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Abstract

A cross-sectional study was carried out on randomly sampled 384 animals to
assess the occurrence of small ruminant brucellosis and risk factors contrib-
uting for the zoonotic potential of the disease at Dallo-Manna and Haranna-
Bulluk districts of Bale Zone. Rose Bengal plate test (RBPT) and complement
fixation test (CFT) were used serially. All collected serum samples were sub-
jected to RBPT first and then positive sera with RBPT were further tested for
confirmation using CFT. Animal level prevalence of 6.5% and 2.9%, and flock
level prevalence of 50% and 22% were recorded by RBPT and CFT respectively.
Flock level prevalence at Dallo-Manna is 3.8-fold (95% OR CI = 1.17-12.19)
than at Haranna-Bulluk (95% OR CI = 0.32-3.31) but no statistical significant
difference (p>0.05). The Chi-square (x2) statistical analysis indicated that age
(x2=6.18; p<0.05), parity (x2=0.57; p<0.05), retained fetal membrane (x2=35.5;
p<0.001) and abortion history (x2=45.1; p<0.001) were associated with Bru-
cella sero-reactors in study areas. Small ruminant with history of retained
fetal membrane (OR=3, CI: 3.52- 27) and small ruminant with abortion history
(OR=32, CI: 2.26-462.8) were also found significantly associated with seropos-
tiveity. Questioner survey revealed only 30% of the respondents were aware of
the small ruminant brucellosis. Most of them (84%) handle aborted materials
with bare hand, 94% of the respondents mix sheep and goat at grazing field
and watering point. Traditionally the habit of raw milk consumption is com-
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mon (100%). In conclusion, the result of this study demonstrated the presence
of Brucella sero-reactors at moderate level in small ruminants and identified
certain predictors of the infection. Therefore, based on the findings, authors
suggest the need for further investigation on the disease-causing agent to take
proactive control intervention measures. Meanwhile, actors need to work on
raising public awareness to prevent the risk of public health hazard due to
Brucella infection.
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Introduction

Brucellosis is known by different names in different host species including
Melitococcosis, undulant fever, Malta fever, Mediterranean fever (in man);
contagious abortion, infectious abortion, epizootic abortion (in animals); Bang’s
disease specifically in bovine (WHO, 2001). The disease is a highly infectious
zoonotic. Wide species of domestic and wild animals suffer from the diseases
worldwide, particularly in developing countries. Brucellosis is caused by fac-
ultative, intracellular and Gram- negative bacteria called Brucella (Pal et al.,
2013, Adem and Duguma, 2020). Based on the differences in host preference
and biochemical properties, Brucella genus classified into six (6) recognized/
classical species (Osterman and Moriyon, 2006), that is B. abortus (cattle), B.
melitensis (sheep and goats), B. suis (pigs), B. ovis (sheep), B. canis (dogs) and
B. neotomae (wood desert rats). Recent isolates from human (B. inopinata),
from aquatic mammals (B. pinnipedialis and B. ceti), and from common vole
(B. microti) are recognized as new species (Paul et al., 2015). To date, 12 differ-
ent Brucella species have been described including two most recently described
species, B. papinios isolated from retained placenta of baboons (Whatmore et
al., 2014), and B. vulpis isolated from the mandibular lymph nodes of red foxes
in Australia (Scholz et al., 2016).

Cross transmission of brucellosis can occur between cattle, sheep, goats, cam-
els, equines and other domestic and wildlife (Dawood, 2008). Small ruminant
brucellosis is caused by B.ovis (for sheep) and B. melitensis (mainly for goats),
the latter one is the most virulent species of the Brucella genus (Pal, 2007).
The disease in naturally infected sheep and goats is characterized by abortion
in the last trimester of pregnancy, stillbirth and birth of weak offspring in fe-
males, and acute orchitis and epididymitis in males (Corbel, 2006). Transmis-
sion of Brucellosis in human occurs through breaks in the skin, following direct
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contact with infected tissues, blood, urine, vaginal discharges, aborted materi-
als (fetuses or placentas), and food-borne infection occurs following ingestion
of raw milk and other milk products from infected animals, but rarely from
eating raw or undercooked meat of infected animals and accidental inocula-
tion of live vaccine and occupational exposure of infection also occur in human
(Gameel et al., 1993).

Complex nature of brucellosis makes it harder to treat effectively, but, long-
term treatment with a combination of an antibiotic is thought to be benefi-
cial. However, the state of the disease still does not lose its importance (Moon,
2014). To control the disease in human, prevention of the disease in reservoir
host is important, so test and slaughter followed by proper disposal of seroposi-
tive animals to decrease the incidence of infection and effective vaccination and
hygienic practices would reduce the disease spreading in/from endemic regions
(La et al., 2017). The obvious way to do this elimination of the disease from
animals is often beyond the financial and human resources of many develop-
ing countries. In many situations there is little alternative but to attempt to
minimize impact of the disease and to reduce the risk of infection by personal
hygiene, adoption of safe working practices, protection of the environment and
food hygiene (WHO, 2001).

Brucellosis is often persisting in the poorest and most vulnerable populations
(FAO, 2003). In Africa and Central Asia where the disease is still endemic, the
incidence of brucellosis is generally considered higher in livestock raised in
pastoral production systems (McDermott and Arimi, 2002). In these settings,
where the disease is still endemic, the prevalence of human and animal brucel-
losis may remain increasing, and factors such as low awareness, poor under-
standing of brucellosis and absence of control policies along with limited re-
sources could be the main reasons (Ismail et al., 2019). Even though, there was
no published data on small ruminant brucellosis in the study area, existing of
risk factors to Brucella infection are not uncommon in pastoral and agro- pas-
toral areas of Ethiopia (Anteneh, 2014), and the previous studies in different
geographical areas of Ethiopia shows the sero-positivity of small ruminants
brucellosis (Abegaz and Yimar, 2018; Haile et al., 2018; Lakew et al., 2019;
Yeshibelay and Teferi, 2019). Like other developing countries, in pastoral and
agro-pastoral areas of Ethiopia, there is a limited information on prevalence
of the disease and knowledge, Attitude, practices (KAP) of the communities
about brucellosis (Tilahun et al., 2013; Legesse et al., 2018).
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The importance of doing such research on Small Ruminant Brucella Sero-prev-
alence and potential risk factor at Dallo-Manna and Haranna-Bulluk districts
of Bale Zone, has two major benefits. Frist, as it has been discussed in the
problem statement part, no research has been done so far to estimate sero-
prevalence of small ruminant brucellosis in the areas and hence the finding
of this study serves as a good basis for forthcoming researchers who have a
strong desire to carry out a research on this or related topics in Bale Zone, or
elsewhere. Second, this study will also assess the knowledge, attitudes and
practices associated with small ruminant brucellosis in Dallo-Manna and Ha-
ranna-Bulluk agro-pastoral districts of Bale zone in order to determine the
risk factors that contribute to spread of the disease and to gain evidence-based
information geared towards prevention and control of brucellosis both in ani-
mals and humans in the future. Therefore, the objectives of the study were to
estimate the status of small ruminant brucellosis and risk factors contributed
to the disease in livestock and human in study areas

Materials and methods
Description of study Area

The study area falls within two districts of the Bale zone, namely Dallo-Manna
and Haranna-Bulluk. The districts have been formed in 2005 through the di-
vision of Manna-Angetu district and located at about 540 km southeast from
the capital city, Addis Ababa. The study districts are lies between 39°15°0”-
40°15’0” E Longitude and 6°17°30”-6°45’0” N Latitude (Flintan et al., 2017). The
annual rainfall pattern in the area is the bi-modal type, i.e., March through
April (short rain season) and August through October (long rain season). Mean
annual rainfall in the area actually varies from around 700 to over 1200 mm
and the mean annual temperature is 18°C (Tadesse and Feyera, 2008). Even
though, the exact figure is difficult to know, unpublished data from Bale zone
pastoral development office in 2019 shows that the livestock populations of
both districts are composed of cattle 499,403, goats 235,661, sheep 69,901, don-
keys 27,524, camels 43,573, horse 8,716 and mule 4,438.

Study designs and study animals.

A cross-sectional multistage sampling technique was involved to estimate the
sero-prevalence and associated risk factors of small ruminant brucellosis. The
study was carried out on local breeds of sheep and goats kept under extensive
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type of management system in the study areas were considered as a study
population. Sheep and goats which were above 6 months of age and apparently
healthy were included in the study. In this report, the term flock refers to a
number of domestic animals, especially sheep, goats, or geese that are kept
together.

Sampling procedure and sample size determination

Two districts namely Dallo-Manna and Haranna-Bulluk were selected pur-
posively based on accessibility, the number of small ruminant population and
willingness of the community in the districts. Both districts have 14 peasant
associations (kebeles) each. Selection of 4 out of 14 kebeles from each district
and 24 villages from a total of 84 villages in both districts was based on random
sampling. Sampling of individual animals were applied randomly on the flocks
of small ruminants found in selected villages, after relevant individual animal
level information were recorded.

The study sample size was determined according to (Thrusfield, 2018) formula
for a large population with 95% confidence level, 5% desired absolute preci-
sion by considering an expected prevalence of 8.1% (Wubishet et al., 2018) in
Yabello districts of Borena Zone and 6.2% (Wubishet et al., 2017) in Liban
District of Guji Zone. Therefore, taking an average prevalence of two areas as
an expected prevalence, calculated sample size was 107. However, to increase
precision, the sample size was increased by 3.59-fold. Accordingly, 384 small
ruminants were sampled based on proportional allocations of the sample size
for each Kebele.

For questionnaire survey sample size was calculated using the formula given
by (Arsham, 2005); N = 0.25/SE2, where: N = sample size, SE (standard error)
= 5%. Thus, the required sample size for the questionnaire survey was 100.
However, only 50 volunteers were included.

Sample collection

Questionnaire survey

Semi-structured questionnaire was administered to 50 flock owners, one (1)
owner per flock of Small ruminants by the local language during taking blood
sampling from the animals.
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The questionnaire was designed for a survey of the potential risk factors asso-
ciated with zoonotic brucellosis in sheep and goat flocks. Thus, the relevant in-
formation such as overall small ruminant flocks management practices, occur-
rence of abortion and presence of retained fetal membrane, knowledge about
zoonotic diseases, habit of consuming raw milk and meat, handlings of aborted
fetuses and contaminated materials.

Serological survey

Approximately about 5 ml of whole blood sample was collected from the jugu-
lar vein of each small ruminants included in the study using plain vacutainer
tubes and needles. Each sample tube was labeled using codes specific to the in-
dividual sample. Collected samples were kept in a slanting position overnight
at room temperature to separate the serum and the clotted red blood cells
(OIE, 2009). Then sera were gently transferred into sterile screw cupped Nunc
tubes, labeled and transported in cold chain to Addis Ababa University, Col-
lege of Veterinary Medicine and Agriculture, Bishoftu and stored at -20°C until
screened and tested for antibodies against natural Brucella exposure analysis
using Rose Bengal Plate Test (RBPT) (Radostits et al., 2007). RBPT was done
at Addis Ababa University, College of Veterinary Medicine and Agriculture,
by using, B.abortus antigen and all serum samples collected were screened,
according to the procedures described by (Alton, 1990; OIE, 2009). The pres-
ence of agglutination was considered positive reaction while the absence of
agglutination was considered negative. Positive sera with RBPT were further
tested with Compliment Fixation Test (CFT) for confirmation using standard
B.abortus antigen at National Veterinary Institute (NVI). The preparation of
reagents and CFT procedures were performed according to the protocols of
the Federal Institute for Consumer Protection and Veterinary Medicine Ser-
vice Laboratory, Berlin, Germany (OIE, 2009). Sera with strong reaction, more
than 75% fixation of complement (3+) at a dilution of 1:5 or at least with 50%
fixation of complement (2+) at a dilution of 1:10 and above or absence of sedi-
mentation of Red blood cells were considered as positive and lack of fixation/
complete hemolysis or the presence of sedimentation of Red blood cells were
considered as negative.
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Data Analysis

The data obtained from both serological tests and questioner surveys were
entered into a computer on a Microsoft Excel spreadsheet. Descriptive and
analytic statistics were computed using software SPSS® Version 20.0. The
Chi-square (x2) and logistic regression tests were employed to identify pos-
sible association between risk factors and reproductive characteristics with
seropositive to Brucella infection. The degree of association was considered
significant when a p-value of less than 0.05 is obtained or when the 95% confi-
dence intervals (95% CI) in the logistic regression analysis doesn’t include one
or if odds ratio (OR) is different from one (Thrusfield, 2018).

Results
Association of risk factors with Brucellosis at individual animal level

For an individual sero-prevalence, among 384 small ruminant, 25 (6.5%) test-
ed positive by RBPT. From these, 11 (2.9%) animals were confirmed positive
by CFT. Associations of the putative risk factors were computed by Pearson’s
Chi-square test and the sero-prevalence of small ruminant brucellosis in abor-
tion history, history of retained fetal membrane, parity and age were all statis-
tically significant (p<0.05).

All significant variables in Pearson’s Chi-square test were also showed statisti-
cally significant (p<0.05) with sero-prevalence of small ruminant brucellosis in
the univariable logistic regression analysis (Table 1).
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Table 1. Effects of risk factors on the overall sero-prevalence of small rumi-
nants’ brucellosis using CFT.

Risk factors Complement fixation test

Variable Category OR 95%CI p-value

Parity No-parity * 2 1.43-8.14 0.038
Primiparous
Pluriparous

Flock size <15 1 0.47-5.67 0.436
>15

District Haranna-Bulluk 1 0.56-6.80 0.643
Dallo-Manna

Species Sheep 1 0.29-2.32 0.522
Goats

Sex Male 1 0.34-4.12 0.369
Female

Age Young* 9 1.12-69.74 0.013
Mature

History of Abortion  Absent* 71 8.23-603.9 0.000
Present

History of RFM Absent* 32 6.04-169.9 0.000
Present

*Reference category; OR: Odds ratio; CI: Confidence interval.

The result of multivariate logistic regression model indicated that animals
with history of retained fetal membrane (OR=3, CI: 3.52- 27) and animals with
history of abortion (OR=32, CI: 2.26-462.8) were also found evident in multi-
variable logistic regression analysis (Table 2).

Table 2. Multivariable logistic regression analysis of risk factors and small
ruminant brucellosis

Variables Complement Fixation test

OR 95% CI p-value
History of abortion 32 2.26-462.8 0.000
Retained fetal membrane 3 3.52-27 0.014
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Sero-positivity of Small-ruminant brucellosis at flock level

Out of 50 flocks included in the study half of them (50%) were positive using
RBPT and 11 flocks (22%) was positive using CFT. Using RBPT, prevalence in
Dallo-Manna is 3.8 fold (95% OR CI=1.17-12.19) than Haranna-Bulluk show-
ing not statistically significant association with p-value >0.05 (Table 3), the
difference may be due to, many large flock size population of small ruminant
(>15) were sampled from Dallo-Manna (17 large flocks), while only 9 large
flocks were from Haranna-Bulluk. But it was similar at Dallo-Manna (25%)
and Haranna-Bulluk (19%) using CFT.

Table 3. Flock level Sero-prevalence of small ruminant brucellosis

Study districts Ne of RBPT CFT

Examined

Flocks Ne(%) OR  95%CI  Ne.(%) OR 95% CI
Dallo-Manna 24 16 (67) 3.8  1.17-1219 6 (25) 1 0.37-5.37
Haranna-Bulluk 26 9 (35) 1 0.32-3.31 5190 1 0.25-3.97
Total 50 25(50) 11(22)

Knowledge of brucellosis

A total of 50 respondents, (66% male and 34% female), were interviewed to
assess their knowledge, attitude and practices towards brucellosis in both dis-
tricts (24 from Dallo-Manna and 26 from Haranna-Bulluk). Little difference
was observed on awareness of Brucellosis between study districts. The aware-
ness on the zoonotic importance of the small ruminant Brucellosis in the study
districts were increasing with age of the respondents. Out of all respondents
30% were aware on the zoonotic importance of Brucellosis (Table 4).

Ethiop. Vet. J., 2021, 25 (1), 77-95 85



Adem et al.,

Table 4. Participants awareness on zoonotic Brucellosis in study area (n =50)

Parameters of Study Ne of Ne (%) of respondents
Respondents with awareness
Districts Dallo-Manna 24 6 (25)
Haranna-Bulluk 26 9 (35)
Sex Male 33 11 (33)
Female 17 4 (24)
Age Young 14 6 (43)
Adult 30 8 (27)
Oold 6 117
Total 50 15 (30)

Most of the respondents (84%) handle aborted materials with bare hand with-
out protecting themselves. Mixing of shoats (sheep and goat) at day time was
practiced by 47 (94%) owners. Most of the flocks 43 (86%) recognized the chance
of contact with other flocks at grazing and watering. The habit of drinking raw
milk was present all (100%) of the respondents but almost all 48 (96%) with no
habit of consuming raw meat. Children are the most responsible personnel for
rearing of the flocks 48 (96%), while house wife share the remaining respon-
sibility in rearing/herding. The majorities of milking (78%) were practiced by
women while 22% by children (Table 5).
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Table 5. Small ruminant management practices and utilization of products

associated to transmission of Brucella to human and animals

Study parameters Categories Probability of
contracting the disease
Removal of aborted materials Bare hand 42 (84)
Protected hand 8 (16)
Management way of aborted materials Feed Dogs 14 (28)
On field and tree 35 (70)
Burying 1(2)
Raw milk consumption Yes 50 (100)
No 0(0)
Raw meat consumption Yes 2(4)
No 48 (96)
Keeping of sheep and goat at day time Mixed 37 (74)
Separated 13 (26)
Keeping of sheep and goat at night Mixed 3(6)
time Separated 47 (94)
Contact with other flock at watering Present 43 (86)
and grazing Absent 7 (14)
Responsible person for rearing/herding Children 48 (96)
Husband 0 (0)
Wife 2(4)
Responsible person for milking Wife 39 (78)
Children 11 (22)
Husband 0 (0)
Occurrence of abortion in female Present 27 (54)
animals Absent 23 (46)
Human clinical signs (headache, fever, Present 36 (72)
back pain and night sweeting) Absent 14 (28)
Sick person visits clinic or hospital Yes 18 (36)
No 32(64)

Discussion

In the present study the overall sero-prevalence of small ruminant brucellosis
using CFT was 2.9%. The difference in prevalence between the districts was not
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statistically significant. It could be due to the similarity in the agro-ecological
conditions and livestock management system in the area. This finding is fair-
ly in agreement with some recent studies conducted in selected pastoral and
agro- pastoral low lands of Ethiopia (Sintayehu et al., 2015), Tselemti districts
of Tigray region (Kelkay et al, 2017), southern zone of Tigray region (Teklue
et al., 2013). Selected Settlements of Dire Dawa Administrative Council Area,
Eastern Ethiopia (Haile et al., 2018), in Werer Agricultural Research Center,
Afar Region, North East Ethiopia (Bezabih and Bulto, 2015) with prevalence
of 1.9%, 1.8%, 3.5%, 2.6% and 2.3% respectively. This could be attributed to the
similarity in agro-ecological conditions and livestock management system in
the areas (Teshale et al., 2006). However, the result of this study is lower than
the observations recorded in Tallalak district of Afar region, Ethiopia (Tadeg
et al., 2015), in Chifra and Ewa districts of Afar Region (Tegegn et al., 2016),
in Yabello districts of Borena Zone Oromia Regional State, Southern Ethiopia
(Wubishet et al., 2018), in selected Kebeles of Amibara district of afar region
(Muluken, 2016) with sero- prevalence of 13.7%, 12.4%, 8.1% and 7.5% respec-
tively. This difference might be due to the diagnostic test used, the differences
in breeding, animal management, production systems and husbandry practic-
es (Teshale, 2006). In contrast, the observation of current study is higher than
sero-prevalence rates of 0.8% reported in Babile Woreda, Eastern Hararghe,
Ethiopia (Yeshibelay and Teferi 2019), 0.4% in and around Bahir Dar, North
West Ethiopia (Ferede et al., 2011), 0.7% in and around Kombolcha, Amhara
Regional State, North-Eastern Ethiopia (Tewodros and Dawit, 2015) and this
variation in sero-prevalence could be due to difference in management system,
the difference in sample size used and agro-ecology.

Brucellosis is considered as disease of flock importance, in this study flock level
Sero-positivity of 22% was found lower when we compared to (Adugna et al.,
2013) (560.5%) and (Anteneh, 2014) (57.8%) in Afar. This could be due to the
small number of sample size in the present study in each study districts. The
flock level prevalence is higher than individual animal level and this charac-
terizes the nature and importance of the disease in the large flock size. This
concept coincides with the current study that the sero-prevalence of brucel-
losis between the categorized flock sizes (<15 and >15) showed higher sero-
prevalence recorded in the large flock sizes (3.5%) than that of small flock sizes
(2.2%) of small ruminants. This result was in agreement with the previous
reports in Afar region (Adugna et al., 2013).
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The higher sero-prevalence in goats (3.4%) than in sheep (2.3%) in this study
was in consistent with that of (Adugna et al., 2013; Bezabih and Bulto, 2015;
Lakew et al., 2019). The difference in sero-prevalence between species may
be in part due to the greater susceptibility of goats to Brucella infection than
sheep and partly it may be due to the fact that sheep unlike goats do not ex-
crete the Brucella organisms for longer periods of time. This can reduce the po-
tential of the spread of the disease among sheep flock (Radostitis et al., 2007).

The study revealed that there was statistically significant difference (p<0.05) in
sero-prevalence of brucellosis between the young and mature age groups, high-
er sero-prevalence was found in mature animals (4.8%) than young animals
(0.6%). This finding was in line with the study conducted in Werer Agricultural
Research Center of Afar Region, with sero-prevalence of 2.7% in mature and
0% in young animals (Bezabih and Bulto, 2015). Sexually matured animals are
more prone to Brucella infection than sexually immatured animals of either
sex (Radostits et al., 2007). This might be due to the fact that as sex hormones
and erythritol tend to increase in concentration with age and sexual maturity
and favor growth and multiplication of Brucella organisms (Radostits et al.,
2007). On the other hand, it is also true that younger animals tend to be more
resistant to infection and frequently clear an established infection (Gyles and
Prescott, 2004) although latent infections can occur (Walker, 1999).

There was statistically significant association (p<0.05) among parities and the
sero-prevalence of the disease. The sero-positivity of female sheep and goats
with the history of no parity, Primiparous and Pluriparous were 0 (0%), 1(1%)
and 7(6%) respectively. This is therefore, in consistent with the previous study
(Yohannes et al., 2013; Anteneh, 2014), this might be due to repeated exposure
of the female animals to parturition and other physiological stress increases
the probability of acquiring Brucella infection.

The analysis result also revealed that the prevalence of brucellosis between
sexes did not show significant association (p>0.05). The prevalence was higher
in females (3.5%) compared to prevalence in male (1.9%). The present finding
was in agreement with the records obtained from (Mengistu, 2007) who was re-
port brucellosis in females (3.2%) and males (1.2%) in Adamitulu-Jido Kombol-
cha District, Oromia Regional State, Ethiopia. Higher susceptibility of female
animals could be due to the fact that they have more physiological stresses
than the males (Walker, 1999). In addition, male animals are less susceptible
to Brucella infection due to the absence of erythritol (Hirsh and Zee, 1999). It
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may be due to supply of male to markets immediately upon maturation than
female or shorter exposure period, while female serve as a source of milk (lon-
ger exposure period). The results obtained in this study revealed that, abortion
and retained fetal membrane appears to be major risk factors for brucellosis
compared with other risk factors (p=0.000). This result supports the truth that
reproductive problems like abortion and retained fetal membrane in small ru-
minant can be caused by brucellosis (Walker, 1999).

Brucellosis is transmissible from animals to humans through contaminated
milk, raw milk products, and direct contact with infected animals. In the cur-
rent questionnaire survey, most of the respondents (54%) recognize the occur-
rence of abortion in their small ruminant flocks, but only 30% of them aware of
the brucellosis and most of the respondents (84%) were used to handle retained
fetal membranes and assist delivery with unprotected hand, which have risk
of transmission while contact (Radostits et al., 2007). All (100%) of the partici-
pants in the interview consume raw milk which is one of the sources of human
Brucellosis (OIE, 2009; Radostits et al., 2007), in contrast almost all (96%)
of the respondents practiced consumption of cooked meat, which reduces the
risk of getting infected with Brucella. Although, 94% of the respondents in the
studied community keeps their animal separately at night time, 74% of them
mix their sheep and goats at day time and 86% of them use communal grazing
land with neighbor flocks. This may facilitate the transmission of the disease
from infected flocks to disease free flocks, through contact during grazing and
watering. Intermixing of different species and flocks of livestock occur creating
a potential risk factor for interspecies and inter flock’s disease transmission.
Overall, mixing of different flocks and different species of animals in the study
districts; lack of community awareness about brucellosis; and the habit of raw
milk consumption might greatly contribute for further spread of brucellosis
(Muluken et al., 2017; Lakew et al., 2019).

Conclusions

The sero-prevalence described in this study shows that brucellosis is a wide-
spread and well-established infection between small ruminants and there were
risk factors to the occurrence of the disease in livestock and human across the
study districts of Bale zone. However, as the diagnostic tests used were sero-
logical there is a need for further investigation to look for circulating Brucella
biotype so as to identify the target species for control intervention. Meanwhile,
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brucellosis being a disease of economic and public health significant, there is a
need for intervention through creation of public awareness.
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