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Brucellosis is a neglected bacterial zoonotic disease with economic and public
health importance in pastoral communities of sub-Saharan Africa. A cross-
sectional study was conducted from December 2021 to April 2022, to estimate
the prevalence and identify the associated risk factors causing brucellosis
in animals and associated with occupational diseases in humans from three
selected districts of “the Somali Pastoral region,” Eastern Ethiopia. In this study,
1,000 serum samples were screened for anti-Brucella spp. antibodies using
Rose Bengal Plate Test (RBPT) and further confirmed using a competitive
enzyme-linked immunosorbent assay (cELISA). A structured questionnaire
was used to collect the biodata of tested animals and animal attendants to
test the association between explanatory and outcome variables. The overall
animal level prevalence was 5% (95% Cl, 6.1-7.2.0) in small ruminants, 2.9%
(95% Cl, 1.5-4.9) in camels, and 2.0% (95% Cl, 0.2-3.7) in occupationally
linked humans. Herd size and herd history of retained fetal membranes were
risk factors associated with Brucella spp. seropositivity in animals (p<0.05).
Disposing of retained fetal membranes was significantly associated (p <0.05)
with Brucella spp. seropositivity in humans. Evidence of brucellosis in various
livestock species and associated seropositivity in humans indicates the need
for a coordinated One Health approach, considering sociocultural dynamics of
pastoral communities in controlling brucellosis to safe guard public health and
increase livestock productivity.
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Introduction

Brucellosis is one of the re-emerging bacterial diseases that posing public and animal
health problems in many pastoral settings. Currently, 12 Brucella spp. are included in the genus
Brucella (1), of which, B. abortus in cattle, B. melitensis in goats and camel, B. suis in pigs,
B. ovis in sheep, B. canis in dogs, and B. neotomae in rats are considered as classical (2). The
disease can be transmitted between animals and from animals to humans by direct contact or
indirect contact with contaminated materials. Due to close physical contact with animals and
the tradition of consumption of unpasteurized milk, pastoralists are at highest risk of
contracting the disease (3).
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Currently, three classical species, B. abortus, B. melitensis, and
B. suis, have an essential impact on public health. Being a public health
concern that poses economic losses, brucellosis is a devastating
disease that lacks pathognomonic symptoms in humans (4), making
it difficult to differentiate from febrile conditions including malaria
(5). Annually, approximately 500,000 human infections have been
reported every year in low-income and middle-income countries
(LMICs), where livestock is their mainstay. In LMICs, the disease is
endemic and remains neglected, with huge public and animal health-
associated problems (6).

The risk factors that influence the transmission, maintenance,
and/or control of animal brucellosis are related to livestock
management practices, animal movements, environmental factors,
pastoralist behaviors and practices, lack of veterinary control
measures, socioeconomic factors, genetic content of the animal host
population, and biology of Brucella spp. (7). Risk factors for human
brucellosis include, but are not limited to, the handling of infected
animals and ingestion of contaminated animal products such as
unpasteurized milk and milk products (including cow, goat, and camel
milk) and meat (8).

In humans, the disease can lead to long-term complications,
disability, and reduced productivity, resulting in potential income loss.
It also has a negative impact on livestock production, reducing milk
production, causing infertility, abortion, and poor growth rates,
leading to decreased profitability in the agricultural industry. The
correct diagnosis of brucellosis presents difficulties as its symptoms in
humans are non-specific and can resemble other diseases. Laboratory
tests may yield false-positive or false-negative results, delaying proper
diagnosis and treatment initiation (9).

Brucella spp. infection causes huge financial losses and community
health concerns in countries around the world. Globally, the economic
losses due to brucellosis are substantial. According to the Food and
Agriculture Organization (FAO), the estimated annual economic
losses caused by brucellosis in livestock production, including cattle,
goats, and sheep, can range from USD 200 to 600 million. These losses
result from decreased productivity, increased veterinary costs, trade
restrictions, and losses in animal products. In addition to livestock-
related losses, severe health-related problems in humans, including
life-threatening conditions, should be taken into account when
dealing with brucellosis socioeconomic impacts. These include
healthcare costs, such as hospitalization, medication, and follow-up
care, as well as productivity losses due to morbidity, disability, and
potential income loss (10).

In Ethiopia, brucellosis is one of the top five prioritized zoonotic
diseases in Ethiopia (11). The animal brucellosis was first reported in
the 1970s (12). Since then, many seroepidemiological studies from
different regions of the country showed a prevalence report that
ranges from 1.5 to 22.2%. Most of these reports were either from
limited livestock species or relatively confined in a single
environmental setting. There are few studies conducted on the
seroepidemiology of brucellosis in Somali pastoral regions, and those
involving epidemiology of brucellosis and its public health significance
at the human-animal interface are scarce. In addition, the magnitude
of the disease in different livestock species sharing the same
environmental settings is not well studied. Therefore, understanding
the epidemiology of the disease in mixed livestock populations and
pastoralists in Somali region is of paramount importance. Hence, the
objectives of this study are (i) to estimate the seroprevalence; (ii) to
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identify brucellosis-associated risk factors for the disease in camel,
small ruminants, and pastoralist herders; (iii) to assess knowledge,
attitude, and exposure risks of the herders toward the disease.

Materials and methods
Description of the study area

This study was conducted in selected districts of the Somali
region: Goro Bagagsa, Guradamole, and Dolo Ado of Liban Zone
(Figure 1). The Liban zone is 887km away from Addis Ababa,
Ethiopia. The communities are pastoralists, rearing livestock as a
livelihood, and means of income. The climate varies from arid to semi-
arid, which is characterized by regular water and fodder shortages,
forcing pastoralists to seasonal migration with their animals. The
altitude ranges from 250 to 1,500 m above the sea level and is located
between 6°00'N 43°45’E. The area experiences average annual rainfall
of 600-700 mm. The main rainy season, known as “Gu,” lasts from
March to May, followed by the short dry season, known as “Xagaa,”
which lasts from June to August. The short rainy season “Dayr” occurs
between September and November, and the long dry season “Jilaal”
occurs between December and March (13).

Pastoralists own large, mixed livestock species of herds, on which
their daily livelihood depends from a social, economic, and dietary
point of view. Many pastoralists in Ethiopia migrate seasonally with
their animals in search of grazing land and water and share pastures
and watering points. The livestock production system in the region is
influenced by traditional pastoralist practices and the dry
environment. Pastoralists lead to a nomadic lifestyle, constantly
moving their animals to find food and water. Cattle, camels, sheep,
and goats are the main livestock species, well adapted to the dry
climate, and provide meat, milk, and income for pastoralist
communities. However, the livestock production system faces
challenges, such as inadequate market infrastructure, long travel
distances to reach markets, and environmental and socioeconomic
issues such as recurring droughts, land degradation, limited access to
water, insufficient veterinary services, and conflicts over resources (14).

Study design and study population

A cross-sectional study was undertaken from December 2021 to
April 2022 to estimate the prevalence of brucellosis in animals and
occupationally linked humans in the Somali pastoral region of
Ethiopia. Animal-level bio-data were collected using a structured
questionnaire that included sex, age, herd size, animal movement,
parity, herd history of abortion and retained fetal membrane (RFM),
and physiological status of the animals. Age was categorized into
young (<6 months in goats and sheep and <4 years in camels) and old
(>6months in sheep and goats and >4 years in camels), herd size was
considered as small (<50) and large (>50), animal migration (yes or
no), number of parity (Null, <3 and > 3), herd history of abortion and
RFM (Yes or No), and finally, physiological status of the animal was
classified as dry, lactating, and pregnant. Furthermore, to assess the
public health impact and estimate the magnitude of the disease in
occupationally associated humans, blood samples were also collected
from the owners of the animals, and information such as gender, age,
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Map of the study areas. This map is extracted from Ethiopian shape file using QGIS version 3.20.0. Reproduced with permission of Ethiopian Mapping Agency.

the habit of consuming raw milk, assisting calving/birthing, and
disposing of aborted fetuses and fetal material was recorded.

Sampling method and sample size
determination

In this study, a multistage sampling combined with the
convenient sampling strategy was employed for sampling of
individual animal species. Three districts were purposively selected
based on livestock populations and proximity to the road. Two
pastoralist associations (PAs) were randomly selected from each
district, resulting in six PAs being included in the study. Within
each selected PA, households were then selected based on the
presence of more than two livestock species per household. This
method ensured that the households were chosen more likely to
have a diverse range of livestock. As a result, 60 households were
included in the study. To gather data from these households, a
further sampling process was conducted. From each household, a
minimum of four people were randomly selected and sampled.
Furthermore, a lottery system was used to select an individual
animal from a herd, by assigning a number 1 (to be selected) or 0
(not to be selected) to an animal.

The number of animals in each household was considered as a
herd and was sampled using a systematic random sampling technique.
Sample size was determined using the expected prevalence of 7.5% in
camels (11), 9.7% in sheep (15), and 16.5% in humans (12), by
considering a 5% desired precision at a 95% confidence interval
according to the formula previously published (16). Accordingly, 450
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samples from camel, 300 samples from small ruminants, and 250
samples from humans were collected from the three districts.

Sample collection and laboratory analysis

Blood sample collection

To minimize error, a bar code system was developed for both
human and animal samples. The code is an abbreviation that consists
of the first letter of the region, zone, district, and PAs (SLGBB0001).
A specific label was fixed to the vacutainer tube after blood collection.
After restraining the animals properly and having disinfected the area
of venipuncture with 70% alcohol, 10 mL and 4-5mL of blood were
drawn from the jugular veins of camels, sheep, and goats, respectively.
The blood samples were then labeled and left tilted overnight at room
temperature to allow for clotting. Sera were later decanted into sterile
cryovials. For human samples, approximately 5mL of blood was
drawn by a qualified nurse at the PAs via venipuncture of the medium
cuboidal vein using a plain vacutainer tube. The sera samples were
then transported to Jigjiga Regional Veterinary Diagnostic and
Research Laboratory in an ice box and stored at —20°C for
further processing.

Serological test

RBPT

The serum samples were screened for anti-Brucella antibodies
using RBPT, according to the standard procedure described by Nielsen
(17). Any visible agglutination was considered positive. Based on the
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level of clumping, the results were read as weak, moderate, and strong
agglutinations. For interpretations of the results, both positive and
negative control sera were used as recommended by OIE (18). For the
test, 30 uL of RBPT was used in camel. To improve the sensitivity of
RBPT, one volume of antigen and three volumes of serum (e.g., 25 pL
with 75 pL) were used in sheep and goats as recommended by Garin-
Bastuji et al. (19). The antigen and test serum were thoroughly mixed
using a plastic applicator for 4min, and the result (presence of
agglutination or not) was read immediately (18).

Competitive ELISA

All the RBPT-positive animal and human sera samples were
further tested at Jigjiga Veterinary Diagnostic and Research
Laboratory using a commercial cELISA (Abbexa Ltd., Cambridge
Science Park, and Cambridge, CB4 OEY, United Kingdom) and an IgG
ELISA (Abbexa LTD, Cambridge, UK), respectively, following the
manufacturer’s protocol.

Case definition

A sample was considered seropositive when it tested positive for
RBPT and cELISA methods. A flock or herd was considered
seropositive when at least one animal tested positive for both tests.
Since vaccination against brucellosis is not practiced in Ethiopia,
seropositivity in this study was considered to be due to
natural infection.

Data analysis

The data from the field and laboratory were entered into Microsoft
Excel and analyzed using R software version R-3.3.0. Univariate
logistic regression model was used to determine putative risk factors
associated with Brucella spp. seropositivity. Multiple logistic regression
was used to model the relationship between a binary dependent
variable (Result) and multiple independent variables (age, sex, species,
RFM, parity, abortion, physiological status, flock/herd size, and
migration). The process involved data preparation, model
specification, model estimation using maximum likelihood
estimation, and interpretation of results through estimated coefficients
and p>0.2. As some variables that are individually insignificant but
could potentially be significant in multivariable analysis, a cutoff value
of p was inflated to a value <0.2. Multiple logistic regression allows for
understanding the relationships between the dependent variable and
multiple independent variables, accounting for interactions and
potential confounding effects. For variables that showed strong
colinearity (p <0.05), one of the two variables was excluded based on
biological plausibility to Brucella infection. Stepwise backward
elimination procedure was employed for the selection of variables in
the final model. The strength of association of exposure variables with
seropositivity of the disease was assessed using odd ratios.

Results
Descriptive statistics of seroprevalence
A total of 450 samples from camel, 300 samples from small

ruminants, and 250 samples from humans collected from the three

districts were tested for anti-Brucella antibodies. The overall
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seroprevalence was 5% (95% CI=6.1-7.2.0) in small ruminants, 2.9%
(95% CI=1.5-4.9) in camel, and 2.0% (95% CI=0.2-3.7) in
occupationally linked humans. The highest seroprevalence of 6.5%
(95% CI=3.5-10.8) was observed in goats compared with camels 2.9%
(95% CI=1.5-4.9) and sheep 2.0% (95% CI=0.2-7.1). Regarding
districts, the overall seroprevalence of the disease in livestock was
lowest in Dolo Ado (3.2%) compared with the other two districts with
4% in each.

The distribution of seroreactor animals and humans varied among
the three districts. Goro Baqagsa district had the highest proportion
of seropositive sheep and goats (6, 95% CI=2.2-10) and humans (2.8,
95% CI=0.3-9.6) compared with the other districts. Dolo Ado had
the highest (3, 95% CI=1.1-7.6) seropositive camels compared with
the other two districts. However, it had the lowest seroprevalence in
humans (1, 95% CI=0.02-5.4) and sheep and goat (3, 95%
CI=0.6-8.5). When pastoral village was considered, seropositive
animals were found in 83% (5/6) of the villages. Village level
seropositivity was more frequently detected in sheep and goats (5%)
than in camel (2.9%). The seroprevalence ranges from 0 to 9.8% in
sheep and goats and from 0 t05.9% in camels (Supplementary Table S1).

Risk factors for Brucella spp. seropositivity
in sheep and goats

The major variables that were considered in the univariable
logistic regression analysis include district, sex, species, age, herd size,
animal mobility or migration, parity, physiological status, history of
abortion, and retained fetal membranes. The result showed that herd
history of RFM was significantly associated with Brucella spp.
seropositivity (p<0.05; Table 1).

In the final multivariable logistic regression model, all variables
with a value of p less than or equal 0.2 on the univariate analysis were
included. The result indicated that small ruminants from a large herd
were 5.01 times more likely to acquire Brucella spp. infection
compared with those kept in a small herd (OR: 5.01, 95% CI: 1.2-21.4,
p=0.02). Similarly, sheep and goats with a history of retained fetal
membranes were more likely to be seropositive for Brucella spp.
infection than sheep and goats without a history of retained fetal
membranes (OR: 9, 95% CI: 1.9-42; Table 2).

Risk factors for Brucella spp. seropositivity
in camels

The univariable logistic regression analysis indicated that
seropositivity in camels was significantly associated with pregnancy
(OR=3.3,95% CI: 1.4-15, p <0.05), history of abortion (OR=3.9, 95%
CIL: 1.2-13, p<0.05), and RFM (OR=22, 95% CI: 5.9-8, p<0.05;
Table 3). Multivariable logistic regression model using variables with
value of p < 0.2 from univariate analysis indicated that history of RFM
had a significant association with Brucella spp. seropositivity (95% CI:
12.7-60, p<0.05; Table 4).

Serological survey for human brucellosis

Higher seroprevalence was observed in female individuals, 2.5%
(n=4) compared with male, 1.1% (n=1). Participants from households
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TABLE 1 Univariable logistic regression analysis for brucella seropositivity in small ruminants.

10.3389/fvets.2024.1276275

Variables Category Samples No positive (%) OR (95% Cl) Value of p
Dolo Ado 100 3(3) Ref
Districts Goro Bagagsa 100 6 (6) 2.0 (0.5-8.5) 0.32
Guradamole 100 6(6) 1(0.4-3.3) 1.00
Species Ovine 99 2(2) Ref
Caprine 201 13 (6.5) 0.9 (1-21) 0.21
Sex Male 137 3(2.5) Ref
Female 163 12 (7.4) 3.5(1.0-12.8) 0.05
Age Young 121 4(3.3) Ref
Adult 179 11 (6.1) 2(0.6-7) 0.27
Flock size Small 156 5(3.2) Ref
Large 144 10 (6.4) 3.14 (1-11) 0.05
Migration No 177 8(6.8) Ref
Yes 83 7(3.8) 0.96 (0.3-3.0) 0.94
Parity >3 59 3(5.1) Ref
<3 104 9(8.7) 1.43 (0.3-4.6) 0.53
Abortion Not aborted 128 4(3.1) Ref
Aborted 35 8(23) 3(0.9-9.7) 0.08
RFM No 134 2(1.5) Ref
Yes 29 10 (33.3) 8.2(2.4-29) 0.00%*
PS Lactating 38 2(5.2) Ref
Dry 84 6(7.1) 0.4 (0.02-2.0) 0.40
Pregnant 41 4(9.8) 1.4 (0.4-4.6) 0.46
Reference category: *Statistically significant. PS, physiological status; RFM, retained foetal membrane.
TABLE 2 Multivariable logistic regression analysis for brucella seropositivity in small ruminants.
Variable category = Category Samples No positive (%) OR (95% Cl) Value of p
Flock size Small 156 5(3.2)
Large 144 10 (6.4) 5.01(1.2-21.4) 0.02*
Abortion Not aborted 128 4(3.1) Ref
Aborted 35 8(23) 3(0.9-9.7) 0.08
RFM No 134 2(1.5)
Yes 29 10 (33.3) 8.2 (2.4-29) 0.00*
*Statistically significant.
with seropositive animals had seven times more risk of being seropositive Discussion

for Brucella spp. infection than those without seropositive animals
(OR=7,95% CI: 0.2-13.7, p=0.72). Participants who consumed raw milk
had 5.7 times higher odds of Brucella spp. seropositivity compared with
those who consumed pasteurized milk (OR=5.7; 95% CI=0.9-35,
p=0.06); however, this was not statistically significant. Individuals who
assisted during calving had higher odds of Brucella spp. seropositivity
than those who had not higher odds of Brucella spp. seropositivity (OR:
3.6, 95% CI: 0.58-22, p=0.16), and this was not statistically significant.
The multivariable logistic regression analysis indicated that handling and
disposing of aborted fetal materials was significantly associated with
Brucella spp. seropositivity in humans (95% CI: 4.0-45, p=0.001;
Tables 5, 6).

Frontiers in Veterinary Science

This study showed an overall brucellosis seroprevalence of 5%
(95% CI: 6.1-7.2) in camel, sheep, goats, and humans in three districts
of Somali region, Ethiopia. Two tests were used serially to rule out
false-positive cross-reactions and maintain maximal specificity (12,
13). A combination of RBPT and c-ELISA was used to test camel and
human sera, whereas modified mRBPT and c-ELISA were used to test
sera samples from sheep and goats. RBPT was used as a screening test
because of its high sensitivity (20). Competitive ELISA was used by its
high specificities to exclude false-positive cross-reactions. False-
positive serological reactions in RBT could be due to cross-reactions
with smooth lipopolysaccharide (S-LPS) antigens of other
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TABLE 3 Univariable logistic regression analysis for brucella seropositivity in camel.

Variables Category Samples No positive (%) OR (95% Cl) p-value
Districts Goro Bagagsa 150 4(2.7) Ref

Guradamole 150 4(2.7) 1.1 (0.2-4) 0.73

Dolo Ado 150 5(3.3) 1.2 (0.3-4.8) 1.0
Sex Male 151 1(0.7) Ref

Female 299 12 (4.0) 0.2 (0-1.2) 0.07
Age Young 256 5(2.0) Ref

Adult 194 8 (4.1) 2.2(0.7-6.7) 0.18
Herd size Small 162 3(1.9) Ref

Large 288 10 (3.5) 1.9 (0.5-7) 0.33
Migration No 185 5(2.7) Ref 0.84

Yes 265 8(3.0) 1(0.4-3.5)
Parity Null 159 4(1.9) Ref

<3 124 7 (5.6) 2.3 (0.6-8) 0.18

>3 16 1(6.3) 2.6 (0.3-24) 0.40
Abortion Not Aborted 250 7(2.8) Ref

Aborted 49 5(10.2) 3.9(1.2-13) 0.02*
REM** No 285 7 (2.5) Ref

Yes 14 5(35.7) 22 (5.9-8) 0.00*
Physiology Dry 200 4(2) Ref

Pregnant 51 5(9.8) 5.3 (0.7-20) 0.01*

Lactating 48 3(6.3) 3.3(1.4-15) 0.13

*Statistically significant. **Retained fetal membranes.
TABLE 4 Multivariable logistic regression for brucella seropositivity in camel brucellosis.

Variables Category Samples No positive (%) OR (95% CI) p-value
Age Young 256 5(2.0)

Adult 194 8(4.1) 1.7 (0.1-31) 0.709
Parity Null 159 4(1.9)

<3 124 7 (5.6) 0.4 (0.0-3.2) 0.350

>3 16 1(6.3)
Abortion Not aborted 259 7(2.8)

Aborted 49 5(10.2) 0.7 (0.1-5.6) 0.80
REM No 285 7(2.5)

Yes 14 5(35.7) 35 (12.7-60,) 0.004*
PS Lactating 48 3(6.3)

Dry 200 4(2)

Pregnant 51 5(9.8) 1.6 (0.5-4.6) 0.43

*Statistically significant.

gram-negative bacteria. As there has never been history of vaccination
in Ethiopia, seropositivity in all cases is due to natural infection
(15,21).

In this study, the animal level seroprevalence of 5% detected in
small ruminants was comparable with the report by Traoré et al.
(22) in Mali, who reported a prevalence of 4.1%. However, the
prevalence estimated in the current study is higher than a
prevalence with the report of 3.33% by Dosa et al. (23) from

Frontiers in Veterinary Science

Southern Nation Nationalities and People (SNNP) region in Kolme
and Abala Abaya districts, 0.24% by Geletu et al. (24) from Eastern
Hararge, Oromia Region, and 0.9% by Girmay et al. (25) from sheep
export farm in Adama, and 0.4% by Yeshwas et al. (26) from Bahir
Dar. On the other hand, a higher prevalence of 12.35 and 13.7%
than the present study was reported by Tegegne et al. (27) and
Tedeg et al. (28) in Afar pastoral region, respectively. The observed
differences in seroprevalence might be due to variation in the
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TABLE 5 Univariable logistic regression analysis for brucella seropositivity in humans.

Variables Categories Samples No positive (%) OR (95% Cl)
Districts Dolo Ado 100 1(1) Ref
Goro Bagagsa 72 2(2.7) 1.4 (0.2-10.0) 0.74
Guradamole 78 2(2.6) 0.6 (0.1-7.0) 0.50
Gender Male 89 1(1.1) Ref
Female 161 4(2.5) 7.5 (0.8-68) 0.07
Age 18-60 years 177 1(0.6) Ref
<18years 37 12.7) 0.2 (0.1-3) 0.25
>60 years 36 3(8.3) 5.0 (0.3-87) 0.33
Seropositive animals at No 196 2(1.0) Ref
household Yes 54 3(1.9) 7(0.2-13.7) 0.72
Consume raw milk No 59 1(1.7) Ref
Yes 191 4(2.1) 5.7 (0.9-35) 0.06
Ass. Calving No 210 3(1.4) Ref
Yes 40 2(5) 3.6 (0.58-22) 0.16
Dispose REM No 234 2(0.9) Ref
Yes 16 3(19) 26 (4.0-45.6) 0.001*
*Statistically significant.
TABLE 6 Multivariable logistic regression analysis for brucella seropositivity in humans.
Variables Categories Samples No positive (%) OR (95%Cl) p-value
Districts Goro Baqagsa 72 2(2.7)
Guradamole 78 2(2.6) 2.6 (0.4-14) 0.26
Dolo Ado 100 1(1)
Gender Male 89 3(3.4)
Female 161 2(1.2) 14 (0.8-25.5) 0.06
Consume No 159 2(3.7)
Raw milk Yes 191 3(1.5) 2.5(0.9-68) 0.56
Assist birthing or No 210 3(1.4)
Calving Yes 40 2(5) 8 (0.6-127) 0.11
Dispose REM No 234 2(0.8)
Yes 16 3(23) 37.4(5.1-18.5) 0.001*

*Statistically significant.

sensitivity and specificity tests used, geographic location, and
sample size.

In this study, larger herd/flock size was found to have a higher
seroprevalence (3.5%) than a smaller herd size (2.5%). This is in
agreement with the findings by Traoré et al. (29) who reported 6.9 and
4.8%, respecively. However, this is inconsistent with the study by Rob
et al. (30) who reported 19.35% in smaller and 6.45% in larger herds.
This variation in the prevalence could be attributed to an increase in
stock density in large herd sizes, which facilitates transmission of
Brucella spp. infection during calving or abortion. Furthermore, this
variation could be influenced by fluctuations in disease prevalence at
the overall animal level and the herd size during the study period.

There was a significant association (p <0.001) between Brucella
spp. seropositivity and a history of REM as previously reported (20,
29, 31). On the contrary, Deddefo et al. (32) reported that a history of
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RFM had no association with Brucella spp. seropositivity. The
difference could be due to variations in physiological status of the
studied population. However, this study is in agreement with Weken
etal. (33) who reported that a history of retained fetal membranes was
significantly associated with Brucella spp. seropositivity in small
ruminants (p=0.04). When abortion is caused by Brucella spp.
infection, the placenta is frequently retained, and there is inflammation
of the uterine wall (metritis). This explains that retained fetal
membrane is a sequel of brucellosis (34).

In the current study, the overall animal level seroprevalence of
2.9% was detected in camels. This is similar to the reports of previous
studies (23-26) conducted in similar agroecology in Ethiopia.
Conversely, Bekele et al. (35) and Hadush et al. (36) reported a higher
animal-level prevalence of 5.4 and 4.1%, respectively, in Afar pastoral
region. The observed differences in seroprevalence could be due to
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differences in herd size, absence or presence of infectious foci, such as
Brucella-infected herds, sample size, and sensitivity and specificity of
tests used.

This study also showed that female camels had higher
seroprevalence of brucellosis (4%) than males (0.7%). The same trend
of a higher prevalence was observed in the report by Waktole et al.
(37) with prevalence of 9.2 and 7% in female and male animals,
respectively. This could be explained by the longer period in which
female camels are kept in herds for breeding purposes compared with
male camels. In the latter cases, camels are usually fed and sold off,
except for few individuals that are kept for breeding purposes, haulage,
and transport purposes (38). However, in this study, the findings are
inconsistent with the report by Bekele et al. (35), who reported a
higher prevalence in male camels than females. The differences in the
proportion of male and female animals sampled could also contribute
to the observed variations in the seroprevalence of camel brucellosis
in different sexes.

In natural hosts, brucellosis is characterized by reproductive losses
such as infertility, abortion, and birth of weak offspring (30, 39). In
this study, seropositivity to Brucella spp. infection was significantly
associated with RFM and history of abortion of camels, as previously
reported in Ethiopia (24, 40). Abortion due to brucellosis is linked to
the ability of the bacterium to adapt to the intracellular replicative
niche typically characterized by low pH and reactive oxygen
intermediates (41).

In general, seropositivity to Brucella spp. infection varied among
different districts, animal species, and pastoral villages. This could
be attributed to the difference in the herd size and sample size tested
per visited households. Somali pastoralists move their livestock to
different villages, districts, or even cross-national and international
borders by travelling several kilometers in search of better pasture and
watering points during short drought cycles driven by climate changes.
This results in concentration of animals in specific areas, a factor that
facilitates spillover of Brucella spp. from infected animals to susceptible
populations. This, in turn, results in an emergence of new infectious
foci contributing to the variability in seroprevalence of brucellosis
among different villages and districts.

Wildlife and domestic animal population sharing same ecology in
a traditional livestock production system was reported to be an
important risk factor for transmission of brucellosis. The transmission
of brucellosis between wildlife and domestic animals in a traditional
livestock production system could occur by direct contact, as infected
wildlife and the domestic counterparts may come into contact when
sharing the same grazing areas. Additionally, environmental
contamination can take place when infected wildlife shed Brucella spp.
through bodily secretions such as urine, feces, or placental fluids, thus
exposing domestic animals that come into contact with these
contaminated sources (14, 33). In this study, at least two seroreactor
animal species were identified in villages and households visited.
Though the possibility of host-switching of Brucella spp. cannot
be ruled out (42), particularly when different animal species mix so
freely, the findings of the current study may suggest that B. abortus
and B. melitensis circulate in this pastoralist population (43). This
warrants more research studies, particularly molecular detection in
the study areas to determine the prevalent Brucella spp. strains, which
will also be essential before embarking on any vaccination program.

The overall prevalence of 2.0% was recorded in occupationally
linked humans in the study area (n=>5/250; CI=0.0-0.04), indicating
the public health importance of the disease in this pastoral setting.
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This is comparable with the findings by Edao et al. (44), who reported
2.6% in Borana, and Ibrahim et al. (13), who reported 2.8% in the
Somali region. However, Tschopp et al. (45) reported a higher
prevalence of 48.3% in Afar and 34.9% in Somalia region. The
difference observed could be attributed to the degree of endemicity of
the disease in the livestock population, degree of exposure, sample
size, the difference in location, variability related to the type of
diagnostic test used, and the different time period when the studies
were conducted.

Older participants had higher prevalence (8.3%) than middle aged
(2.7%) and young (0.6%) people. This finding is in agreement with
Yapi et al. (22) from Mali, who reported 9.5% in old age, 6% in middle
age, and none in young people. The increase in seropositivity of
participants in the old age group could be due to an increasing
exposure risk associated with an increase in age (46). Because Brucella
spp. are known to prefer the reproductive organs of female animals,
particularly the placenta and aborted tissue, it is reasonable to assume
that improper disposal and handling of aborted fetuses and fetal
membranes would increase the risk of transmission (47). Individuals
who had close contact with REM while disposing had a 26-fold higher
risk of acquiring brucellosis compared with those who did not. This
finding fairly disagrees with the report by Edao et al. (44) probably
because the number of respondents and the level of awareness in the
study areas were different.

Brucellosis in humans was reported to be associated with the
consumption of unpasteurized milk (29, 48). The practice of
consumption of raw milk is common among Somali pastoral
communities ascribed to a belief that milk would lose its nutritional
contents when pasteurized. This study indicated that 76.4% (n=191)
of participants had consumed raw milk; however, this practice was not
significantly associated with seropositivity. The large proportion of
participants who consumed raw milk could therefore indicate a
potential risk of acquiring zoonotic infections including brucellosis.
Reproductive organs such as placenta are known to be a predilection
site for Brucella spp. Assisting animals during calving or birthing
could therefore increase the risk of infection (47). Multivariate logistic
regression model indicated a significant association with Brucella spp.
seropositivity practice of assisting during calving or birthing (OR=28;
95% CI=0.6-127). This finding is in agreement with previous studies
conducted in Northern Tanzania by Cash-Goldwasser et al. (49) and
in Kenya by Muturi et al. (50) that showed assisting calving or birthing
would increase the risk of infection.

The source of infection of humans with Brucella spp. is often a
close contact with infected animals (21, 25, 26). In light of this, the
present study revealed that seropositivity in humans was seven times
higher in households with seropositive animals compared with those
without seropositive animals. This is in agreement with the report by
Osoro et al. (47) in Kenya and Edao et al. (44) in Ethiopia.

In conclusion, the current study revealed that antibodies against
Brucella spp. in camels, sheep, and goats, sharing the same ecological
zone and occupationally linked pastoralists in Somali Region,
Ethiopia. Herd size and history of RFM were found to be risk factors
for brucellosis in animals. Contact with RFM was significantly
associated with Brucella spp. seropositivity in humans. The recurrent
drought in the region triggered by climatic changes that contributes
to the mobility of mixed livestock population in search of feed, and
water will likely continue to enhance the endemicity of the disease in
the area. Extensive epidemiological studies involving One Health
approach need to be undertaken to isolate and characterize circulating
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Brucella spp. among humans and livestock in the study area. This
would help to identify the transmission dynamics of Brucella spp.
among the traditional mixed livestock production system. In this
study, existence of close contact between humans and animals in the
pastoral community and wide prevalence of brucellosis in various
livestock species remarkably indicated the potential risk of public
health. Therefore, feasible control strategy of the disease in respect of
pastoral community and the sociocultural status through One Health
approach is highly recommended.

Limitations

In some villages of the study area, pastoralists refused to consent
to allow blood sample collection from their herds contending that this
practice could impede productivity of their animals. Therefore, the
desired sample size has not been reached, particularly human and
camel sample. The number of districts and villages surveyed was
limited to areas with less security concerns. Hence, the results are
non-generalizable.

Data availability statement

The original contributions presented in the study are included in
the article/Supplementary material, further inquiries can be directed
to the corresponding author.

Ethics statement

The studies involving humans were approved by Somali Region
Health Bureau with certificate (ref: SRHB-18-7738/2022). The studies
were conducted in accordance with the local legislation and
institutional requirements. Written informed consent for participation
in this study was provided by the participants’ legal guardians/next of
kin. The animal studies were approved by the Research Ethical Review
Committee of Addis Ababa University College of Veterinary Medicine
and Agriculture (AAU-CVMA) with certificate (ref: VM/
ERC/21/02/142022). The studies were conducted in accordance with
the local legislation and institutional requirements. Written informed
consent was obtained from the owners for the participation of their
animals in this study.

References

1. Fero E, Juma A, Koni A, Boci ], Kirandjiski T, Connor R, et al. The seroprevalence
of brucellosis and molecular characterization of Brucella species circulating in the beef
cattle herds in Albania. PLoS One. (2020) 15:1-14. doi: 10.1371/journal.pone.0229741

2. Godfroid J, Scholz HC, Barbier T, Nicolas C, Wattiau P, Fretin D, et al.
Brucellosis at the animal/ecosystem/human interface at the beginning of the 21st
century. Prev Vet Med. (2011) 102:118-31. Available from:. doi: 10.1016/j.
prevetmed.2011.04.007

3. Abbas B, Agab H. A review of camel brucellosis. Prev Vet Med. (2002) 55:47-56.
doi: 10.1016/S0167-5877(02)00055-7

4. Ducrotoy M, Bertu WJ, Matope G, Cadmus S, Conde-alvarez R, Gusi AM, et al.
Brucellosis in sub-Saharan Africa: current challenges for management, diagnosis and
control. Acta Trop. (2017) 165:179-93. doi: 10.1016/j.actatropica.2015.10.023

5. Otte J, Pfeiffer DU. Bovine brucellosis in sub-Saharan Africa: Estimation of sero-
prevalence and impact on meat and milk offtake potential In: MJ Mangen, ] Otte, D

Frontiers in Veterinary Science

10.3389/fvets.2024.1276275

Author contributions

AA: Conceptualization, Data curation, Formal analysis,
Investigation, Methodology, Software, Writing — original draft. BM:
Conceptualization, Data curation, Supervision, Writing — review &
editing. BE: Writing - review & editing.

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article. This study was
partially funded by the College of Veterinary Medicine of Jigjiga
University and Somali Region Pastoral Development Bureau.

Acknowledgments

The authors are grateful to Jigjiga Regional Veterinary Laboratory
and Animal Health Institute for support during laboratory work.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fvets.2024.1276275/
full#supplementary-material

Pfeiffer and P Chilonda, editors. Livestock Policy Discussion Paper No. 8. Rome: Food
and Agriculture Organization (2002)

6. Godfroid J, Garin-Bastuji B, Saegerman C, Blasco JM. Brucellosis in terrestrial
wildlife. Rev Sci Tech. (2013) 32:27-42. doi: 10.20506/rst.32.1.2180

7. Abutarbush SM. Veterinary medicine — a textbook of the diseases of cattle, horses,
sheep, pigs and goats, 10th edition. Can Vet J. (2010) 51:541.

8. Corbel MJ. Brucellosis: an overview. Emerg Infect Dis. (1997) 3:213-21. doi:
10.3201/eid0302.970219

9. Franc KA, Krecek RC, Hisler BN, Arenas-Gamboa AM. Brucellosis remains a
neglected disease in the developing world: a call for interdisciplinary action. BMC Public
Health. (2018) 18:125. doi: 10.1186/s12889-017-5016-y

10. Food and Agriculture Organization (FAO). The Future of Food and Agriculture
Trends and Challenges. Rome: Food and Agriculture Organization of the United Nations
(2017).

frontiersin.org


https://doi.org/10.3389/fvets.2024.1276275
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fvets.2024.1276275/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fvets.2024.1276275/full#supplementary-material
https://doi.org/10.1371/journal.pone.0229741
https://doi.org/10.1016/j.prevetmed.2011.04.007
https://doi.org/10.1016/j.prevetmed.2011.04.007
https://doi.org/10.1016/S0167-5877(02)00055-7
https://doi.org/10.1016/j.actatropica.2015.10.023
https://doi.org/10.20506/rst.32.1.2180
https://doi.org/10.3201/eid0302.970219
https://doi.org/10.1186/s12889-017-5016-y

Ahad et al.

11. Pieracci EG, Hall AJ, Gharpure R, Haile A, Walelign E, Deressa A, et al. Prioritizing
zoonotic diseases in Ethiopia using a one health approach. One Health. (2016) 2:131-5.
doi: 10.1016/j.onehlt.2016.09.001

12. Domenech J. Enquéte sérologique sur la brucellose du dromadaire en Ethiopie.
Rev Délevage Médecine Vétérinaire des Pays Trop. (1977) 30:141-2. doi: 10.19182/
remvt.8090

13. Ibrahim M, Schelling E, Zinsstag ], Hattendorf J, Andargie E, Tschopp R. Sero-
prevalence of brucellosis, g-fever and rift valley fever in humans and livestock in Somali
region. Ethiopia PLoS Negl Trop Dis. (2021) 15:1-18. doi: 10.1371/journal.pntd.0008100

14. Birhan M. Livestock resource potential and constraints in Somali regional state,
Ethiopia. Glob Vet. (2013) 10:432-8. doi: 10.5829/idosi.gv.2013.10.4.72194

15. Teshale S, Muhie Y, Dagne A, Kidanemariam A. Seroprevalence of small ruminant
brucellosis in selected districts of Afar and Somali pastoral areas of eastern Ethiopia: the
impact of husbandry practice. Rev Med Vet (Toulouse). (2006) 157:557-63.

16. Thrusfield MV. Veterinary Epidemiology (3rd) Publ by Black Well Sci Ltd,
Edinburgh, UK. (2007);14:229-250.

17. Nielsen K. Diagnosis of brucellosis by serology. Vet Microbiol. (2002) 90:447-59.
doi: 10.1016/S0378-1135(02)00229-8

18. OIE TM. Bovine brucellosis. Man diagnostic tests vaccines Terr Anim OIE. World
Organ Anim Health. (2004):3.

19. Garin-Bastuji B, Blasco JM, Marin C, Albert D. The diagnosis of brucellosis in
sheep and goats, old and new tools. Small Rumin Res. (2006) 62:63-70. doi: 10.1016/j.
smallrumres.2005.08.004

20. Muma JB, Samui KL, Oloya J, Munyeme M, Skjerve E. Risk factors for brucellosis
in indigenous cattle reared in livestock-wildlife interface areas of Zambia. Prev Vet Med.
(2007) 80:306-17. doi: 10.1016/j.prevetmed.2007.03.003

21. Ahmed EYS, Ali A, Mesfin A, Deressa A, Girmaye T. Brucellosis as a zoonosis in
Chifra District, Afar Regional State, Ethiopia. Bull Anim Health Prod Africa. (2009)
56:56. doi: 10.4314/bahpa.v56i4.43310

22.Traoré S, Yapi RB, Coulibaly K, Mathew C, Fokou G, Kazwala RR, et al.
Seroprevalence of brucellosis in small ruminants and related risk behaviours among
humans in different husbandry systems in Mali. PLoS One. (2021) 16:€0245283. doi:
10.1371/journal.pone.0245283

23. Dosa D, Mohammed N, Mathewos M. Study on small ruminant brucellosis and
owners awareness in two selected districts of southern region, Ethiopia. Vet Med Sci.
(2023) 9:907-16. doi: 10.1002/vms3.992

24. Geletu US, Usmael MA, Mummed YY. Seroprevalence and risk factors of small
ruminant brucellosis in west Hararghe zone of Oromia regional state, Eastern Ethiopia.
Vet Med Int. (2021) 2021:1-9. doi: 10.1155/2021/7340495

25. Girmay A, Hussien D, Afera B. Seroprevalence of ovine brucellosis in a sheep
export farm, Ethiopia. Glob Vet. (2013) 11:325-8. doi: 10.5829/idosi.gv.2013.11.3.75118

26. Yesuf M, Alemu S, Temesgen W, Mazengiac H, Negussie H. Seroprevalence of
ovine brucellosis in south Wollo, north eastern Ethiopia. Am Eurasian ] Agric Env Sci.
(2010) 9:288-91.

27. Tegegn AH, Feleke A. Small ruminant brucellosis and public health awareness in
two districts of Afar region, Ethiopia. J Vet Sci Technol. (2016) 7:335. doi:
10.4172/2157-7579.1000335

28. Wedajo MT, Regassa FG, Tefera YM, Tefera Y, Lemma A, Reda AA. Seroprevalence
of small ruminant brucellosis and its effect on reproduction at Tellalak district of Afar
region, Ethiopia. ] Vet Med Anim Health. (2015) 7:111-6. doi: 10.5897/JVMAH2014.0287

29. Portanti O, Tittarelli M, Di Febo T, Luciani M, Mercante MT, Conte A, et al.
Development and validation of a competitive ELISA kit for the serological diagnosis of
ovine, caprine and bovine brucellosis. J Vet Med Ser B Infect Dis Vet Public Health. (2006)
53:494-8. doi: 10.1111/j.1439-0450.2006.00971.x

30.Robi DT, Urge B, Bogale A, Aleme M, Temteme S. Herd and animal level
seroprevalence and associated risk factors of bovine brucellosis in different agro-
ecologies of Southwest Ethiopia. Heliyon. (2023) 9:¢16852. doi: 10.1016/j.heliyon.2023.
€16852

31. OIE. Manual of Diagnostic Tests and Vaccines for Terrestrial Animals 2013
Collection, Submission and Storage of Diagnostic Specimens. OIE Office Int des Epizoot
(OIE) Caprine Ovine Brucell (Excluding Brucella ovis) Man Diagnostic Tests Vaccines Terr
Anim OIE (2009).

32.Deddefo A, Tessema TS. Seroprevalence and risk factors of small ruminant
brucellosis in selected districts of Arsi and east Shoa zones, Oromia region, Ethiopia.
Afr ] Microbiol Res. (2015) 9:1338-44. doi: 10.5897/AJMR2015.7400

33. Wakene WZ, Kasim S, Ahmed A, Bulbula A, Bulcha A, Belete M, et al. Small
ruminant brucellosis and awareness of pastoralist community about zoonotic
importance of the disease in Yabello districts of Borena zone Oromia regional state,
southern Ethiopia. ] Zoonotic Dis. (2017) 2:27-36.

34. Getahun T, Urge B, Mamo G. Seroprevalence of bovine brucellosis in selected sites
of Central Highland of Ethiopia. Vet Med Res Reports. (2023) 14:11-22. doi: 10.2147/
VMRR.S388970

35. Wesinew Adugna Bekele TST and SKM. Camelus dromedarius brucellosis and its
public health associated risks in the Afar National Regional State in northeastern
Ethiopia. Acta Vet Scand. (2013) 55:89. doi: 10.1186/1751-0147-55-89

Frontiers in Veterinary Science

10

10.3389/fvets.2024.1276275

36. Hadush A, Pal M, Kassa T, Zeru E Sero-epidemiology of camel brucellosis in the
Afar region of Northeast Ethiopia. J Vet Med Anim Health. (2013) 5:269-75.

37. Waktole H, Aden M, Ashenafi H. Seroepidemiology of camel brucellosis in and
around Dire Dawa, Eastern Ethiopia. Vet Med Int. (2022) 2022:1-7. doi:
10.1155/2022/6624293

38. Salisu US, Kudi CA, Bale JOO, Babashani M, Kaltungo BY, Baba AY, et al. Risk
factors and knowledge of Brucella infection in camels, attitudes and practices of camel
handlers in Katsina state, Nigeria. Niger Vet J. (2018) 39:227-39. doi: 10.4314/nvj.
v39i3.6

39.Teshome D, Sori T, Banti T, Kidane G, Wieland B, Alemayehu G. Prevalence
and risk factors of Brucella spp. in goats in Borana pastoral area, southern Oromia,
Ethiopia.  Small ~Rumin  Res. (2022) 206:106594. doi: 10.1016/j.
smallrumres.2021.106594

40. Wubishet Z, Sadik K, Abdala B, Mokonin B, Getachew T, Getachew K. Small
ruminant brucellosis and awareness of pastoralists community about small ruminant
brucellosis and awareness of pastoralists community about zoonotic importance of
the disease in Yabello districts of Borena zone Oromia regional state, southern Ethio.
Curr  Trends Biomed Eng Biosci. (2018) 12:555827. doi: 10.19080/
CTBEB.2018.12.555827

41. Glowacka P, Zakowska D, Naylor K, Niemcewicz M, Bielawska-Drézd A. Brucella
- virulence factors, pathogenesis and treatment. Polish ] Microbiol Polish Soc Microbiol.
(2018) 67:151-61. doi: 10.21307/pjm-2018-029

42. Muendo EN, Mbatha PM, Macharia J, Abdoel TH, Janszen PV, Pastoor R, et al.
Infection of cattle in Kenya with Brucella abortus biovar 3 and Brucella melitensis
biovar 1 genotypes. Trop Anim Health Prod. (2012) 44:17-20. doi: 10.1007/
s11250-011-9899-9

43. Bodenham FR, Lukambagire SA, Ashford R, Buza JJ, Cash-Goldwasser S, Crump
AJ, et al. Prevalence and speciation of acute brucellosis in febrile patients from a
pastoralist community of Tanzania. Sci Rep. (2020) 10:1-11. doi: 10.1038/
541598-020-62849-4

44. Edao BM, Ameni G, Assefa Z, Berg S, Whatmore AM, Wood JLN. Brucellosis in
ruminants and pastoralists in Borena, Southern Ethiopia. PLoS Negl Trop Dis. (2020)
14:1-17. doi: 10.1371/journal.pntd.0008461

45. Tschopp R, Gebregiorgis A, Tassachew Y, Andualem H, Osman M, Wagjira MW,
et al. Integrated human-animal sero-surveillance of brucellosis in the pastoral afar and
Somali regions of Ethiopia. PLoS Negl Trop Dis. (2021) 15:1-15. doi: 10.1371/journal.
pntd.0009593

46. Tay BY, Ahmad N, Hashim R, Zahidi M, Thong KL. Analysis (MLVA) Genotyping
of Human Brucella Isolates in Malaysia. (2015).

47. Osoro EM, Munyua P, Omulo S, Ogola E, Ade F, Mbatha P, et al. Strong association
between human and animal brucella seropositivity in a linked study in Kenya,
2012-2013. Am J Trop Med Hyg. (2015) 93:224-31. doi: 10.4269/ajtmh.15-0113

48. Perrett LL, McGiven JA, Brew SD, Stack JA. Evaluation of competitive ELISA for
detection of antibodies to Brucella infection in domestic animals. Croat Med J. (2010)
51:314-9. doi: 10.3325/cm;j.2010.51.314

49. Cash-Goldwasser S, Maze MJ, Rubach MP, Biggs HM, Stoddard RA, Sharples K],
et al. Risk factors for human brucellosis in northern Tanzania. Am ] Trop Med Hyg.
(2018) 98:598-606. doi: 10.4269/ajtmh.17-0125

50. Muturi M, Bitek A, Mwatondo A, Osoro E, Marwanga D, Gura Z, et al. Risk factors
for human brucellosis among a pastoralist community in South-West Kenya, 2015. BMC
Res Notes. (2018) 11:865. doi: 10.1186/s13104-018-3961-x

51. Godfroid J, Saegerman C, Wellemans V, Walravens K, Letesson J-J, Tibor A, et al.
How to substantiate eradication of bovine brucellosis when aspecific serological
reactions occur in the course of brucellosis testing. Vet Microbiol. (2002) 90:461-77. doi:
10.1016/S0378-1135(02)00230-4

52. Megersa B, Biffa D, Abunna F, Regassa A, Godfroid J, Skjerve E. Seroprevalence of
brucellosis and its contribution to abortion in cattle, camel, and goat kept under pastoral
management in Borana, Ethiopia. Trop Anim Health Prod. (2011) 43:651-6. doi:
10.1007/s11250-010-9748-2

53. Wegi FG, Amenu K, Chalchisa A, Mamo G. Brucellosis in camels and humans:
Seroprevalence and associated risk factors in Amibara District of Afar region, Ethiopia.
Vet Med Int. (2021) 2021:5482725. doi: 10.1155/2021/5482725

54. Tilahun B, Bekana M, Belihu K, Zewdu E. Camel brucellosis and management
practices in Jijiga and Babile districts, Eastern Ethiopia. J Vet. (2013) 5:81-6.

55. Samadi A, Ababneh MM, Giadinis ND, Lafi SQ. Ovine and caprine brucellosis
(Brucella melitensis) in aborted animals in Jordanian sheep and goat flocks. Vet Med Int.
(2010) 2010:458695:1-7. doi: 10.4061/2010/458695

56. Sonawane GG, Tripathi S, Dubey SC. Sero-incidence of brucellosis in small
ruminants of semiarid Rajasthan. Indian ] Anim Sci. (2011) 81:327-9.

57. Gizaw F, Fentahun G, Mersha S, Bedada H. Seroprevalence and Risk Factors of
Brucellosis among Camels Belonging to Selected Districts of Afar. Ethiopia: Need for
Public Awareness (2017).

58. Matope G, Bhebhe E, Muma JB, Lund A, Skjerve E. Herd-level factors for Brucella
seropositivity in cattle reared in smallholder dairy farms of Zimbabwe. Prev Vet Med.
(2010) 94:213-21. doi: 10.1016/j.prevetmed.2010.01.003

frontiersin.org


https://doi.org/10.3389/fvets.2024.1276275
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://doi.org/10.1016/j.onehlt.2016.09.001
https://doi.org/10.19182/remvt.8090
https://doi.org/10.19182/remvt.8090
https://doi.org/10.1371/journal.pntd.0008100
https://doi.org/10.5829/idosi.gv.2013.10.4.72194
https://doi.org/10.1016/S0378-1135(02)00229-8
https://doi.org/10.1016/j.smallrumres.2005.08.004
https://doi.org/10.1016/j.smallrumres.2005.08.004
https://doi.org/10.1016/j.prevetmed.2007.03.003
https://doi.org/10.4314/bahpa.v56i4.43310
https://doi.org/10.1371/journal.pone.0245283
https://doi.org/10.1002/vms3.992
https://doi.org/10.1155/2021/7340495
https://doi.org/10.5829/idosi.gv.2013.11.3.75118
https://doi.org/10.4172/2157-7579.1000335
https://doi.org/10.5897/JVMAH2014.0287
https://doi.org/10.1111/j.1439-0450.2006.00971.x
https://doi.org/10.1016/j.heliyon.2023.e16852
https://doi.org/10.1016/j.heliyon.2023.e16852
https://doi.org/10.5897/AJMR2015.7400
https://doi.org/10.2147/VMRR.S388970
https://doi.org/10.2147/VMRR.S388970
https://doi.org/10.1186/1751-0147-55-89
https://doi.org/10.1155/2022/6624293
https://doi.org/10.4314/nvj.v39i3.6
https://doi.org/10.4314/nvj.v39i3.6
https://doi.org/10.1016/j.smallrumres.2021.106594
https://doi.org/10.1016/j.smallrumres.2021.106594
https://doi.org/10.19080/CTBEB.2018.12.555827
https://doi.org/10.19080/CTBEB.2018.12.555827
https://doi.org/10.21307/pjm-2018-029
https://doi.org/10.1007/s11250-011-9899-9
https://doi.org/10.1007/s11250-011-9899-9
https://doi.org/10.1038/s41598-020-62849-4
https://doi.org/10.1038/s41598-020-62849-4
https://doi.org/10.1371/journal.pntd.0008461
https://doi.org/10.1371/journal.pntd.0009593
https://doi.org/10.1371/journal.pntd.0009593
https://doi.org/10.4269/ajtmh.15-0113
https://doi.org/10.3325/cmj.2010.51.314
https://doi.org/10.4269/ajtmh.17-0125
https://doi.org/10.1186/s13104-018-3961-x
https://doi.org/10.1016/S0378-1135(02)00230-4
https://doi.org/10.1007/s11250-010-9748-2
https://doi.org/10.1155/2021/5482725
https://doi.org/10.4061/2010/458695
https://doi.org/10.1016/j.prevetmed.2010.01.003

Ahad et al.

59.Ali S, Ali Q, Neubauer H, Melzer F, Elschner M, Khan I, et al.
Seroprevalence and risk factors associated with brucellosis as a professional
Hazard in Pakistan. Foodborne Pathog Dis. (2013) 10:500-5. doi: 10.1089/
fpd.2012.1360

60. Gongalves DD, Teles PS, Dos Reis CR, Lopes FMR, Freire RL, Navarro IT, et al.
Seroepidemiology and occupational and environmental variables for leptospirosis,
brucellosis and toxoplasmosis in slaughterhouse workers in the Parana state, Brazil.

Frontiers in Veterinary Science 11

10.3389/fvets.2024.1276275

Rev Inst Med Trop Sdo
$0036-46652006000300004

61. Kubuafor DK, Awumbila B, Akanmori BD. Seroprevalence of brucellosis in cattle

and humans in the Akwapim-south district of Ghana: public health implications. Acta
Trop. (2000) 76:45-8. doi: 10.1016/S0001-706X(00)00088-7

Paulo.  (2006) 48:135-40. doi: 10.1590/

62. Mcdermott JJ, Arimi SM. Brucellosis in sub-Saharan Africa: epidemiology, control
and impact. Vet Microbiol. (2002) 90:111-34. doi: 10.1016/50378-1135(02)00249-3

frontiersin.org


https://doi.org/10.3389/fvets.2024.1276275
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://doi.org/10.1089/fpd.2012.1360
https://doi.org/10.1089/fpd.2012.1360
https://doi.org/10.1590/S0036-46652006000300004
https://doi.org/10.1590/S0036-46652006000300004
https://doi.org/10.1016/S0001-706X(00)00088-7
https://doi.org/10.1016/S0378-1135(02)00249-3

	Brucellosis in camel, small ruminants, and Somali pastoralists in Eastern Ethiopia: a One Health approach
	Introduction
	Materials and methods
	Description of the study area
	Study design and study population
	Sampling method and sample size determination
	Sample collection and laboratory analysis
	Blood sample collection
	Serological test
	RBPT
	Competitive ELISA
	Case definition
	Data analysis

	Results
	Descriptive statistics of seroprevalence
	Risk factors for Brucella spp. seropositivity in sheep and goats
	Risk factors for Brucella spp. seropositivity in camels
	Serological survey for human brucellosis

	Discussion
	Limitations

	Data availability statement
	Ethics statement
	Author contributions

	References

