. Clin. Microbiol. 5 (2014) 1–6, https://doi.org/10.3823/280. 
[43] E. Eticha, H. Solomon, D. Lemma, B. Abera, Prevalence and risk analysis of bovine Brucellosis in Asella organized dairy farm, Oromia regional state, south east 

Ethiopia, J. Vet. Med. Anim. Health. 10 (10) (2018) 245–249, https://doi.org/10.5897/JVMAH2017.0558. 
[44] W. Negash, G. Reath, G. Terefe, G. Mamo, Seroprevalence of bovine brucellosis and its associated risk factors in jikow districts, gambella regional state, Ethiopia, 

Med. J. Bas. APP. Sc. 4 (2020) 77–90. Website: www.mjbas.com. 
[45] K. Asmare, Y. Asfaw, E. Gelaye, G. Ayelet, Brucellosis in extensive management system of zebu cattle in sidama zone, southern Ethiopia, Afr. J. Agric. Res. 5 (3) 

(2010) 257–263, https://doi.org/10.5897/AJAR10.045. 
[46] H. Degefu, M. Mohamed, M. Hailemelekot, M. Yohannes, Seroprevalence of bovine brucellosis in agro-pastoral areas of Jijjiga zone Somalia national regional 

state, eastern Ethiopia, Ethiop. Vet. J. 15 (1) (2011) 37–47, https://doi.org/10.4314/evj.v15i1.67683. 
[47] A. Lakew, A. Hiko, A. Abreha, S.H. Mengistu, Seroprevalence and community awareness on the risk associated with livestock and human brucellosis in selected 

districts of Fafan zone of Ethiopian Somali Rational State, Vet. Anim. Sci. 7 (2019) 100047, https://doi.org/10.1016/j.vas.2019.100047. 
[48] Z. Assefa, B. Bulcha, H. Waktole, F. Abunna, G. Mamo, Sero-prevalence study of bovine brucellosis and its risk factors in dairy farms in and around adama town, 

oromia regional state, Central Ethiopia, J. Vet. Med. Res. 7 (1) (2020) 1178, https://doi.org/10.47739/2378-931X/1178. 
[49] E. Alehegn, S. Tesfay, M. Chane, Seroprevalence of bovine brucellosis and its risk factors in cattle in and around Gonder town, northwest Gonder, Ethiopia, 

J. Adv. Dairy Res. 4 (2017) 166, https://doi.org/10.4172/2329-888X.1000166. 
[50] M.K. Omer, E. Skjerveb, Z. Woldehiwetc, G. Holstad, Risk factors for Brucella spp. infection in dairy cattle farms in Asmara, State of Eritrea, Prev. Vet. Med. 46 

(2000) 257–265, https://doi.org/10.1016/S0167-5877(00)00152-5. 
[51] G. Ndazigaruye, B. Mushonga, E. Kandiwa, A. Samkange, B.E. Segwagwe, Prevalence and risk factors for brucellosis seropositivity in cattle in Nyagatare District, 

Eastern Province, Rwanda, J. S. Afr. Vet. Assoc. 89 (2018) 1625, https://doi.org/10.4102/jsava.v89i0.1625. 
[52] D.M. Sima, I.A. Abdeta, A.L. Merga, E.H. Tola, Seroprevalence of bovine brucellosis and associated risk factors in western Ethiopia, Vet. Med. Res. Rep. 12 

(2021) 317–324, https://doi.org/10.2147/VMRR.S338930. 

W. Demissie et al.                                                                                                                                                                                                      

https://doi.org/10.4314/evj.v25i1.2
https://doi.org/10.1016/j.heliyon.2023.e16852
https://doi.org/10.1186/s12879-017-2208-0
https://medwelljournals.com/abstract/?doi=ijtmed.2009.59.64
http://refhub.elsevier.com/S2405-8440(24)09444-1/sref22
http://refhub.elsevier.com/S2405-8440(24)09444-1/sref22
https://doi.org/10.1111/tbed.14495
https://doi.org/10.1016/j.prevetmed.2021.105557
https://doi.org/10.1016/j.prevetmed.2021.105557
http://refhub.elsevier.com/S2405-8440(24)09444-1/sref25
http://refhub.elsevier.com/S2405-8440(24)09444-1/sref25
https://doi.org/10.29121/granthaalayah.v3.i1.2015.3053
https://doi.org/10.29121/granthaalayah.v3.i1.2015.3053
http://www.africa.upenn.edu/eue_web/s_omo96may.htm
http://refhub.elsevier.com/S2405-8440(24)09444-1/sref28
http://refhub.elsevier.com/S2405-8440(24)09444-1/sref28
https://doi.org/10.1186/s40794-016-0033-x
http://www.lrrd.org/lrrd19/12/tole19177.htm
https://doi.org/10.1007/s11250-014-0669-3
http://refhub.elsevier.com/S2405-8440(24)09444-1/sref32
https://doi.org/10.1186/s12866-023-02962-2
https://doi.org/10.12692/ijb/10.5.367-371
https://doi.org/10.12692/ijb/10.5.367-371
https://doi.org/10.3889/MJMS.1857-5773.2010.0135
http://refhub.elsevier.com/S2405-8440(24)09444-1/sref36
http://refhub.elsevier.com/S2405-8440(24)09444-1/sref37
http://refhub.elsevier.com/S2405-8440(24)09444-1/sref37
https://doi.org/10.4314/evj.v23i2.4
http://refhub.elsevier.com/S2405-8440(24)09444-1/sref39
http://refhub.elsevier.com/S2405-8440(24)09444-1/sref39
https://doi.org/10.1186/s40064-016-2547-0
https://doi.org/10.5829/idosi.ajad.2014.3.3.86104
https://doi.org/10.5829/idosi.ajad.2014.3.3.86104
https://doi.org/10.3823/280
https://doi.org/10.5897/JVMAH2017.0558
http://www.mjbas.com
https://doi.org/10.5897/AJAR10.045
https://doi.org/10.4314/evj.v15i1.67683
https://doi.org/10.1016/j.vas.2019.100047
https://doi.org/10.47739/2378-931X/1178
https://doi.org/10.4172/2329-888X.1000166
https://doi.org/10.1016/S0167-5877(00)00152-5
https://doi.org/10.4102/jsava.v89i0.1625
https://doi.org/10.2147/VMRR.S338930

	Sero-epidemiological study of brucellosis in cattle under pastoral/agro-pastoral and mixed crop-livestock systems in South  ...
	1 Introduction
	2 Materials and methods
	2.1 Description of the study area
	2.2 Study animals
	2.3 Study design, sampling and sample size
	2.4 Blood sample collection
	2.5 Laboratory tests
	2.6 2.5data management and analysis

	3 Results
	3.1 Sero-prevalence
	3.2 Association with risk factors

	4 Discussion
	Funding
	Institutional review board statement
	Data availability statement
	CRediT authorship contribution statement
	Declaration of competing interest
	Acknowledgements
	References


