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Abstract

Background

Brucellosis is a neglected zoonotic disease often contracted through contact with animals

and consumption of unpasteurized dairy products. Despite being the most common cause

of non-malarial acute febrile illness brucellosis is often misdiagnosed in healthcare setups.

The global incidence of Brucella infection is reported to be over 2 million cases annually. In

Ethiopia, there are varying reports on the prevalence of brucellosis, and just a few

researches have been undertaken on the prevalence among febrile patients. Therefore, this

study aimed to determine sero-prevalence of human brucellosis and associated factors

among febrile patients attending Moyale Primary Hospital in southern Ethiopia.

Methods

Cross-sectional study was conducted on 293 febrile patients attending Moyale Primary Hos-

pital. We used convenience sampling technique. Blood specimen was collected and

screened for Brucella antibody using Rose-Bengal plate test and ELISA was used for confir-

mation of Brucella infection. We used a questionnaire to collect socio-demographic data

and to assess associated factors (S1 Table). Bivariate and subsequent multivariable logistic

regression was performed to explore associated factors with the prevalence of human

brucellosis.

Results

The sero-prevalence of human brucellosis in this study was 13% (95% CI: 9.5, 16.5). Major-

ity of the study participants (58.7%) were rural dwellers; 54.6% were male and the age

range was from 5 to 80 years (mean = 24.17, SD = ±15.9). Higher number of sero-
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prevalence was seen among rural residents (19.8%) and male participants (14.40%). Drink-

ing unpasteurized camel milk (AOR = 11.62, 95% CI: 3.85, 17.13; P = 0.000) and rural resi-

dence (AOR = 7.21, 95% CI: 2.48, 15.90; P = 0.000) were significantly associated with

brucellosis. Consumption of pasteurized milk was shown to have protective effect (AOR =

6.12, 95% CI: 1.26, 29.76; P = 0.025) against brucellosis.

Conclusion

The current study showed 13% point prevalence of human brucellosis among febrile

patients attending Moyale Primary Hospital. Consuming unpasteurized milk, particularly

unpasteurized camel milk, and rural residence was significantly associated with Brucella

infection. Awareness creation about the zoonotic nature of brucellosis and the role of unpas-

teurized milk in the transmission of the disease is important to control human brucellosis.

Author summary

Brucellosis is a zoonotic bacterial infection that poses significant public health challenges,

particularly in pastoralist communities where human-animal interactions are frequent.

The disease is often underdiagnosed due to its nonspecific symptoms, which mimic other

febrile illnesses, leading to prolonged suffering and potential complications. Understand-

ing the sero-prevalence of human brucellosis and identifying associated risk factors are

crucial steps in improving diagnostic strategies and guiding public health interventions.

This study focuses on febrile patients attending Moyale Primary Hospital in southern

Ethiopia, a region predominantly inhabited by pastoralist communities. By examining the

prevalence of brucellosis and exploring the socio-demographic and environmental factors

linked to the infection, this research provides valuable insights into the burden of the dis-

ease in this vulnerable population. The findings highlight the need for targeted awareness

programs, improved diagnostic protocols, and strategic public health measures to mitigate

the impact of brucellosis in pastoralist settings.

Introduction

Brucellosis is a zoonotic bacterial disease caused by several species of genus Brucella. The Bru-
cella species are gram-negative coccobacilli, non-motile, aerobic, facultative intracellular, fas-

tidious microorganisms [1].

Brucellosis, also known as undulant fever or Malta fever wasfirst reported in the 1850s in

Malta, from a patient who was said to have acquired the infection through consumption of

infected goat’s milk [2,3]. The term ‘brucellosis’ as well as the name of bacterial genus ‘Brucella’
is named after Major-General Sir David Bruce, a military physician who in 1886 led the Malta

Fever Commission that identified Brucella melitensis as the causative agent of the disease [4].

Brucellosis primarily affects animals, with the bacterial agent typically targeting the repro-

ductive organs and breast tissues, leading to abortions and sterility [2,5]. Humans contract the

disease through the consumption of unpasteurized dairy products, undercooked meat, or

through direct contact with the bacteria via mucosal penetration [6]. Individuals handling

aborted animal fetuses or uterine contents from infected animal; abattoir workers and veteri-

narians are at high risk of Brucella infection [7].
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The clinical presentation of brucellosis often overlaps with acute febrile illness (AFI) caused

by other pathogens, typically characterized by nonspecific flu-like symptoms manifesting as

undulating fever, fatigue, sweats and malaise [8]. This similarity with other diseases can lead to

misdiagnosis and under-reporting in local medical practices [9]. The course of brucellosis is

usually acute, with a tendency to become chronic, leading to persistent and granulomatous dis-

ease causing recurrent fevers, arthritis, myocarditis and neuropathies [10].

Among the 12 known species of Brucella, B. melitensis and B. abortus are the most common

ones that cause human infection followed by B. suis and B. canis [11]. Laboratory techniques

for diagnosis of brucellosis include culture, serology and molecular techniques [12]. The gold

standard for definitive diagnosis of brucellosis is the isolation of Brucella species from blood,

bone marrow or other body tissues. However, the time-consuming cultivation of the bacteria

as well as the risk of biological hazards, the diagnosis often relies on serological evidence of the

infection [13]. The most commonly used serological tests include slide agglutination test, buff-

ered acidified plate antigen test (BAPA), Rose-Bengal plate test (RBPT) and the enzyme linked

immuno-sorbent assay (ELISA) [14].

Brucellosis constitutes a significant social and economic burden mostly affecting human

populations living near animals [15]. The disease is rarely targeted by formal surveillance sys-

tems, leading to a substantial underestimation of its impact [13]. The global epidemiology of

human brucellosis has drastically changed over the past years, from the previous estimate of

500,000 new cases [16] to 2.1 million annual incidence according to the Center for Disease

Control (CDC) [17]. Regardless of under-reporting and the scarcity of epidemiological data,

the disease is endemic in Africa [18] and its prevalence is poorly understood with varying

reports from country to country [19]. In the East African Community countries, up to 44%

prevalence of human brucellosis has been recorded [20].

In developing countries, including Ethiopia, little emphasis is placed on human brucellosis

[21] mostly due to a lack of diagnostic services and awareness among health professionals about

the disease [22]. In Ethiopia, brucellosis remains a major challenge to the development of dairy

farming, affecting the livelihood of the pastoralist communities [5,23]. However, the full impact

of human brucellosis is not well understood, and epidemiological data are limited [24,25].

The livelihood of the Borana community of the Moyale area mostly depends on livestock

farming. In this community, bare-hand contact with aborted materials from animals and con-

sumption of livestock products are common practices. However, the burden of human brucel-

losis in this area is not known. Therefore, this study aimed to determine sero-prevalence of

human brucellosis and associated factors among febrile patients attending Moyale Primary

Hospital in southern Ethiopia.

Methods and materials

Ethics statement

Ethical clearance was obtained from the Institutional Review Board of Salale University with

Ref.no SLU|IRB|22|23. The study’s purpose was thoroughly explained to the data collectors

and the relevant hospital authorities. Prior to specimen collection, patients were informed

about the study’s objectives and written informed consent was obtained from all adult partici-

pants and the guardians of participants under the age of 12, along with assent from children

aged 12 to 18. To ensure confidentiality, no personal identifiers were recorded from the charts.

The research was conducted in strict adherence to the principles outlined in the World Medi-

cal Association’s Declaration of Helsinki. All tests were provided free of charge, and results

were promptly communicated to the attending physician. Patients diagnosed with human bru-

cellosis received appropriate treatment.
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Study design

Facility based cross-sectional study was conducted among febrile patients attending Moyale

Primary Hospital from July to September 2023.

Study setting

The study was conducted at Moyale Primary Hospital, located in southern Ethiopia, 770 km

from the capital, Addis Ababa. The community in this region primarily depends on livestock

farming and cross-border trade for their livelihood. Moyale Primary Hospital serves a popula-

tion of over a million people, including residents of Moyale town, the Somali region, and

neighboring cities in Kenya. The hospital offers a wide range of services, including laboratory

diagnostics. The laboratory conducts various diagnostic tests for acute febrile illnesses, such as

the Weil-Felix test, malaria blood film, and Salmonella rapid test.

Study population and eligibility

The source population consisted of all febrile patients attending Moyale Primary Hospital,

while the study population included all febrile patients who visited the hospital during the

study period. Patients who were unable to provide consent due to critical illness or uncon-

sciousness at the time of data collection were excluded from the study.

Sample size and sampling procedure

The sample size of 293 was determined using a single population proportion formula, based

on a brucellosis prevalence rate of 25.6% [26] reported in a study conducted among the pasto-

ralist community of Yabello, Ethiopia. The calculation was made with a 95% confidence inter-

val and a 5% margin of error. Participants were selected using a convenience sampling

technique. To reduce sampling bias, we included individuals from various socio-demographic

backgrounds and extended the sample collection period to ensure the inclusion of participants

who might otherwise have been missed.

Data collection and quality control

After reviewing relevant literature, a semi-structured questionnaire was developed. The work-

ing questionnaire was prepared in Kobocollect application. Two experienced nurses were

selected for data collection at the patient site, and two laboratory professionals were chosen for

biological specimen data collection. These individuals were carefully selected based on their

experience and received two days of training before data collection. The questionnaire was

pretested on 5% of the total sample size (15 individuals) at Moyale Health Center before the

actual data collection commenced. The data collected included a wide range of potential host-

related information, such as basic demographic details (age, gender, occupation, educational

status, marital status, and place of residence), livestock product-related factors, and brucellosis

serostatus. Quality assurance measures were implemented at every stage of the laboratory pro-

cesses, with regular checks to ensure strict adherence to standard operating procedures.

Laboratory methods

5 ml of venous blood was collected using serum separator tubes by trained medical laboratory

professionals. The collected specimens were left at room temperature for 30 minutes to facili-

tate clotting. After the specimen had been allowed to fully clot it was centrifuged at 3000rpm

for 5 minutes to get clear serum. An aliquot of the separated serum was used to screen for Bru-
cella antibody using RBPT. An RBPT reagent which had performance characteristics of 89.6%
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specificity and 97.1% sensitivity by (Atlas Medical, Germany) was used for screening. We per-

formed the qualitative rapid slide agglutination technique based on the manufacturer’s proto-

col. 50 μL of serum was dispensed on a white glossy slide and mixed thoroughly with an equal

volume of RBPT reagent using a plastic applicator. The slide were then placed on a mechanical

rotator and shaken for 4 minutes. Any visible agglutination was taken as a positive result. The

leftover serum samples were collected in 2 ml cryotubes and stored in a freezer at negative

20-degree centigrade (-20˚C). Specimens positive by the screening test were further tested by

Brucella IgG Antibody ELISA test for confirmation. We used the BioTek 800 TS absorbance

reader and Brucella IgG ELISA kit from (Tecan ltd Hamburg, Germany) for the confirmatory

test. Based on the manufacturer’s instruction, diluted human serum was added to 96-well plate

pre-coated with Brucella antigen along with positive and negative controls. This was incubated

at room temperature for 1hr after which the plates were washed, conjugate then added and

incubated for 30 minutes. Following a wash cycle, substrate was added and incubated for 20

minutes. The conjugate- substrate reaction was terminated by the addition of a stop solution

and absorbance was read at 450nm. Finally, laboratory results were sent to the requesting phy-

sician where the questionnaire was completed by the trained data collector.

Data management and analysis

The data was downloaded in.csv format and exported to SPSS version 26 for analysis. Descrip-

tive analysis was used to summarize the socio-demographic data in the form of frequency and

percentage. Since we have a dependent variable with two possible outcomes and independent

variables with two or more groups, the best analytic model to explore for the association

between the dependent and independent variables would be binary logistic regression. Variables

with p-value (<0.25) were selected as candidate variables and included in the multivariate anal-

ysis. Before the final multivariate analysis, multi-collinearity was checked using variance infla-

tion factor. The goodness of the model was checked using Hosmer-Lemeshow. In the

multivariate analysis, variables with p-value below 0.05 were considered statistically significant.

Result

Socio-demographic characteristics of the study participants

The age range of the participants was from 5 to 80 years with a mean age of 24.17(SD = ±15.9)

years. The majority of participants were rural residents 172 (58.7%), more than half of the par-

ticipants were male 160 (54.6%) and Pastoralism was the dominant livelihood 103 (35.2%).

Around one-third of the participants had no formal education 100 (34.1%) and 162 (55.3%)

participants were single (Table 1).

Sero-prevalence of human brucellosis

The sero-prevalence of Brucella infection among the study participants was 93/293 (31.74%)

by RBPT; 38/293 (12.9%) by ELISA and the sero-prevalence is 13% (95% CI: 9.5, 16.5). The

sero prevalence of human brucellosis was relatively high among rural dwellers 34/172 (19.8%)

male participants 23/160 (14.4%) and in the age group of 18–35 15/98 (15.3%). The sero-preva-

lence was also relatively high among high school students 12/57 (21.1%) as well as among

those whose marital status is single 27/162 (16.7%) (Table 1).

Factors associated with Sero-prevalence of human brucellosis

Bivariate analysis was used to identify possible candidate variables for multivariate analysis

and variables with p-value less than 0.25 were chosen as candidate variables. The variables
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"contact with aborted livestock" and "consumption of milk from aborted livestock" do not

meet the requirements to be considered candidate variables because their 95% Confidence

Interval of the COR includes a null value. On the other hand, the variables "marital status" and

"educational status" are acceptable for the multivariate analysis since at least one group of the

variables p-value was less than 0.25. Accordingly, rural residence; consumption of unpasteur-

ized camel milk; consumption of milk from aborted livestock; contact with aborted livestock

material and drinking unpasteurized milk of any livestock were all associated (Table 2). With

these candidate variables multivariate logistic regression model was fitted to find independent

predictors of human brucellosis.

Finally, after controlling for potential confounding variables, the multivariate analysis for

the candidate variables shows that being from rural area and consuming unpasteurized camel

milk is significantly associated with human brucellosis (AOR = 7.21, 95% CI: 2.48, 15.90;

P = 0.000) and (AOR = 11.62, 95% CI: 3.85, 17.13; P = 0.000) respectively. The consumption of

pasteurized milk was found to have a protective effect (AOR = 6.12, 95% CI: 1.26, 29.76;

P = 0.025) against Brucella infection (Table 3).

Discussion

Human Brucellosis is a neglected zoonotic bacterial disease Predominant in developing coun-

tries. The disease has similar clinical manifestations with other febrile illnesses such as Malaria

and Typhoid fever. As a result, human brucellosis is often overlooked and misdiagnosed in

healthcare settings [4,9]. While the isolation of the bacteria is the gold standard for diagnosing

brucellosis, the biological risks associated with bacterial culture make serology the most com-

monly used diagnostic method in clinical practice [14]. Despite the limited availability of epi-

demiological data, it is known that the disease is endemic in Africa [18]. In Ethiopia, reports

Table 1. Demographic characteristics and Sero-prevalence of human brucellosis among acute febrile patients attending Moyale Primary Hospital, southern Ethio-

pia, 2023.

Factors Total number of samples Sero-prevalence

N % N %

Residence Urban 121 41.30% 4 3.30%

Rural 172 58.70% 34 19.80%

Sex Male 160 54.60% 23 14.40%

Female 133 45.40% 15 11.30%

Age <18 137 46.80% 18 13.10%

18–35 98 33.40% 15 15.30%

>35 58 19.80% 5 8.60%

Marital status Single 162 55.30% 27 16.70%

Married 116 39.60% 9 7.80%

Divorced 6 2.00% 1 16.70%

Widowed 9 3.10% 1 11.10%

Educational status Illiterate 100 34.10% 16 16.00%

Elementary 86 29.40% 7 8.10%

High school 57 19.50% 12 21.10%

Higher 50 17.10% 3 6.00%

Occupation Pastoral 103 35.20% 16 15.50%

Merchant 57 19.50% 6 10.50%

Employee 43 14.70% 2 4.70%

Student 90 30.70% 14 15.60%

https://doi.org/10.1371/journal.pntd.0012715.t001
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on the prevalence of human brucellosis vary, ranging from 1.2% [27] to 25.6% [26] with only a

few studies conducted among AFI patients. This study aimed to assess the prevalence and asso-

ciated factors of this disease among AFI patients in Moyale Primary Hospital.

Of all the participants (n = 293) in this study who were presented with acute febrile illness,

13% (95% CI: 9.5, 16.5) of them had confirmed brucellosis. This result was consistent with

studies done in Iraq 12.3% [28], northern Kenya 10.8% [29] and Afar, Ethiopia 15.8% [30].

However, the finding of this study was lower as compared to studies conducted in Kenya 44%

[20]; Uganda 22.86% [9] and Yabello, Ethiopia 25.6% [26]. The higher prevalence from the

Table 3. Factors associated with Sero-prevalence of Human Brucellosis among febrile patient attending Moyale

Primary Hospital (Jul15 –Sep17), the Multivariate analysis.

Factors AOR (95%CI) P-value

Residence Urban 1

Rural 7.21(2.48, 15.90) .000

Marital status Single 1

Married 0.16(0.05, 0.49) .001

Divorced 1.77(0.16, 19.04) .638

Widowed 2.08(0.18, 23.61) .555

Education Illiterate 1

Elementary 0.15 (0.03, 0.83) .029

High school 0.04 (0.01, 0.27) .001

Higher 0.34 (0.47, 2.52) .294

Drink unpasteurized Camel milk No 1

Yes 11.62 (3.85, 17.13) .000

Consume pasteurized milk Yes 1

No 6.12 (1.26, 29.76) .025

https://doi.org/10.1371/journal.pntd.0012715.t003

Table 2. Factors associated with Sero-prevalence of Human Brucellosis among febrile patient attending Moyale Primary Hospital (Jul15 –Sep17), the Bivariate

analysis.

Factors Tested number Positive Positive (%) COR (95%CI) p- value

Residence Urban 121 4 3.30% 1 0.000

Rural 172 34 19.80% 10.54 (3.06, 36.38)

Marital status Single 162 27 16.70% 1

Married 116 9 7.80% 0.42 (0.19, 0.93) 0.033

Divorced 6 1 16.70% 1.00 (0.11, 8.90) 1.000

Widowed 9 1 11.10% 0.63 (0.07, 5.20) 0.66

Educational status Illiterate 100 16 16.00% 1

Elementary 86 7 8.10% 2.98 (0.83, 10.77) 0.09

High school 57 12 21.10% 1.39 (0.34, 5.63) 0.65

Higher 50 3 6.00% 4.18 (1.11, 15.79) 0.03

Drink unpasteurized camel milk No 188 8 4.3% 1

Yes 105 30 28.6% 9.00 (3.94, 20.54) 0.000

Drink raw milk from aborted livestock No 45 2 4.4% 1

Yes 248 36 14.5% 3.65 (0.85, 15.74) 0.08

Drink pasteurized milk No 205 36 17.6% 9.16 (2.15, 38.95) 0.003

Yes 88 2 2.3% 1

Contact with aborted livestock No 95 7 7.4% 1

Yes 198 31 15.7% 2.33 (0.98, 5.51) 0.053

https://doi.org/10.1371/journal.pntd.0012715.t002
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Kenya and Ethiopia studies might be explained by the difference in the study population,

where more than 88% of the study participants from the Kenyan study and the entire partici-

pants from the Ethiopian study were animal handlers, a known risk group for Brucella infec-

tion [31]. On the other hand, the higher prevalence in the study from Uganda could be likely

due to the use of less specific laboratory test method, BAPA, and absence of a second confirma-

tory test.

Nevertheless, the current study reported higher sero-prevalence of human brucellosis as

compared to studies in Elwayye, Ethiopia 2.7% [32], central Ethiopia 1.2% [27], Afar, Ethiopia

4.4% [33], Zanzibar 3.2% [34] and India 2.24% [35]. The possible explanation for the differ-

ences in the sero-prevalence may be due to differences in the study population, where more

than 70% of the study participants from the Zanzibar study were urban dwellers, a low-risk

group for Brucella infection. In the Indian study, it was reported that there was a good habit of

consuming pasteurized milk among the majority of study participants. Thus, the lower preva-

lence in this study could be due to the habit of pasteurized milk consumption by the study

population.

Based on the participants’ place of residence, we have noticed a higher sero-prevalence of

Brucella infection among residents of rural areas and the multivariate analysis also shows a sig-

nificant association (p<0.05) between the prevalence of human brucellosis and being from

rural areas. This observation is similar to the findings reported in Kurdistan region of Iraq [28]

and India [35].

A relatively higher prevalence of Brucella infection with no statistically significant associa-

tion (p>0.05) was observed among participants aged 18–35 (15.30%) in the present study.

This finding is consistent with studies conducted in Uganda [36] and Zanzibar [34]. However,

in contradiction to the current study, a study conducted in Yabello, Ethiopia, showed a higher

prevalence (36.4%) with significant associated (p<0.05) in the old age group [26]. Since brucel-

losis can occur at any age, the observed difference could be due to the smaller sample size used

in the Yabello, Ethiopia study.

In this study, a slight difference in prevalence with no statistical significance (p>0.05) was

observed between the two sexes, a relatively higher prevalence being in male (14.4%) than in

female (11.3%) participants. The finding of our study is in line with the result of other studies

conducted in Elwayye, Ethiopia [32], Yabello, Ethiopia [26], Afar, Ethiopia [30], Iraq [28],

Kenya [20] and China [6]. In disagreement with the findings of the current study, a study con-

ducted in Pakistan showed a higher prevalence in females. The difference could be due to the

difference in the role of the two sexes in different communities, where in some countries

females are housewives who are primarily engaged in rearing livestock and handling poten-

tially infected products. Apart from the population difference, there is no biological or scien-

tific basis for the sex preference of Brucella infection [11].

In the present study, married participants had the least prevalence (7.8%) and were nega-

tively associated with brucellosis sero-prevalence than participants who are single

(AOR = 0.157, 95%CI: 0.051, 0.489). In contrast to this finding, a higher prevalence (14.3%) of

human brucellosis among divorced individuals was reported from a study conducted in

Uganda [36]. Based on the higher burden of livestock handling by single men or women in the

pastoral community of the Moyale area it would be reasonable to assume the role of marital

status in the transmission of brucellosis. However, we could not find literature or an estab-

lished scientific fact that associates marital status and human brucellosis. Thus, the difference

in the two studies could be explained by the difference in the demography of the two study

populations or it could be due to the difference in sample size.

In our study, high school students and participants with no formal education had the high-

est prevalence, (21.1%) and (16%) respectively. The multivariate analysis shows being an
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elementary student and being a high school student were significantly (p<0.05) and negatively

associated with the prevalence of brucellosis. The finding in this study was in line with studies

conducted in Elwayye, Ethiopia [32], Kenya [20] and Uganda [36]. Considering the scientifi-

cally known routes of transmission and prevention methods for Brucella infection, it is logical

to expect an association between having no formal education and Brucellosis.

The present study has shown a strong association (p<0.05) between consumption of unpas-

teurized camel milk and human brucellosis (AOR = 11.62, 95% CI: 3.85, 17.13; P = 0.000).

However, the finding of our study contradicts with a study conducted in Kenya [29] which

reported no association between camel milk consumption and human brucellosis. This differ-

ence might be due to the low prevalence of Brucella infection in camels as compared to other

livestock in that area or it might be due to the difference in milk consumption habits between

the two populations.

It is a known fact that consumption of unpasteurized livestock milk is associated with bru-

cellosis [6] and studies from North-Shoa, Ethiopia [19], Tunisia [18], central Ethiopia [27],

northern Tanzania [37] and Uganda [36] has concluded the same. This fact is also supported

by the result of the current study which showed a significant association (p<0.05) between

brucellosis and drinking unpasteurized milk (AOR = 6.12, 95% CI: 1.26, 29.76; P = 0.025).

Unlike studies conducted in southern Ethiopia [32], Kenya [29], Uganda [36] and India

[35], the current study has not found an association between the prevalence of human brucel-

losis and consuming milk from aborted animal or contact with aborted materials. The differ-

ence could be likely due to the study design, a facility-based study, where some of the study

participants could not know if the milk they consume is from aborted livestock or not. Since

consuming milk from aborted animal and contact with aborted materials were both candidate

variables in the bivariate analysis, the difference could also be due to the relatively smaller sam-

ple size used in our study.

Limitations

One limitation of this study is that it was facility-based. This approach may not fully capture

the prevalence of brucellosis in the wider pastoralist community, as it only includes individuals

who sought care at the hospital. Additionally, the use of convenience sampling may introduces

the risk of sampling bias, which could affect the representativeness of the findings. While sero-

logical testing with ELISA, which has sensitivity and specificity of 98.84% and 94.13%, respec-

tively was employed, it is less precise compared to bacterial culture. Consequently, the study

may not fully reflect the true prevalence of brucellosis in the broader community. Despite

these limitations, the study has provided valuable preliminary evidence of the presence of bru-

cellosis in an area where it was previously unknown.

Conclusion and recommendation

The sero-prevalence of human brucellosis among febrile patients of 13% cannot be ignored.

The study has revealed rural residence and drinking raw milk, particularly raw camel milk

were associated with Brucella infection. Thus, Public health interventions on the control and

prevention of brucellosis such as educating animal handlers about proper hygienic practices;

pasteurization of dairy products and integrated control programs with veterinary services

need to be made by community health workers and other stakeholders. Public awareness of

the disease and the role of raw milk in the transmission of Human Brucellosis should be inte-

grated into health education campaigns. Clinicians should consider the possibility of brucello-

sis in their differential diagnosis during patient case management of AFI especially in
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pastoralist areas. Finally, further community-based studies designed to identify the Brucella
species and molecular epidemiology needs to be conducted.

Supporting information

S1 Table. Data collection tool.

(PDF)

S1 Dataset. Raw data.

(XLSX)

Acknowledgments

First, we would like to thank Salale University, College of Health Sciences, Department of

Medical Laboratory Sciences for supporting our data collection. We would also like to thank

facilities heads, data collectors, and supervisors for their invaluable support and cooperation

throughout the data collection. Finally, we would like to thank the study participants for with-

out them completing this Research work would have been impossible.

Author Contributions

Conceptualization: Betrearon Sileshi, Seifu Gizaw, Belay Merkeb, Tadesse Bekele, Wuletaw

Tadesse, Jafer Kezali, Endalu Tesfaye, Angefa Ayele.

Data curation: Betrearon Sileshi, Seifu Gizaw, Belay Merkeb, Tadesse Bekele, Wuletaw

Tadesse, Jafer Kezali, Endalu Tesfaye, Angefa Ayele.

Formal analysis: Betrearon Sileshi, Belay Merkeb, Wuletaw Tadesse, Endalu Tesfaye, Angefa

Ayele.

Funding acquisition: Jafer Kezali.

Investigation: Betrearon Sileshi.

Methodology: Betrearon Sileshi, Seifu Gizaw, Belay Merkeb, Tadesse Bekele, Wuletaw

Tadesse, Jafer Kezali, Endalu Tesfaye, Angefa Ayele.

Project administration: Betrearon Sileshi, Wuletaw Tadesse, Jafer Kezali.

Resources: Betrearon Sileshi.

Software: Betrearon Sileshi, Seifu Gizaw, Belay Merkeb, Tadesse Bekele, Wuletaw Tadesse,

Endalu Tesfaye, Angefa Ayele.

Supervision: Betrearon Sileshi, Seifu Gizaw, Tadesse Bekele, Wuletaw Tadesse, Jafer Kezali,

Endalu Tesfaye.

Validation: Betrearon Sileshi, Seifu Gizaw, Belay Merkeb, Tadesse Bekele, Wuletaw Tadesse,

Jafer Kezali, Angefa Ayele.

Visualization: Betrearon Sileshi, Seifu Gizaw, Belay Merkeb, Jafer Kezali, Endalu Tesfaye,

Angefa Ayele.

Writing – original draft: Betrearon Sileshi, Seifu Gizaw, Belay Merkeb, Tadesse Bekele, Wule-

taw Tadesse, Jafer Kezali, Endalu Tesfaye, Angefa Ayele.

Writing – review & editing: Betrearon Sileshi, Seifu Gizaw, Belay Merkeb, Tadesse Bekele,

Wuletaw Tadesse, Jafer Kezali, Endalu Tesfaye, Angefa Ayele.

PLOS NEGLECTED TROPICAL DISEASES Sero-prevalence of human brucellosis and associated factors among febrile patients

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0012715 December 17, 2024 10 / 13

http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0012715.s001
http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0012715.s002
https://doi.org/10.1371/journal.pntd.0012715


References
1. Jamil T, Khan AU, Saqib M, Hammad HM, Melzer F, Rehman A, et al. Animal and Human Brucellosis in

Pakistan. Frontiers in Public Health [Internet]. 2021; 9:1–10. Available from: https://doi.org/10.3389/

fpubh.2021.660508 PMID: 34395357

2. Pal Mahendra, Gemechu Berhanu Kerorsa Chaltu Desalegn VK. Human and Animal Brucellosis: A

Comprehensive Review of Biology, Pathogenesis, Epidemiology, Risk Factors, Clinical Signs, Labora-

tory Diagnosis, Public Health Significance, Economic Importance, Prevention and Control. American

Journal of Infectious Diseases and Microbiology [Internet]. 2020; 8(4):118–26. Available from: https://

doi.org/10.12691/ajidm-8-4-1

3. Hull NC, Schumaker BA. Comparisons of brucellosis between human and veterinary medicine. Infection

Ecology & Epidemiology [Internet]. 2018; 8(1):1–12. Available from: https://doi.org/10.1080/20008686.

2018.1500846 PMID: 30083304

4. Priyantha R. An Overview of Human Brucellosis: A Neglected Zoonotic Disease in Livestock. Sri lanka

Veterinary Journal [Internet]. 2021; 68(2):27–37. Available from: http://doi.org/10.4038/slvj.v68i1-2.66

5. Tulu D. Bovine Brucellosis: Epidemiology, Public Health Implications, and Status of Brucellosis in Ethio-

pia. Veterinary Medicine: Research and Reports. 2022; 13:21–30. https://doi.org/10.2147/VMRR.

S347337 PMID: 35028300

6. Wu Zhi-guo, Song Zhi-ying, Wang Wei-xin, Xi Wen-na, Jin Di, Ai Mao-xing et al. Human brucellosis and

fever of unknown origin. BMC Infectious Diseases [Internet]. 2023; 22(1):1–7. Available from: https://

doi.org/10.1186/s12879-022-07872-8

7. Dadara Maryam, Youcef Shahalia AMW. Human brucellosis caused by raw dairy products: A review on

the occurrence, major risk factors and prevention. International Journal of Food Microbiology [Internet].

2019; 292:39–47. Available from: https://doi.org/10.1016/j.ijfoodmicro.2018.12.009

8. Govindasamy K. Human brucellosis in South Africa: A review for medical practitioners. South Africa

Medical Journal [Internet]. 2020; 110(7):646–51. Available from: https://doi.org/10.7196/SAMJ.2020.

v110i7.14538

9. Kalule JB, Tomusange J, Namatovu T. Serological detection of brucellosis among febrile, malaria-nega-

tive children and domesticated dogs in an urban African setting. African Journal of Laboratory Medicine

[Internet]. 2020; 9(1):1–6. Available from: https://doi.org/10.4102/ajlm.v9i1.864

10. Avijgana M, Rostamnezhadb M, Jahanbani-Ardakani H. Microbial Pathogenesis Clinical and serological

approach to patients with brucellosis: A common diagnostic dilemma and a worldwide perspective.

Microbial Pathogenesis [Internet]. 2019; 129(3):125–30. Available from: https://doi.org/10.1016/j.

micpath.2019.02.011

11. Saddique A, Ali S, Akhter S, Khan I, Neubauer H, Melzer F, et al. Acute Febrile Illness Caused by Bru-

cella Abortus Infection in Humans in Pakistan. International Journal of Environmental Research and

Public Health Article [Internet]. 2019; 16(4071):1–10. Available from: https://doi.org/10.3390/

ijerph16214071

12. Jiang Hai, Lan Feng JL. Updated Guidelines for the Diagnosis of Human Brucellosis—China. China

CDC weekly [Internet]. 2019; 2(26):487–9. Available from: https://doi.org/10.46234/ccdcw2020.129

13. Elrashedy A, Gaafar M, Mousa W, Nayel M, Salama A, Zaghawa A, et al. Immune response and recent

advances in diagnosis and control of brucellosis. German Journal of Veterinary Research [Internet].

2021; 2(1):10–24. Available from: https://doi.org/10.51585/gjvr.2022.1.0033

14. Xu Nannan, Wang Wei, Fengzhe Chen WL and GW. ELISA is superior to bacterial culture and aggluti-

nation test in the diagnosis of brucellosis in an endemic area in China. BMC Infectious Diseases [Inter-

net]. 2020; 20(11):1–7. Available from: https://doi.org/10.1186/s12879-019-4729-1 PMID: 31906870

15. United-Nation. One Health Joint Plan of Action (2022–2026) [Internet]. 2022. 1–86 p. Available from:

https://doi.org/10.4060/cc2289en

16. Mahboubeh Khaton Ghanbari Hasan Abolghasem Gorji, Behzadifar Masoud, Nadia Sanee NM and

NLB. One health approach to tackle brucellosis: a systematic review. Tropical Medicine and Health

[Internet]. 2020; 48(86):1–10. Available from: https://doi.org/10.1186/s41182-020-00272-1%0A

17. Laine CG, Johnson VE, Scott HM, Arenas-gamboa AM. Global Estimate of Human Brucellosis Inci-

dence. Emerging Infectious Diseases. 2023; 29(9):1789–96. https://doi.org/10.3201/eid2909.230052

PMID: 37610167

18. Charaa N, Ghrab R, Ben Othman A, Makhlouf M, Hejer L, Ben Alaya N, et al. Investigation of a human

brucellosis outbreak in Douz, Tunisia, 2018. Epidemiology and Health [Internet]. 2022; 44:1–7. Avail-

able from: https://doi.org/10.4178/epih.e2022048

19. TeshomeYimer B, Feleke BE, Bogale KA, Tsegaye GW. Factors Associated with Human Brucellosis

among patients Attending in Ayu Primary Hospital, North Showa, Ethiopia: A Case Control Study.

PLOS NEGLECTED TROPICAL DISEASES Sero-prevalence of human brucellosis and associated factors among febrile patients

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0012715 December 17, 2024 11 / 13

https://doi.org/10.3389/fpubh.2021.660508
https://doi.org/10.3389/fpubh.2021.660508
http://www.ncbi.nlm.nih.gov/pubmed/34395357
https://doi.org/10.12691/ajidm-8-4-1
https://doi.org/10.12691/ajidm-8-4-1
https://doi.org/10.1080/20008686.2018.1500846
https://doi.org/10.1080/20008686.2018.1500846
http://www.ncbi.nlm.nih.gov/pubmed/30083304
http://doi.org/10.4038/slvj.v68i1-2.66
https://doi.org/10.2147/VMRR.S347337
https://doi.org/10.2147/VMRR.S347337
http://www.ncbi.nlm.nih.gov/pubmed/35028300
https://doi.org/10.1186/s12879-022-07872-8
https://doi.org/10.1186/s12879-022-07872-8
https://doi.org/10.1016/j.ijfoodmicro.2018.12.009
https://doi.org/10.7196/SAMJ.2020.v110i7.14538
https://doi.org/10.7196/SAMJ.2020.v110i7.14538
https://doi.org/10.4102/ajlm.v9i1.864
https://doi.org/10.1016/j.micpath.2019.02.011
https://doi.org/10.1016/j.micpath.2019.02.011
https://doi.org/10.3390/ijerph16214071
https://doi.org/10.3390/ijerph16214071
https://doi.org/10.46234/ccdcw2020.129
https://doi.org/10.51585/gjvr.2022.1.0033
https://doi.org/10.1186/s12879-019-4729-1
http://www.ncbi.nlm.nih.gov/pubmed/31906870
https://doi.org/10.4060/cc2289en
https://doi.org/10.1186/s41182-020-00272-1%0A
https://doi.org/10.3201/eid2909.230052
http://www.ncbi.nlm.nih.gov/pubmed/37610167
https://doi.org/10.4178/epih.e2022048
https://doi.org/10.1371/journal.pntd.0012715


Ethiopian Journal of Health Science [Internet]. 2021; 31(4):709–18. Available from: https://doi.org/10.

4314/ejhs.v31i4.4

20. Kahariri S, Kitala PM, Muchemi GM, Njenga K, Nanyingi M. Sero-prevalence and risk factors for human

brucellosis in Marsabit County, Kenya. Pan-African Medical Journal [Internet]. 2021; 4(9):1–14. Avail-

able from: https://doi.org/10.11604/pamj-oh.2021.4.9.27024

21. Callaghan D. Human brucellosis: recent advances and future challenges. Infectious Diseases of Pov-

erty [Internet]. 2020; 9(101):1–2. Available from: https://doi.org/10.1186/s40249-020-00715-1 PMID:

32703319

22. Kapito-Tembo A, Mathanga D, Bauleni A, Nyirenda O, Pensulo P, Ali D, et al. Prevalence and Clinical

Management of Non-malarial Febrile Illnesses among Outpatients in the Era of Universal Malaria Test-

ing in Malawi. American Journal of Tropical Medicine and Hygine [Internet]. 2020; 103(2):887–93. Avail-

able from: https://doi.org/10.4269/ajtmh.18-0800 PMID: 32588795

23. Teshome D, Sori T, Banti T, Kinfe G, Wieland B, Alemayehu G. Prevalence and risk factors of Brucella

spp. in goats in Borana pastoral area, Southern Oromia, Ethiopia. Small Ruminant Research [Internet].

2022; 206:1–6. Available from: https://doi.org/10.1016/j.smallrumres.2021.106594

24. Sibhat B, Tessema TS, Nile E, Asmare K. Brucellosis in Ethiopia: A comprehensive review of literature

from the year Brucellosis in Ethiopia: A comprehensive review of literature from the year 2000–2020

and the way forward. Transboundary and Emerging Disease [Internet]. 2022; 1(22):1–23. Available

from: https://doi.org/10.1111/tbed.14495

25. Workalemahu B, Sewunet T, Astatkie A. Seroepidemiology of Human Brucellosis among Blood Donors

in Southern Ethiopia: Calling Attention to a Neglected Zoonotic Disease. The American journal of Tropi-

cal Medicine and Hygiene Risk [Internet]. 2017; 96(1):88–92. Available from: https://doi.org/10.4269/

ajtmh.15-0702 PMID: 28077743

26. Zewdie W. Study on Sero-Prevalence of Small Ruminant and Human Brucellosis in Yabello and Dire

Districts of Borena Zone Oromia Regional State, Ethiopia. American Journal of Animal and Veterinary

Sciences [Internet]. 2020; 15(1):26–31. Available from: https://doi.org/10.3844/ajavsp.2020.26.31

27. Kassa GT, Urge B, Mamo G. Sero-prevalence of human brucellosis in selected sites of Central Oromia,

Ethiopia. PLoS ONE [Internet]. 2022; 17(12):1–14. Available from: https://doi.org/10.1371/journal.pone.

0269929

28. Almashhadany DA, Zefenkey ZF, Odhah MNA. Epidemiological study of human brucellosis among

febrile patients in Erbil- Kurdistan region, Iraq. Journal of Infection in Developing Countries [Internet].

2022; 16(7):1185–90. Available from: https://doi.org/10.3855/jidc.15669 PMID: 35905023

29. Muema J, Oboge H, Mutono N, Makori A, Oyugi J, Zipporah B, et al. Sero-epidemiology of brucellosis in

people and their livestock: A linked human–animal cross-sectional study in a pastoralist community in

Kenya. Frontiers in Veterinary Science. 2022; 9(639):1–9.

30. Mehari S, Zerfu B, Desta K. Prevalence and risk factors of human brucellosis and malaria among

patients with fever in malaria—endemic areas, attending health institutes in Awra and Gulina district,

Afar. BMC Infectious Diseases [Internet]. 2021; 21(942):1–8. Available from: https://doi.org/10.1186/

s12879-021-06654-y

31. Sundar A, Rajagunalan S, Malmarugan S, Sangameswaran R, Sinha DK. One Health Approach in

Investigation of Human Brucellosis: A Case Report and its Investigation. International Journal of Current

Microbiology and Applied Sciences [Internet]. 2020; 9(12):718–21. Available from: https://doi.org/10.

20546/ijcmas.2020.912.086

32. Edao BM, Ameni G, Assefa Z, Berg S, Whatmore AM, Wood JLN. Brucellosis in ruminants and pasto-

ralists in Borena, Southern Ethiopia. PLOS Neglected Tropical Diseases [Internet]. 2020; 14(7):1–17.

Available from: https://doi.org/10.1371/journal.pntd.0008461

33. Zerfu B, Medhin G, Mamo G, Getahun G, Tschopp R, Legesse M. Community-based prevalence of

typhoid fever, typhus, brucellosis and malaria among symptomatic individuals in Afar Region, Ethiopia.

PLOS Neglected Tropical Diseases [Internet]. 2018; 80:1–16. Available from: https://doi.org/10.1371/

journal.pntd.0006749 PMID: 30286076

34. Ali MA, James OC, Mohamed AA, Joachim A, Mubi M, Omodior O. Etiologic Agents of Fever of

Unknown Origin Among Patients Attending Mnazi Mmoja Hospital, Zanzibar. Journal of Community

Health [Internet]. 2020;1–8. Available from: https://doi.org/10.1007/s10900-020-00832-w

35. Mangtani P, Berry I, Beauvais W, Holt HR, Kulashri A, Bharti S, et al. The prevalence and risk factors

for human Brucella species infection in a cross- sectional survey of a rural population in Punjab, India.

Royal Society of Tropical Medicine and Hygiene [Internet]. 2020; 11(1):1–9. Available from: https://doi.

org/10.1093/trstmh/trz133

36. Majalija S, Luyombo P, Tumwine G. Sero-prevalence and associated risk factors of Brucellosis among

Malaria negative febrile out—patients in Wakiso district, Central Uganda. BMC Research Notes [Inter-

net]. 2018; 11(803):1–6. Available from: https://doi.org/10.1186/s13104-018-3907-3 PMID: 30409158

PLOS NEGLECTED TROPICAL DISEASES Sero-prevalence of human brucellosis and associated factors among febrile patients

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0012715 December 17, 2024 12 / 13

https://doi.org/10.4314/ejhs.v31i4.4
https://doi.org/10.4314/ejhs.v31i4.4
https://doi.org/10.11604/pamj-oh.2021.4.9.27024
https://doi.org/10.1186/s40249-020-00715-1
http://www.ncbi.nlm.nih.gov/pubmed/32703319
https://doi.org/10.4269/ajtmh.18-0800
http://www.ncbi.nlm.nih.gov/pubmed/32588795
https://doi.org/10.1016/j.smallrumres.2021.106594
https://doi.org/10.1111/tbed.14495
https://doi.org/10.4269/ajtmh.15-0702
https://doi.org/10.4269/ajtmh.15-0702
http://www.ncbi.nlm.nih.gov/pubmed/28077743
https://doi.org/10.3844/ajavsp.2020.26.31
https://doi.org/10.1371/journal.pone.0269929
https://doi.org/10.1371/journal.pone.0269929
https://doi.org/10.3855/jidc.15669
http://www.ncbi.nlm.nih.gov/pubmed/35905023
https://doi.org/10.1186/s12879-021-06654-y
https://doi.org/10.1186/s12879-021-06654-y
https://doi.org/10.20546/ijcmas.2020.912.086
https://doi.org/10.20546/ijcmas.2020.912.086
https://doi.org/10.1371/journal.pntd.0008461
https://doi.org/10.1371/journal.pntd.0006749
https://doi.org/10.1371/journal.pntd.0006749
http://www.ncbi.nlm.nih.gov/pubmed/30286076
https://doi.org/10.1007/s10900-020-00832-w
https://doi.org/10.1093/trstmh/trz133
https://doi.org/10.1093/trstmh/trz133
https://doi.org/10.1186/s13104-018-3907-3
http://www.ncbi.nlm.nih.gov/pubmed/30409158
https://doi.org/10.1371/journal.pntd.0012715


37. Cash-Goldwasser S, Maze MJ, Rubach MP, Biggs HM, Stoddard RA, Sharples KJ, et al. Risk Factors

for Human Brucellosis in Northern Tanzania. The American journal of Tropical Medicine and Hygiene

Risk [Internet]. 2018; 98(2):598–606. Available from: https://doi.org/10.4269/ajtmh.17-0125 PMID:

29231152

PLOS NEGLECTED TROPICAL DISEASES Sero-prevalence of human brucellosis and associated factors among febrile patients

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0012715 December 17, 2024 13 / 13

https://doi.org/10.4269/ajtmh.17-0125
http://www.ncbi.nlm.nih.gov/pubmed/29231152
https://doi.org/10.1371/journal.pntd.0012715

