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Abstract | Brucellosis is a neglected zoonotic disease that is prevalent in livestock in many developing countries. 
Though porcine brucellosis has been reported in parts of Cameroon, its threat to human health and public 
health significance is not known. A cross sectional study was carried to determine the seroprevalence and factors 
associated with brucellosis in pigs and among vulnerable persons, such as pregnant women, in the Western 
Highlands of Cameroon. Serum samples from 1,545 pigs and 439 pregnant women were collected and screened 
for anti-brucella antibodies using Rose Bengal Test (RBT) and ELISA tests. Structured questionnaires were 
used to collect data on socio-demographics and risk factors. The differences in proportions between reactors were 
tested using odds-ratio and χ2 tests. The results showed a brucella seroprevalence of 4.21% at individual pig level 
(n=1,545; 7.51% RBT, 7.25% i-ELISA), 7.14% at pig herd level (n=98 herds; 10.20% RBT, 8.16% i-ELISA) 
and 0.68% (n=439; 2.73% RBT and 0.68% i-ELISA) among pregnant women. Brucella seropositivity in pig 
was significantly (p<0.05) influenced by location (OR=2.39) and age (OR=1.93) of the animal, as well as season 
(OR=1.91), sharing tools between farms (OR=4.99) and history of orchitis in breeding boars (OR=4.58). Brucella 
seropositivity among pregnant women was strongly associated (p<0.05) with their knowledge of symptoms of 
brucellosis in pigs or humans (OR=172) and history of abortion in their pig farms (OR=27.06). The study reports 
the prevalence of porcine brucellosis and evidence of human brucellosis in the Western Highlands of Cameroon 
and therefore, an indication of a real public health problem. Public health awareness campaigns and education 
based on the One Health Approach especially among vulnerable persons and agro-pastoral communities are 
essential to disseminate knowledge, risk factors and control of zoonotic brucellosis in the study regions.
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Introduction

Pork is a reliable and affordable source of animal 
proteins and fats especially for low income 

countries, due to the short reproductive cycle associated 
with pig production (Keambou et al., 2010). However, 
challenges such as poor market structures, high feed 
costs, inadequate knowledge on pig husbandry, and 
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high disease pressure constantly hamper the pig 
sector (Fualefac et al., 2014). In Cameroon, over 26 
billion FCFA per annum in direct productivity losses 
from pig deaths and reproductive failures due to 
diseases has been estimated (MINEPIA, 2015). In 
addition, human infections associated to zoonotic pig 
diseases in endemic areas have been reported (Dean 
et al., 2012). Porcine brucellosis is a zoonotic bacterial 
disease of pigs caused by Brucella spp. particularly B. 
abortus, and B. suis, capable of infecting other livestock, 
wildlife and humans (Olsen and Tatum, 2017; Guela 
et al., 2025). 

Brucellosis causes reproductive wastage in infected 
pig herds and manifest as infertility, irregular estrus, 
abortions, stillbirths and farrowing of weak piglets 
with a low neonatal survival rate (Franc et al., 2018). 
The disease is transmitted among pig herds through 
contaminated ingested materials from uterine 
discharges, aborted feti or membranes, milk as well 
as coitus with brucella infected animals and use of 
infected semen for breeding (El-Sayed and Awad, 
2018). The spread of the causative agent is rapid 
especially among naïve pigs (over 50%) following 
a primary infection in a farm, and high infections 
rates ranging from 70–80% have been reported 
(Pal et al., 2020). The spread and maintenance of 
the disease within pig herds has been linked to the 
introduction of un-tested pigs, use of infected boars 
and/ or semen for breeding, and availability of wildlife 
(EFSA, 2009). However, human brucellosis has been 
associated with the consumption of infected and 
unpasteurized milk and milk products, contamination 
of skin wounds due to contact with infected animals/
tissues, and inhalation of brucella-contaminated dust/
aerosols (Olsen and Tatum, 2017). The symptoms of 
the human disease include recurrent fever, malaise, 
joint and muscle pain, night sweats, and neurologic 
manifestations (Ducrotoy et al., 2017). Close contact 
between humans and livestock, the existence of 
different Brucella species/strains religious, alimentary 
and cultural habits of the population are major risk 
factors for human brucellosis (Abdalla, 2016; Cash-
Goldwasser et al., 2018).

Though the prevalence of porcine brucellosis in sub 
Saharan Africa is considered to be low (Diaz, 2013), 
there is limited information on the epidemiology and 
zoonotic potentials of the disease (Njeru et al., 2016; 
Ducrotoy et al., 2017) and ineffective management of 
pig diseases have been recorded (MINEPIA, 2023). 

Cameroon has the largest pig industry in the Central 
African sub-region with an estimated 4 million pig 
heads, with pork contributing over 16.0% of the meat 
production capacity in the country (MINEPIA, 
2021). However, there are concerns of the pig 
industry contributing substantially to Cameroon’s 
economic policy (MINEPAT, 2020). Also, human 
brucellosis among risk professions (herdsmen and 
abattoir staff ) and vulnerable groups (pregnant 
women) (Awah-Ndukum et al., 2018a; Kamga et al., 
2021), and prevalence of porcine brucellosis ranging 
from 1.49–3.35% (Awah-Ndukum et al., 2018b; 
Kamga et al., 2020; Dinayen et al., 2021; Guela et al., 
2025) have been reported in the country. Among the 
disorders reported on pig farms in the country, there 
are increasing veterinary concerns to investigate the 
incidences of notifiable abortion cases, particularly 
in the Western Highlands Region. In addition, 
the epidemiological and economic burdens of the 
zoonotic disease in pigs and humans, and factors 
that influence its spread and magnitude in pig farms 
and at the human pig interfaces in Cameroon are 
unknown.

Therefore, this study was carried out to contribute 
knowledge to the epidemiology of porcine brucellosis 
and estimate the seroprevalence in live and slaughtered 
pigs, and pregnant women in the Western Highlands 
of Cameroon. The study also assesses the risk factors 
for evidence-based control of the disease in Cameroon. 

Materials and Methods

Description of study areas
A cross sectional study was carried out from October 
2020 to September 2021 within pig farms, pig holding 
facilities, slaughterhouses, and two hospitals in eight 
of the ten administrative subdivisions that make up 
Mezam and Mifi Divisions of the Western Highlands 
Region of Cameroon (Figure 1). Mezam division 
(5°20ʹ–6°15ʹN and 9°7ʹ–10°21ʹE) covers a surface 
area of 1,745 Km2 with a population of 524,127 and 
is comprised of seven subdivisions. Mifi division 
(5°25’–5°45’N and 10°11’–10°20’E) covers a surface 
area of 402 Km2 with a population of 301,456 and is 
comprised of three subdivisions (MINEPAT, 2009). 
Overall, the Western Highlands Region has a typical 
equatorial type of climate with two major seasons: A 
long wet season (mid-March to mid-October) and a 
short dry season (mid-October – mid-March) (Tume, 
2021).
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Figure 1: Maps showing the administrative regions in Cameroon and study areas (Subdivisions) in Mezam Division 
of the North West Region and Mifi Divisions West Region.
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The choice of study area was due to the following: 
(1) The study areas are located in the high-density 
pig producing areas of the Western Highlands of 
the country which has witnessed a 50% drop in its 
pork production capacity within the last decade 
due to many factors including outbreaks of various 
porcine diseases (MINEPIA 2021, 2023). (2) There is 
massive settlement of internally displaced persons, an 
upsurge in pig keeping and increased contact between 
humans and pigs in urban and peri-urban areas in 
the Western Highlands of Cameroon (NWLDF-
PULCCA, 2024). (3) Though health implications 
of brucellosis have been reported in livestock and 
humans (vulnerable persons and risk professionals) in 
parts of the country and elsewhere (Awah-Ndukum 
et al., 2018a; Kamga et al., 2021; Rajala, 2016), the 
public health significance of porcine brucellosis 
in Cameroon, particularly in the high-density pig 
producing areas in the Western Highlands is not 
known.

Selection of animals for the study
The sample size needed to estimate the prevalence 
of porcine brucellosis with a desired 95% confidence 
and precision of ≤ 5% was calculated using a porcine 
brucella prevalence rate of 3.35% in Cameroon 
(Awah-Ndukum et al., 2018b) and the following 
equation:

Where; n= required sample size; Pexp= expected 
prevalence; and d= desired absolute precision 
(Thrusfield, 2007).

On farm
The selection of on-farm pig herds was based on 
random-number generations of lists of pig farmers in 
the study localities obtained from the Delegations of 
Livestock, Fishery and Animal Industries (DDEPIA) 
of Mezam and Mifi Divisions. In addition, purposive 
samplings through referencing by the selected farmers 
within their localities of other farms at reasonable 
distances (at most 150 meters) were included in the 
study. A farm was considered as an epidemiological 
unit, and was categorized based on herd size as 
follows: small scale (≤ 10 adult pigs), medium scale 
(11 to ≤ 25 adult pigs) and large scale (> 25 adult 
pigs).

Pig holding facilities and slaughter areas
Pigs originating from the subdivisions of Mezam 
and Mifi Divisions and other Divisions in the North 
West and West regions of Cameroon and imported 
into the pig markets in the Bamenda and Bafoussam 
metropolis were targeted in the study. However, traders 
and/ or butchers present in the markets were listed 
during visits, and animals destined for transportation 
to other parts of the country such as Yaoundé and 
Douala and/ or slaughter whose traders-butchers 
presented verbal informed consent were included in 
the study.

Selection of humans for the study
The targeted human populations were plausible 
vulnerable humans who interact with livestock 
including pigs in the study regions and their environs. 
However, pregnant women on antenatal consultations 
and women (at least 15 years old) at the Obstetrico-
gynaecological unit of Regional Hospital (RH) and 
the Saint Mary Soledad Catholic Hospital (SMSH) 
in Bamenda were plausible candidates for the study. 
A default expected prevalence of 50% was used to 
determine the sample size required to estimate the 
prevalence of brucellosis among pregnant women in 
the study region as previously described (Thrusfield, 
2007).

Blood sampling 
Apart from procedural restraining manipulations for 
safety purposes and jugular venipuncture for blood 
sampling (≥5 ml) using sterile vacutainer, the animals 
were humanely handled. Blood was collected by 
jugular veno-puncture from the chosen animals on 
the selected farms and animals at the pig markets in 
the Bamenda and Bafoussam metropolis that were 
destined for transportation to other parts of the 
country such as Yaoundé and Douala.

Based on a calculated sampling fraction of five, up 
to two and five pigs were randomly selected without 
replacement for small and medium scale farms and 
at least six pigs for large-scale farms, respectively. 
A total of 210 pigs in 54 farms (23 small scale, 27 
medium scale and 04 large scale farms) were sampled 
in Mezam division and 162 pigs in 44 farms (22 small 
scale, 18 medium scale and 04 large scale farms) in 
Mifi division.

For animals that were destined for slaughter, the 
researcher accompanied the traders-butchers and 
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their animals (irrespective of the number) to the 
slaughter points. Blood samples were collected by 
jugular veno-puncture from the chosen animals on 
the chain before slaughter or from severed jugular 
veins of pigs at slaughter. Briefly, about 20% of 20–
40 pigs slaughtered daily at the slaughter points in 
Bamenda and Bafoussam metropolis was randomly 
selected each day (i.e. 3–4 days per week), except 
on Friday, Saturday and Sunday for Bafoussam and 
Saturday, Sunday and Monday for Bamenda, were 
included in the study. Based on a calculated sampling 
fraction of five (every fifth animal was sampled) for 
daily use, the first animal was selected by picking one 
animal by random generation method of the first 
five animals on the slaughter chain. Thereafter, every 
fifth animal (adding 5 to previous picked number) 
was chosen. A total of 1,173 slaughtered pigs (690 
in Mezam division and 483 in Mifi division) were 
sampled in the study.

Overall, 1,545 serum samples was extracted from 
the collected blood samples (900 in Mezam division 
and 645 in Mifi division) and stored at –20 °C 
until laboratory analysis at the National Veterinary 
Laboratory (LANAVET) Annex Yaoundé 
Cameroon. However, pigs under six months of age 
due to poor reactions to various serological tests for 
brucellosis (OIE, 2016), pregnant sows in their third 
trimester of gestation and animals such as nursing 
sows which could not be restrained safely for bleeding 
were excluded from the study.

Human blood samples were obtained by a team of 
qualified medical laboratory technicians recruited 
for the task at each institution. Blood (≥5 ml) was 
obtained from the median and cephalic veins using 
a sterile vacutainer, causing little or no discomfort to 
the human subjects. The participant’s name, age, and 
date of sampling were recorded to prevent collecting 
blood from the same person during subsequent 
antenatal appointments. Serum extraction and 
storage at –20 °C was done at the respective hospitals 
until laboratory analysis. A total of 439 pregnant 
women (predominantly from Mezam division and its 
environs) on antenatal and Obstetrico-gynaecological 
consultations at Regional Hospital (RH) and Saint 
Maria Soledad Catholic Hospital (SMSH) in 
Bamenda were sampled during the study period.

Serological tests
Following Rose Bengal test (RBT) screening of all 

pigs (1,545) and human (439) samples, Indirect-
Enzyme-Linked Immunosorbent Assay (i-ELISA) 
was performed on the pig and human samples to 
detect anti-brucella antibodies (OIE, 2016; Nielsen 
and Yu, 2010). Each round of tests contained both 
a positive and a negative control. An individual was 
seropositive when the serum tested positive for RBT 
and / or i-ELISA.

Rose Bengal test (RBT)
RBT was performed as previously described (Alton 
et al., 1988; OIE, 2016). Briefly, the sera and antigen 
were brought to room temperature (22 ± 4°C) before 
use. Equal volumes (30 μl) of standardized B. abortus 
antigen Weybridge strain 99 and test serum were 
mixed thoroughly and rotated on the RBT card using 
a wooden splint, and the card rocked gently for 4 min. 
The appearance of agglutination, recorded as positive 
within 1 min was scored 4+ (++++) and between 1 and 
4 min was scored 1+ to 3+ (+, + +, and + + +) according 
to the different degrees of agglutination. The absence 
of agglutination within 4 min was regarded as negative 
(–).

Detection of pig brucella antibodies by indirect enzyme 
linked immunosorbent assay (i-ELISA)
Antibrucella (B. abortus, B. melitensis, B. suis, and B. 
canis) antibodies (IgG) in pig serum were detected 
using a commercial indirect multispecies ELISA 
(i-ELISA) (ID.Vet, Innovative Diagnostics, Grabels, 
France) according to the manufacturer’s instructions 
and as previously described (Limet et al., 1988; 
Saegerman et al., 2004). Briefly, all reagents and test 
sera were brought to room temperature (22 ± 4°C) 
before use. Thence, 100µl of diluted buffer dispensed 
into each of 96-well polysterene plates pre-coated 
with purified standard smooth lipopolysaccharide 
antigen prepared from B. abortus isolates. This was 
followed by adding 10µl of positive control serum 
and 10µl of negative control serum (provided by 
the manufacturer) into two different wells of the 
plate and 10µl of each of the test serum samples 
to the remaining wells. Each plate was sealed and 
incubated at room temperature for 45 minutes on 
a rotary shaker to ensuring homogenization. After, 
each plate was washed four times with PBS-Tween 
washing solution, and 100µl of anti-multi-species-
IgG- horseradish peroxidase (HRP) conjugate was 
added to each well; incubated at room temperature 
for 30 minutes and washed four times to eliminate 
excess of conjugate. Thereafter, 100µl of chromogen 
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substrate solution (tetramethylbenzidine in substrate 
buffer containing Hydrogen peroxide) (TMB + 
DMSO + H2O2) was added to each well and the 
plate incubated at room temperature for 10 minutes 
under dark conditions. The reaction was stopped after 
adding 100µl of 1 N-hydrochloric acid. The coloration 
of antigen-antibody conjugate-peroxidase complex 
formed depended on the quantity of anti-Brucella 
antibodies that was present in the specimen tested. 
Thus, in the presence of antibodies, a blue solution 
appeared which became yellow after addition of the 
stop solution, while in the absence of antibodies, no 
coloration appeared. An automatic micro plate reader 
(BioTek ELX800 absorbance reader) read the optical 
density (OD) of each well at 450 nm and for each 
sample tested S/P% was calculated as follows: 

Where; ODsample, ODnc, and ODpc are the readings 
of Optical Densities (OD) for the sample, negative 
control, and positive control, respectively. The samples 
were classified as positive if S/P% ≥120%, negative if 
S/P% ≤ 110%, and doubtful if 110% < S/P% < 120%. 
Also, the fact that OD pc > 0.350 and ODpc/ODnc > 3 
indicated that the tests were working properly.

Detection of human brucella antibodies by indirect 
enzyme linked immunosorbent assay (i-ELISA)
For the qualitative and quantitative measurement 
of IgG antibodies against Brucella in human serum, 
the commercial Brucella IgG ELISA kit (IBL 
International GMbH, Hamburg, Germany) was used 
in accordance with the manufacturer’s instructions 
and as previously described (Esmaeili et al., 2013). 
Briefly, the ELISA was based on the sandwich 
principles. The wells were coated with antigen and 
specific antibodies of the sample binding to the 
antigen-coated wells were detected by secondary 
enzyme conjugated antibody specific for human 
IgG (horseradish peroxidase-conjugated anti-human 
IgG). After tetra methyl benzidine (TMB) substrate 
reaction, a Brucella antibody-antigen reaction was 
indicated by a blue coloration. The intensity of the 
blue coloration that developed proportional to the 
quantity of IgG-specific antibodies detected. An 
automatic micro plate reader (BioTek ELX800 
absorbance reader) read the optical density (OD) 
of the well at 450 nm. Positive, negative and cut-off 
controls were included in the test. Antibody activities 
were calculated using a standard curve according to 

the manufacturer’s guidelines. However, the Cut-off 
value was obtained from the optical density (OD) of 
the Cut-off control and the Cut-off index (COI) was 
calculated from the optical densities of the sample 
and Cut-off value as follows:

Where; ODsample and ODCut-off control are the readings of 
optical densities for the sample and cut-off control, 
respectively. The samples were classified as positive if 
COI % ≥120%, negative if COI % ≤ 80%, and doubtful 
if 80% < COI % < 120%. The samples were classified 
quantitatively as positive if IgG concentration (IgG) 
≥1.2 U/mL, negative if (IgG) ≤ 0.8 U/mL, and 
doubtful if 0.8 U/mL < (IgG) < 1.2 U/mL.

Risk assessment 
Risk factor assessment for brucellosis in pigs and 
humans was done through examination of individual 
pigs and questionnaire interview of pig farm owners 
in the study areas and personnel at the Bamenda and 
Bafoussam pig markets and slaughter points (pig 
traders and/ or pig butchers); and also women on 
antenatal and obstetrico-gynaecological consultations 
at the RH and SMSH in Bamenda. The questionnaires 
were structured to collect information on a range of 
variables including lifestyle, socio-demographic data 
and disease awareness status of the humans included 
in the study; breed, sex, age, and health status of 
the study pigs; as well as husbandry and biosecurity 
practices and breeding history of the pig farms.

Ethical considerations 
To avoid threats to all individuals and animals 
participating in the study, the researchers undertook 
the project’s risk assessment. Following validation 
by the College of Technology of The University of 
Bamenda (Ref N°: 408/2020/UBa/COLTECH/D/tsf 
of 16/10/2020; N°: 468/2020/UBa/COLTECH/D/
tsf of 11/11/2020; N°: 853/21/UBa/COLTECH/D/
HoD/APT of 12/03/2021), ethical clearance (Ref 
N°: 2021/099H/UBa/IRB of 28/05/2021) and 
permission from the required authorities in Cameroon 
including the Delegations of Livestock, Fisheries 
and Animal Industries (Ref No: 038/MINEPIA/
DDEPIA/MEZAM of 21/10/2020 and Ref N°: 
73/20/L/DREPIA-O/SRAG of 20/10/2020), 
Regional Delegation of Public Health for the North 
West region (Ref N°: 14/L/NWR/RDPH/CSGA of 
11/06/2021), and Regional Hospital Bamenda (Ref 
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N°: H004/MPH/RDPH/RHB/186 of 23/06/2021) 
were obtained to carry out the study in Mezam and 
Mifi divisions. The purpose of the study was explained 
to the targeted participants (pig farmers, pig traders, 
pig butchers, women on antenatal and obstetrico-
gynaecological consultations) in the present study 
usually with the assistance of resident veterinary and 
medical practitioners, community leaders and/ or 
trusted intermediaries. The targeted participants were 
used in the study after giving their written informed 
consent. An animal was included in the study after 
the pig owner or trader-butcher gave an informed 
verbal consent. Apart from procedural restraining 
manipulations for safety purposes, the animals used 
in the present study were not subjected to any stress 
and suffering.

Data analysis
Statistical analysis was performed using the Statistical 
Package for Social Sciences (SPSS) for windows® 
version 20.0 (SPSS Inc.). The proportions of positive 
reactors for the disease and their 95% confidence 
interval were calculated using Wilson’s equation:

Where p is the sample proportion, n is the sample size 
and z is the critical z-value of 1.96 for a 95% confidence 
interval. The chi-square test was used to test significant 
levels (fisher test where observations were less than 
5) within factors on brucellosis seroprevalence rates, 
odds-ratios and regression analysis were used to assess 
the strength of association of different factors with 
porcine and human brucellosis along 95% confidence 
intervals and statistical significance set at P< 0.05 
(Thrusfield, 2007).

Results

Seroprevalence rates of porcine and human brucellosis in 
the western highlands of Cameroon
Combination of tests results of 1,545 individual pigs 
showed an overall apparent brucellosis seroprevalence 
of 65 (4.21% (2.82–6.32)) with 116 (7.51 % (6.36–
11.22)) for RBT and 112 (7.25 % (5.73–10.31)) 
for i-ELISA. A total of 63 (5.37 %) combined (106 
(9.04 %) RBT and 104 (8.87 %) i-ELISA) positive 
results for slaughtered pigs and 2 (0.54 %) combined 
(10 (2.69 %) RBT and 8 (2.51 %) i-ELISA) positive 
results for on-farm pigs were recorded (Table 1). The 
brucellosis seropositive results for 98 pigs herds were 

7 (7.14 %) for combined tests (10 (10.20 %) for RBT 
and 8 (8.16 %) for i-ELISA). For the human study, the 
tests results of 439 pregnant women gave an overall 
combined apparent brucellosis seroprevalence of 3 
(0.68 % (0.12–1.88)), with 12 (2.73 % (0.93–3.54) for 
RBT and 3 (0.68 % (0.12–1.88)) for Brucella IgG 
ELISA (Table 1). 

Table 1: Brucellosis seropositivity among pigs and 
vulnerable persons in the Western Highlands of Cameroon 
according to combined results of Rose Bengal test and 
indirect enzyme linked immunosorbent assay.
Serological results Number 

of Cases
Prevalence (% (95% 
CI))

Individual pig level: Total (n = 1,545)
RBT (+) 116 7.51 (6.36 – 11.22)
RBT (–) 1,429 92.49 (90.15-94.79)
iELISA (+) 112 7.25 (5.73 – 10.31)
iELISA (–) 1,433 92.75 (89.15-95.27)
RBT (+) iELISA (+) 65 4.21 (2.82 – 6.32)
RBT (+) iELISA (–) 51 3.30 (2.50 – 5.86) 
RBT (–) iELISA (–) 1,382 89.45 (87.80 – 96.85)
Individual pig level: Slaughtered (n = 1,173)
RBT (+) 106 9.04 (6.83 – 12.36)
RBT (–) 1,067 90.96 (87.83 – 94.16)
iELISA (+) 104 8.87 (6.74 – 11.33)
iELISA (–) 1,069 91.13 (89.15 – 94.79)
RBT (+) iELISA (+) 63 5.37 (4.22 – 7.99)
RBT (+) iELISA (–) 43 3.67 (1.12 – 5.81)
RBT (–) iELISA (–) 1,026 87.47 (84.14 – 92.45)
Individual pig level: Live on-farm (n = 372)
RBT (+) 10 2.69 (0.83 – 3.25)
RBT (–) 362 97.31 (94.66 – 100)
iELISA (+) 8 2.15 (0.15 – 3.89)
iELISA (–) 364 97.85 (95.94 – 100)
RBT (+) iELISA (+) 2 0.54 (0.03 – 2.88)
RBT (+) iELISA (–) 8 2.15 (0.15 – 3.89)
RBT (–) iELISA (–) 356 95.70 (94.4 – 99.37)
Herd pig level: Total (n = 98)
RBT (+) 10 10.20 (7.55 – 22.06)
RBT (–) 88 89.80 (87.80 – 96.85)
iELISA (+) 8 8.16 (4.82 – 19.92)
iELISA (–) 90 91.84 (88 – 96.84)
RBT (+) iELISA (+) 7 7.14 (5.11 – 12.33)
RBT (+) iELISA (–) 3 3.06 (0.6 – 6.06)
RBT (–) iELISA (–) 85 86.73 (83.69 – 91.25)
Pregnant women: Total (n = 439)
RBT (+) 12 2.73 (0.93 – 3.54)
RBT (–) 427 97.27 (93.77 – 100)
iELISA (+) 3 0.68 (0.12 – 1.88)
iELISA (–) 436 99.32 (96.82 – 100)
RBT (+) iELISA (+) 3 0.68 (0.12 – 1.88)
RBT (+) iELISA (–) 9 2.05 (0.05 – 7.05)
RBT (–) iELISA (–) 426 97.04 (95.31 – 100)
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The occurrence of brucellosis seropositivity among 
pregnant women and pigs in the study regions 
revealed that the presence of brucellosis in animals 
including pigs presents a non-negligible threat for the 
disease in humans.

Temporal patterns of porcine brucellosis in the Western 
Highlands of Cameroon
This study showed that porcine brucellosis occurred 
throughout the study period with peak incidences 
of seropositive cases recorded in January, April and 
June for both RBT and i-ELISA tests. The least 
seropositive incidences were in October, November 
and December for both tests (Figure 2). 

Risk factors for porcine brucellosis in the Western 
Highlands of Cameroon
This study showed location and age of animals as 
well as season, sharing of farm tools between farms 
and animals with infected testes to significantly (p ≤ 
0.05) influence brucella seropositivity in pigs (Table 
2). Seropositive reactors were significantly higher in 
Mifi division (OR= 2.39; 95%CI: 1.61 – 3.54, p < 
0.0001), among young pigs < 12 months old (OR 
= 1.93, 95%CI: 1.20-3.09, p= 0.006), during rainy 
season (OR= 1.91, 95% CI: 1.20 – 3.03, p= 0.006), as 
well as in farms that share tools with other farms (OR 
= 4.99, 95%CI: 1.09-22.76, p= 0.043), and farms that 
have experienced inflamed testes (OR= 4.58, 95%CI: 

0.91-23.02, p = 0.050) compared to Mezam Division, 
other age groups, dry season, farms that do not 
share tool with other farms and farms that have not 
experienced inflamed testes, respectively. Factors such 
as herd size, housing structures, exchange of breeding 
boars and afterbirth materials and carcasses disposal 
methods, abortion and repeat breeding on farms did 
not significantly influence (p>0.05) the seroprevalence 
rate of porcine brucellosis in the present study (Table 
2). However, seropositive reactors were recorded 
in farms without footbath, no free roaming pigs, 
and farms where the management was not aware 
of brucellosis and its signs in pigs and not in farms 
with footbaths, free roaming pigs and farms where 
the management was aware of the brucellosis and its 
signs in pigs (Table 2).

Risk factors for human brucellosis in the Western 
Highlands of Cameroon
This study found brucella seropositivity in pregnant 
women to be significantly (p<0.05) associated with 
women having knowledge of symptoms of brucellosis 
in infected pigs and humans (OR= 172, 95%CI: 
13.36-224.06, p= 0.0007), experienced an abortion 
on their farm (OR= 27.06, 95% CI: 2.39 – 307.13, p = 
0.015) (Table 3). Brucella seropositivity was observed 
only among women who were married, in active age 
group (30 – 44 years old), had experience miscarriages 
and consume fresh milk and fresh milk products.

Figure 2: Temporal distribution patterns for porcine brucellosis seroprevalence according to month in the Western 
Highlands of Cameroon.
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Table 2: Brucellosis seropositivity among pigs in the Western Highlands of Cameroon according to potential risk factors.
Category Variable Number 

examined
Seropositivity by 
iELISA n (%)

Odds ratio (95%CI) P – value
(ꭓ2 value)

Location Mezam 900 43 (4.80) 1
Mifi 645 69 (10.70) 2.39 (1.61 – 3.54) <0.0001 (19.58)

Sex Male 715 61 (8.53) 1.42 (0.97 – 2.10) 0.071 (3.25)
Female 830 51 (6.14) 1

Age (X = months) ≤ 12 1,015 87 (8.57) 1.93 (1.20 – 3.09) 0.006 (7.64)
12 < X ≤ 24 496 23 (4.64) 1
> 24 34 2 (5.88) 1.21 (0.27 – 5.35) 0.517 (Fisher)

Herd size Small 45 3 (6.67) 1
Medium 45 4 (8.89) 0.65 (0.10 – 4.10) 0.50*
Large 8 1 (12.50) 2.00 (0.18 – 22.06) 0.491 (Fisher)

Season Dry 514 24 (4.67) 1
Rain 1,031 88 (8.54) 1.91 (1.20 – 3.03) 0.006 (7.63)

Pig housing structure Bare soil floor 14 1 (7.14) 11.54 (0.68 – 195.37) 0.163*
Suspended wooden floor 207 6 (2.90) 4.48 (0.53 – 37.59) 0.129*
Cemented floor 151 1 (0.66) 1

Water source Stream 296 6 (2.03) 1
Others 76 2 (2.63) 1.31 (0.26 – 6.60) 0.511*

Exchange breeding boars Yes 212 7 (3.30) 5.43 (0.66 – 44.58) 0.076*
No 160 1 (0.47) 1

Afterbirth / carcass 
disposal

Bury 344 7 (2.03) 1
Throw away 3 1 (33.33) 24.07 (1.95 – 297.53)
Feed to pets 15 0 (0.00) / /

Presence of footbath Yes 131 0 (0.00)
No 241 8 (3.32)

Change farm wear Yes 236 4 (1.69) 1
No 136 4 (2.94) 1.76 (0.43 – 7.14) 0.326*

Share farm tools Yes 81 4 (6.17) 4.99 (1.09 – 22.76) 0.043*
No 291 3 (1.03) 1

Free roaming pigs in 
neighbourhood

Yes 78 0 (0.00)
No 294 8 (2.72)

Farmer is aware of 
porcine brucellosis

Yes 150 0 (0.00)
No 222 8 (3.60)

Farmer is aware of signs 
of the disease

Yes 134 0 (0.00)
No 238 8 (3.36)

Experience abortion on 
farm

Yes 200 2 (1.00) 1
No 172 6 (3.49) 3.58 (0.71 – 17.97) 0.098*

Treat abortive cases Yes 244 7 (2.87) 3.75 (0.46 – 30.83) 0.175*
No 128 1 (0.78) 1

Re-breed abortive cases Yes 130 4 (3.08) 1.89 (0.46 – 7.68) 0.291*
No 242 4 (1.65) 1

Experienced repeat 
breeding

Yes 244 7 (2.87) 3.75 (0.46 – 30.83) 0.175*
No 128 1 (0.78) 1

Experienced inflamed 
testes

Yes 150 6 (4.00) 4.58 (0.91 – 23.02) 0.050*
No 222 2 (0.90) 1

* fisher exact probability test, one tailed.
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Table 3: Level of brucellosis awareness, clinical symptoms and brucellosis seroprevalence among pregnant women in 
Mezam Division. 
Category Variable Number 

examined
Seropositivity by 
iELISA n (%)

Odds ratio (95% CI) Fisher test

Heard of brucellosis Yes 93 2 (2.15) 7.58 (0.68 – 84.56) 0.115
No 346 1 (0.30) 1

Aware of zoonotic 
potential

Yes 71 2 (2.82) 10.64 (0.95 – 118.94) 0.069
No 368 1 (0.27) 1

Aware of transmission 
modes

Yes 71 0 (0.00)
No 368 3 (0.82)

Aware of symptoms in 
infected pigs and persons

Yes 7 2 (28.57) 172.40 (13.36 – 224.06) 0.0007
No 432 1 (0.23) 1

Experienced abortion on 
farm

Yes 32 2 (6.25) 27.06 (2.39 – 307.13) 0.015
No 407 1 (0.25) 1

Use protective gloves in 
handling pig/pork

Yes 43 1 (2.33) 4.69 (0.42 – 52.83) 0.267
No 396 2 (0.51) 1

Common clinical 
symptoms of brucellosis 

Undulant fever 191 1 (0.52) 1.26 (0.08 – 20.24) 0.690
Appetite loss 240 1 (0.42) 1
Weight loss 95 2 (2.11) 5.14 (0.46 – 57.37) 0.195
Back and / or joint pain 305 3 (0.98) 2.37 (0.25 – 22.97) 0.406
Headaches 183 1 (0.55) 1.31 (0.08 – 27.13) 0.679
Night sweats 160 3 (1.88) 4.57 (0.47 – 44.30) 0.178

The other factors in the study showed no significant 
effect (p>0.05) on human brucellosis seroprevalence, 
though relatively higher odds for brucella seropositivity 
in humans were observed for women in rural areas, 
that interact with pigs, heard about brucellosis, and 
aware of zoonotic brucellosis than women in urban 
areas, have no interactions with pigs, not know 
brucellosis and not aware of zoonotic brucellosis 
(Tables 3 and 4).

Discussion

The apparent seroprevalence (4.21%) for porcine 
brucellosis reported in the present study is similar to 
those reported in Cameroon (3.35%), Democratic 
Republic of Congo (4.42%), Ethiopia (4.50%), 
Bangladesh (4.80%) and India (4.33%) (Awah-
Ndukum et al., 2018b; Tshilenge et al., 2020; Kebeta 
et al., 2015; Rahman et al., 2012; Shome et al., 
2022). Lower rates (1.49–2.4%) have been reported 
for Cameroon (Kamga et al., 2020; Dinayen et al., 
2021; Guela et al., 2025). The disparity in the rates 
may be associated to differences in the sample size 
and selection criteria adopted. In this study, live pigs 
reared under different production systems alongside 
slaughtered pigs were screened. The contributions 
of on-farm sampling to the better understanding 

of the epidemiology and control of porcine diseases 
has been clearly demonstrated (Fasina et al., 2012). 
Higher rates compared to the rate in this study have 
also been reported by Mwebe et al. (2011) in Uganda 
(10%), Rajkhowa et al. (2023) in India (9%), M’Bari 
et al. (2021) in Ivory Coast (10.20%) and Ngbede et 
al. (2013) in Nigeria (30.60%).

The higher seroprevalence rate observed in Mifi 
division (10.70%) compared to the Mezam division 
(4.80%) is characteristic of studies (5 – 15%) in high-
endemic areas like Latin America and South-east Asia 
(Diaz, 2013). Pig farms in the Mifi division (unlike 
the more rural settings characteristic of most farms 
in the Mezam division) are usually located within 
peri-urban to urban settings and kept predominantly 
under the semi-intensive system requiring moderate 
to high levels of biosecurity to limit disease outbreaks 
(Dieste-Pérez et al., 2015). However, the human 
and animal population densities is higher in Mifi 
division than in Mezam division, as well as volume 
and motility of pigs within, into and out to the 
markets and slaughterhouses is higher in Mifi than 
in Mezam division (MINEPIA, 2021). Therefore, 
there is increased risks to the emergence of isolated 
and localized disease clusters or hot spots in Mifi 
than in Mezam division. High human and animal 
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population densities can result in high pollution of 
natural resources (water bodies, soil, and air) which 
favour the transmission of infectious diseases among 
pig herds have been previous reported (Onunkwo et 
al., 2011; Korennoy et al. 2014).

The relatively higher odds for brucellosis infection 
was observed with large pig herds compared to small 
and medium scale herds similar to the findings of 
Rajala (2016) and Robi et al. (2023). The contact 
levels between animals and chances of transmission 
of brucella increases in herds with higher density, 
especially in the presence of aborted and other 
contaminating materials. Strengthening biosecurity 
measures within large pig herds can greatly limit 

pathogen spread among pigs.

Though not significantly associated with porcine 
brucella seropositivity in this study, the higher risk 
for brucella seropositivity seen in males has previously 
been reported in Nigeria (31.20%) (Ngbede et al., 
2013), Ivory Coast (12.10%) (M’Bari et al., 2021), 
Democratic Republic of Congo (8.06%) (Tshilenge et 
al., 2020), and India (6.08%) (Shome et al., 2022). Also, 
the observation that younger pigs aged ≤ 12 months 
old were at a much higher risk for brucella infections 
(p<0.05) has also been reported in Cameroon 
(Awah-Ndukum et al., 2018b). Other studies in 
Ethiopia (5.9%), Ivory Coast (10.70%) and Nigeria 
(30.10%) equally found higher seroprevalence rates

Table 4: Life style, socio-demographic characteristics and brucellosis seroprevalence among pregnant women in Mezam 
Division.
Category Variable Number 

examined
Seropositivity by 
iELISA n (%)

Odds ratio
(95%CI)

Fisher 
test

Residence Rural 77 2 (2.60) 9.63 (0.86 – 107.54) 0.081 
Urban 362 1 (0.28) 1

Marital status Married 353 3 (0.85)
Not married 86 0 (0.00)

Age (years) 15–29 years 268 0 (0.00)
30–44 years 169 3 (1.78)
45–60 years 2 0 (0.00)

Educational level Primary 45 0 (0.00)
Secondary 229 2 (0.87) 1.44 (0.13 – 16.07) 0.621
Tertiary 165 1 (0.61) 1

Pregnancy stage 1st trimester 95 0 (0.00)
2nd trimester 188 1 (0.53) 1
3rd trimester 156 2 (1.28) 2.43 (0.22 – 27.04) 0.430

Parity (number of births) 0 birth 122 0 (0.00)
1 – 3 births 238 2 (0.84) 1
4 – 5 births 57 1 (1.75) 0.47 (0.042 – 4.33) 0.476
> 5 births 22 0 (0.00)

History of miscarriage and or 
neonatal death

Yes 111 3 (2.70)
No 328 0 (0.00)

Interacts with pigs Yes 64 2 (3.13) 12.06 (1.08 – 135.07) 0.057
No 375 1 (0.27) 1

Milking of ruminants Yes 38 1 (2.63) 5.39 (0.48 – 60.88) 0.238
No 401 2 (0.50) 1

Consume fresh milk and fresh milk 
by-products

Yes 279 3 (1.08)
No 160 0 (0.00)

Eat raw / smoked meat Yes 244 2 (0.82) 1.60 (0.14 – 17.18) 0.584
No 195 1 (0.51) 1

Eat bush meat Yes 116 2 (1.72) 5.56 (0.51 – 62.90) 0.172
No 323 1 (0.31) 1
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for brucellosis among younger pigs of age ≤ 12 months 
old compared to adult pigs (>12 months old) (Kebeta 
et al., 2015; M’Bari et al., 2021; Ngbede et al., 2013). 
However, the finding is contrary to investigations that 
recorded higher infection rates among older pigs than 
young pigs in Bangladesh (8.10%) (Rahman et al., 
2012), Cameroon (1.74%) (Dinayen et al., 2021) and 
Democratic Republic of Congo (5.54%) (Tshilenge 
et al., 2020).

In Cameroon, most farmers breed pigs in the first 
quarter of the year following massive sales that 
accompany end of year festivities. Though not a major 
factor of brucellosis in pigs in the present study, the 
practice of borrowing boars is common (57.00%) in 
the country and the rise in disease incidence during 
this period may be due to such practices. Farmers 
need to be educated on the risk associated with the 
common use of breeding boars to limit the spread of 
brucellosis. Again, the very high temperatures and 
low rainfall levels that characterizes the dry season 
in this region causes natural water sources (streams 
and springs) available for agriculture to shrink 
(Molua, 2006; Tume, 2021), adversely affecting the 
efficacy of environmental waste management within 
communities. Consequently, runoffs from the onset 
of the rainy season have the potentials to contaminate 
communal water bodies available for livestock 
watering, thereby aiding in spreading diseases over 
long distances. The source of brucella infections in 
pigs has been associated to contaminated stagnant 
lake used for watering trade cattle and goats grazing 
in Nigeria (Onunkwo et al., 2011). Understanding 
the role of such natural resources and treatment 
before use on farms in the epidemiological dynamics 
of porcine brucellosis in Cameroon is vital for control 
against the disease. The decline in disease incidence 
with the onset of the dry season probably stems from 
the lack of naïve susceptible pigs needed for the 
continued transmission of the infection following 
mass slaughtering during end of year festivities in the 
region (Eko et al., 2022).

The poor handling of afterbirths and carcasses by 
simply throwing away into the environment though 
with no significant effect on brucellosis in this 
study, showed much higher risk for infection. The 
indiscriminate discharge of infective afterbirths, 
aborted, materials and carcasses in the environment 
can easily contaminate natural water bodies like 
streams, a principal source for the watering of pigs 

in this region. Contaminated and infected abortive 
materials can be mechanically transported by 
scavenging rodents to neighboring farms leading to the 
disease outbreak (Fasina et al., 2012). Proper disposal 
of farms effluents by deep burial and incineration are 
useful in controlling the spread of brucellosis between 
pig farms.

The sharing of farm tools between farms in this 
study was found to be a major factor for brucella 
spread among pig herds, especially as the level of 
biosecurity on such farms is very low. The washing 
and disinfection of farm equipment and tools was 
shown to be negatively associated with African swine 
fever infection on farms in Nigeria (Fasina et al., 
2012). The inability of low in-come farmers to acquire 
most farm tools (spades, shovels, axes, wheel barrows, 
trucks) can lead to borrowing from neighboring 
farms. The return of heavily contaminated borrowed 
tools without proper disinfection constitutes a 
very serious source of infection to naïve pigs. Such 
practices could be discouraged due to the inability 
of the predominantly smallholder farms to maintain 
adequate levels of biosecurity (Kouam et al., 2020). 
Although not identified as a potential risk for brucella 
seropositivity, poor and inappropriate use of farm 
wears were more likely to lead to increase in brucella 
seropositive compared to farms where farm wears 
were properly used. Changing farm wear lowers the 
risks of transmission of contagious diseases among 
pigs since pathogens may attach on clothing and 
footwear (Amass et al., 2003; Ribbens et al., 2007).

The relatively higher incidence of abortions (53.76%) 
recorded in this study is indicative of the presence of 
pathogens causing reproductive failure in pigs in the 
region. Abortion in sows is among the most important 
signs of brucella infections in pig herds, although 
under field conditions it has been considered a 
minor component of disease presentation (Olsen and 
Tatum, 2017). In most of such cases, early embryonic 
deaths between days 17 and 21 occurs, with such 
early abortions rarely noticed by farm owners (Megid 
et al., 2010). The non-significant risks for brucellosis 
observed in non-abortive pigs compared to abortive 
pigs could probably not be mutually exclusive of 
females returning to heat after early abortions that 
went unnoticed, and thus considered as non-abortive 
pigs. This finding contrast those of Rahman et al. 
(2012) and Shome et al. (2019) who found abortion in 
pigs to be strongly associated with brucella infections. 
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Farms with an experience of females returning to 
heat after service to a fertile male in this study had a 
more than 3.00-fold higher risk for brucella infection 
compared to those that did not. The phenomenon of 
repeat breeding often arises from conception failure 
because of chronic inflammation following brucella 
colonization of the reproductive organs of female 
animals. Much lower proportions have been reported 
in pigs in India (Shome et al., 2019).

Brucella infections in boars may manifest as lowered 
conception rates and birth of fewer live pigs per litter 
in sows bred to such males (Olsen and Tatum, 2017). 
The agent often localizes in the testicles and accessory 
sexual organs of infected males leading infrequently 
to testicular hypertrophy or abscesses (Megid et al., 
2010). Pigs showing inflamed testes in this study 
had significant effects on brucella seropositivity, with 
about 5.00-fold odds for infection in affected males 
compared to normal males. Much higher rates have 
been reported for orchitic pigs in India (Shome et al., 
2019). 

The apparent seroprevalence for brucellosis among 
pregnant women (0.68%) in this study showed that 
the disease is endemic in the region at a low level. This 
finding is similar to reports from Cameroon (0.28%), 
Gambia (0.17%) and Togo (0.10%) (Awah-Ndukum 
et al., 2018a; Germeraad et al., 2016; Dean et al., 2013). 
Low prevalence rates of porcine brucellosis (< 5 %) 
characteristic of low-endemic areas like sub-Saharan 
Africa have been reported (Corbel, 2006; Olsen et 
al., 2012). Most probably, pigs in this area serve as 
reservoirs and source for the human infections. 
The result of the present study is lower compared 
to those involving persons in high risk professions 
(abattoir workers, veterinarians, laboratory workers) 
and in areas with high incidence in resident animal 
populations (Kamga et al., 2020; Ducrotoy et al., 2017; 
Ntivuguruzwa et al., 2025; Makala et al., 2020; Nguna 
et al., 2019). The study highlights the potential risks 
of human interactions with pigs in porcine brucellosis 
endemic areas. Emphasis on the adoption of safer 
practices by persons exercising in pig related activities 
(farming, pork processing, and veterinarian among 
others) should be considered in the development of 
future strategies against brucellosis in the region. 

The non-significant association between seropositivity 
to human brucellosis and place of residence observed 
in this study has also been reported in Yemen (Al-

Shamahy et al., 2000). However, pregnant women 
residing in rural areas were more than 9 times at higher 
risk for brucellosis compared to urban dwellers, an 
observation equally shared by other studies (Tumwine 
et al., 2015; Sofian et al., 2008; Shafqat et al., 2025). 
Close interactions between natural brucella hosts and 
humans in remote areas favour the transmission of 
zoonoses including brucellosis (Corbel, 2006). The 
finding is contrary to other reports associating human 
brucellosis to urban settings (Abdullah et al., 2018; 
Verma and Prakash, 2025). 

Educational level did not seem to influence the 
human brucella seropositivity in this study, contrary 
to reports in Uganda (Tumwine et al., 2015) where 
educational was a factor of the disease. This finding 
contrast those in Angola (Mufinda et al., 2017) and 
Pakistan (Shafqat et al., 2025) were uneducated/
illiterate livestock professionals and pregnant women 
were found to have significantly higher levels of 
infection. 

Pregnant women in their 3rd trimester showed higher 
odds for brucella seropositivity compared to those in 
earlier stages of pregnancy, though with no significant 
effects on human brucellosis seroprevalence. Similar 
to the findings of this study are reports in Yemen, 
Jordan, Tanzania and Turkey which found no 
statistical significant differences between history of 
miscarriages, parity, and stage of pregnancy in humans 
and brucella infections (Abdullah et al., 2018; Abo-
Shehada and Abo-Halaweh, 2011; Makala et al., 
2020; Kirmizi et al., 2022). However, this result is 
contrary to a report in Pakistan which found 1st and 
2nd trimesters of gestation as a significant risk factor 
for human brucellosis (Shafqat et al., 2025). 

Although not found to be significantly associated 
with human brucellosis in this study, pregnant 
women who interacted with pigs and engaged in 
milking ruminants were more likely to be seropositive 
for brucella compared to those who did not. The risk 
of human infections from the handling of brucella 
infected pigs and pork was believed to be greater 
when compared to that associated with the handling 
of seropositive natural hosts of other Brucellae (Olsen 
and Tatum, 2017). These observations align with 
reports in Cameroon, Uganda and Yemen (Awah-
Ndukum et al., 2018a; Tumwine et al., 2015; Al-
Haddad et al., 2013), while contrasting with other 
reports in Rwanda, Tanzania, Somalia and Pakistan 
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(Rujeni and Mbanzamihigo, 2014; Cash-Goldwasser 
et al., 2018; Yosef and Ismail, 2025; Shafqat et al., 
2025; Ntivuguruzwa et al., 2025).

Direct contact with fluids and tissues during 
parturition and abortion cases may constitute a 
source of infection to humans as large numbers of 
brucellae are released with these materials (Olsen 
and Tatum, 2017). In this study, pregnant women 
who had experienced an abortion on their farm were 
at a much higher risk for brucellosis as compared to 
those who had not. This finding is similar to reports 
in Tanzania, Rwanda, Angola and Somalia ( John et 
al., 2010; Ntivuguruzwa et al., 2025; Mufinda et al., 
2017; Yosef and Ismail, 2025) but contrary to reports 
in Uganda and Tanzania (Nguna et al., 2019; Makala 
et al., 2020). Protecting humans against direct contact 
(proper usage of protective equipment) with tissues 
and fluids when working with pigs or any of their 
by-products, and the proper disposal of afterbirths 
or abortive materials are important in reducing the 
risk of transferring brucellosis from pigs to humans. 
Culinary behaviors such as drinking fresh milk and 
its byproducts, as well as eating raw, smoked, or 
bush meat, were not determined to be significant 
risk factors for human brucellosis in this study. 
Nonetheless, pregnant women who ate bush meat 
were more than five times more likely to be brucella-
positive than those who did not. Similar findings 
have been reported in Botswana and Uganda, where 
anti-brucella antibodies were identified in various 
wild ungulates (buffalo, giraffe, etc.) (Alexander et al., 
2012; Aruho et al., 2021). 

Low levels of brucellosis awareness among pregnant 
women in this study has also been reported in sub-
Saharan Africa (Awah-Ndukum et al., 2018a; Mufinda 
et al., 2017; Tumwine et al., 2015; Ntivuguruzwa et 
al., 2025). Good knowledge of brucellosis among pig 
farmers is essential to limit human transmissions from 
pigs. In the present study, persons who had knowledge 
of the symptoms in infected pigs and humans showed 
higher risk for the infection compared to those that 
did not. However, there was also a high probability 
of negligence in the adoption of adequate biosafety 
precautions to limit human infections among pig 
farmers, and higher risk for brucellosis in pregnant 
women who reported using protective gloves in 
handling pigs and pork in this study. The clinical 
symptoms for human brucellosis had no significant 
effects on brucella seropositivity, though pregnant 

women who experienced weight loss and night sweats 
were at higher risks. Higher brucella seropositive 
levels have been associated to malnourished and 
underweight states in pregnant women in Pakistan 
(Shafqat et al., 2025) and other clinical symptoms 
(Dean et al., 2012; Shafqat et al., 2025; Verma and 
Prakash, 2025). 

Conclusion

Brucellosis is endemic but neglected in pigs and 
humans in the Western Highlands Regions of 
Cameroon. The disease incidence in pigs was 
significantly influenced by the location of the farm, 
age of the animal, season, practice of sharing farm 
tools between farms, and persistent presence of male 
pigs with inflamed testicles on farms. There was 
evident potentials for the occurrence of zoonotic 
brucellosis in vulnerable persons such as pregnant 
women in contact with pigs, though they were aware 
of the occurrence of brucellosis in pigs and humans 
and there is little or no surveillance and control policy 
for brucellosis in Cameroon. Continuous education 
of the public on the critical adoption of “One Health 
approach” is vital to improve knowledge of the 
epidemiology and control of brucellosis in livestock, 
including pigs, and humans in Cameroon. 

Acknowledgement

The authors are grateful to the staff of the Delegations 
of Livestock, Fisheries and Animal Industries and 
Delegations of Public Health in Northwest and 
West Regions, National Veterinary Laboratory 
(LANAVET) Annex Yaoundé Cameroon, and 
Bacteriological Laboratories of the Regional 
Hospital and Saint Maria Soledad Catholic Hospital 
in Bamenda for allowing the collection and analysis 
of samples. The authors also appreciated the generous 
cooperation of pig professionals and personnel of pig 
slaughter abattoirs in the metropolis of Bamenda 
and Bafoussam. The maps of North West and 
West Regions were adapted for this paper by the 
cartographic unit of the Bamenda City Council.

Novelty Statement

This study has provided the prevalence of brucellosis of 
pigs and vulnerable persons and the first assessment of 
the public health significance of zoonotic brucellosis 
in humans in the Western Highlands of Cameroon.



Veterinary Sciences: Research and Reviews

June 2026 | Volume 12 | Issue 1 | Page 87

Author’s Contribution

HNC and JAN conceived, designed and coordinated 
the study. HNC and JAN contributed equally and 
were the principal investigators. HNC, AJGN, 
ATN, and JAN designed data collections tools, 
methodology and implementation. HNC, AJGN 
and JAN contributed reagents, materials and analysis 
tools. HNC, ATN and JAN supervised the field 
investigation and laboratory work as well as data 
entry. HNC, AJGN, ATN, and JAN were involved in 
data validation, statistical analysis and interpretation. 
HNC drafted the original manuscript, which was 
reviewed and edited by JAN. All authors participated 
in preparation and critical reviewed of the manuscript. 
All authors have read and approved the final version 
of the manuscript.

Funding
No specific funding was received for this study

Consent for publication
Not applicable. 

Availability of data and materials
Presented within the manuscript 

Generative AI and AI-assisted technology statement
The authors declare that they have not used generative 
AI and AI-assisted technologies in the drafting, 
reviewing and editing process of this article before 
submission.

Conflict of interest
The authors have declared no conflict of interest.

References

Abdalla, A.S., 2016. Prevalence and factors 
associated with brucellosis among community 
members in Mandera County, Kenya (Master’s 
thesis). Kenyatta University. https://ir-library.
ku.ac.ke/handle/123456789/17000. 

Abdullah, Q.Y.M., Alkhyat, S.H., Almahbashi, 
A.A., Al-Nowihi, M., Al-Thobahni, A., Al-
Bana, M.N.Q. and Al-Arnoot, S., 2018. 
Seroprevalence of Brucella infection among 
pregnant women in Sana’a city, Yemen. Biomet. 
Biostat. Int. J., 7(5): 445–451. https://doi.
org/10.15406/bbij.2018.07.00245

Abo-Shehada, M.N. and Abo-Halaweh, M., 2011. 

Seroprevalence of Brucella species among 
women with miscarriage in Jordan. Eastern 
Mediterran. Health J., 17(11): 871–874. https://
doi.org/10.26719/2011.17.11.871

Alexander, K.A., Blackburn, J.K., Vandewalle, 
M.E., Pesapane, R., Baipoledi, E.K., Elzer, 
P.H., 2012. Buffalo, bush meat, and the zoonotic 
threat of brucellosis in Botswana. PLoS One, 
7(3): e32842. https://doi.org/10.1371/journal.
pone.0032842

Al-Haddad, A.M., Al-Madhagi, A., Talab, A.A. 
and Al-Shamahy, H., 2013. Prevalence of 
human brucellosis in three selected areas at 
Al-Dhala’a Governorate, Yemen. Bull. Fac. Sci. 
Sana’a Univ., 25: 61–71.

Al-Shamahy, H.A., Whitty, C.J.M. and Wright, 
S.G., 2000. Risk factors for human brucellosis 
in Yemen: A case control study. Epidemiol. 
Infect., 125(2): 309–313. https://doi.org/10.1017/
S0950268899004458

Alton, G.G., Jones, L.M., Angus, R.D. and Verger, 
J.M., 1988. Techniques for the brucellosis 
laboratory. Paris: INRA.

Amass, S.F., Halbur, P.G., Byrne, B.A., Schneider, 
J.L., Koons, C.W., Cornick, N. and Ragland, 
D., 2003. Mechanical transmission of 
enterotoxigenic Escherichia coli to weaned pigs 
by people, and biosecurity procedures that 
prevented such transmission. J. Swine Health 
Prod., 11(2): 61–68. https://doi.org/10.54846/
jshap/365

Aruho, R., MacLeod, E.T., Manirakiza, L. and 
Rwego, I.B., 2021. A serological survey of 
brucellosis in wildlife in four major National 
Parks of Uganda. BMC Vet. Res., 17: 95. https://
doi.org/10.1186/s12917-021-02782-4

Awah-Ndukum, J., Assana, E., Mouiche, M.M.M., 
Ngu Ngwa, V., Moiffo-Kengne, A.M., 
Bayang, H.N., Feussom, K.J.M., Manchang, 
T.K. and Zoli, P.A., 2018b. Serological survey 
and associated risk factors of brucellosis 
in pigs in Cameroon. Bull. Anim. Health 
Prod. Africa, 66(4): 785–801. https://doi.
org/10.1155/2018/3468596

Awah-Ndukum, J., Mouiche, M.M.M., Kouonmo-
Ngnoyum, L., Bayang, H.N., Manchang, T.K., 
Poueme, R.S.N., Kouamo, J., Ngu-Ngwa, 
V., Assana, E., Feussom, K.J.M. and Zoli, 
A.P., 2018a. Seroprevalence and risk factors 
of brucellosis among slaughtered indigenous 
cattle, abattoir personnel and pregnant women 

https://ir-library.ku.ac.ke/handle/123456789/17000
https://ir-library.ku.ac.ke/handle/123456789/17000
https://doi.org/10.15406/bbij.2018.07.00245
https://doi.org/10.15406/bbij.2018.07.00245
https://doi.org/10.26719/2011.17.11.871
https://doi.org/10.26719/2011.17.11.871
https://doi.org/10.1371/journal.pone.0032842
https://doi.org/10.1371/journal.pone.0032842
https://doi.org/10.1017/S0950268899004458
https://doi.org/10.1017/S0950268899004458
https://doi.org/10.54846/jshap/365
https://doi.org/10.54846/jshap/365
https://doi.org/10.1186/s12917-021-02782-4
https://doi.org/10.1186/s12917-021-02782-4
https://doi.org/10.1155/2018/3468596
https://doi.org/10.1155/2018/3468596


June 2026 | Volume 12 | Issue 1 | Page 88	

Veterinary Sciences: Research and Reviews
in Ngaoundéré, Cameroon. BMC Infect. Dis., 
18: 611. https://doi.org/10.1186/s12879-018-3522-x

Cash-Goldwasser, S., Maze, M.J., Rubach, M.P., 
Biggs, H.M., Stoddard, R.A., Sharples, K.J., 
Halliday, J.E., Cleaveland, S., Shand, M.C., 
Mmbaga, B.T., Muiruri, C., Saganda, W., 
Lwezaula, B. and Kazwala, R.R., 2018. Risk 
factors for human brucellosis in northern 
Tanzania. Am. J. Trop. Med. Hyg., 98(2): 598–
606. https://doi.org/10.4269/ajtmh.17-0125

Corbel, M.J., 2006. Brucellosis in humans and 
animals (WHO/CDS/EPR/2006.7). World 
Health Organization. https://iris.who.int/
handle/10665/43597. 

Dean, A.S., Bonfoh, B., Kulo, A.E., Boukaya, G.A., 
Amidou, M., Hattendorf, J. and Schelling, E., 
2013. Epidemiology of brucellosis and Q fever 
in linked human and animal populations in 
northern Togo. PLoS One, 8(8): e71501. https://
doi.org/10.1371/journal.pone.0071501

Dean, A.S., Crump, L., Greter, H., Hattendorf, J., 
Schelling, E. and Zinsstag, J., 2012. Clinical 
manifestations of human brucellosis: A 
systematic review and meta-analysis. PLoS 
Neglect. Trop. Dis., 6(12): e1929. https://doi.
org/10.1371/journal.pntd.0001929

Díaz, A.E., 2013. Epidemiology of brucellosis in 
domestic animals caused by Brucella melitensis, 
Brucella suis and Brucella abortus. Revue 
Scientifique et Technique (International 
Office of Epizootics), 32(1): 53–60. https://doi.
org/10.20506/rst.32.1.2187

Dieste-Pérez, L., Fraile, L., de Miguel, M.J., 
Barberán, M., Blasco, J.M. and Muñoz, P.M., 
2015. Studies on a suitable antibiotic therapy 
for treating swine brucellosis. J. Vet. Pharmacol. 
Therapeut., 38(4): 357–364. https://doi.
org/10.1111/jvp.12189

Dinayen, S.E. and Awah-Ndukum, J., 2021. 
Seroprevalence, knowledge, attitudes and 
practices of porcine brucellosis in Mifi Division, 
West Region Cameroon. Asian J. Emerg. 
Res., 3(2): 97–103. https://doi.org/10.3923/
ajerpk.2021.97.103

Ducrotoy, M., Bertu, W.J., Matope, G., Cadmus, S., 
Conde-Álvarez, R., Gusi, A.M., Welburn, S., 
Ocholi, R., Blasco, J.M. and Moriyón, I., 2017. 
Brucellosis in Sub-Saharan Africa: Current 
challenges for management, diagnosis and 
control. Acta Trop., 165: 179–193. https://doi.
org/10.1016/j.actatropica.2015.10.023

EFSA (European Food Safety Authority). 2009. 
Scientific opinion on porcine brucellosis 
(Brucella suis). EFSA J., 7(6): 1144. https://doi.
org/10.2903/j.efsa.2009.1144

Eko, S.M., Esemu, S.N., Nota, A.D. and Ndip, L.M., 
2022. A review on brucellosis in Cameroon: 
Diagnostic approaches, epidemiology and risk 
factors for infection. Adv. Microbiol., 12(7): 
415–442. https://doi.org/10.4236/aim.2022.127030

El-Sayed, A.M.R. and Awad, W., 2018. Brucellosis: 
evolution and expected comeback. Int. J. Vet. 
Sci. Med., 6(Suppl. 1): S31–S35. https://doi.
org/10.1016/j.ijvsm.2018.01.008

Esmaeili, S., Naddaf, S.R., Pourhossein, B., 
Hashemi, S.A., Bagheri, A.F., Gouya, M.M., 
Mostafavi, E., 2016. Seroprevalence of 
brucellosis, leptospirosis, and Q fever among 
butchers and slaughterhouse workers in south-
eastern Iran. PLoS One, 11(1): e0144953. 
https://doi.org/10.1371/journal.pone.0144953

Fasina, F.O., Agbaje, M., Lazarus, D.D., Fasina, 
M.M., Talabi, A.O., Govender, D., Thompson, 
P.N. and Adesiyun, A.A., 2012. Risk factors 
for farm-level African swine fever infection in 
major pig-producing areas in Nigeria, 1997–
2011. Prevent. Vet. Med., 107(1–2): 64–75. 
https://doi.org/10.1016/j.prevetmed.2012.05.011

Franc, K.A., Krecek, R.C., Häsler, B.N. and Arenas-
Gamboa, A.M., 2018. ‘Brucellosis remains a 
neglected disease in the developing world: A 
call for interdisciplinary action. BMC Publ. 
Health, 18: 125. https://doi.org/10.1186/s12889-
017-5016-y

Fualefac, D.H., Raphae, K.J., Bime, M.J., Ndebi, 
G., Yemele, F., Zoli, P.A. and Manjeli, Y., 2014. 
Socioeconomic and technical characteristics 
of pig farming in the urban and peri-urban 
zone of Dschang - West region of Cameroon. 
Discourse J. Agric. Food Sci., 2(1): 11–20. 

Germeraad, E.A., Hogerwerf, L., Faye-Joof, 
T., Goossens, B., van der Hoek, W., Jeng, 
M., Savelkoel, J. and Roest, H.J., 2016. Low 
seroprevalence of brucellosis in humans and 
small ruminants in The Gambia. PLoS One, 
11(11): e0166035. https://doi.org/10.1371/journal.
pone.0166035

Guela, K.G., Laine, C.G., Gontao, P., Dada, 
C.O.G., Abiba, H., Desire, D.P., Mbacham, 
W.F., Garcia-Gonzalez, D., Vection, S., Gillece, 
J.D., Kim, M., Johnson, V.E., Foster, J.L., Wade, 
A. and Arenas-Gamboa, A.M., 2025. Prevalence 

https://doi.org/10.1186/s12879-018-3522-x
https://doi.org/10.4269/ajtmh.17-0125
https://iris.who.int/handle/10665/43597
https://iris.who.int/handle/10665/43597
https://doi.org/10.1371/journal.pone.0071501
https://doi.org/10.1371/journal.pone.0071501
https://doi.org/10.1371/journal.pntd.0001929
https://doi.org/10.1371/journal.pntd.0001929
https://doi.org/10.20506/rst.32.1.2187
https://doi.org/10.20506/rst.32.1.2187
https://doi.org/10.1111/jvp.12189
https://doi.org/10.1111/jvp.12189
https://doi.org/10.3923/ajerpk.2021.97.103
https://doi.org/10.3923/ajerpk.2021.97.103
https://doi.org/10.1016/j.actatropica.2015.10.023
https://doi.org/10.1016/j.actatropica.2015.10.023
https://doi.org/10.2903/j.efsa.2009.1144
https://doi.org/10.2903/j.efsa.2009.1144
https://doi.org/10.4236/aim.2022.127030
https://doi.org/10.1016/j.ijvsm.2018.01.008
https://doi.org/10.1016/j.ijvsm.2018.01.008
https://doi.org/10.1371/journal.pone.0144953
https://doi.org/10.1016/j.prevetmed.2012.05.011
https://doi.org/10.1186/s12889-017-5016-y
https://doi.org/10.1186/s12889-017-5016-y
https://doi.org/10.1371/journal.pone.0166035
https://doi.org/10.1371/journal.pone.0166035


Veterinary Sciences: Research and Reviews

June 2026 | Volume 12 | Issue 1 | Page 89

study in Cameroon identifies Brucella abortus as 
the endemic Brucella species in livestock. Nat. 
Commun., 16: 11600. https://doi.org/10.1038/
s41467-025-66515-z

John, K., Fitzpatrick, J., French, N., Kazwala, R., 
Kambarage, D., Mfinanga, G.S., MacMillan, 
A. and Cleaveland, S., 2010. Quantifying risk 
factors for human brucellosis in rural northern 
Tanzania. PLoS One, 5(4): e9968. https://doi.
org/10.1371/journal.pone.0009968

Kamga, R.M.N., Silatsa, B.A., Farikou, O., Kuiate, 
J.R., Simo, G., 2020. Detection of Brucella 
antibodies in domestic animals of southern 
Cameroon: Implications for the control of 
brucellosis. Vet. Med. Sci., 6(3): 410–420. 
https://doi.org/10.1002/vms3.264

Kamga, R.M.N., Assongo, B.S., Magang, E.M.K., 
Fouapon, A.A., Salihou, M.M., Kuiate, J.-R. 
and Simo, G., 2021. Seroprevalence of Brucella 
antibodies and risk factors associated with 
human brucellosis in high-risk occupational 
groups of the Noun Division in the West 
Region of Cameroon. J. Biosci. Med., 9(4): 
105–123. https://doi.org/10.4236/jbm.2021.93011

Keambou, T.C., Manjeli, Y., Hako, B.A., 
Meutchieye, F. and Awono, J.C., 2010. Effets 
comparés d’un aliment concentré et de l’aliment 
traditionnel des éleveurs sur les performances de 
croissance et économique des porcelets de race 
locale au Nord Cameroun, Revue d’élevage et de 
médecine vétérinaire des pays tropicaux, 63(3-
4): 77-82. https://doi.org/10.19182/remvt.10101

Kebeta, M.M., Mamo, G., Kassa, T., Assaye, M. and 
Ashenafi, H., Zewdu, E., 2015. Seroprevalence 
of brucellosis from pigs: The first report in 
central Ethiopia. J. Vet. Sci. Technol., 6: 215.

Kırmızı, D.A., Başer, E., Şölen, E.Y., Kara, M., 
Çaltekin, M.D., Yılmaz, N., Onat, T. and Yalvac, 
E.S., 2022. Brucellosis in pregnancy and its 
response to the changing immunoglobulin A: 
A prospective controlled study. Turk. J. Obstet. 
Gynecol., 19(1): 1–6. https://doi.org/10.4274/tjod.
galenos.2022.37530

Korennoy, F.I., Gulenkin, V.M., Gogin, A.E., 
Vergne, T., Karaulov, A.K., 2014. Spatio-
temporal modeling of the African swine fever 
epidemic in the Russian Federation, 2007–2012. 
Spatial and Spatio-temporal Epidemiology, 11: 
135–141. https://doi.org/10.1016/j.sste.2014.04.002

Kouam, M.K., Jacouba, M. and Moussala, J.O., 
2020. Management and biosecurity practices 

on pig farms in the Western Highlands of 
Cameroon (Central Africa). Vet. Med. Sci., 
6(1): 82–91. https://doi.org/10.1002/vms3.211

Limet, J.N., Kerkhofs, P., Wijffels, R. and Dekeyser, 
P., 1988. Le diagnostic sérologique de la 
brucellose bovine par ELISA. Ann. Méd. Vét., 
132: 565–575. 

Makala, R., Majigo, M.V., Bwire, G.M., Kibwana, 
U., Mirambo, M.M. and Joachim, A., 2020. 
Seroprevalence of Brucella infection and 
associated factors among pregnant women 
receiving antenatal care around human, 
wildlife and livestock interface in Ngorongoro 
ecosystem, Northern Tanzania. A cross-
sectional study. BMC Infect. Dis., 20: 152. 
https://doi.org/10.1186/s12879-020-4873-7

M’Bari, B.K., Gragnon, G.B., Timitey, A. and 
Couacy-Hymann, E., 2021. Serological survey 
of swine brucellosis in northern Côte d’Ivoire: 
Preliminary assessment. World Journal of 
Advance Healthcare Research, 5(1): 228–233. 
https://www.wjahr.com/admin/assets/article. 

Megid, J., Mathias, L.A., Robles, C.A., 2010. Clinical 
manifestations of brucellosis in domestic 
animals and humans. Open Vet. Sci. J., 4: 119–
126. https://doi.org/10.2174/1874318801004010119

MINEPIA, 2015. Plan stratégique de prévention et 
de lutte contre la peste porcine africaine (PPA) 
au Cameroun. Yaoundé: Ministère de l’Élevage, 
des Pêches et des Industries Animales. https://
standardsfacility.org/sites/default/files/STDF_
PG_336_Strategic_Plan_ASF_Feb-15.pdf. 

MINEPAT, 2009. Cameroon vision 2035. Republic 
of Cameroon. https://minepat.gov.cm/vision-
horizon-2035/. 

MINEPAT, 2020. National Development Strategy 
2020–2030: for structural transformation and 
inclusive development. Yaoundé: Ministry of 
Economy, Planning and Regional Development. 
https://minepat.gov.cm. 

MINEPIA, 2021. Situation of production in 
livestock, fisheries and animal industries sub-
sector in 2021. Yaoundé: Republic of Cameroon. 

MINEPIA, 2023. Situation of production in 
livestock, fisheries and animal industries sub-
sector in 2023. Yaoundé: Republic of Cameroon. 

Molua, E.L., 2006. Climatic trends in Cameroon: 
Implications for agricultural management. 
Clim. Res., 30(3), 255–262. https://doi.
org/10.3354/cr030255

Mufinda, F.C., Boinas, F. and Nunes, C., 2017. 

https://doi.org/10.1038/s41467-025-66515-z
https://doi.org/10.1038/s41467-025-66515-z
https://doi.org/10.1371/journal.pone.0009968
https://doi.org/10.1371/journal.pone.0009968
https://doi.org/10.1002/vms3.264
https://doi.org/10.4236/jbm.2021.93011
https://doi.org/10.19182/remvt.10101
https://doi.org/10.1016/j.sste.2014.04.002
https://doi.org/10.1002/vms3.211
https://doi.org/10.1186/s12879-020-4873-7
https://www.wjahr.com/admin/assets/article
https://doi.org/10.2174/1874318801004010119
https://standardsfacility.org/sites/default/files/STDF_PG_336_Strategic_Plan_ASF_Feb-15.pdf
https://standardsfacility.org/sites/default/files/STDF_PG_336_Strategic_Plan_ASF_Feb-15.pdf
https://standardsfacility.org/sites/default/files/STDF_PG_336_Strategic_Plan_ASF_Feb-15.pdf
https://minepat.gov.cm/vision-horizon-2035/
https://minepat.gov.cm/vision-horizon-2035/
https://minepat.gov.cm
https://doi.org/10.3354/cr030255
https://doi.org/10.3354/cr030255


June 2026 | Volume 12 | Issue 1 | Page 90	

Veterinary Sciences: Research and Reviews
Prevalence and factors associated with human 
brucellosis in livestock professionals. Rev. Saúde 
Pública, pp. 51-57. https://doi.org/10.1590/s1518-
8787.2017051006051

Mwebe, R., Nakavuma, J., Moriyón, I., 2011. 
Brucellosis seroprevalence in livestock in 
Uganda from 1998 to 2008: A retrospective 
study. Trop. Anim. Health Prod., 43: 603–608. 
https://doi.org/10.1007/s11250-010-9739-3

Ngbede, E.O., Momoh, A.H., Bala, R.S., Madaki, 
B.D. and Maurice, N.A., 2013. An abattoir 
based study on serodiagnosis of swine 
brucellosis in Makurdi, Benue State, north-
central Nigeria. J. Adv. Vet. Res., 3(2): 57–59. 
https://advetresearch.com/index.php/AVR/
article/view/115.

Nguna, J., Dione, M., Apamaku, M., Majalija, S. 
and Mugizi, D.R., 2019. Seroprevalence of 
brucellosis and risk factors associated with its 
seropositivity in cattle, goats and humans in 
Iganga District, Uganda. Pan Afr. Med. J., 33: 
99. https://doi.org/10.11604/pamj.2019.33.99.16960

Nielsen, K. and Yu, W.L., 2010. Serological 
diagnosis of brucellosis. Prilozi, 31(1): 65–89. 

Njeru, J., Wareth, G., Melzer, F., Henning, K., 
Pletz, M.W., Heller, R. and Neubauer, H., 
2016. Systematic review of brucellosis in Kenya: 
Disease frequency in humans and animals and 
risk factors for human infection. BMC Publ. 
Health, 16: 853. https://doi.org/10.1186/s12889-
016-3532-9

Ntivuguruzwa, J.B., Kabalisa, E., Asifiwe, 
H.J.B., Uwamahoro, A.G., Nyampinga, I., 
Mukarurangwa, A., Rujeni, N., Habimana, 
J.P., Mukamuhirwa, M.L., Karemera, P., 
Umukunzi, P., Iradukunda, B., Mazimpaka, 
P., Hudson, P.J., Byukusenge, M., Buza, J.J., 
Kapur, V., Ndikubwimana, A.A., Mukagatare, 
I., Ntawubizi, M. and Katani, R., 2025. 
Seroprevalence and risk factors associated 
with brucellosis in humans and livestock in 
Nyagatare district of Rwanda. Front. Publ. 
Health, 13: 1665341. https://doi.org/10.3389/
fpubh.2025.1665341

NWLDF-PULCCA, 2024. Northwest livestock 
development fund emergency project for the 
fight against hunger: August – September 2024. 
Republic of Cameroon. 

OIE, 2016. Brucellosis (Brucella abortus, B. melitensis 
and B. suis) (infection with B. abortus, B. 
melitensis and B. suis). In: Manual of diagnostic 

tests and vaccines for terrestrial animals. 
Office International des Épizooties. https://
www.woah.org/en/what-we-do/standards/
codes-and-manuals/terrestrial-manual-online-
access/. 

Olsen, S.C., Garin-Bastuji, B., Blasco, J.M., Nicola, 
A.M. and Samartino, L., 2012. Brucellosis. In: 
J.J. Zimmerman, L.A. Karriker, A. Ramirez, 
K.J. Schwartz, and G.W. Stevenson (Eds.), 
Diseases of swine (10th ed., pp. 697–708). 
Wiley-Blackwell.

Olsen, S.C. and Tatum, F.M., 2017. Swine 
brucellosis: Current perspectives. Vet. Med. Res. 
Rep., 8: 1–12. https://doi.org/10.2147/VMRR.
S91360

Onunkwo, J.I., Njoga, E.O., Nwanta, J.A., Shoyinka, 
S.V.O., Onyenwe, I.W. and Eze, J.I., 2011. 
Serological survey of porcine Brucella infection 
in SouthEast, Nigeria. Niger. Vet. J., 32(1): 60–
62. https://doi.org/10.4314/nvj.v32i1.68989

Pal, M., Kerorsa, G.B., Desalegn, C. and Kandi, 
V., 2020. Human and animal brucellosis: A 
comprehensive review of biology, pathogenesis, 
epidemiology, risk factors, clinical signs, 
laboratory diagnosis, public health significance, 
economic importance, prevention and control. 
Am. J. Infect. Dis. Microbiol., 8(4): 118–126.

Rahman, M.S., Nuruzzaman, M., Ahasan, M.S., 
Sarker, R.R., Chakrabarty, A., Nahar, A., 
Uddin, M.J., Sarker, M.A.S. and Akther, L., 
2012. Prevalence of brucellosis in pigs: The first 
report in Bangladesh. Bangladesh J. Vet. Med., 
10(1–2): 75–80. https://doi.org/10.3329/bjvm.
v10i1-2.15649

Rajala, E.L., 2016. Brucella in Tajikistan - zoonotic 
risks of urbanized livestock in a low-income 
country (PhD Thesis). Swedish University 
of Agricultural Sciences. Uppsala, Sweden.  
https://pub.epsilon.slu.se/13851/. 

Rajkhowa, S., Sonowal, J., Borthakur, U., Pegu, 
S.R., Deb, R., Das, P.J., Sengar, G.S. and Gupta, 
V.K., 2023. Meta-analysis of the prevalence of 
porcine zoonotic bacterial pathogens in India: A 
13-year (2010–2023) study. Pathogens, 12(10): 
1266. https://doi.org/10.3390/pathogens12101266

Ribbens, S., Dewulf, J., Koenen, F., Maes, D. 
and de Kruif, A., 2007. Evidence of indirect 
transmission of classical swine fever virus 
through contacts with people. Vet. Rec., 160(20): 
687–690. https://doi.org/10.1136/vr.160.20.687

Robi, D.T., Urge, B., Asefa, A.G. and Assefa, A., 

https://doi.org/10.1590/s1518-8787.2017051006051
https://doi.org/10.1590/s1518-8787.2017051006051
https://doi.org/10.1007/s11250-010-9739-3
https://advetresearch.com/index.php/AVR/article/view/115
https://advetresearch.com/index.php/AVR/article/view/115
https://doi.org/10.11604/pamj.2019.33.99.16960
https://doi.org/10.1186/s12889-016-3532-9
https://doi.org/10.1186/s12889-016-3532-9
https://doi.org/10.3389/fpubh.2025.1665341
https://doi.org/10.3389/fpubh.2025.1665341
https://www.woah.org/en/what-we-do/standards/codes-and-manuals/terrestrial-manual-online-access/
https://www.woah.org/en/what-we-do/standards/codes-and-manuals/terrestrial-manual-online-access/
https://www.woah.org/en/what-we-do/standards/codes-and-manuals/terrestrial-manual-online-access/
https://www.woah.org/en/what-we-do/standards/codes-and-manuals/terrestrial-manual-online-access/
https://doi.org/10.4314/nvj.v32i1.68989
https://doi.org/10.3329/bjvm.v10i1-2.15649
https://doi.org/10.3329/bjvm.v10i1-2.15649
https://pub.epsilon.slu.se/13851/
https://doi.org/10.3390/pathogens12101266
https://doi.org/10.1136/vr.160.20.687


Veterinary Sciences: Research and Reviews

June 2026 | Volume 12 | Issue 1 | Page 91

2023. Herd and animal level seroprevalence and 
associated risk factors of bovine brucellosis in 
different agro-ecologies of southwest Ethiopia. 
Heliyon, 9(6): e16852. https://doi.org/10.1016/j.
heliyon.2023.e16852

Rujeni, N. and Mbanzamihigo, L., 2014. 
Prevalence of brucellosis among women 
presenting with abortion/stillbirth in Huye, 
Rwanda. J. Trop. Med., pp. 740479. https://doi.
org/10.1155/2014/740479

Saegerman, C., De Waele, L., Gilson, D., Godfroid, 
J., Thiange, P., Michel, P., Limbourg, B., Vo, 
T.K.O., Limet, J. and Letesson, J.J., 2004. 
Evaluation of three serum i-ELISAs using 
monoclonal antibodies and protein G as 
peroxidase conjugate for the diagnosis of bovine 
brucellosis. Vet. Microbiol., 100(1–2): 91–105. 
https://doi.org/10.1016/j.vetmic.2004.02.003 

Shafqat, S.M.T., Awais, M.M., Acaroz, U., Akhtar, 
M., Shirwany, A.S.A.K., Rasool, I. and Shah, 
N.A., 2025. Exploring the status of brucellosis 
in pregnant women presented with febrile illness 
at different healthcare facilities of Vehari and 
Lodhran zones of Pakistan. PLoS Negl. Trop. 
Dis., 19(9): e0013525. https://doi.org/10.1371/
journal.pntd.0013525

Shome, R., Kalleshamurthy, T., Nagaraj, C., 
Skariah, S., Padmashree, B.S., Sahay, S., Rao, 
N., Shome, B.R., Misri, J. and Rahman, H., 
2022. Countrywide cross-sectional study of 
swine brucellosis sero-prevalence in Indian 
subcontinent during 2018–2019. Trop. Anim. 
Health Prod., 54(2): 114. https://doi.org/10.1007/
s11250-022-03107-9

Shome, R., Kalleshamurthy, T., Natesan, K., 
Jayaprakash, K., Shome, B.R. and Rahman, 
H., 2019. Serological and molecular analysis 
for brucellosis in selected swine herds from 
Southern India. J. Infect. Publ. Health, 12(2): 
247–251. https://doi.org/10.1016/j.jiph.2018.10.013

Sofian, M., Aghakhani, A., Velayati, A.A., Banifazl, 

M., Eslamifar, A. and Ramezani, A., 2008. Risk 
factors for human brucellosis in Iran: A case–
control study. Int. J. Infect. Dis., 12(2): 157–161. 
https://doi.org/10.1016/j.ijid.2007.04.019

Thrusfield, M., 2007. Veterinary epidemiology. 3rd 
edn. Oxford: Blackwell Science Ltd. 

Tshilenge, M.G., Kazadi, K.E., Bha, N.G., 
Katshongo, M.F., Balowa, K.L., Tshinguta, 
L.C., Dibungi, L.J.M., Kandu-lelo, C., 
Lufulwabu, K.J., Mpiana, T.S. and Masumu, 
J., 2020. Occurrence of brucellosis in pigs kept 
in confinement and free ranging systems in 
the Democratic Republic of the Congo. Int. J. 
Vet. Sci. Anim. Husb., 5(6): 39–45. https://doi.
org/10.22271/veterinary.2020.v5.i6a.307

Tume, S.J.P., 2021. Rainfall seasonality and 
standardized precipitation valuation of water 
resources susceptibility to climate variability on 
the Bui Plateau, Northwest Region, Cameroon. 
Adv. Hydrol. Meteorol., 2021; 1(1): 1–16. 
https://doi.org/10.33552/AHM.2021.01.000502

Tumwine, G., Matovu, E., Kabasa, J.D., Owiny, 
D.O. and Majalija, S., 2015. Human brucellosis: 
Seroprevalence and associated risk factors in 
agropastoral communities of Kiboga District, 
Central Uganda. BMC Publ. Health, 15: 900. 
https://doi.org/10.1186/s12889-015-2242-z

Verma, U. and Prakash, P., 2025. Seroprevalence 
studies of human brucellosis in pyrexia of 
unknown origin (PUO) patients by various 
diagnostic modalities. J. Family Med. Primary 
Care, 14(7): 2810–2814. https://doi.org/10.4103/
jfmpc.jfmpc_1685_24

Yosef, D.K. and Ismail, A.S., 2025. Seroprevalence 
of Brucella infection and its determinants 
among pregnant women attending antenatal 
care in Burao City: at the human livestock 
interface in Northeast Somaliland, Somalia. 
Can. J. Infect. Dis. Med. Microbiol., 9922642. 
https://doi.org/10.1155/cjid/9922642

https://doi.org/10.1016/j.heliyon.2023.e16852
https://doi.org/10.1016/j.heliyon.2023.e16852
https://doi.org/10.1155/2014/740479
https://doi.org/10.1155/2014/740479
https://doi.org/10.1016/j.vetmic.2004.02.003
https://doi.org/10.1371/journal.pntd.0013525
https://doi.org/10.1371/journal.pntd.0013525
https://doi.org/10.1007/s11250-022-03107-9
https://doi.org/10.1007/s11250-022-03107-9
https://doi.org/10.1016/j.jiph.2018.10.013
https://doi.org/10.1016/j.ijid.2007.04.019
https://doi.org/10.22271/veterinary.2020.v5.i6a.307
https://doi.org/10.22271/veterinary.2020.v5.i6a.307
https://doi.org/10.33552/AHM.2021.01.000502
https://doi.org/10.1186/s12889-015-2242-z
https://doi.org/10.4103/jfmpc.jfmpc_1685_24
https://doi.org/10.4103/jfmpc.jfmpc_1685_24
https://doi.org/10.1155/cjid/9922642

