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ARTICLE INFO ABSTRACT

Keywords: Brucellosis is a zoonotic infection that commonly affects cattle in Ethiopia, causing significant
Brucellosis negative economic impact. A cross-sectional study was carried out between November 2020 and
Epidemiology

November 2021 in southwest Ethiopia to determine the seroprevalence of brucellosis and its
associated risk factors in cattle herds. Blood samples were taken from 461 randomly selected
cattle to test for the presence of Brucella antibodies using the Rose Bengal Plate test, with positive
serum confirmed through the complement fixation test. A multivariable random effect logistic
regression analysis was used to identify potential risk factors for Brucella seropositivity. The study
found 7.14% (95% CI: 4.44-9.01) seroprevalence at the animal level and 12.23% (95% CI:
6.52-16.05) at the herd level based on the complement fixation test. Age (OR = 6.9, 95%CI:
1.83-15.97), herd size (OR = 3.66, 95%CI: 1.39-9.61), introducing new animals (OR = 2.72, 95%
CI: 1.17-6.29), management system (OR = 12.2, 95%CI: 1.53-26.80), species composition (OR =
4.24, 95%CI: 1.51-11.91), and abortion (OR = 7.1, 95%CI: 1.93-15.39) were found to be asso-
ciated with Brucella seropositivity. The analysis also revealed two risk factors for Brucella infec-
tion at the herd level, including herd size (OR = 3.4, 95% CI: 1.05-10.68) and species
composition (OR = 3.1, 95% CI: 1.20-7.88). The presence of Brucella antibodies in cattle high-
lights the need for increased awareness and measures to mitigate the identified risk factors of the
disease to prevent its spread. Furthermore, further studies are necessary to investigate the zoo-
notic transmission of brucellosis to humans and its role in cattle reproduction disorders in the
study area.

Cattle
Southwest Ethiopia

1. Introduction

Bovine brucellosis is a widespread disease in several countries, affecting both human and animal populations, and leading to
substantial economic losses [1-3]. The main reason for the negative effect of the disease on cattle breeding in these countries is the low
reproductive efficiency and occurrence of abortions [4-7]. Brucella abortus and B. melitensis are the primary causes of bovine
brucellosis, while B. suis is a less common pathogen that can cause late-term abortions, retained fetal membranes, and infertility in
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subsequent pregnancies [8,9]. The transmission of Brucella is usually through direct contact with an infected animal or fetus or indirect
contact with contaminated objects [10]. Various risk factors for bovine brucellosis have been identified, including herd size, cattle age
and sex, management practices, interaction with wildlife, environmental factors, and the use of different cattle breeds [3,11-13].

Despite Ethiopia having one of the largest cattle populations in Africa, this valuable resource is not being optimally utilized due to a
range of constraints affecting cattle production [14]. Key factors such as animal diseases, poor genetics, inadequate animal health
services, nutritional deficiencies, and management issues have all contributed to this situation [15,16]. One significant animal disease
that affects both cattle and humans is brucellosis, which has a high seroprevalence in areas where people live in close proximity to
livestock [17,18]. Various authors [4,19-21] have conducted serological evaluations to determine the prevalence of Brucella infections
in Ethiopian cattle across different regions of the country.

Several studies conducted in different areas of the country [22-25] have reported a significant economic burden caused by
brucellosis in cattle due to abortion and other reproductive issues. However, these studies did not provide adequate information on the
risk factors contributing to the development and spread of the disease across various agro-ecologies. Understanding the epidemiology
of brucellosis in southwest Ethiopia is crucial to designing effective control measures. Hence, this study aimed to determine the
seroprevalence of Brucella infection at both the herd and individual animal levels and to identify the associated risk factors in different
agro-ecologies in southwest Ethiopia.

2. Materials and methods
2.1. Description of study areas

The study was carried out in the Southwest Ethiopia, specifically in the Bench-Sheko (Semen-Bench, Shei Bench, and Sheko) and
West Omo (Meinet Shasha and Goldiya) zones, which are represented in Fig. 1. These zones are located between latitudes 5°.88’ and
7°.21' N and longitudes 34°.88' and 36°.14’ E and are situated at altitudes ranging from 500 to 3000 m above sea level. The annual
temperature in the zones varies from 15.1 °C to 27 °C, with an average rainfall of 400-2000 mm per year. In Ethiopian agro-ecology,
the zones are classified as lowland (1500 m above sea level), mid-altitude (1500-2300 m above sea level), and highland (>2300 m
above sea level) [26]. Thus, the selected districts were grouped into three agro-ecological zones: lowland (Meinet Shasha),
mid-altitude (Sheko and Shei-Bench), and highland (Semen Bench and Meinet Goldiya). The study area has an estimated 71,047 goats,
73,384 sheep, and 1,596,803 cattle [14], with the Zebu and Sheko breeds being the most common among the cattle, and a few
Holstein-Friesian crosses. The management practices considered for inclusion in the research areas were extensive (for crop-livestock
production) and semi-intensive (for urban production).
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Fig. 1. Map of study areas.
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2.2. Study design and population

A cross-sectional study was carried out from November 2020 to November 2021 to determine the seroprevalence and risk factors
associated with Brucella infection in female cattle aged six months and above. The study was conducted in the Bench-Sheko and West
Omo zones’ districts, including Semen Bench, Shei Bench, Sheko, Meinet Goldiya, and Meinet Shasha. The study population was
diverse in terms of age, body condition, breed, agro-ecology, and management system. Notably, the cattle used in this study were
unvaccinated against brucellosis.

2.3. Sampling procedure and sample size determination

Due to the lack of previous study on brucellosis in cattle in the study areas, we used the formula provided by Thrusfield [27] to
determine the required sample size for this study. A desired absolute precision of 5% and a 95% confidence interval of the estimated
prevalence of 50% were used in the calculation, resulting in a requirement of 384 cattle. However, to account for non-response or
missing values and avoid bias, we oversampled by 10%-20%, as suggested by Naing et al. [28]. Therefore, we used a total of 461 cattle
for this study. We employed a multistage sampling procedure, with random selection of sampling units at each stage [29]. The study
zones were purposefully selected because they had high incidences of Brucella infection and a large cattle population (unpublished
data). Districts, kebeles, villages, and herds were selected using random sampling techniques. Specifically, Semen Bench, Shei Bench,
Sheko, Meinet Shasha, and Meinet Goldiya were chosen by lottery method from a total of fifteen districts in the zones. From these
districts, 28 kebeles were selected using a proportional simple sampling technique. Based on the number of villages in the kebeles, 84
villages were then randomly selected using a proportional simple random selection method. Finally, a proportional simple random
sampling method was used to select 191 herds based on the number of herds present in each village. For the sampling of individual
cattle within each herd, a simple random method was used, with the number of animals sampled from each herd varying according to
the number of cattle present.

2.4. Blood sample collection

Using a sterile needle and a vacutainer tube, approximately 10 ml of blood was collected from the jugular vein of each cattle. The
vacutainer tubes were labeled with the corresponding identification of each animal. The blood samples were allowed to stand over-
night at room temperature for the serum to separate. The obtained serum was decanted into cryovials, which were labeled with the
animal codes. The serum samples were then stored at —20 °C [30] in the Mizan Regional Veterinary Laboratory until they were
transported to the National Veterinary Institute in Debrezeite. The serum samples were kept in an ice box during transportation for
serological analysis.

2.5. Serological tests

The presence of Brucella agglutinins in serum samples was assessed using the Rose Bengal Plate Test (RBPT) (Veterinary Labora-
tories Agency, New Haw, Addlestone, Surrey, KT153, UK), following the recommendations of the OIE [31]. Prior to testing, both serum
samples and antigens were removed from refrigeration and left at room temperature for 30 min, as per the guidelines. To perform the
test, 30 pL of serum was dispensed onto a plate, followed by the addition of 30 pL of RBPT antigen. An applicator stick was used to
thoroughly mix the serum and antigen, which were then manually rocked on the plate for approximately 4 min. Positive and negative
controls were included and interpreted based on the degree of agglutination, with bright lighting or a magnifying glass used as
necessary for micro agglutination. Results were reported using the classification system described by Dohoo et al. [29], with a score of
0 indicating no agglutination, + indicating agglutination visible only with magnification, ++ indicating fine agglutination, and +++
indicating coarse clumping. Serums that showed no agglutination were considered negative, while those with a score of +, ++, or
+++ were considered positive.

The complement fixation test (CFT), along with B. abortus antigen S99 and control sera (positive and negative), was employed to
confirm all positive sera (RBPT). The Veterinary Laboratories Agency in New Haw, Addlestone, Surrey, KT153, UK was used for this
purpose. The test sera were prepared in two-fold dilutions (1:5, 1:10, 1:20, and 1:40) using a standard antigen dilution of 1:10, and
were added to Brucella antigen, guinea pig complement, and 3% sensitized sheep red blood cells in standard 96-well U-bottom
microliter plates. The reagent was prepared and tested by titration using OIE-recommended protocols [30]. The plates were centri-
fuged at 2500 rpm for 5 min at 4 °C, and then incubated at 37 °C for 30 min with agitation. A strong reaction, more than 75%
complement fixation (3+) at 1:5 dilution, or at least 50% complement fixation (2+) at 1:10 dilution and above, was considered
positive, while lack of fixation/complete hemolysis was considered negative [31]. For serial interpretation, cattle were considered
positive if they were seropositive on both the RBPT and the CFT. Combining RBPT and CFT in serial is recommended to eliminate
false-positive serological cross-reactions and increase test specificity [29].

2.6. Data collection
Information regarding putative risk factors for cattle brucellosis was recorded using the MS Excel Spreadsheet 2010 program. For

each individual, factors such as agro-ecology, age, breed, body condition, parity, pregnancy status, history of abortions, retained fetal
membranes, herd size, introduction of new animals into a herd, accessibility to wild animals, management system, and species
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composition (cattle mixed with sheep and/or goats) were recorded. To categorize the body condition score of cattle, a system based on
the appearance of ribs and vertebral spinous processes was used. Scores of 1 and 2 were categorized as poor, 3 as medium, and scores of
4 and 5 as good [32]. The three herd size categories used were small (<15 heads of cattle), medium (15-30 heads of cattle), and large
(>30 heads of cattle). The livestock management system was classified as either extensive or semi-intensive, based on criteria
established by Richard [33]. Cattle were divided into three age groups (<3, 3-6, and >6 years) based on the understanding that the age
at first calving for cattle in tropical conditions ranged from two to three years [34]. Cattle were categorized as nulliparous, monop-
arous, and pluriparous, based on the number of offspring they had [35]. Abortion was defined as the termination of pregnancy between
45 and 260 days gestation [36,37].

2.7. Data analysis

The collected data were analyzed using STATA version 14.0 (Stata Corp. College Station, TX, USA) for Windows. Individual animals
were considered positive for brucellosis if they tested RBPT + or CFT+. Similarly, herds with at least one seropositive animal were
considered positive for brucellosis. The herd level seroprevalence was calculated by dividing the number of herds with at least one
infected animal and positive RBPT and CFT results by the total number of herds sampled. To determine the apparent seroprevalence of
brucellosis, the proportion of RBPT and CFT seropositive samples was divided by the total number of tested animals. To estimate the
true prevalence of brucellosis in cattle, the sensitivity and specificity estimates for RBPT and CFT tests predicted by EFSA [38] were
imputed in the Rogan and Gladen formula [39]: TP= (AP + CSes —1)/(CSes + CSps —1), where TP represents true prevalence, AP
represents apparent prevalence, CSes represents the combined sensitivity of the test series (SeRBPT x SeCFT), and CSp; represents the
combined specificity of the test series (1-(1-spRBPT) x (1-spCFT)). The animal level seroprevalence was then determined after
adjusting for sample weighing. The 95% confidence interval (CI) for each seroprevalence was calculated using the binomial exact
method in Epitools.

A logistic regression model was used to investigate the association between seroprevalence and brucellosis risk factors. Univariable
random effects logistic regression methods were used to screen multiple variables associated with brucellosis. The herd was used as a
random effect to explain the likelihood of cattle grouping in herds and herd size variation. Variables with P < 0.25 in univariable
analysis were included in the multivariable logistic model. A backward elimination procedure was used for further variable selection.
The risk factors associated with brucellosis were identified using a multivariable random effects logistic regression model, and their
strength of association was assessed using adjusted odds ratios (OR). Cross-product terms were used to examine interaction effects, and
the collinear matrix index was used to check for multiple-collinearity before building the final model. The validity and predictive
power of the model were evaluated using the Hosmer-Lemeshow test and ROC curve. Significance was set at P < 0.05 with a confidence
level (CL) of 95% for all analyses.

3. Results
3.1. Animal-level and herd-level true seroprevalence of brucellosis

The RBPT and CFT examinations showed that 7.16% and 6.72% of the cattle were positive for Brucella antibodies, respectively. The
Semen Bench district had the highest prevalence of Brucella antibody (9.09%), while the Meinet Shasha district had the lowest
prevalence (4.55%). The true seroprevalence of Brucella antibody positivity for all animals, according to CFT, was 7.14%. However, the
Sheko district had the highest herd level seroprevalence (21.05%), while the Meinet Goldiya district had the lowest (4.88%). The
overall true seroprevalence was 12.23%. A statistically significant difference (P < 0.05) was found between study areas at both the
animal and herd levels (Table 1).

3.2. Herd-level potential risk factors of brucellosis

In the final multivariable logistic regression model, herd size and species composition were found to have a significant effect (P <
0.05) on the herd-level seroprevalence of cattle brucellosis in both univariable and multivariable analyses. However, the analysis
showed that there was no significant association (P > 0.05) between the herd-level seroprevalence of brucellosis and factors such as

Table 1
The distribution of cattle brucellosis seroprevalence at the animal and herd levels in the study areas.
Animal-level Herd-level
Study areas Total cattle tested Seroprevalence % (95%CI) Total herds tested Seroprevalence % (95%CI)
Shey Bench 118 8.47 (3.45-13.50) 44 15.91 (5.10-26.72)
Sheko 171 6.43 (2.76-10.11) 38 21.05 (8.09-34.01)
Semen Bench 44 9.09 (0.60-17.59) 22 9.09 (2.92-21.10)
Meinet Goldiya 62 4.84 (0.50-10.18) 41 4.88 (1.72-11.47)
Meinet Shasha 66 4.55 (0.48-9.57) 46 6.52 (0.61-13.66)
Overall 461 7.14 (4.44-9.01) 191 12.23 (6.52-16.05)

CI: Confidence Interval.
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agro-ecology, management system, accessibility to wild animals, or introducing new animals, as shown in Table 2.

3.3. Animal-level potential risk factors of brucellosis

The results of the study indicated a significant association between age groups and the prevalence of brucellosis (P < 0.05). Older
animals had a significantly higher chance of being seropositive, with an odds ratio (OR) of 6.6, compared to their younger counter-
parts. The study also found a significant association (P < 0.05) between herd size and seroprevalence of brucellosis, with cattle from
larger herds having an OR of 4.3 for Brucella seropositivity compared to those from smaller herds. Furthermore, the study showed a
statistically significant association (P < 0.05) between the management system and Brucella seropositivity, with cattle under extensive
management having an OR of 8.4 for Brucella seropositivity compared to those under semi-intensive management. Introducing new
animals into herds was found to significantly increase the risk of brucellosis, with an OR of 2.8. Animals that had contact with sheep
and/or goats were found to have a significantly higher risk of contracting brucellosis (P < 0.05), with an OR of 4.2 for those with close
contact compared to those with less or no contact. The study also found a significant association (P < 0.05) between brucellosis
seropositivity and a history of abortion in cattle. However, univariable analysis showed that body condition, parity, pregnancy status,
breed, agro-ecology, cattle access to wild animals, and retained fetal membrane were not significantly associated (P > 0.05) with the
seroprevalence of brucellosis (Table 3).

No multicollinearity or significant interactions among the variables were detected. The model was deemed suitable for the data, as
indicated by a Hosmer-Lemeshow goodness-of-fit value (y2 = 8.620, P = 0.375). The accuracy of the model was confirmed by the ROC
curve (AUC = 0.857, 95%CI: 0.79-0.92). Based on the multivariable logistic regression analysis, various factors, including age, herd
size, species composition, management system, introduction of new animals, and a history of abortion in cattle, were associated with
the occurrence of brucellosis in cattle (Table 4).

4. Discussion

This study revealed that various factors at the individual animal level, such as age, species composition, herd size, management
practices, introduction of new animals, and history of abortion, can affect the prevalence of brucellosis in cattle. Moreover, the study
found that herd size and species composition significantly influence the prevalence of Brucella infection at the herd level. The high
prevalence of Brucella infection in cattle in the study areas causes severe economic losses due to reproductive disorders such as
abortion and infertility, and also poses a significant risk to public health. Based on serological evidence, this study provides epide-
miological data on Brucella infection in cattle in southwest Ethiopia. Brucellosis in cattle is a zoonotic disease that causes significant
economic loss in the country [22,40]. As the first study in the selected areas to provide information on the epidemiology of brucellosis,
this research could inform the application of appropriate management techniques to control and prevent the disease in cattle.

In the present study, the overall seroprevalence of Brucella antibodies at the animal level was found to be 7.14%. This aligns with
previous reports by Mekonen et al. [12] and Eyob et al. [41] who reported seroprevalence of 6.10% and 9.87%, respectively, in
Western Tigray and Asella, Ethiopia. Similar findings were also reported in other African countries such as Ghana (6.6%) by Kubuafaor
et al. [42] and Chad (6.6%) by Schelling et al. [43]. However, compared to earlier studies conducted in the country, such as in Assela
(14.1%) [44] and Borana (10.6%) [45], the prevalence reported in this study is lower. However, higher seroprevalence have been

Table 2
Analysis of potential risk factors for brucellosis at the herd level using univariate and multivariate methods in southwest Ethiopia.
Variables Category Total herd Total herd Univariable Multivariable
examined positive (%)
Crude OR (CI P- Adjusted OR (CI P-
95%) value 95%) value

Agro-ecology 0.810
Lowland 57 12.28 - - - -
Mid-land 52 13.46 0.88 (0.29-2.71) 0.682
Highland 81 9.88 1.3 (0.43-3.67) 0.525

Herd size 0.016 0.036
Small 88 19.32 - -
Medium 41 2.44 9.6 (1.23-74.67) 0.031 6.8 (0.84-14.42) 0.072
Large 62 6.45 3.5(1.11-10.89) 0.033 3.4 (1.05-10.68) 0.041

Species composition Only cattle 52 23.08 - - - -
Mixed with sheep and/ 139 7.19 3.9 (1.56-9.63) 0.004 3.1 (1.20-7.88) 0.020
or goats

Management system Semi-intensive 38 18.42 - -
Extensive 153 9.80 2.1 (0.78-5.53) 0.143

Introducing new animals No 99 16.16 - -

into a herd

Yes 92 6.52 2.8 (1.03-7.40) 0.043

Accessibility to wild animal ~ No 178 11.80 - -
Yes 13 7.69 1.6 (0.20-12.98) 0.657

OR: Odds Ratio; CI: Confidence Interval.
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Table 3
Possible risk factors for cattle in the study areas based on a single-variable logistic regression analysis.
Variables Category Total cattle examined  Total cattle positivity (%)  Crude OR (95%CI)  P-
value
Age 0.003
<3 years 138 3(2.22) - -
3-6 years 188 10 (5.32) 2.7 (1.19-5.98) 0.017
>6 years 135 18 (13.04) 6.6 (1.90-22.97) 0.003
Breed Local 440 29 (6.59) - -
Cross 21 2(9.52) 1.5 (0.33-6.72) 0.602
BCS 0.477
Poor 89 4 (4.49) - -
Medium 219 14 (6.39) 1.4 (0.62-2.98) 0.443
Good 153 13 (8.50) 1.2 (0.62-6.25) 0.248
Herd size 0.002
Small 231 9 (3.90) - -
Medium 129 7 (5.43) 3.0 (1.19-7.77) 0.020
Large 101 15 (14.85) 4.3 (1.82-10.20) 0.001
Species composition Only cattle 198 5(2.53) - -
Mixed with sheep and/or goats 263 26 (9.89) 4.2 (1.60-11.24) 0.004
Management system Extensive 366 30 (8.20) 8.4 (1.13-22.35) 0.038
Semi-intensive 95 1(1.05)
Introducing new animals into a herd Yes 176 19 (10.80) 2.8 (1.30-5.82) 0.008
No 285 12 (4.21) - -
Accessibility to wild animal Yes 16 1(6.25) 1.2 (1.30-8.49) 0.939
No 445 30 (6.74) - -
Agro-ecology 0.634
Lowland 55 2(3.64) 1.0 (0.47-2.13) 0.989
Mid-land 210 15 (7.14) 2.0 (0.45-9.25) 0.356
Highland 196 14 (7.14)
Parity 0.951
Nulliparous 110 8(7.27) 0.9 (0.36-2.10) 0.760
Monoparous 101 7 (6.93) 0.92 (0.37-2.30) 0.856
Pluriparous 250 16 (6.40) - -
0.353
Pregnancy status After 5 months 93 8 (8.60) 2.6 (0.59-11.26) 0.208
Before 5 months 70 2 (2.86) 0.8 (0.34-1.88) 0.618
None pregnant 298 21 (7.05) - -
History of abortion Yes 104 12 (11.54) 9.5 (1.27-20.15) 0.028
No 357 19 (5.32) - -
Retained placenta Yes 19 1 1.3 (0.17-10.16) 0.796
No 442 30 - -
OR: Odds Ratio; CI: Confidence Interval, BCS: Body condition score.
Table 4
Analysis of factors associated with Brucella seropositivity in study areas using multivariable logistic regression.
Variables Category Total cattle examined Total cattle positivity (%) Adjusted OR (95%CI) P-value
Age 0.002
<3 years 138 3(2.22) - -
3-6 years 188 10 (5.32) 3.5(1.43-8.44) 0.006
>6 years 135 18 (13.04) 6.9 (1.83-15.97) 0.004
Herd size 0.018
Small 231 9 (3.90) - -
Medium 129 7 (5.43) 2.91 (1.04-8.16) 0.042
Large 101 15 (14.85) 3.66 (1.39-9.61) 0.008
Species composition Only cattle 198 5(2.53) - -
Mixed with sheep and/or goats 263 26 (9.89) 4.24 (1.51-11.91) 0.006
Management system Semi-intensive 95 1(1.05) - -
Extensive 366 30 (8.20) 12.2 (1.53-26.80) 0.018
Introducing of new animal No 285 12 (4.21) - -
Yes 176 19 (10.80) 2.72 (1.17-6.29) 0.020
History of abortion No 357 19 (5.32) - -
Yes 104 12 (11.54) 7.1 (1.93-15.39) 0.031

OR: Odds Ratio; CI: Confidence Interval.

observed in other African countries, including Togo (41%) [46] and Uganda (46.8%) [47]. The current study’s seroprevalence results
were higher than those reported in central Ethiopia (2.9%) [48], Sidama zone (1.7%) [4], Addis Ababa dairy farms (1.5%) [49], and
Arsi zone (2.6%) [50]. The variation in seroprevalence across different study areas and countries could be attributed to various factors,
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including environmental conditions, management strategies, farming practices, sources of replacement animals, farmer education
levels, hygienic practices on the farms, and accessibility of maternity pens during calving [9].

The herd-level seroprevalence in this study (12.23%) is similar to that reported by previous studies, such as Tsegaye et al. [50]
(9.5% in Aris zone), Robi and Gelalcha [22] (11.6% in the Jimma zone), Asmare et al. [4] (13.7% in Sidama zone), Etefa et al. [25]
(12.3% in Jimma zone), and Alhaji et al. [51] (9.7% in Nigeria). However, it is lower than the findings reported by Megersa et al. [45]
in southern and eastern Ethiopia (26.1%), and Mekonen et al. [12] in western Tigray (24.1%). Other studies have reported even higher
herd-level seroprevalence, such as 62% in Zambia [52], 55.6% in Uganda [53], and 43.3% in Ethiopia [18]. The difference in results
could be due to variations in the prevalence of the disease at the overall animal level and the herd size at the time of the study.
Moreover, the study found that the size of the herd was a risk factor for Brucella seropositivity at the herd level, with larger herds
having approximately three times higher odds (OR = 3.4) of Brucella seropositivity than smaller herds. This finding is consistent with
[451, who reported that large herds in southern and eastern Ethiopia were at the highest risk of acquiring Brucella infection at the herd
level.

The study revealed that age was significantly associated with the risk of being seropositive for Brucella infection. Animals over six
years old were found to have a significantly higher risk (OR = 6.9) of contracting the infection compared to their younger counterparts.
This finding is in line with several studies conducted in Ethiopia [13,18,22,45,54-56] and elsewhere [3,57,58], which also identified
age as a major risk factor for Brucella infection in cattle. This study supports the findings of Radostits et al. [9], which suggest that
younger animals tend to be more resistant to infection and recover from it more frequently. This is likely due to age-related increases in
the concentration of sex hormones and erythritol, which promote bacterial growth and multiplication, making older animals more
susceptible to brucellosis [9].

Based on this study, introducing a new animal to a herd increases the risk of brucellosis threefold (OR = 2.72). This association
between Brucella serostatus and the adding new animals to the herd was found to be significant. These results are consistent with
previous studies [51,59] which also revealed a statistically significant association between Brucella antibody seropositivity and the
introduction of new animals into the herd. Moreover, Stringer et al. [60] and Cardenas et al. [61] found that introducing new animals
from unknown areas was a significant risk factor for Brucella infection in cattle, further supporting these findings.

In the present study, a significant difference in the prevalence of Brucella antibodies was observed between herd sizes, with larger
herds being almost four times more likely (OR = 3.66) to be seropositive. Previous studies have identified herd size as a critical factor
in the transmission of Brucella among susceptible and infected animals [62]. This is mainly due to the higher availability of positive
animals in larger herds compared to smaller ones [63]. Previous researchers have suggested that the likelihood of exposure and
maintenance of Brucella after an abortion increases with larger herd sizes due to increased contact in shared feeding and watering
areas, facilitating the spread of Brucella organisms [3,4,13,20,22,64]. In contrast to this finding, Kebede et al. [56] reported that there
was no association between herd size and brucellosis. The variation in reports across different regions of Ethiopia and other countries
may be due to several factors, including agro-ecology, animal breed, and management systems.

This study has found that cattle kept in households with a mix of goats, sheep, and/or cattle have a significantly higher likelihood of
testing positive for Brucella (OR = 4.24) compared to those kept with only cattle. This is likely due to the increased chance of Brucella
transmission between species when they are herded together. It is important to note that Brucella is not limited to a particular host
species; Brucella melitensis has been found in cattle as well [65]. This suggests that mixing animal species could have contributed to the
spread of the pathogen from small ruminants to cattle. Moreover, combining too many animal species into one herd can lead to higher
contact and density between animals, increasing the risk of exposure to the Brucella organism and infection [66]. The results of this
study align with previous studies conducted in Ethiopia [22,45]. These studies demonstrated that in Ethiopia, the combination of sheep
and/or goats with cattle increased the likelihood of Brucella seropositivity in cattle. Similar findings were reported in studies from
Eritrea [62], Jordan [63], and Malaysia [67], indicating that mixing sheep and/or goats with cattle poses a risk for Brucella trans-
mission among various animal species. However, these findings contradict the results of Elabdin et al. [68], who found no significant
association between Brucella seropositivity and the presence of sheep and/or goats with cattle in Sudan. These differences may be
attributed to variations in the environment, animal breeds, and management practices. The prevalence of Brucella infections at the
herd level was found to be influenced by the species present, with herds containing sheep and/or goats exhibiting a greater likelihood
of seropositivity. Multiple studies have reported that the practice of herding sheep, goats, and cattle is associated with an increased risk
of Brucella infection seropositivity [22,45,51,63,66].

The study demonstrated a significant (P < 0.05) association between the management system and the seropositivity of brucellosis
in cattle. Cattle managed extensively were 12.2 times more likely to be infected with Brucella (OR = 12.2) than those managed semi-
intensively. The higher risk of infection among extensively managed cattle could be attributed to poor husbandry practices and the
increased likelihood of contact with diseased animals during co-grazing. In addition, a comprehensive management system can also
increase the likelihood of contact with infected or carrier animals. The findings of this study are consistent with a previous study [69]
that reported an increased risk of Brucella transmission in cattle that share a common pasture.

The current study found significant association between Brucella seroprevalence in female cattle and their history of abortion.
Cattle with a prior history of abortion were found to have a 7.1 times higher likelihood of being Brucella seropositive compared to those
without such history. This finding suggests association between the prevalence of Brucella pathogen and cattle abortion. Our study
aligns with previous research conducted in Ethiopia [20,21,25,50], as well as with the findings of Alhaji et al. [51], Sagamiko et al.
[70], and Derdour et al. [71] which reported an association between brucellosis and a history of cattle abortion. However, this finding
differs from the results of Asmare et al. [72], Shabbir et al. [73], and Asmare [74] which did not find a significant association between
brucellosis and cattle abortion. The differences in findings may be attributed to variations in agro-ecologies, management systems, and
environmental conditions in the study areas that could facilitate the spread of various causes of abortion [9].
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Brucellosis serology has a limitation in that the tests used worldwide detect antibodies against s-LPS epitopes that are shared by
other Brucella species and other organisms, leading to cross-reactions, such as with Yersinia enterocolitica O:9 [75,76]. To maximize
specificity, it is recommended to use two tests serially in epidemiologic studies [30,77]. Dohoo et al. [29] suggest that serial testing has
a higher presumed specificity compared to the individual specificities of each test since test specificities are conditionally independent
of one another. Utilizing series testing in populations with diseases can increase specificity and positive predictive value, but there is a
potential for false negatives and missing true positive cases [45]. The combination of RBPT, CFT, and c-ELISA is expected to reduce
misclassification and increase the chance of detecting antibodies against brucellosis when present in a given serum. However,
Mainar-Jaime et al. [78] argue that serial testing using pairs of specificity-correlated serological testing (RBPT, CFT, c-ELISA) has
lower specificity than expected when applied to disease-free populations. This can lead to an increased proportion of non-infected
animals being classified as seropositive. Dohoo et al. [79] point out that the choice of test cut-offs has different diagnostic goals
depending on the context, such as a screening situation versus a confirmatory diagnostic situation. In this study, using a high cut-off
point may increase the specificity of the test, but it may also have the shortcoming of missing positive cases. Therefore, it is important
to consider the context when choosing the cut-off point.

5. Conclusion

The findings of the study indicate that Brucella antibodies are prevalent among cattle in the southwest Ethiopia. Although the
presence of antibodies does not necessarily indicate active infection, these results suggest that brucellosis may be present in the study
area. The study also identified several risk factors for Brucella seropositivity at the animal level, including age, management practices,
introduction of new animals, and instances of abortion. Moreover, the study found that herd size and species composition were
associated with Brucella seropositivity at both the individual and herd levels. The presence of brucellosis in milk-producing animals
poses a significant risk to human health. Therefore, it is crucial to implement effective control measures and increase public awareness
of the zoonotic transmission of brucellosis. It is also important to conduct further research on the zoonotic transmission of brucellosis to
humans, as well as its potential role as a cause of reproductive disorders in cattle in the area.
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