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A BSTRACT
Brucellosis remains neglected in many countries despite its public health importance. In developing countries such as Ghana,
there remains paucity of data particularly among high-risk populations such as slaughterhouse workers. The aim of this study
was to determine the prevalence of Brucella infection and risk factors for its transmission among people working in and around
slaughterhouses. A cross-sectional study was carried out with 220 participants selected through a stratified sampling method.
Participants were interviewed about their knowledge on Brucella and their occupational activities using a structured questionnaire.
Collected serum samples were analyzed for anti-Brucella Immunoglobulin M (IgM) and Immunoglobulin G (IgG) antibodies
using the enzyme-linked immunosorbent assay method. Data was analyzed using uni-and multivariate logistic regression models.
From 220 participants, anti-Brucella IgM- and IgG antibodies were detected in 4 (1.8%) and 21 (9.6%), respectively. 9.3%
of the participants with animal contact at work (5/54) and 11.5% of those working in meat processing (17/148) have heard
about Brucella and its transmission mode. Most of the anti-Brucella IgG seropositive individuals (17/21) were working in the
meat processing category (OR 2.2; 95% CI 0.6-7.9; p = .22). Multivariate analysis showed that job duration was significantly
associated with seropositivity to Brucella IgG (OR 1.31; 95% CI 0.9-1.8, p-value .03). The findings demonstrate recent and
past Brucella infections among workers of the Kumasi abattoir with a high risk for less educated meat processing staff. Thus,
intensive educational programmes on Brucella designed for workers with high risks and improving workplace protection policy
are recommended.
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1. I NTRODUCTION
Brucella species are Gram-negative rod-shaped bacteria that
can cause life-long lasting chronic disease in humans. Of
the six identified Brucella species, the most significant ones
∗ Correspondence:

for causing zoonotic infections are B. abortus, B.melitensis
and B. suis. Transmission of Brucella from infected livestock (mainly cattle and goats) to humans can either be direct
through contact with infected material, or indirect through
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consumption of contaminated animal products.

ies carried out at the Kumasi Abattoir focused on animal
supply, logistic activities and their challenges,[20] but failed
More than 500,000 new cases of the infection are reported
to address critical issues like prevalence and occupational
annually.[1] However, the World Health Organization (WHO)
risk factors associated with handling livestock.
suggests that this figure has been underestimated.[2, 3] Despite
this underestimated figure, brucellosis remains neglected as The known prevalence of Brucella infection and its associa public health disease in livestock and humans. Occupa- ated risk factors will stir up the interest of researchers to
tional exposure predisposes shepherds, butchers, laboratory conduct large epidemiological studies in order to control
workers, veterinarians and abattoir workers to a high risk the spread of the infection among livestock rearers, butchers,
of Brucella infection through inhalation of contaminated abattoir workers and the populace as a whole. The aim of this
aerosols, or entry of the bacteria through skin lesions after study, therefore, was to determine the prevalence of Brucella
contact with infected animals or their products.[4–7]
infections and its risk factors among workers of the Kumasi
Abattoir, an urban meat-processing factory in Ghana.
All age groups are at risk of Brucella infection. However,
some studies showed that more males than females were
2. M ETHODS
infected with Brucella and it was concluded that this was
2.1
Design, area and population
likely due to their occupational exposures as slaughterhouse
[8]
A cross sectional study was carried out at the Kumasi Abatworkers and butchers.
toir, a meat factory located in suburban Kaase in Kumasi, the
In developed countries, massive eradication campaigns in the
second largest city in Ghana. There are about 145 workers
1970s and 1980s resulted in the elimination of bovine brucelincluding kill floor workers, veterinarians, marketing staff,
losis and a substantial decline in its incidence in humans,[2]
security staff and administrative workers. The kill floor workwhereas the same cannot be said for most developing couners are the line operators, slaughterers, butchers and meat
tries. In endemic areas of Latin America for example, human
processors. The abattoir also has about 195 auxiliary workers
populations are infected with Brucella species.[9] In the Midat its premises who are directly or indirectly involved with
dle East, a study in humans with direct contact with animals
abattoir operations. These are meat sellers, livestock farmers
revealed 14% and 11% seroprevalence based on the Rose
and or traders, cowboys, loaders and drivers. In addition to
Bengal plate test (RBPT) and enzyme-linked immunosorthe 145 abattoir workers, a total of 340 participants were
bent assay (ELISA) respectively.[10] Other findings related
targeted for the study.
to human brucellosis have also been reported in Bangladesh
(4.4%), India (15.6%), Iran (7.1%) and Turkey 14.22%.[11–14] Of the total 340 people working in and around the abattoir,
In Africa, a sero-survey of Brucella infection carried out in 220 (64.7%) were enrolled to participate in the study. This
Uganda observed that up to 10% of human participants in was based on their active involvement in slaughterhouse
three sub-counties in Kiruhura district were positive.[15] A re- operations, their availability, and willingness to participate.
cent study carried out in Sudan reported a seroprevalence of Workers at the abattoir were between the ages of 16 and 78.
9.5%, 15.3%, 24.4% and 26.5% in veterinarians, meat inspectors, abattoir workers and animal handlers respectively.[16] 2.2 Sampling and sample size
A seroprevalence of 40% among high-risk groups has also We used a stratified sampling method to select the study
participants. Participants were divided into three groups
reported in Libya.[17]
based on the nature of their job/duties: (1) working in meat
In West Africa, Nigeria confirmed endemicity of bovine bru- processing, (2) contact with animals and (3) others.
cellosis among slaughtered cattle using the ELISA, showing
that it is an occupational hazard to workers directly involved 2.3 Data collection
in cattle meat processing.[18]
We sought permission from all workers and the authorities
In Ghana, livestock rearing remains a common source of income and serves as an important source of protein to majority
of the population. With an increase risk of transmission of
Brucella infection from livestock to humans, unfortunately,
very little is known about its burden especially among humans in Ghana. In 2000, one study could not detect Brucella
infection in humans by Rose Bengal Test (RBT), in selected
risk groups in the Akwapim South district of Ghana.[19] Stud18

at the abattoir before data collection started. The study aim
and objectives were explained to participants in the local
dialect. After obtaining informed consent, interviews were
conducted using a structured questionnaire. Key questions
were on their knowledge about Brucella infection and determinants of the infection including occupational information,
handling of livestock at home, and consumption of animal
and animal products. Data collection was conducted from
May to August 2014.
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2.4 Sample collection and analysis
study participants had anti-Brucella IgM antibodies (2.7%),
4 ml of blood was taken from each individual and transported which was not significantly higher compared to participants
at 2◦ C-8◦ C to the Kumasi Centre for Collaborative Research with primary and secondary school education (1.9% and
1.5%, respectively).
in Tropical Medicine (KCCR) laboratory for analysis.
Blood samples were centrifuged at 2,500 × g for 5 minutes Table 1. Distribution of IgM seropositivity by demographic
to obtain sera, which were stored at -20◦ C before conducting
Total
No of Pos. (%)
the assays. Each serum was tested for anti-Brucella IgM and
AGE
IgG antibodies using ELISA technique (Brucella IgG/IgM- < 30 years
52
0
30-39 years
84
4
Institut Virion/Serion GmbH, Germany).
For IgM antibodies, any antibody index of < 15 U/ml was
considered as negative; 15-20 U/ml as borderline and > 20
U/ml as positive. For IgG antibodies, any antibody index
of < 20 U/ml was considered as negative; 20-30 U/ml as
borderline and > 30 U/ml as positive.

40-49 years
50+ years
OCCUPATION
Animal contact
Meat processing
Others
EDUCATION
Illiterate
Primary
Secondary
Post-secondary
DUARTION ON JOB
< 10 years
10-19 years
20+ years

57
27

0
0

54
148
18

0
4 (2.7)
0

74
2 (2.7)
2.5 Data analysis
53
1 (1.9)
Data was entered intoEpi Info version 3.4.3 and analyzed
68
1
(1.5)
using STATA version 12.0. Descriptive statistics of the vari25
0
ables were analysed and presented in the form of tables and
graphs. Univariate analysis using logistic regression was
74
2 (2.7)
conducted to check for collinearity among possible variables
100
1 (1.0)
under investigation and anti-Brucella IgM and IgG antibod46
1 (2.2)
ies. Only variables significant (p ≤ .05) during the univariate
logistic regression analysis were considered for multivariate
As shown in Table 2, the age distribution of the 21 IgG
analyses. Odds ratios (OR) and their 95% confidence interseropositive individuals was as following: 1/52 (2%) was
vals were calculated. All associations with p value ≤ .05
under 30 years, 10/84 (11.9%) were 30-39 years old (OR
were considered statistically significant.
6.6; 95% CI 0.8-53.4; p = .08) and 7/57 (12.3%) were 40-49
years old (OR 7.0; 95% CI 0.8-59.0; p = .07) while 3/27
2.6 Ethical consideration
(11.1%)
were older than 50 years (OR 6.4; 95% CI 0.6-64.8;
The study was approved by the Committee on Human Rep
=
.12).
search Publication and Ethics of the Kwame Nkrumah Uni-

versity of Science and Technology, Kumasi-Ghana (Ref No. Additionally, most anti-Brucella IgG seropositive individuCHRPE/AP/123/13).
als (17/21) were working in the meat-processing unit (OR
2.2; 95% CI 0.6-7.9; p = .22). 14.9% were illiterate while
9.4% (OR 0.6; 95% CI 0.2-1.8; p = .37) and 8.7% (OR 0.3;
3. R ESULTS
As shown in Table 1, almost all participants were males (218 95% CI 0.1-1.0; p = .05) had attained primary and secondary
males, 2 females) and the median age of the participants education respectively. Furthermore, 10% (OR 1.1; 95% CI
was 36.7 years (SD ± 11.4, range 16-78 years). Seventy- 0.4-3.0; p = .84) of these IgG positive study respondents had
four participants were illiterate (33.6%) and 53 had only worked for 10-19 years (see Table 2).
primary education (24.1%). From the 220 participants, (1) For multivariate analysis of Brucella IgG sero-positivity, the
148 worked in meat processing (67.3%), (2) 54 had occupa- Odds Ratio (OR) for age was 1.15 (95% CI 0.8-1.7; p = .48)
tional contact with animals (24.5%), and (3) 18 had other while OR for occupation was 1.2 (95% CI 0.8-1.8; p = .39).
jobs in and around the slaughterhouse (8.2%).
OR of duration on job was 1.31 (95% CI 0.9-1.8; p = .03)
All the four IgM positive sera were from individuals of the while that of education was 0.4 (95% CI 0.2-1.1: p = .069)
age group 30-39 years that were involved in meat processing: (see Table 3). There were no significant differences in age,
two butchers and two line operators. Two out of 74 illiterate occupation, educational level and handling of livestock.
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Table 2. Distribution of IgG seropositivity by demographic
Total

No of Pos. (%)

COR

52

1 (2.0)

Reference

95% CI

P-value

AGE
< 30 years
30-39 years

84

10 (11.9)

6.6

0.8-53.4

.076

40-49 years

57

7 (12.3)

7.0

0.8-59.0

.074

50+ years

27

3 (11.1)

6.4

0.6-64.8

.117

Animal contact

54

3(5.6)

Reference

Meat processing

148

17 (11.5)

2.2

0.6-7.9

.220

Others

18

1 (5.6)

0.9

0.1-10.1

.987

Illiterate

74

11 (14.9)

Reference

Primary

53

5 (9.4)

0.6

0.2-1.8

.372

0.1-1.0

.048

OCCUPATION

EDUCATION

Secondary

68

4 (8.7)

0.3

Post-secondary

25

0

N/A

< 10 years

74

7 (9.5)

Reference

10-19 years

100

10 (10.0)

1.1

0.4-3.0

.894

20+ years

46

4 (8.7)

0.9

0.3-3.3

.899

DUARTION ON JOB

Table 3. Multivariate analysis of Brucella IgG
sero-positivity
IgG

Odds Ratio

P-value

95% Con Interval

considered to be at a higher risk of acquiring the infection.
These include abattoir workers, veterinarians, butchers, cattle
rearers and farmers.[21]

We employed an ELISA test to determine the sero-prevalence
of Brucella infection among slaughterhouse workers and
butchers. An observed prevalence of 9.6% for past infection
Education
0.4
.069
0.2-1.1
is similar to a study from Nigeria among abattoir workers
Duration on job
1.3
.030
0.9-1.8
with a prevalence of 9.8% and a sample size of 224.[8] HowHandling of livestock
1.0
ever, this prevalence is lower when compared with a study
carried out in a slaughterhouse in Nigeria (21.7%).[22] Our
As shown in Table 4, 53.2% of the first group and 20.9% of
overall seropositivity rate for acute infection (1.8%) was
the second group did not know about Brucella infection and
lower, compared to an Iranian study amongst slaughterhouse
its transmission modes.
workers with a rate of 6.9%.[13] However, we are careful
Table 4. Relationship between occupation and knowledge
in comparing the findings of this work with that of other
about Brucella infection.
countries. This is because of geographical settings as the
Knowledge About Brucella Infection
risk factors and the influence of the immediate environment
Total
Occupation
No
Yes
Unknown
might be very different. The risk of Brucella infection in the
54
slaughterhouse setting may be strongly influenced by occuAnimal contact
46 (20.9%)
5 (2.3%)
3 (1.4%)
pational practices, regular medical check-ups and measures
Meat processing
117 (53.2%)
17 (7.7%) 14 (6.4%) 148
put in place by the authorities in these countries.[23]
18
Others
7 (3.2%)
4 (1.8%)
7 (3.2%)
Age

1.2

.477

0.8-1.7

Occupation

1.2

.378

0.1-1.8

26

24

Total

170

220

A study from Tanzania found a low anti-Brucella IgG seroprevalence of 5.5% in high-risk occupational groups like
butchers and slaughterers. This might be explained by the
4. D ISCUSSION
fact that they used the less sensitive RBT. Other findings reBrucellosis is a major public health challenge in sub-Saharan ported 15% in Saudi Arabia[24] among nomadic households
Africa with socio-economic implications.[3] Several peo- using the Standard Tube Agglutination Test (STAT) with a
ple are at risk but individuals with certain occupations are
20
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sample size of 23,613 and 4.1% in Brazil[25] among high-risk
group using the Complement Fixation Test (CFT) with a
sample size of 645. A similar study carried out in Ghana,[19]
found no evidence of human Brucella infection in selected
risk groups in the Akwapim South district of Ghana, using
the RBT.

Of concern is that only 9.3% of the participants working in
the animal contact (5/54) and 11.5% of those with meat processing (17/148) reported any knowledge about Brucella and
brucellosis though statistically insignificant. These workers
are at the highest risk and in need of targeted public health
education on Brucella including its transmission routes in
slaughterhouses and the use of best protective practices. The
Most of the IgG (17/21) and all of the IgM seropositive ineducational material needs to be designed for illiterate workdividuals (4/4) were workers in the meat-processing unit,
ers and workers with primary education, so they know about
which included line operators, slaughterers, butchers etc. In
the risk and are able to protect themselves. Additionally, proaddition, 10 of the 17 IgG and 2 of the 4 IgM seropositives
tective clothing such as headgears, gloves, boots and others
were line operators, who are responsible for dissecting anineed to be provided for them.
mals and removing internal organs. This puts them in close
contact with animal fluids, which is a great risk for contract- Further studies should look at including other slaughtering Brucella infections and consequently brucellosis. This houses across the country thereby increasing the sample size,
finding is consistent with studies conducted in Greece[26] and power and representativeness. Culture method, which is the
in Tanzania[27] which indicated that the majority of cases gold standard should be included to ascertain the prevalence
with brucellosis were attributed to direct contact with ani- of acute infection and also to provide treatment for those
mals and their products.
who will test positive.
Our data indicated that age, occupation, educational levels
and handling of livestock were not risk factors of brucella
infection. This finding is in contrast with other studies in
Yemen[28] and Turkey[29] which showed that occupation and
educational levels were significant risk factors for the infection.

5. C ONCLUSION

Our findings demonstrate recent and past Brucella infections
among workers of the Kumasi abattoir. Specific occupations
like line operators and butchers show the highest risk of infection. Lower education and longer duration on the job
We found a statistically significant association between were also associated with a higher risk of infection although
length of service time at the abattoir and a high risk of chronic insignificant.
infection. This is plausible as the workers who have worked We recommend that intensive educational programmes are
for a longer duration with repeated exposure to body fluids conducted for the slaughterhouse workers on modes of transof potentially infected livestock, get infected. This is in line mission and prevention of Brucella infection in their work
with an Iranian study[30] that also highlighted a strong asso- environment. Such programmes need to be targeted for workciation between duration of occupational exposure and the ers that have the highest risks and designed in a way that
Brucella infection.
messages can be understood by staff with lower education
The higher sero-positivity among the age group 30-49 years
could be due to the fact that the majority of the active workforce at the abattoir falls in this age group. Comparable findings have reported an average age of 34.4 years in Kuwait,[31]
33.8 years in Saudi Arabia[32] and 31. 6 years in Djibouti.[33]
The higher sero-positivity is observed in this age group due
to them having been exposed longer to risk factors related to
their occupation.

including the illiterate. Additionally, workers need to be
provided with the required personal protective equipment to
limit risk and spread of Brucella infection. Those with high
risk professions should be referred to the hospital to be tested
for the disease as soon as they develop even mild symptoms.
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