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ABSTRACT 
 
BACKGROUND: 
Bovine Brucellosis is a bacterial disease of cattle. It causes reproductive failure, such as abortions, 
stillbirths, and infertility and also leads to low milk production in cows, particularly in traditional cattle 
production systems. In Zambia, data on prevalence and herd-level risk factors remain limited. 
OBJECTIVE:  
To determine the seroprevalence of anti-Brucella antibodies, evaluate the diagnostic agreement between 
Rose Bengal Test (RBT) and competitive ELISA (c-ELISA), and identify herd-level risk factors associated with 
infection in Senanga District, Western Province, Zambia. 
METHODS:  
A cross-sectional study was conducted, involving 190 cattle from 12 traditional cattle herds in Senanga 
District of Western Province. The RBT was used to screen Serum samples for anti-Brucella antibodies, and 
the c-ELISA was used for confirmation. Epidemiological data were collected using standardised 
questionnaires completed by the herd owners. STATA 17 was used to analyse risk factors, diagnostic 
agreement, and seroprevalence. The agreement between RBT and c-ELISA was evaluated using Cohen's 
Kappa, and risk factors associated with seroprevalence of anti-Brucella antibodies were found using 
univariable and multivariable logistic regression models.  The Hosmer–Lemeshow goodness-of-fit test was 
used to evaluate the model fitness for the multivariable logistic regression analysis; a p -value >0.05 
indicated appropriate model fit. The study received ethical approval from the appropriate ethics committee. 
Veterinary personnel from the Ministry of Fisheries and Livestock granted permission to carry out the study. 
Before sample collection, all cattle owners provided written informed consent. Information confidentiality 
was upheld and participation was entirely voluntary. 
RESULTS: 
This study has shown that Bovine anti-Brucella antibodies were 23.7% in RBT (n=45; 95% CI: 17.8-30.4) and 
17.4% in c-ELISA (n=33; 95% CI: 12.3–23.5) with significant agreement (κ = 0.65; 95% CI: 0.53–0.77). Brucella 
seroprevalence was found to be significantly predicted by large herd size (aOR = 9.8; 95% CI: 1.2–19.3) and 
lack of disinfectant use (aOR = 12.3; 95% CI: 1.1–14.0) using multivariable logistic regression. 
CONCLUSION:  
Bovine brucellosis is still endemic in traditional cattle herds in Senanga District. Targeted measures that 
emphasise immunisation, biosecurity, and herd management may reduce disease incidence. 
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INTRODUCTION 
Brucellosis is a neglected zoonotic disease of public 
health importance that leads to severe health 
complications in humans and economic losses for 
households that rear livestock1. The disease is primarily 
spread between herds by the movement of infected 
animals and can also spread between animals through 
contact with infected animals2 2.  The traditional cattle 
systems are the most prominent systems of keeping 
cattle in Zambia and are practised by small-scale rural 
farmers and pastoralists, hence influencing the survival 
and spread of Brucella pathogens in the environment3. 
Brucella species easily adapt to new hosts and can 
either be naturally transmitted to their hosts indirectly 
or by direct contact4.  
 
The disease mainly affects wildlife and livestock 
species, hence posing significant public health threats, 
especially in regions where communities compromise 
on hygiene standards, food safety, and are ignorant of 
veterinary care standards4. Regardless of the previous 
studies examining its prevalence, there is limited 
knowledge among the veterinary personnel and 
farmers on the perceptions of brucellosis in cattle and 
the awareness levels of the associated risks5.  The 
consumption of non-pasteurised milk and milk 
products produced by unhygienic dairy farms in 
endemic areas also facilitates the spread of brucellosis 
among the communities 5.  
 
Despite its significance, little is known about the 
prevalence and causes of the disease in Zambia. This 
study fills that gap by identifying the risk factors 
associated with the disease and quantifying the 
seroprevalence in Senanga District of Zambia. To 
determine the exposure and the seroprevalence at the 
community level, serological testing of anti-Brucella 
antibodies is utilised. Hence, the objective of this study 
was to assess the seroprevalence and risk factors of 
bovine brucellosis in Senanga district of Western 
Province, Zambia. 
 
 
 
 
 
 

METHODS 
Ethical approval 
Ethical clearance was obtained from UNZABREC 
(University of Zambia Biomedical Research Ethics 
Committee – REF No. 3186-2022 – 12/11/2022). The 
authority to conduct the study was granted by the 
Ministry of Fisheries and Livestock in Senanga district. 
Informed written consent was sought from the 
respondents willing to participate after fully explaining 
the purpose of the study, the importance of the findings, 
and their right to participate. 
 
Study area and design 
A cross-sectional study was conducted in Senanga 
district of Western Province to determine the 
Seroprevalence of bovine Brucella antibodies in cattle 
(Figure 1). The province was purposively selected 
because it is one of the major livestock-producing 
provinces. Senanga district was selected in the study 
due to the high numbers of cattle population and 
reported seroprevalence of brucellosis in cattle and 
humans. 
 
Sample size and Sampling strategy 
The sample size was estimated using the Ausvetepitool 
software (http://epitools.ausvet.com.au/), assuming an 
expected prevalence of 14% (17), a desired absolute 
precision of 5%, and a confidence level of 95%. 
Purposive sampling was used to sample 190 cattle for 
the study in areas of the Senanga district where there is 
a high prevalence of brucellosis.  
 
Sample collection  
A qualified veterinary officer used sterile Vacutainer 
tubes and jugular venipuncture to draw five millilitres of 
blood from each animal in accordance with aseptic 
protocols. Serum Samples were collected, stored 
upright, and immediately sent to the field laboratory in 
a cold box at a temperature of 2–8 °C. Whole blood was 
allowed to clot at 2–8 °C for 2– 4 hours to reduce 
hemolysis and preserve serum integrity. Within 12 
hours of collection, the blood was centrifuged using a 
portable field centrifuge (TOMY Digital MX-300, Japan) 
at 3,000 rpm for 10 minutes. Before being shipped on 
dry ice to the University of Zambia (UNZA) laboratory for 
examination, the separated serum was divided into 
labelled cryovial tubes and kept at -20 °C. 
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Figure 1. Map of the Western Province, showing wards in Senanga District. 
 
Data collection 
Epidemiological data were collected from the study 
participants using a structured questionnaire to get 
more details on the risk factors associated with 
Brucella infections in the cattle population. The 
questionnaire was pre-tested and administered 
through face-to-face interviews in the local language. It 
included five parts: (i) Sociodemographic 
characteristics of the study participants; (ii) Farmer 
knowledge and practices; (iii) Herd management 
practices; (iv) Reproductive history of the herd; and (v) 
Environmental and Herd risk factors. The data from the 

questionnaires were recorded on pre-coded forms and 
later entered into a database for analysis.  
 
Laboratory analysis 
Sera samples were screened for anti-Brucella 
antibodies using the Rose Bengal Test (RBT, ID.Vet, and 
innovative Diagnostics, France), followed by 
confirmation on c-ELISA (SVANOVIRR Brucella –Ab c-
ELISA, Boehringer Ingelheim Svanova, Sweden) 
according to the manufacturer’s guidelines in serial 
interpretation. The c-ELISA analysis was done 
according to the manufacturer’s guidelines and reagent 
kit manual (SVANOVIRR Brucella –Ab c-ELISA, 
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Boehringer Ingelheim Svanova, Sweden). Briefly, 50µL 
of Mab-solution was added into all wells used for 
controls and samples (time difference between 
controls (A positive, a weak positive, and negative 
controls were included in a 96-well plate)/samples and 
Mab-solution addition did not exceed 10 minutes). The 
plate was sealed, and the reagents were thoroughly 
rinsed for 5 minutes using a plate shaker. The plate was 
incubated at room temperature (250 C) for 30 minutes. 
The plate was rinsed four times with PBS-Tween buffer, 
and the wells were filled up at each rinse. The plate was 
then emptied and tapped hard to remove all remaining 
fluid. Then, 100 μL of the conjugate solution was added 
to each well, and the plate was sealed and then 
incubated at room temperature for 30 minutes. Rinsing 
was repeated, as explained above. Then, 100 μL of 
substrate solution was added to each well and 
incubated for 10 minutes at room temperature (timing 
began after the first well was filled). The reaction was 
stopped by mixing 50 μL of stop solution in the same 
order as the substrate solution. Negative results were 
determined by a percentage inhibition (PI) of < 30%, 
while positive results were ≥ 30%. In this study, serial 
interpretation of the results was used. Therefore, only 
sera testing positive on both RBT and c-ELISA were 
regarded as positive. 
 
Data analysis 
The epidemiological data obtained were coded and 
entered in Microsoft Excel 2016® and analysed using 
STATA version 17. Categorical data were expressed in 
percentages, and seroprevalence was calculated by 
dividing the number of positive serum samples by the 
total number of samples examined. The odds ratio, 95% 
confidence interval. Using the cut-off, Negative results 
were determined by a percentage inhibition (PI) of < 
30%, while positive results were ≥ 30% for c-ELISA, 
respectively. These were the independent effects of 
categorical risk factors on anti-Brucella spp. 
Seroprevalence was assessed using Fisher's exact test. 
Since the results were binary nominal categories, the 
unweighted Cohen's Kappa statistic (κ) was used to 
evaluate the agreement between diagnostic tests. The 
Landis and Koch criteria were used for interpretation. 
The multivariable model was built using a backward 
selection strategy, using a p-value of <0.05 of the 
likelihood ratio test as the inclusion criteria. The model 
fit was assessed using the Hosmer-Lemeshow test, 

0.83 (an ROC area of 0.50 indicated no explanatory 
power) for logistic models. 
 
RESULTS 
Seroprevalence of anti- Brucella antibodies 
A total of 190 cattle from 12 cattle herds were tested for 
the presence of anti-Brucella antibodies in Senanga 
district of the Western Province of Zambia. The results 
indicated that the seroprevalence was 23.7% (n=45, 
95% CI=17.8–30.4) on RBT and 17.4% (n=33, 95% 
CI=12.3–23.5) on c-ELISA, respectively (Table 1). 
 
Table 1. Seroprevalence of Brucella antibodies in cattle 
from Senanga District 

Test n Positive Seroprevalence 
% (95% CI) 

Rose Bengal 
Test 

190 45 23.7 (17.8–30.4) 

c-ELISA 190 33 17.4 (12.3–23.5) 

 
Comparison of RBT and c-ELISA Results for Cattle 
anti-Brucella Antibodies  
The comparison of serological results between the RBT 
and c-ELISA for anti-Brucella antibodies in 190 cattle 
revealed that 28 samples tested positive on both 
assays, 17 were positive on RBT but negative on c-
ELISA, and 5 were negative on RBT but positive on c-
ELISA. A total of 140 samples were negative on both 
tests. The overall agreement between the two 
diagnostic tests was 88.4%. The Cohen’s Kappa 
statistic (κ) was 0.65 (95% CI: 0.53–0.77), indicating a 
substantial level of agreement between RBT and c-
ELISA (Table 2). 
 
Table 2. Agreement between RBT and c-ELISA for 
detection of Brucella antibodies in cattle 

 c-ELISA + c-ELISA - Total 
RBT + 28 17 45 
RBT - 5 140 145 
TOTAL 33 157 190 

Kappa (κ) = 0.65, 95% CI: 0.53–0.77, indicating 
substantial agreement between the two tests 
 
Risk factors associated with anti-Brucella 
antibodies 
The univariable analysis examined the relationship 
between potential risk factors and the dichotomous 
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outcome variable of anti-Brucella antibodies. The 
variables considered included herd size, veterinary 
services, use of disinfectants, sources of water, mixed 
farming, history of abortion, introduction of new 
animals without guarantee, sharing of 

boreholes/communal grazing, and vaccination history. 
Only the herd size (p<0.018), the introduction of new 
animals without guarantee (p<0.0028) and vaccination 
history (0.042) were statistically associated with the 
presence of anti-Brucella antibodies (Table 3).  

 
Table 3. Herd-level risk factors associated with Brucella antibodies in cattle  

Variables Category Positive Negative OR (95%) P-value 

Herd size Small (n=5) 0 (0.0%) 5 (ref) - 

 Medium (n=4) 2 (50.0%) 2 11.0 (0.37-32.5) - 

 Large (n=3) 3 (100.0%) 0 17.7 (1.22-48.8) 0.018 

Veterinary service  Yes (n=6) 1 (16.7%) 5 (ref) - 

 No (n=6) 4 (66.7%) 2 6.6 (0.61-71.1) 0.242 

Use of disinfectant  Yes (n=7) 1 (14.3%) 6 (ref) - 

 No (n=5) 4 (80.0) 1 13.0 (1.0-18.6) 0.072 

Source of water Tap (n=5) 1 (20.0%) 4 (ref) - 

 Well (n=7) 4(57.1%) 3 3.86 (0.38-39.1) 0.293 

Mixed farming  Yes (n=7) 3(42.9%) 4 1.09 (0.13-9.27) 1.000 

 No (n=5) 2(40.0%) 3 (ref) - 

History of abortion >5% Yes (n=6) 4(66.7%) 2 6.6 (0.61-11.1) 0.242 

 No (n=6) 1(16.7%) 5 (ref) - 

Introduction of a new animal without a 
guarantee  

Yes (n=7) 5(71.4%) 2 21.0 (1.4-32.0) 0.028 

 No (n=5) 0(0.0%) 5  - 

Sharing of bulls/communal grazing  Yes (n=7) 4(57.1%) 3 5.86 (0.56-21.4) 0.12 

 No (n=5) 1(20.0%) 4 (ref) - 

History of Brucella vaccination  Yes (n=4) 0 (0.0%) 4 (ref) - 

 No (n=8) 5 (62.5%) 3 19.2 (1.1-35.3) 0.042 

 
Multivariable logistic regression analysis for risk 
factors associated with herd-level anti-Brucella 
antibodies 
In the multivariable logistic regression, only herd size 
(aOR=9.8, CI=1.2-19.3) with a p-value of 0.04 and the 
use of the disinfectant (aOR=12.3, CI=1.1-14.0) with a 
p-value of 0.03 were statistically associated with 
Brucella antibodies (Table 4). The odds of testing 
positive among farmers with larger herds was 9.8 times 
higher compared to those with smaller herd sizes, 
whereas the odds of testing positive for anti-brucella 
antibodies among farmers who did not use 
disinfectants were 12.3 times higher compared to those 
who used disinfectants. 

 
Table 4. Multivariable logistic regression analysis for 
risk factors associated with herd-level Brucella 
antibodies 

Variables aOR (95% CI) P-value 
Herd size 9.8 (1.2-19.3) 0.04 
Disinfectant use 12.3 (1.1-14.0) 0.03 

 
DISCUSSION 
Brucellosis is one of the zoonotic diseases of economic 
and public health importance and is often 
underreported in most parts of the world, resulting in 
major health, economic and livelihood burdens. The 
study aimed to assess the seroprevalence and risk 
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factors for bovine brucellosis in the Senanga District of 
Western Province, Zambia. The study revealed an 
overall seroprevalence of Brucella antibodies of 17.4%. 
At the herd level, three factors remained significant: 
herd size, introduction of new animals without 
certification, and absence of a vaccination history.  
 
Model diagnostics 

 
The Hosmer and Lemeshow test showed that the model 
fitted the data (Chi-square=2.95; p>0.83) thus 
demonstrating reliability while ROC areas was 0.986, 
indicating that had good predictability (Figure 2). 

 
Figure 2. Model diagnostics showing the Hosmer and 
Lemeshow test  
 
Seroprevalence of anti-Brucella antibodies  
The overall seroprevalence of anti-Brucella antibodies 
was 17.4%. This finding was higher than the 7.53% 
found in the Southern province of Zambia by Mfune6. 
But, close to the 19.5% reported in Uganda7 and similar 
to the 18.6% in the Potohar plateau of Pakistan. The 
overall seroprevalence in our findings was higher than 
the 1.82% found in the Western Province of Ethiopia8 
and the 8.3% seen in India. In terms of global 
prevalence, the district can be placed in the high-
intermediate group as compared to the rates in Ethiopia 
(1.83%) and India (8.3%), which are lower. The two 
important risk variables leading to this rise are: contact 
and transmission rates among cattle, and 
environmental contamination resulting from not using 

disinfectants after calving or abortions. Both factors 
work together to foster an environment that is 
conducive to endemic spread. The 17.4% overall 
seroprevalence found in our study is significantly less 
than the 47.5% seen in South Africa9. The Variations in 
disease burden and herd management techniques 
across different regions may be the cause of this 
discrepancy. Another possible explanation for the 
greater prevalence in South Africa is that samples were 
taken from epidemiological units that were highly 
contaminated. On the other hand, our first moderate 
prevalence indicates that the study population was 
either less exposed or had better control measures10. 
 
Comparison of RBT and c-ELISA Serological Results 
for anti-Brucella antibodies 
This study demonstrated a substantial agreement 
between the Rose Bengal Test (RBT) and competitive 
ELISA (c-ELISA) in detecting Brucella antibodies in 
cattle (κ = 0.65; 95% CI: 0.53–0.77). Similar levels of 
concordance have been reported elsewhere, such as in 
India (κ = 0.7211). In the current investigation, there was 
a significant degree of agreement between RBT and c-
ELISA (κ = 0.65; 95% CI: 0.53–0.77), suggesting that 
both tests were reliable in detecting animals that tested 
positive for Brucella. This estimate is higher than what 
has been reported in some field surveys where poorer 
agreement was caused by variations in animal health 
status, vaccination history, or test protocols, but it is 
lower than the κ of 0.92 reported in Rwanda, where 
excellent concordance was observed between the two 
tests in cattle herds12. Conversely, a study from Iran 
described a weaker agreement κ = 0.3513. Variability in 
test performance across regions is often attributed to 
differences in disease prevalence and epidemiological 
context14. Overall, these results support the utility of 
both assays, with c-ELISA providing a useful 
complement to RBT for confirming positive cases. 
Although RBT is still a valuable screening technique, 
this study's moderate-to-high agreement indicates that 
c-ELISA confirmatory testing is necessary, particularly 
in environments with diverse exposure levels and 
management systems. 
 
Herd-level risk factors associated with anti-Brucella 
antibodies in cattle  
At the individual-animal level, several management and 
husbandry practices were associated with anti-
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Brucella antibodies. These included herd size, access 
to veterinary services, use of disinfectants, water 
source, mixed farming, history of abortion (>5%), 
introduction of new animals without certification, 
communal bull use, and history of vaccination. 
 
In the univariate table, three factors remained 
significant: herd size, introduction of new animals 
without certification, and absence of a vaccination 
history. Larger herds exhibited a significantly higher 
prevalence of anti-Brucella antibodies (OR = 77.0; 95% 
CI: 1.22–48.8; p = 0.018). The association between herd 
size and brucellosis has been widely reported15. This is 
likely due to the increased density of susceptible and 
infected animals in large herds, which increases 
opportunities for contact through shared feeding or 
watering points and facilitates persistence of the 
organism after abortions16. However, not all studies 
agree: they reported no significant relationship, 
highlighting that agro-ecology, breed, and management 
systems may modify this risk8. Bringing new animals 
into a herd without prior testing or certification 
increased the odds of infection approximately 
threefold, OR = 2.72,17.  
 
Other studies similarly show that unregulated 
purchases or failure to quarantine new stock are major 
drivers of brucellosis transmission18. In pastoral 
settings, additional practices such as bull sharing, 
buying livestock from open markets, and contact with 
wildlife may further increase exposure19. Lack of 
vaccination was strongly linked with higher 
seroprevalence, underscoring the importance of 
sustained immunisation in endemic areas19. 
Vaccination with approved strains remains one of the 
most effective and practical measures for reducing 
infection pressure20. Our findings support 
recommendations to maintain regular vaccination as 
part of national brucellosis-control strategies21. Larger 
herds and the absence of routine disinfection (e.g., 
after calving or abortion) were associated with higher 
odds of seroprevalence, emphasising the need for 
basic hygiene and biosecurity in cattle management.  
 
Although confirmatory testing with c-ELISA is advised to 
improve diagnostic accuracy, the significant 
agreement between RBT and c-ELISA (κ = 0.65) 
demonstrates that RBT can be a reliable field screening 

method. Regular and meticulous surveillance in areas 
with continuous high prevalence should be done to 
determine the true picture of bovine brucellosis22.  
Seroprevalence is significantly higher after the 
pandemic due to the increase in spending more time in 
nature and social isolation during the pandemic, and 
changes in dietary habits favouring more natural 
products23.  
 
Limitations of the study 
There were certain limitations on this investigation. The 
cross-sectional approach was unable to establish 
causal links between risk factors and infection because 
it provided information only at a single point in time. 
Furthermore, the study was limited to certain herds in 
Senanga District, which would restrict how broadly the 
results can be applied. Additionally, the identification of 
particular Brucella species circulating in the study area 
was limited because only serological tests were 
employed without genetic confirmation. 
Notwithstanding these drawbacks, the study offers 
crucial baseline data on bovine brucellosis in Senanga 
District.  
 
CONCLUSION 
This study establishes the existence of bovine 
brucellosis in Senanga District of Western Province, 
Zambia with a seroprevalence of 17.4%. With a Cohen's 
kappa of 0.65, there was significant agreement 
between the Rose Bengal Test and c-ELISA for 
identifying anti-Brucella antibodies. The 
seroprevalence was substantially correlated with larger 
herd sizes (p = 0.04) and the use of disinfectant 
(p=0.03), indicating that this is a significant risk factor in 
this context. Because brucellosis is zoonotic, 
increasing farmer awareness and access to diagnostics 
in endemic areas may help with early detection and 
lower the risk of human transmission. 
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