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Abstract
Background and Aim: Brucellosis caused by Brucella species is a zoonotic disease prevalent in Nigeria. Data on this 
disease in humans and its risk factors in Lafia, Nasarawa State, are lacking. This study was, therefore, designed to 
determine the prevalence of brucellosis and the risk factors among individuals most at risk in Lafia, Nasarawa State.

Materials and Methods: This study was conducted on high-risk individuals in the area using the Rose Bengal test (RBT) 
and questionnaire.

Results: Out of the 160 respondents tested for seropositivity to brucellosis, 10% (16/160) prevalence was recorded with the 
RBT. None of the factors evaluated was found to be significantly associated with the seroprevalence of brucellosis in the 
area. On the other hand, final logistic regression analysis found the knowledge of brucellosis to be significantly associated 
with the profession (OR=11.52; 95% CI=1.47-90.46; p=0.02) and age (OR=2.6; 95% CI=1.11-4.19; p=0.023). Furthermore, 
practices that expose to Brucella infection were found to be significantly associated with the site (OR=4.02; 95% CI=5.29-
333.33; p=0.000) and marital status (OR=2.44; 95% CI=1.03-5.75; p=0.042).

Conclusion: Brucellosis is prevalent among occupationally exposed individuals in Lafia. There should be continued 
surveillance for the disease and education of high-risk individuals in the area.
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Introduction

Brucellosis is an infectious zoonotic disease 
which has a debilitating chronic effect in humans and 
reproductive failure in domestic animals. Although 
eradicated in most developed countries, brucellosis is 
a disease of major public health and economic impor-
tance in developing countries where it is endemic [1]. 
The importance of brucellosis is most pronounced in 
rural areas due to the close contact between livestock 
and man especially when the incomes of the people 
rely heavily on livestock breeding and dairy products. 
In developed countries, there has been a decline in the 
incidence of human brucellosis as a result of pasteuri-
zation and eradication programs [2,3]. Human brucel-
losis is, therefore, regarded as a travel-associated or 
occupational disease in these areas [4].

Brucellosis is the most common zoonotic disease 
worldwide with more than 500,000 new cases reported 
in humans annually [5]. However, this number 

underestimates the real picture of the incidence of the 
disease because clinical picture, which is most com-
monly relied upon for disease diagnosis in the devel-
oping countries, varies greatly [6]. In addition, poor 
disease reporting and misdiagnosis have also contrib-
uted in no small measure to mask the extent of damage 
caused by the disease in Sub-Sahara Africa [7]. More 
so, brucellosis has been described as one of the “great 
imitators” as it presents similar clinical signs as many 
endemic diseases such as malaria and typhoid  [8,9] 
making it difficult to diagnose clinically.

Direct contact with infected abortion materials, 
inhalation, and the consumption of infected milk and 
milk products are significant means of transmission of 
the disease to humans [10]. It is, therefore, an occupa-
tional disease to farmers, veterinarians, abattoir work-
ers, and laboratory workers while the general public is 
mainly at the risk of exposure through consumption of 
infected raw milk and milk products [11-14]. All these 
sources of disease transmission are relevant in Nigeria 
because of its prevalence in livestock [15]. Although 
risk factors for brucellosis infection are related to cul-
tural and occupational factors, these cannot be extrap-
olated from one society to another [16]. This makes it 
imperative to undertake a survey of the disease among 
such individuals at risk in Nasarawa State where such 
data on brucellosis is scarce.
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Brucellosis in humans, cattle, sheep, goats, pigs, 
and dogs has been reported in Nigeria [10,17-22]. In 
the rural communities, many people keep livestock 
in and around the homes. Indeed, the Fulani herds-
men sleep in the midst of cattle herds in the field to 
protect them from poachers, cattle rustlers, and wild 
animals. Again, fresh milk and soft cheese (Wara) 
are sold directly or through vendors to the public. 
Although studies have shown that brucellosis is suffi-
ciently common in humans, hospitals rarely diagnose 
the disease in Nigeria [17,23]. It is, therefore, import-
ant to assess the spread of the disease among high-
risk individuals and identify associated risk factors for 
Brucella infection to provide informed control mea-
sures against this debilitating disease in Nigeria. 

This study was, therefore, designed to deter-
mine the prevalence of brucellosis and the risk factors 
among individuals most at risk in Lafia, Nasarawa 
State.
Materials and Methods
Ethical approval

The ethical permission with approval number 
MOH/OFF/237/1/XX for this study was obtained 
from the Nasarawa State Ministry of Health; permis-
sion was also obtained from the Management of abat-
toir and Ardors (Head of the Fulani Communities).
Informed consent

Consent was obtained from each participant after 
the purpose, benefits, and possible adverse effects of 
the study had been explained.
Study area

This study was conducted in Lafia Local 
Government Area (LGA), Nasarawa State. The LGA 
is in the state capital where a central abattoir and a cat-
tle market exist. Furthermore, quite a good number of 
workers in the neighborhood consume unpasteurized 
cow milk. Drinking of unpasteurized milk, working in 
the cattle market or slaughter slab constitute high risks 
of exposure to Brucella infection.
Study design

This was a cross-sectional study conducted in the 
abattoir, cattle markets, and cattle herds to determine 
the prevalence and risk factors for the occurrence of 
brucellosis among individuals that work in these areas.
Sample size

The sample size was calculated using the sta-
tistical formula, n=1.96²Pexp (1–Pexp)/d² as earlier 
cited [21] based on hospital prevalence of 7.6% in 
fever patients in Nigeria [17], a total of 108 samples 
from the high-risk (hospital) patients were calculated. 
However, a total of 160 samples were collected.
Sample collection and handling

Blood samples (4-5 mL) were collected from the 
consenting participants by phlebotomists in the hospi-
tals. The blood samples were decanted into centrifuge 
bottles without anticoagulant. The samples were taken 

to the Laboratory of the Department of Veterinary 
Public Health and Preventive Medicine, University of 
Agriculture Makurdi in flasks containing ice packets. 
The blood samples in the bottles without lithium heparin 
were allowed to clot and then centrifuged at 3000 rpm 
for 5  min. Serum samples were decanted and stored 
at −20°C until they were assayed. The serum samples 
were examined by Rose Bengal test (RBT) [24].
Questionnaire survey

An interviewer-administered structured ques-
tionnaire was used to obtain data from each partici-
pant after collecting the sample. The questionnaire 
was pre-tested in the field and adjusted to improve 
clarity. Data on age, tribe, occupation, knowledge of 
brucellosis, consumption of raw milk, ownership of 
animals, the occurrence of abortion in the animals 
kept, as well as methods of self-protection employed 
when in contact with livestock or their products, etc., 
were collected.
Scoring of knowledge

The scoring of knowledge was based on a 
respondent’s claims to know brucellosis could be sup-
ported with the ability to name correctly (without sug-
gestions from the interviewer) four clinical signs of 
brucellosis. With each regarded as one point, knowl-
edge was, therefore, scored using a five points scale. 
Scores ranging from zero to two points were rated as 
poor and three to five points as good knowledge.
Scoring of practice

The scoring of practice was based on practices 
that enhance exposure or non-exposure of the respon-
dents to Brucella infection. There were 10 questions 
that were considered. A  respondent that engaged 
in five good practices was scored as good but poor 
if the respondent scored less. However, there were 
two critical questions that were scored poor once the 
respondent engaged in any of them. A respondent who 
touched aborted fetus or placenta and assisted in par-
turition without wearing gloves or drank milk with-
out boiling, but did not engage in any other practices 
that could enhance exposure to Brucella infection was 
considered to engage in the poor practice. Some of the 
practices examined included consumption of unpas-
teurized milk, assisting in parturition without proper 
personal protective covering, touching aborted fetus 
without wearing gloves, etc.
Statistical analysis

Data collected were entered into excel spread-
sheets and analyses were performed using the statis-
tical software package STATA version 12 (StataCorp 
LP, USA). Data were analyzed to determine the asso-
ciation between Brucella infection and the demo-
graphic characteristics, knowledge, and practices. 
Furthermore, the association between demographic 
characteristics and knowledge as well as practices of 
the respondents with respect to brucellosis was deter-
mined. Group differences were tested using Chi-square 
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statistics for categorical variables. A  multi-variable 
adjusted logistic regression was carried out using all 
the variables that were statistically significant at the 
10% level with the main outcome measures (seropos-
itivity to RBT, knowledge, and practices) in bivariate 
analysis. All tests were two-tailed and statistical sig-
nificance (α) was set at 0.05.
Results

The result of the study showed seropositivity 
in 10.00% (16/160) of the 160 individuals screened 
with RBT. Furthermore, while the level of good 
knowledge of brucellosis was low (41.88%), prac-
tices that expose to the disease was high (66.25%) 
among the respondents. Prevalence of brucellosis 
was higher in urban 10.53% (12/114) than rural areas 
(8.70%); in abattoir workers (12.50%) than other 
professional groups screened (9.72%); in young 
(10.7%) than old (8.96%), in females (20.00%) 
than males (9.68%), also in those not living with 
their spouses (13.51%) than those living with their 
spouses (8.94%). Seropositivity to brucellosis 
among the respondents in the study was found to be 
higher in those with secondary or higher education 
(10.34%) than those with primary or no education 
(9.80%)   and among the Fulani (10.43%) than other 
ethnic groups (8.89%). The study also recorded the 
prevalence of brucellosis to be higher in those with 
poor (10.75%) than good (8.96%) knowledge and 
in those that engaged in poor (10.38%) than good 
(9.26%) practices. However, none of the factors 
considered was found to be significantly associated 
with seropositivity to brucellosis among the respon-
dents screened (Table-1).

The final logistic regression analysis recorded 
a significant association between knowledge and 

profession (OR=11.52; 95% CI=1.47-90.46; p=0.02) 
with abattoir personnel being 12  times more likely 
than those in other professions to have knowledge 
of brucellosis. Knowledge of brucellosis among the 
respondents was also found to be associated with age 
(OR=2.6; 95% CI=1.11-4.19; p=0.023) with the young 
respondents being about 2 times more likely than the 
older respondents to have knowledge of the disease 
(Table-2 and 3). The study found practices that expose 
to brucellosis to be associated with site (OR=4.02; 
95% CI=5.29-333.33; p=0.000) with rural dwellers 
being about 4  times more likely to engage in unhy-
gienic practices than those in the urban areas. Practices 
that could expose to brucellosis were also found to 
be associated with the marital status (OR=2.44; 95% 
CI=1.03-5.75; p=0.042) (Tables-4 and 5).
Discussion

The study found brucellosis to be prevalent 
among the respondents tested for brucellosis in 
Nasarawa State. This finding has both economic and 
public health implications considering the loss of per-
son hours, cost of treatment and possible death asso-
ciated with the disease. This prevalence in humans 
may be linked to the prevalence of the disease among 
livestock in Nasarawa State [22] and other middle 
belt states of Nigeria where farmers in the state also 
purchase new or replacement stock [18,25-27]. Such 
prevalence in livestock translates to the occurrence of 
the disease in in-contact persons [28,29].

The prevalence recorded (10%) is compara-
ble to the 7.6% recorded among hospital patients 
in Makurdi  [17] but lower than the 21.7% docu-
mented among abattoir workers in Abuja [30] and 
24.1% also in Abuja [25], 31.82% in abattoir work-
ers in Oyo State [23], 15.6% in Angola [31], 32.9% 

Table-1: Factors associated with seroprevalence of brucellosis as measured with the RBT among high‑risk persons in 
Lafia, Nasarawa State.

Variable Characteristic Positive 
n (%)

Negative 
n (%)

Chi‑square p-value

Site Urban 12 (10.53) 102 (89.47) 0.1220 0.727
Rural 4 (8.70) 42 (91.3)

Profession Abattoir personnel 2 (12.50) 14 (87.50) 0.1235 0.725
Othersᵞ 14 (9.72) 130 (90.2)

Age Young 10 (10.75) 83 (89.25) 0.1398 0.708
Old 6 (8.96) 61 (91.04)

Gender Male 15 (9.68) 140 (90.32) 0.5735 0.449
Female 1 (20.000 4 (80.00)

Religion Islam 14 (10.61) 118 (89.39) 0.3078 0.579
Othersᵟ 2 (7.14) 26 (92.86)

Marital status Living with spouse 11 (8.94) 112 (91.06) 0.6602 0.416
Not living with spouse 5 (13.51) 32 (86.49)

Education Little or no formal education 10 (9.80) 92 (90.20) 0.020 0.913
Enough formal education 6 (10.34) 52 (89.66)

Ethnicity Fulani 12 (10.43) 103 (89.57) 0.877 0.769
Others 4 (8.89) 41 (91.11)

Knowledge Good 6 (8.96) 61 (91.04) 0.1398 0.708
Poor 10 (10.75) 83 (89.25)

Practices Good 5 (9.26) 49 (90.74)
Poor 11 (10.38) 95 (89.62

ᵞ=Burcher, pastoralists, and livestock traders, ᵟ=Christianity, traditional religion, and others
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Table-2: Factors influencing levels of knowledge about brucellosis amongst high‑risk persons in Lafia Nasarawa State, 
Nigeria (n=160).

Variable Category Good knowledge 
n (%)

Poor knowledge 
n (%)

Chi‑square p‑value

Site Urban 46 (40.35) 68 (59.65) 0.3784 0.538
Rural 21 (45.65) 25 (54.35)

Profession Abattoir personnel 1 (6.25) 15 (93.75) 9.2698 0.002
othersᵞ 66 (45.83) 78 (54.17)

Age Young 31 (33.33) 62 (66.67) 0.6573 0.010
Old 36 (53.73) 31 (46.27)

Gender Male 66 (42.58) 89 (57.42) 1.0147 0.314
Female 1 (20.00) 4 (80.00)

Religion Islam 59 (44.70) 73 (55.30) 2.4679 0.116
Othersᵟ 8 (28.57) 20 (71.43)

Marital status Living with spouse 54 (43.90) 69 (56.10) 0.8983 0.343
Not living with spouse 13 (35.14) 24 (64.86)

Education Little or no formal education 41 (40.20) 61 (59.80) 0.3259 0.568
Enough formal education 26 (44.83) 32 (55.17)

Ethnicity Fulani 22 (48.89) 23 (51.11) 1.2654 0.262
Others 45 (39.13) 70 (60.87)

ᵞ=Burcher, pastoralists, and livestock traders, ᵟ=Christianity, traditional religion, and others

Table-3: Multivariable unconditional logistic regression analysis of factors influencing levels of knowledge about 
brucellosis among high‑risk persons in Lafia Nasarawa State, Nigeria (n=160).

Variable Characteristic Good knowledge
n (%)

Poor knowledge 
n (%)

OR 95% (CI) p‑value

Profession Abattoir personnel 1 (6.25) 15 (93.75) 11.52 1.47‑90.46 0.020
Othersᵞ 66 (45.83) 78 (54.17)

Age Young 31 (33.33) 62 (66.67) 2.16 1.11‑4.19 0.023
Old 36 (53.73) 31 (46.27)

ᵞ=Burcher, pastoralists, and livestock traders

Table-4: Factors associated with practices that could aid exposure to Brucella infection among high‑risk persons in Lafia, 
Nasarawa State (n=160)

Variable Characteristic Good Practices
n (%)

Poor Practices
n (%)

Chi‑square p‑value

Site Urban 53 (46.49) 61 (53.51) 28.7892 0.000
Rural 1 (2.17) 45 (97.83)

Profession Abattoir personnel 10 (62.50) 6 (37.50) 6.5719 0.010
Othersᵞ 44 (30.56) 100 (69.44)

Age Young 27 (29.03) 66 (70.97) 2.2107 0.137
Old 27 (40.30) 40 (59.70)

Gender Male 50 (32.26) 105 (67.74) 4.9377 0.026
Female 4 (80.00) 1 (20.00)

Religion Islam 40 (30.30) 92 (69.70) 4.008 0.045
Othersᵟ 14 (50.00) 14 (50.00)

Marital status Living with spouse 36 (29.27) 87 (70.73) 4.7781 0.029
Not living with spouse 18 (48.65) 19 (51.35)

Education Little/no formal education 25 (24.51) 77 (75.49) 10.7447 0.001
Good formal education 29 (50.00) 29 (50.00)

Ethnicity Fulani 6 (13.33) 39 (86.67) 11.6720 0.001
Others 48 (41.74) 67 (58.26)

ᵞ=Burcher, pastoralists, and livestock traders, ᵟ=Christianity, traditional religion, and others

Table-5: Multivariate unconditional logistic regression analysis of factors associated with practices that expose to 
Brucella infection among high‑risk persons in Lafia, Nasarawa State

Variable Characteristic Good practices
n (%)

Poor practices
n (%) 

OR 95% (CI) p‑value

Site Urban 53 (46.49) 61 (53.51) 0.249 0.0032‑0.189 0.000
Rural 1 (2.17) 45 (97.83)

Marital status Living with spouse 36 (29.27) 87 (70.73) 2.435 1.03‑5.75 0.042
Not living with spouse 18 (48.65) 19 (51.35)
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in Pakistan  [5], 60.0% among abattoir workers in 
Sudan  [32], and 21.7% among abattoir workers in 
Pakistan [30]. This lower rate may be due to the fact 
that the Brucella abortus which is most common in 
Nigeria [33,34] is less readily transmissible and less 
pathogenic to humans than Brucella melitensis and 
Brucella suis  [25]. In addition, it could be because 
the disease is endemic in the areas resulting in many 
infected people being in chronic stage of the disease 
or getting re-infected which are challenging to diag-
nose serologically [35,36].

Brucellosis seropositivity was higher among 
those with inadequate knowledge and those that 
engage in unhygienic practices that expose to the dis-
ease although not significant. Such poor knowledge 
and practices also recorded among livestock workers 
in Nigeria in other studies [25,37] result in continued 
transmission of the disease to the group. With poor 
knowledge and the resultant unhygienic practices, 
the cycle of exposing to brucellosis may continue 
unabated given that although the disease is prevalent 
in Nigeria, there is no policy for the control of the 
disease in the country [7,23]. There is, therefore, the 
need for continued education of livestock workers in 
Nigeria, especially as it concerns the zoonotic nature 
of the disease.

Although the study found unhygienic practices 
to be 4  times more frequently met in rural dwellers 
in comparison with the urban respondents, seroposi-
tivity to brucellosis was slightly higher in urban than 
rural dwellers. This may be attributed to the fact that 
rural dwellers are more likely to have regular contact 
with livestock. In endemic areas where animal breed-
ing is a significant source of living, regular contact 
with livestock may mean regular exposure to the dis-
ease  [25,38,39]. Continued exposure to brucellosis 
results in poor diagnosis due to chronicity, relapse, 
or continued reinfection and its better done with the 
Coombs test [36,40]. This could be explained by the 
fact that in  human Brucella infection, the immuno-
globulin isotypes found in the blood in early and/or 
acute infections are the immunoglobulin M (IgM) 
and IgG1 [41], which may not be seen in those with 
insidious onset, chronic, recurrent, and relapse cases 
[36] where IgG2, IgG3, and IgA are predominant [42]. 
However, the Coombs (anti-human globulin) test is 
used to monitor chronic and relapse infections because 
of its better ability to detect IgG and IgA in human sera 
[43]. Although RBT was reported to be able to detect 
IgG3 and IgA with modifications of the conventional 
methods such as serial dilution of the sera samples and 
reading the test after 8 min instead of the traditional 
4 min by Díaz et al. [42], this work did not employ 
these modifications. The fact that although this study 
found that the young respondents were twice more 
likely to have knowledge of brucellosis, engaged in 
better hygienic practices than the old, but the preva-
lence of the disease was higher among the young than 
the old reiterate the above point.

In spite of the findings, the study had some lim-
itations: First, the only test employed in the study was 
RBT. The Coombs test which would have been good 
support was not carried out due to unavailability of 
reagents. Although it has always been the practice to 
use more than one serological method in the study of 
brucellosis, RBT has been advocated as the best test to 
use in areas where brucellosis is prevalent, and vacci-
nation not routinely practiced [34] and could be used 
as the only test in such areas [44]. The RBT has also 
been reported to be better than the complement fixation 
test in endemic areas where vaccination is not regularly 
practiced [45]. According to Corbel [46], in such areas, 
the RBT has excellent capabilities. Indeed, a study that 
employed stringent meta-analysis showed that the RBT 
is better than both the iELISA and the cELISA and 
that these two cannot be used to “confirm” results of 
a superior test like the RBT [34] especially in endemic 
areas with no vaccination histories. Furthermore, for 
the diagnosis of human brucellosis, the RBT has been 
reported to be only inferior to the Coombs test [47]. 
Second, the study did not include the isolation of the 
Brucella organism responsible for the disease in the 
study area. Although isolation is the gold standard for 
the diagnosis of the disease, serology alone has been 
validly used in studies of brucellosis in Nigeria and 
other countries [15,25,48,49].
Conclusion

The study found brucellosis to be prevalent 
among the high-risk groups tested. The respondents 
generally had poor knowledge of brucellosis and 
engaged in unhygienic practices. It is, therefore, nec-
essary that the education of individuals in the livestock 
industry be carried out in the study area. Contrary to 
this, efforts at controlling the disease in Nigeria will 
be in futility. Furthermore, the government should 
make haste to embark on policies for the control of 
the disease in the country.
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