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Brucellosis is one of the most widespread zoonotic diseases posing a serious obstacle to public health, 
food safety and security and, socio-economic development in most African countries. A cross-sectional 
study was conducted to establish practices that may pose occupational risks of transmission of 
brucellosis to people working in abattoirs in Tanzania. A total of 452 serum samples; 190, 200 and 62 
from cattle, goats and human, respectively were collected in animals and workers at Dodoma abattoir, 
Tanzania. The samples were screened for brucellosis using Rose Bengal Plate test (RBPT) and indirect 
enzyme-linked immunosorbent assay (iELISA). A semi-structured questionnaire was used to collect 
data for assessing the knowledge, awareness and practices related to brucellosis exposure. Data were 
analyzed to determine the association of brucellosis seropositivity with the knowledge, awareness and 
practices of the workers. The seroprevalence of brucellosis in cattle, goats and abattoir workers was 
7.3, 1.5 and 1.6%, respectively based on Rose Bengal Plate Test. The seroprevalence was 4.7% in cattle, 
1.6% in humans and none in goats when samples were tested by indirect enzyme-linked 
immunosorbent assay. The results of this study show that, there is a potential occupational risk of 
acquisition of brucellosis for abattoir workers and hence, the need for awareness campaigns and taking 
appropriate precautions to minimize the zoonotic risks is greatly required. 
 
Key words: Brucellosis, abattoir, occupational risk, Rose Bengal plate test, indirect enzyme-linked 
immunosorbent assay. 

 
 
INTRODUCTION 
 
Brucellosis is one of the most widespread zoonotic 
diseases posing a serious obstacle to public health, food 
safety and security and, socio-economic  development  in  

most African countries (Mcdermott et al., 2013; Mcdermott 
and Arimi, 2002). Brucellosis affects many animal 
species,   including    such    as    cattle,    sheep,   and  goats.       
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Most human infections are acquired through direct 
contact with infected animals, placentas, foetal 
membranes, vaginal  discharges or aborted foetuses, 
inhalation of infectious materials or via indirect 
transmission through untreated milk and milk products, 
undercooked meat or blood (Liu, 2015; Makita et al., 
2008; Galińska and Zagórski, 2013). Brucellosis has 
wide-ranging impacts that include animal losses due to 
abortion, loss in milk production, death of infected 
animals and debilitating human illness causing reduced 
working capacity (Jergefa et al., 2009; Mcdermott et al., 
2013). 

Brucellosis in humans, also known as undulant fever, 
presents with intermittent fever, sweating, joint and low 
back pains, headache, fatigue, weight loss and general 
weakness persisting for a long time (Dean et al., 2012; 
Madut et al., 2018). These clinical signs resemble other 
febrile illnesses such as malaria, typhoid, rheumatic fever 
and viral diseases hence, the disease is often 
misdiagnosed and under-reported in most countries in 
sub-Saharan Africa (Bouley et al., 2012; Crump et al., 
2013). Brucellosis is an occupational disease to farmers, 
herders, veterinarians, slaughterhouse workers, butchers 
and laboratory personnel who commonly get into contact 
with the animals or animal by-products in the course of 
their work (Gardner, 2005; Mirambo et al., 2018; 
Schneider et al., 2013). However, abattoir workers may 
be the more risky group compared to other occupations 
because they are overexposed to carcasses, viscera, 
body fluids and organs of infected animals (Mirambo et 
al., 2018; Mukhtar, 2010; Swai and Schoonman, 2009), 
and this is compounded by their proneness to knife cut 
wounds (Banjo et al., 2013). Consequently, abattoir 
workers are at greatest risk to get brucellosis through 
open wounds on bare hands, splashing of infected fluids 
in the conjunctiva and inhalation of aerosols in the 
slaughtering area (Aworh et al., 2013; Goncalves et al., 
2006). The seroprevalence of human brucellosis in 
Tanzania has been reported to range from 14.1 to 28.2% 
(Chota et al., 2016; Mngumi et al., 2016) in pastoral and 
agropastoral settings. 

In Tanzania, brucellosis in slaughterhouse personnel 
has been previously reported to be high, ranging from 
19.5 to 42.1% in several slaughterhouses (Mirambo et 
al., 2018; Swai and Schoonman, 2009). The high 
prevalence may be attributed to lack of awareness on the 
disease among the workers and non-use of protective 
gears. It is well-known that a well-designed abattoir 
having separate sections from stunning to packaging with 
minimum exposure and coupled with strict adherence to 
biosafety measures and practices can reduce the 
chances of the occupational exposure to brucellosis 
(Zakaria et al., 2018). The objective of this study, 
therefore, was to determine the risk of occupational 
exposure to brucellosis among workers in Dodoma 
modern abattoir in Tanzania. The results of the study 
would be used to inform public health authorities on the 
magnitude  of   the   problem   so   that   they  can  design  

 
 
 
 
appropriate interventions for reducing the risk. 
 
 
MATERIALS AND METHODS 
 
Study area 
 
The study was conducted at Dodoma abattoir, one of among the 
most modern abattoirs in Dodoma Region, Tanzania. Dodoma 
Region is located between latitudes 6° 57'S and 3° 82'S and 
between 36° 26' and 35° 26'E and, bordered by four regions, 
namely; Manyara, Iringa, Singida and Morogoro (Population and 
Housing Census of Tanzania [PHCT], 2013). Dodoma is the current 
capital city of the United Republic of Tanzania and is growing very 
fast in terms of both human population and economic activities 
resulting in increased demand for food supplies including meat. 

Dodoma abattoir is the largest and most modern one in the 
central zone, currently the only in the country slaughtering animals 
for export. The animals slaughtered at the abattoir include cattle, 
goats and in a very few occasions sheep. Meat from goats is mainly 
exported to Comoro, Iraq, Vietnam, Oman, Qatar, Kuwait and 
United Arabs Emirates while beef is consumed locally. Dodoma 
abattoir has well established infrastructures from stunning area to 
packaging area which facilitates unidirectional flow of carcass. 
Animals slaughtered at Dodoma abattoir originate mainly from 
neighbouring regions of Iringa, Singida and Manyara as well as 
some from Lake and Western zone regions of Kigoma, Tabora, 
Mwanza, Shinyanga and Geita where brucellosis has been reported 
to be prevalent in livestock (Chitupila et al., 2015).  
 
 

Study design 
 

A cross-sectional study design was adopted. It was carried out from 
March to August 2018 to determine the occupational hazards and 
practices associated with risk of exposure of abattoir workers to 
brucellosis and assess their knowledge on the disease and other 
zoonotic diseases.  
 
 

Determination of sample size  
 

The sample size of animals was determined using the formula, 
 

N=1.96²P (1-P)/d² (Naing et al., 2006). 
 

Where; N=Sample size, P=Expected prevalence, d=Precision level. 
 

By using the expected prevalence (P) of 12%, precision level (d) of 
0.05 and confidence level of 95%. Thus, 324 samples were to be 
collected from all animal species.  
 
 
Sampling procedure 
 
A systematic random sampling method was used to select cattle 
and goats. By using a sampling fraction of 20% every fifth animal 
was sampled (Cadmus et al., 2006). Before sample collection, all 
the animals to be slaughtered in that same day were arranged in 
the crush and the first animal was randomly selected followed by 
every fifth animal counted from the first selected in a row (Cadmus 
et al., 2006). Abattoir workers above 18 years who had worked in 
the facility for at least one year were included in the study upon 
their consent to participate in the study. 
 
 

Collection of blood samples 
 

A total of 390  animals  destined for slaughter comprising 200 goats  

https://ojvr.org/index.php/ojvr/article/view/855/1265#CIT0026_855


 
 
 
 
and 190 cattle were bled for brucellosis screening. Furthermore, 62 
human blood samples were collected from the abattoir workers who 
agreed and consented to participate in the study. The inclusion 
criteria of individuals to participate included age of at least 18 years 
and working in the abattoir for at least one year. However, prior to 
bleeding animals, verbal consent was sought from livestock traders. 
Prior to bleeding, individual animal information such as breed, age, 
sex and geographical origin were recorded. Sterile plain vacutainer 
tubes were used to collect approximately 5 ml of blood from the 
jugular vein in animals and brachial vein in humans. All blood 
samples were stored in a cool box with ice packs and transported to 
the Tanzania Veterinary Laboratory Agency station in Dodoma, 
where they were left at room temperature for six hours to allow 
separation of clear serum and blood clots.  

A semi-structured questionnaire was used to assess the 
knowledge of abattoir workers about brucellosis as well as their 
attitude and practices with regard to the potential of occupational 
exposure to the disease. Social and demographic factors such as 
sex, age, marital status, education level, period of time worked at 
the abattoir, types of activities within and outside the abattoir were 
gathered. The questionnaire was administered in Swahili language 
because most of the workers were conversant with the same. 
 
 

Laboratory analysis 
 

Blood samples were centrifuged at 3000 g for 20 min for serum 
separation. Serum samples were collected in cryovials, well labelled 
and stored at -20°C until analysis.  
 
 

Rose Bengal Plate Test (RBPT) 
 

Four hundred and fifty-two serum samples were screened for anti-
brucella antibodies using Rose Bengal buffered antigen (ID Vet, 
France). The test detects both the IgM and IgG. The test procedure 
was performed as recommended by (OIE, 2016). Briefly, 25 µl of 
buffered antigen and 25 µl of test serum were pipetted on the white 
tile plate and then mixed thoroughly. The white tile plate was rocked 
for four minutes while observing the degree of agglutination. The 
sample was classified as positive if agglutination was observed and 
negative if there was no agglutination. Sample with some degree of 
agglutinations whether weak or strong was considered positive 
(Figure 1). 

Indirect Enzyme-Linked Immunosorbent Assay (SVANOVIR® 
Brucella-Ab I-ELISA) was used to further test positive samples from 
the Rose Bengal plate test. Indirect ELISA measures the binding of 
secondary antibodies to a primary antibody isotype bound onto the 
Brucella lipopolysaccharides antigen. The test detects only the Ig 
G. The test was performed according to the manufacturer’s 
instructions. Briefly, 90 µl of sample dilution buffer was added to 
each well to be used for serum samples and controls followed by 
adding 10 µl of positive control serum and 10 µl negative control 
serum, respectively to selected wells coated with Brucella abortus 
antigen. For confirmation purposes, the control sera were run in 
duplicates. 

In the remaining wells coated with B. abortus antigen, 10 µl of 
serum samples was added, shaken thoroughly, sealed and 
incubated at 37°C for one hour. The plate was rinsed with PBS-
tween buffer by filling up the wells at each rinse, emptied and taps 
hard to remove all remains of fluid. After rinsing, 100 µl of 
Horseradish peroxidase(HRP) conjugate was added to each well, 
sealed the plate and incubated at 37°C for one hour, followed by 
adding 100 µl of substrate solution to each well and incubation for 
10 min at room temperature. The reaction was stopped by adding 
50 µl of stop solution to each well mixed thoroughly and the optical 
density of the controls and samples were measured at 450 nm in a 
microplate photometer within 15 min. The optical density (OD) 
values were read in a microplate  reader  (ELISA  reader,  Multiskan 
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RC version 6.0, Thermo Labsystems, Helsinki). Strong positive  
(considered as 100% positivity) and negative standards were used. 
The results were expressed as per cent positivity (PP) of the 
sample tested in relation to the strong positive control. The criterion 
for considering a sample positive or negative was based on percent 
positivity calculated as follows:  
 

 
 
A sample was considered positive or negative using the cut-off 
values recommended by the manufacturer. Samples with equal or 
above 60% positivity were considered positive.  
 
 

Data analysis 
 
Data were stored and cleaned in Microsoft Excel spreadsheet and 
analyzed using R software version 3.4.3 ("Kite-Eating Tree" 
Copyright (C) 2017 The R Foundation for Statistical Computing 
platform). Descriptive statistics, particularly frequencies were 
computed for proportions of Brucella positive animals and human. 
Categorical dichotomous variables were computed and compared 
using Chi-square test at a critical probability of α ≤ 0.05. Odds ratio, 
95% confidence interval, Chi-square and Fisher’s exact tests were 
computed to determine the degree of association between Brucella 
seropositivity with knowledge, awareness and practices of abattoir 
workers. 
 
 
Ethical consideration 
 
The ethical clearance for conducting this study was granted by the 
Institutional Review Board of Medical Research Coordinating 
Committee of the National Institute for Medical Research; reference 
number NIMR/HQ/R8a /Vol. IX /1627. Permission to conduct the 
study at the abattoir was sought and granted by the General 
Manager of the Tanzania Meat Company (TMC). Permission to 
conduct the study in Dodoma municipality was sought and granted 
by District Livestock Officer for animal studies and District Medical 
Officers for human studies, respectively. Additionally, the verbal 
consent was sought from the livestock traders after explaining to 
them the aim and benefit of the study. The research was conducted 
in compliance with the Animal Welfare Act 2008 and using 
guidelines and protocols stipulating how human subjects are used 
in research. 
 
 

RESULTS 
 

The seroprevalence of brucellosis in abattoir workers 
and animals slaughtered at Dodoma abattoir  
 
The seroprevalence of brucellosis in cattle, goats and 
abattoir workers was 7.3, 1.5 and 1.6% based on Rose 
Bengal plate test, respectively. The positive sera by Rose 
Bengal plate test were further tested by enzyme-linked 
immunosorbent assay and only nine (4.7%) cattle and 
one (1.6%) human samples were positive. All samples 
from goats were seronegative (Table 1). 
 
 

Demographic characteristics of participants 
 
A total of 62 (51.7%) out of the 120 abattoir workers 
volunteered for blood sample collection and of  these,  49 

Percent Positivity (PP) =
Mean ODD of tested sample

Mean ODD of Positive control
× 100 
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Table 1. The seroprevalence of brucellosis in animals and abattoir workers at Dodoma abattoir. 
  

Sample source 
Rose Bengal plate test (RBPT) Enzyme-linked immunosorbent assay (ELISA) 

No (Positive) Prevalence (%) No (Positive) Prevalence (%) 

Cattle 190 (14) 7.3 190 (9) 4.7 

Goats 200 (3) 1.5 200 (0) 0.0 

Human 62 (1) 1.6 62 (1) 1.6 

Total  452 (18) 3.98 452 (10) 2.1 

 
 
 

Table 2. Demographic characteristics of workers at Dodoma abattoir. 
 

Variable Levels Frequency (N=49) Percentage 

Age 

20-30 22 44.9 

31-40 19 38.8 

41-50 6 12.2 

51-60 2 4.1 

    

Sex 
Male 27 55.1 

Female 22 44.9 

    

Level of education 

Primary 20 40.8 

Secondary 23 46.9 

Certificate 1 2.0 

Diploma 4 8.2 

University 1 2.0 

    

Marital status 

Married 33 67.3 

Single 15 30.6 

Widow 1 2.0 

    

Section at work 

Carcass splitting 1 2.0 

Cleanliness 13 26.5 

Evisceration 7 14.3 

Meat inspection 6 12.2 

Skinning 16 32.7 

Slaughtering 1 2.0 

    

Duration of work 

1-3 years 9 18.4 

4 – 6 years 30 61.2 

7-9 years 9 18.4 

10-12 years 2 4.1 

13-15 years 3 6.1 

 
 
 

(79%) also participated in semi-structured questionnaire 
survey. The remaining participants did not participate in 
the questionnaire survey because they were retrenched 
before the study was completed. The participants' age 
ranged from 21 to 59 years with the overall average age 
of 31  ±  8.087)  years  and  the  majority,  44.9%  (n =22) 

were in the 20–30 years age group. Most of the 
participants were males 55.1% (n = 27) and 59.2% (n = 
29) had post-primary education. The participants duration 
of work at the abattoir ranged from 1 to 14 years’ duration 
of work at the abattoir ranged from 1 to 14 years with an 
average age of 5 ± 2.79) years (Table 2). 
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Table 3. Awareness of abattoir workers on brucellosis and other zoonotic diseases. 
 

Variable Level No 
Brucellosis 
(Yes) No (%) 

χ2 (df) P-value 
Zoonosis 

(Yes) No (%) 
χ2 ( df) P-value 

Sex 
Female 22 22 (100.0)   16 (72.73)   

Male 27 15 (55.56) 10.56 (1) 0.001 14 (51.85) 1.43 (1) 0.231 

         

Age 

20-30 22 16 (72.73)   11(50.0)   

31-40 19 13 (68.42)   11(57.89)   

41-50 6 6 (100.0)   6 (100.0)   

51-60 2 2 (100.0) 28.7 (23) 0.181 2 (100.0)   

         

Education 

Primary 20 13 (65.0)   11 (55.0)   

Secondary 23 18 (78.26)   13 (56.52)   

Tertiary 6 6 (100.0) 3.23 (4) 0.519 6 (100.0) 4.34 (4) 0.362 

         

Occupation 

Carcass splitting 1 1 (100.0)   1 (100.0)   

Cleanliness 13 12 (92.31) 23.7 (9) 0.0048 8 (61.54) 11.33(9) 0.254 

Evisceration 7 7 (100.0)   5 (71.43)   

Meat inspection 6 6 (100.0)   6 (100.0)   

Skinning 16 6 (37.5)   7 (43.75)   

Slaughtering 1 1 (100.0)   1 (100.0)   

         

Duration of work 
(years) 

≤3 9 4 (44.44) 18.8(10) 0.05 4 (44.44) 13.77(10) 0.179 

4-6 29 20 (68.97)   14 (48.28)   

7-9 9 8 (88.89)   7 (77.78)   

10-12 2 2 (100.0)   2 (100.0)   

13-15 3 3 (100.0)   3 (100.0)   

 
 
 

Awareness of abattoir workers on brucellosis and 
other zoonotic diseases 
 
In assessing the awareness level of abattoir workers on 
brucellosis and other zoonotic diseases, it was found that 
there is a significant difference in awareness on 
brucellosis among sex (p=0.001), occupation (p=0.0048), 
duration of work (p=0.05) groups while there was no 
significant difference in the education (p=0.519) and age 
categories (p=0.181). The participants were 14 times 
aware of brucellosis than other zoonotic diseases (OR 
14, 95%CI 2.47,160.37, p=0.00046) (Table 3). However, 
there was no statistically significant difference in the 
knowledge of participants on other zoonotic diseases 
among gender, age, education, occupation and duration 
on the job categories (p > 0.05). Furthermore, 76% 
(n=37) of abattoir workers had knowledge of brucellosis 
and 61% (n=30) other zoonoses 
 
 
DISCUSSION 
 
Brucellosis is a zoonotic disease which affects both 
animals and humans who come in contact with infected 
animals and their products such as blood,  milk,  meat  or 

foetus and placental fluids as well as other contaminated 
materials. Therefore, abattoir workers are at the greatest 
risk of acquiring brucellosis because they frequently 
come in contact with the animal and by-products during 
their routine activities.  

The seroprevalence of 4.7% in slaughtered cattle in this 
study is an indication that brucellosis is prevalent in areas 
where the slaughtered animals originated. This poses a 
risk to abattoir workers who do not comply with basic 
biosafety principles in slaughter facilities. This prevalence 
recorded in this study is lower than those reported by 
other workers such as 12% in Tanga (Swai and 
Schoonman, 2012) and 21% in Karagwe (Kiputa et al., 
2008). This finding may probably suggest that slaughter 
animals may have originated from areas with low 
infection rates.  

Although the prevalence of brucellosis in humans was 
low (1.6%), it still indicates that workers at the abattoir 
were at risk of acquiring brucellosis in the course of their 
work, that is handling live animals and carcases. The 
observed prevalence was also low when compared to 
findings recorded in other studies in Tanzania (Mirambo 
et al., 2018; Swai and Schoonman, 2009) and elsewhere 
(Agada et al., 2018; Aworh et al., 2013; Cadmus et al., 
2006; Mukhtar,  2010;  Nabukenya  et  al., 2013; Osoro et  
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Figure 1. Rose Bengal plate test showing agglutinations. From left No agglutination, 
Moderate agglutinations, Strong agglutunations. 

 
 
 

al., 2015). The difference may be attributed to wearing of 
protective gears, awareness through training and 
separation of various processes in the abattoir to 
enhance proper handling and cleanness. It was observed 
that all workers in the abattoir wear gloves, gumboots, 
overcoats and overhead covers, and a few also wore 
mouth covers and goggles. This was further supported by 
the fact that 59% of the workforce had post-primary 
education and 76% were aware of brucellosis. The 
interviewed participants were 14 times more aware of 
brucellosis than other zoonoses. The awareness on the 
occupational risk of brucellosis among the abattoir 
workers may have enhanced compliance with biosafety 
measures and practices leading to low prevalence found 
in this study. These findings concur with similar studies 
conducted elsewhere, which demonstrated that wearing 
personal protective gears and level of knowledge are 
protective factors for acquiring human brucellosis and 
other zoonoses (Ayoola et al., 2017; Islam et al., 2013; 
Madut et al., 2018). 

In this study, it was observed that there was a statistical 
significant difference (p<0.05)  in the knowledge of 
brucellosis among workers working in different sections. 
Sections having individuals with low awareness may be 
more prone to infection if the frequency of contact is high 
with susceptible infectious materials. The human 
seropositive case reported in this study was from the 
group of cleaners. Swai and Schoonman (2009) and 
Tsegay et al. (2017) argued that cleaners in the abattoir 
being the least educated group may lack knowledge on 
how brucellosis is transmitted. On the other hand, since 
they are most heavily involved in handling and disposing 
all condemned abattoir materials including aborted 
foetuses that usually have very high concentrations of 
Brucella pathogens; they are at a much higher risk of 
infection when compared to other groups.  

Although the abattoir workers had some knowledge on 
brucellosis but it was observed that some of them had the 
tendency of opening the reproductive tract of slaughtered 
animals and aborted foetuses within the facility and sold 
them  to  vendors  outside  the   abattoir   premises.   This 

practice may contribute to the contamination of the 
carcasses and environments resulting into increased 
risks of transmission of human brucellosis. Other studies 
have reported that consumption of gravid uteri increases 
the risks of humans to contract brucellosis (Adesokan et 
al., 2016). The reproductive tract is the predilection site 
for Brucella and it has to be removed from the animal 
without opening it in order to minimize the chances of 
dissemination of Brucella organisms thereby 
contaminating the meat and the surrounding environment. 
This increases the risk of transmission of the pathogen to 
the abattoir workers, meat vendors and the public in 
general. Therefore, training of all abattoir personnel on 
the proper practices, including proper disposal of 
reproductive organs should be emphasised. Despite the 
fact that the prevalence of human brucellosis was low in 
this study, the importance of human life underscores the 
need to undertake more systematic studies using the 
one-health approach in order to establish the magnitude 
of the problem country-wide as the basis for 
recommending practical control measures for the 
disease. 

In conclusion, the present study has revealed that 
brucellosis is present both in animals slaughtered at the 
abattoir and humans working in the same facility. In view 
of this, there is a need for adopting biosafety measures 
such as wearing protective gear as well as educating the 
workers on the occupational risk of the disease in order 
to reduce its transmission. It is also recommended that 
integrated approaches be used in controlling the disease 
at the farm level in order to minimize transmission to 
abattoir workers. 
 
 

CONFLICT OF INTERESTS 
 
The authors have not declared any conflict of interests. 
 
 

ACKNOWLEDGEMENTS 
 

The   authors    appreciate    African   Development  Bank 

 

               

 



 
 
 
 
(AfDB) Project for their financial support of this study and 
Nelson Mandela African Institution of Science and 
Technology for guidance and supervisions. We thank the 
Tanzania Meat Company (TMC) for allowing this study, 
abattoir workers who agreed to participate in this study 
and all who were involved in data collections and 
analysis. 
 
 
REFERENCES 
 

Adesokan HK, Alabi PI, Ogundipe MA,  Statistics M (2016). Prevalence 
and predictors of risk factors for Brucellosis transmission by meat 
handlers and traditional healers ’ risk practices in Ibadan, Nigeria. J 
Preventive Medicine and Hygiene pp. 164-171. 

Agada CA, Mohammed J, Okoh AEJ, Ogugua JA (2018). Prevalence 
and risk factors associated with brucellosis among high-risk 
individuals in Lafia, Nasarawa state, Nigeria. International Journal of 
One Health 4:45-51. https://doi.org/10.14202/IJOH.2018.45-51 

Aworh MK, Okolocha E, Kwaga J, Fasina F, Lazarus D, Suleman I,  
Nsubuga P (2013). Human brucellosis: Seroprevalence and 
associated exposure factors among abattoir workers in Abuja, Nigeria 
- 2011. Pan African Medical Journal 16:1-9.      
https://doi.org/10.11604/pamj.2013.16.103.2143 

Ayoola MC, Akinseye VO, Cadmus E, Awosanya E, Popoola A, 
Akinyemi OO, Cadmus SI (2017). Prevalence of bovine brucellosis in 
slaughtered cattle and barriers to better protection of abattoir workers 
in Ibadan, South-Western Nigeria. Pan African Medical Journal 
8688:1-11. https://doi.org/10.11604/pamj.2017.28.68.10925 

Banjo TA, Ogundahunsi O, Olooto WE, Familoni O, Oyelekan AAA 
(2013). Occupational Health Hazards Among Abattoir Workers In 
Abeokuta. Academia Arena 5(10):1-9. 

Bouley AJ, Biggs HM, Stoddard RA, Morrissey AB, Bartlett JA, 
Afwamba IA, Crump JA (2012). Brucellosis among hospitalized 
febrile patients in northern Tanzania. American Journal of Tropical 
Medicine and Hygiene 87(6):1105-1111. 
https://doi.org/10.4269/ajtmh.2012.12-0327 

Cadmus SI, Ijagbone I, Oputa H, Adesokan H, Stack J (2006). 
Serological survey of Brucellosis in livestock animals and workers in 
Ibadan, Nigeria. African Journal of Biomedical Research 9(3):163-
168. https://doi.org/10.4314/ajbr.v9i3.48900 

Chitupila GY, Komba EVG, Mtui-Malamsha NJ (2015). Epidemiological 
study of bovine brucellosis in indigenous cattle population in Kibondo 
and Kakonko districts, Western Tanzania. Livestock Research for 
Rural Development 27(6). 

Chota A, Magwisha H, Stella B, Bunuma E, Shirima G, Mugambi J, 
Gathogo S (2016). Prevalence of brucellosis in livestock and 
incidences in humans in East Africa. African Crop Science Journal 
24(1):45. https://doi.org/10.4314/acsj.v24i1.5S 

Corbel MJ (2006). Brucellosis in humans and animals. WHO. 
https://doi.org/10.2105/AJPH.30.3.299 

Crump JA, Morrissey AB, Nicholson WL, Massung RF, Stoddard RA, 
Galloway RL, Bartlett JA (2013). Etiology of Severe Non-malaria 
Febrile Illness in Northern Tanzania: A Prospective Cohort Study. 
PLoS Neglected Tropical Diseases 7(7). 
https://doi.org/10.1371/journal.pntd.0002324 

Dean AS, Crump L, Greter H, Hattendorf J, Schelling E, Zinsstag J 
(2012). Clinical Manifestations of Human Brucellosis: A Systematic 
Review and Meta-Analysis. PLoS Neglected Tropical Diseases 6(12). 
https://doi.org/10.1371/journal.pntd.0001929 

Dean AS, Crump L, Greter H, Schelling E, Zinsstag J (2012). Global 
Burden of Human Brucellosis: A Systematic Review of Disease 
Frequency. PLoS Neglected Tropical Diseases 6(10). 
https://doi.org/10.1371/journal.pntd.0001865 

Galińska EM, Zagórski J (2013). Brucellosis in humans-etiology, 
diagnostics, clinical forms. Annals of Agricultural and Environmental 
Medicine : AAEM 20(2):233-238. 
https://doi.org/10.1016/j.cccn.2005.06.023 

Gardner SP (2005). Review Article. Drug Discovery Today: 
Technologies (Vol. 2).  

Luwumba et al.          79 
 
 
 

https://doi.org/10.1097/SHK.0000000000000692 
Gonçalves DD, Teles PS, Reis CRD, Lopes FMR, Freire RL, Navarro 

IT, Freitas JCD (2006). Seroepidemiology and occupational and 
environmental variables for leptospirosis, brucellosis and 
toxoplasmosis in slaughterhouse workers in the Paraná State, 
Brazil. Revista do Instituto de Medicina Tropical de São 
Paulo 48(3):135-140. 

Islam MA, Khatun MM, Werre SR, Sriranganathan N, Boyle SM (2013). 
A review of Brucella seroprevalence among humans and animals in 
Bangladesh with special emphasis on epidemiology, risk factors and 
control opportunities. Veterinary Microbiology 166(3-4):317-326. 
https://doi.org/10.1016/j.vetmic.2013.06.014 

Jergefa T, Kelay B, Bekana M, Teshale S, Gustafson H, Kindahl H 
(2009). Epidemiological study of bovine brucellosis in three agro-
ecological areas of central Oromiya, Ethiopia. Revue Scientifique et 
Technique International Office of Epizootics  28(3):933-943. 

 Kiputa VPS, Kimera SI, Wambura PN (2008). Studies on the role of 
trade cattle in the transmission of brucellosis in Karagwe district, 
Tanzania. Tanzania Veterinary Journal 25(1):48-59. doi: 
10.4314/tvj.v25i1.42028. 

Liu D (2015). Brucella. In: Molecular Medical Microbiology (pp. 1781–
1788). Elsevier Ltd. https://doi.org/10.1016/B978-0-12-397169-
2.00101-3. 

Madut NA, Muwonge A, Nasinyama GW, Muma B, Godfroid J, Jubara 
AS, Kankya, C (2018). The sero-prevalence of brucellosis in cattle 
and their herders in Bahr el Ghazal region, South Sudan. PLoS 
Neglected Tropical Diseases 12(6):1-14. https://doi.org/https://doi. 
org/10.1371/journal.pntd.0006456 

Madut NA, Nasinyama GW, Muma JB, Kenneth L, Sube L, Ocan M,  
Kankya C (2018). Prevalence of brucellosis among patients attending 
Wau Hospital, South Sudan. PLoS ONE 13(6):1-12. 
https://doi.org/https://doi.org/10.1371/journal. pone.0199315 

Makita K, Fèvre EM, Waiswa  C, Kaboyo  W, De Clare Bronsvoort  BM, 

Eisler MC,  Welburn SC (2008). Human brucellosis in urban and peri‐
urban areas of Kampala, Uganda. Annals of the New York Academy 
of Sciences, 1149(1), 309-
311.https://doi.org/10.1196/annals.1428.015. 

Mcdermott JJ, Arimi SM (2002). Brucellosis in sub-Saharan Africa : 
Epidemiology, control and impact. Veterinary Microbiology, 90, 111-
134. 

Mcdermott JJ, Grace D, Zinsstag J (2013). Economics of brucellosis 
impact and control in low-income countries. Revue Scientifique et 
Technique de l’OIE 32(1):249-261. 
https://doi.org/10.20506/rst.32.1.2197 

Mirambo MM, Mgode GF, Malima ZO, John M, Mngumi EB, Mhamphi 
GG, Mshana SE (2018). Seroposotivity of Brucella spp. and 
Leptospira spp. antibodies among abattoir workers and meat vendors 
in the city of Mwanza, Tanzania: A call for one health approach 
control strategies. PLoS neglected tropical diseases 12(6): e0006600 

Mngumi EB, Mirambo MM, Wilson S, Mshana SE (2016). Predictors of 
specific anti-Brucella antibodies among humans in agro-pastoral 
communities in Sengerema district, Mwanza, Tanzania: the need for 
public awareness. Tropical Medicine and Health 44(1):34. 
https://doi.org/10.1186/s41182-016-0034-5 

Mukhtar F (2010). Brucellosis in a high risk occupational group: 
Seroprevalence and analysis of risk factors. Journal of the Pakistan 
Medical Association 60(12):1031-1034. 

Nabukenya I, Kaddu-Mulindwa D, Nasinyama GW (2013). Survey of 
Brucella infection and malaria among Abattoir workers in Kampala 
and Mbarara Districts, Uganda. BMC Public Health. 
https://doi.org/10.1186/1471-2458-13-901 

Naing L, Winn T, Rusli BN (2006). Practical Issues in Calculating the 
Sample Size for Prevalence Studies. Archives of Orofacial Sciences 
1:9-14. https://doi.org/10.1146/annurev.psych.60.110707.163629 

Osoro EM, Munyua P, Omulo S, Ogola E, Ade F, Mbatha P,  Guerra M 
(2015). Strong association between human and animal brucella 
seropositivity in a linked study in Kenya, 2012-2013. American 
Journal of Tropical Medicine and Hygiene 93(2):224-231. 
https://doi.org/10.4269/ajtmh.15-0113 

Population and Housing Census of Tanzania (PHCT) (2013). ‘The 2012 
PHCT General Report’, National Bureau of Statistics, Dar es Salaam. 

Schneider  RC,   Santos   MD,  Lunardi  M,  Benetti  AH,  Camargo  LM,  



80          J. Vet. Med. Anim. Health 
 
 
 

Freitas SH,  Costa DS (2013). Prevalence of brucellosis and risk 
factors associated with its transmission to slaughterhouse employees 
in the Cuiaba metropolitan area in the state of Mato Grosso. Semina-
Ciencias Agrarias 34(5):2367-2373. https://doi.org/10.5433/1679-
0359.2013v34n5p2367 

World Organisation for Animal Health (2016). Brucellosis (Brucella 
abortus, B. melitensis and B. suis) (infection with B. abortus, B. 
melitensis and B. suis ). Manual of Diagnostic Tests and Vaccines for 
Terrestrial Animals 1–44. Retrieved from 
http://www.oie.int/fileadmin/Home/eng/Health_standards/tahm/2.01.0
4_BRUCELLOSIS.pdf   

Swai ES, Schoonman L (2009). Human brucellosis: Seroprevalence 
and risk factors related to high risk occupational groups in Tanga 
municipality, Tanzania. Zoonoses and Public Health 56(4):183-187.  
https://doi.org/10.1111/j.1863-2378.2008.01175.x 

Swai ES,  Schoonman L (2012). A survey of zoonotic diseases in trade 
cattle slaughtered at Tanga city abattoir: A cause of public health 
concern. Asian Pacific Journal of Tropical Biomedicine 2(1):55-60. 
https://doi.org/10.1016/S2221-1691(11)60190-1 

 

 
 
 
 
Tsegay A, Tuli G, Kassa T, Kebede N (2017). Seroprevalence and risk 

factors of brucellosis in abattoir workers at Debre Zeit and Modjo 
export abattoir, Central Ethiopia. BMC Infectious Diseases 17(1):101. 
https://doi.org/10.1186/s12879-017-2208-0 

Zakaria AM, Ahmed SF, Motawae MS (2018). Seropositivity in animals 
and risk of occupational brucellosis among abattoirs personnel 
associated with poor work practices and absence of safety policy in 
Egypt. International Journal of Occupational and Environmental 
Health 00(00):1-6. https://doi.org/10.1080/10773525.2018.1516839 

 
 
 
 
 
 
 
 
 
 

 
SUPPLIMENTS 
 
S1.docx: Questionnaire  
S2:Rose Bengal plate test  

file:///C:/Users/User/Downloads/S1.docx

