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Abstract 
Brucellosis is a neglected tropical zoonotic disease that threatens the food pro-
duction and public health sectors. It is of considerable animal welfare and eco-
nomic importance and is underreported in most parts of the world, especially 
in developing countries like Cameroon. Brucellosis has been reported in cattle, 
other domestic animals and humans in Cameroon. The burden of the disease is 
unclear, and the awareness remains questionable. It became necessary for this 
review to be carried out to highlight the diagnostic approaches used to confirm 
brucellosis in animals and humans, disease epidemiology and risk factors for 
infection. So far, reports of brucellosis in previous studies have been based on 
serology only. Seroprevalence data of Brucella antibodies in animals indicate 
the risk of human brucellosis in Cameroon. However, few investigations have 
been undertaken on human brucellosis, considering the different epidemiolog-
ical settings. There is no report or unsuccessful attempts to identify Brucella 
species circulating in Cameroon. It could largely be attributed to a lack of stan-
dard laboratories for testing and the lack of consumables. The way forward will 
require a surveillance system for brucellosis in the country, educating all sectors 
affected and drafting a diagnostic protocol for high-risk individuals. 
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1. Introduction 

Brucellosis is an anthroponotic disease caused by a group of bacteria of the ge-
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nus Brucella [1]. It is widespread, endemic and neglected in low-income coun-
tries and is recognised as the most common laboratory-acquired infection [2] 
[3]. It is classified as one of the eight neglected zoonotic diseases (NZD) world-
wide [4] [5]. It is usually considered an occupational disease because it occurs 
mainly in abattoir workers, veterinarians, laboratory technicians, hunters, far-
mers, and livestock producers [6]. 

In cattle, the disease is spread through ingesting contaminated feed, water, or 
milk, suckling or licking an infected placenta, newborn, or the genitalia of an in-
fected female soon after it has been aborted or after birth [7]. The disease in cat-
tle is associated with abortion, death of young ones, stillbirth, retained placenta 
or birth of weak calves, delayed calving, male infertility, and a marked reduction 
in milk yield [8]. It causes considerable economic losses to cattle, sheep, goats, 
and to a lesser extent, pigs farmers due to loss of milk yield and low productivity 
of infected animals in low-resource settings where livestock is a source of food 
security and income [1] [9] [10]. In the absence of control programs against bru-
cellosis in livestock, humans remain at risk of infection, given that disease in cat-
tle is an indication of human cases. 

Humans become infected from consuming unpasteurised milk and dairy 
products, by direct contact with aborted foetuses, afterbirth and parturition flu-
ids, and slaughter practices [11]. The disease symptoms include undulant fever, 
weight loss, night sweats, joint pain, enlarged lymph nodes and hepatospleno-
megaly [12]. Given that these clinical manifestations of brucellosis are diverse 
and nonspecific, it is frequently under/misdiagnosed in febrile patients seeking 
treatment at healthcare centres. Misdiagnosis leads to the over-diagnoses of 
more recognisable febrile conditions like malaria [13]. 

Consequently, there is increased expenditure on medication. It also leads to 
complications of the infection which spreads to and affects other organs, result-
ing in debilitating illness and loss to work hours due to ill health, hence the en-
suing economic losses [1]. Therefore, it is a disease of both public health and fi-
nancial concern [14]. The absence of pathognomic symptoms of the disease makes 
clinical diagnosis challenging, requiring sensitive, specific and easy-to-use labor-
atory assays to confirm the disease. 

Brucellosis is reported in domestic animals and humans in Cameroon. The 
domestic animals implicated are cattle, sheep, dogs, pigs and goats [1]. The se-
roprevalence in these animals ranges from 1.1% to 9.12% [1]. Studies on cattle 
alone report seroprevalence ranging from 2.3% to 30.8% [11] [15]-[22]. Identi-
fying the bacteria in animals indicates the source of infection in humans. A high 
herd seroprevalence is compatible with a high human disease burden [11] [23]. 
The prevalence of human brucellosis ranges from 0.28% to 31.4 across different 
study populations [17] [24] [25]. 

The magnitude of the disease burden in Cameroon is unclear. It is thought to 
be undiagnosed, and some infections may be missed. The knowledge of the dis-
ease, risk factors, and treatment is insufficient, and hospitals have no diagnostic 
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protocol for the condition. This review seeks to elucidate the current situation of 
brucellosis in Cameroon. Emphasis is laid on epidemiology, the diagnostic tech-
niques used, possible applications for routine diagnosis, and an evaluation of the 
risk factors in the country. 

Etiologic agents of brucellosis 
The genus Brucella includes twelve species: Brucella abortus, B. melitensis, B. 

suis, B. canis, B. ovis, B. neotomae, B. microti, B. pinnipedialis, B. ceti, B. inopi-
nata, B. papionis, and B. vulpis [26]. Three of these species have been further 
classified into biovars, B. abortus with eight, three for B. melitensis and five for 
B. suis [8] [26]. A summary of the Brucella species, their biovars and their pri-
mary host are presented in Table 1. 

The primary hosts for various species and biovars are bovine (B. abortus), ca-
prine (B. melitensis), swine (B. suis), ovine (B. ovis), camels, elk, bison (B. abor-
tus), as well as marine mammals such as seals, porpoises, dolphins and whales 
(B. pinnipidialis and B. ceti), and also amphibians (B. inopinata) [27]. The dis-
ease in cattle is usually caused by B. abortus and sometimes B. melitensis. In hu-
mans, the most common Brucella spp. associated with human-to-human trans-
mission (HHT) is B. melitensis [28]. Other species commonly related to the hu-
man disease include B. abortus, B. suis and B. canis [14] [29]. There is no 
available literature either on the isolation of Brucella spp. or on the molecular 
characterisation of the species in circulation in Cameroon. Identifying the spe-
cies and strains is essential to understanding the disease patterns. 

Epidemiology 
Brucellosis has been reported in 86 different countries worldwide with more  

 
Table 1. Brucella spp and their hosts [8] [26] [27] [30]. 

Species Biovars Primary host 

B. abortus 1 - 7, 9 Cattle, camels, yaks, buffalo and humans 

B. melitensis* 1 - 3 Sheep, goats and humans 

B. Suis 1 - 3 Pigs and humans 

 4 and 5 Small rodents and reindeer 

B. ovis  Sheep 

B. canis  Dogs and humans 

B. Maris B. ceti/B. cetaceae  Whales 

 B. pinnipediae  Seals 

B. neotomeae  Desert rats 

B. papionis  Monkeys 

B. microti  Voles 

B. inopinata  Not reported 

B. vulpis  Red fox 

*Most pathogenic in humans. 
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than 500,000 documented cases reported annually [8] [31]. The incidence of hu-
man brucellosis varies widely. Typically, <1 case per 100,000 population is re-
ported in developed countries where the disease has been eradicated from animals 
and most incidents occur in travellers or immigrants. In contrast, some Middle 
Eastern countries have a high prevalence of >100 cases per 100,000 population 
[32]. Countries with a higher incidence of brucellosis are Kenya (203.07/100,000), 
Yemen (89.96/100,000), Syria (47.26/100,000), Greece (42.96/100,000) and Eri-
trea (21.82/100,000) [33]. The epidemiological characteristics of human brucel-
losis have undergone great changes in the past ten years, and the overall inci-
dence has shown a downward trend. However, there is a lack of reporting data in 
endemic areas of human brucellosis in some countries, such as Ethiopia and 
other African regions, Cameroon inclusive [33]. Estimates of the case fatality 
rate for untreated brucellosis are usually 1% - 2% or less, although rates as high 
as 5% have been reported in smaller series [32]. 

Prevalence of brucellosis in domestic animals 
Cattle, sheep, dogs, pigs and goats are the domestic animals reported as hav-

ing brucellosis in Cameroon [1]. The seroprevalence of 9.12% in cattle, 8.04% in 
sheep, 6.06% in dogs, 1.87% in pigs and 1.1% in goats indicate that these domes-
tic animals could also be the source of infection in humans. The low prevalence 
of Brucella antibodies in goats and pigs could be explained by their large-scale 
slaughtering for meat consumption, a phenomenon that reduces the number of 
life-infected animals. Another reason could be the involvement of these animals 
in the intensive production systems in which they are not often in contact with 
infected animals or contaminated products [1]. 

Prevalence of Cattle brucellosis 
The seroprevalence of brucellosis in cattle ranges from 2.3% to 30.8%. These 

values vary across the study population and diagnostic assays used (Table 2). 
The cattle were located at slaughterhouses, in ranches and in dairy herds from 
different geographical locations, with diverse risk factors associated with each 
site. Interpretation of this seroprevalence data is challenging due to the variabil-
ity of the study population and diagnostic methods used. Despite this number of 
seroprevalence studies on cattle, there is no available information on the bacte-
ria’s isolation or molecular characterisation. There is also a need for a harmo-
nised approach to screening, detecting and controlling this infection. 

Human brucellosis 
The prevalence of human brucellosis in Cameroon ranges from 0.28% to 31.4% 

in populations of pregnant women with a history of abortion and high-risk occu-
pational groups (HROG) that include cattle rearers, abattoir workers, and 
butchers [17] [24] [25]. This seroprevalence was recorded from populations in 
the East, West and Adamawa Regions of Cameroon, where livestock farming is a 
significant economic activity (Table 3). There is no available literature on the 
isolation of bacteria from these populations or the molecular characterisation of 
the infection. An in-depth understanding of the disease patterns in the country  

https://doi.org/10.4236/aim.2022.127030


S. M. Eko et al. 
 

 

DOI: 10.4236/aim.2022.127030 419 Advances in Microbiology 
 

Table 2. Prevalence of cattle brucellosis in various geographic locations in Cameroon. 

Geographic location Cattle population  
(sample size used) 

Prevalence of  
brucellosis (%) 

Reference 
(s) 

Adamawa and  
North regions 

Cattle (1031) 
Herd (82) 

5.4 
25.6 

[15] 

Adamawa Cattle (1377) 16 - 20 [16] 

Ngaoundere Cattle for slaughter (590) 3.6 - 5.9 [17] 

Ngaoundere Dairy herds (142) 2.8 [11] 

Western highlands Holstein cattle (266) 8.4 [18] 

Bamenda Dairy herds (100) 14 [11] 

Bamenda Cattle for slaughter (198) 4.04 [19] 

Northwest region Cattle (689) 5.2 [7] 

WHPS* and  
GHS** 

Cattle (1562) 
Herds 

4.61 
16 

[20] [21] 

Dschang Cattle for slaughter (840) 4.9 - 9.6 [22] 

*Western Highland Plateau Savannah (WHPS), **The Guinea Highland Savannah 
(GHS). 

 
Table 3. Prevalence of human brucellosis in various geographic locations in Cameroon 

Geographic location 
Human population  
(sample size used) 

Prevalence of  
brucellosis (%) 

Reference 
(s) 

Bertoua Slaughterhouse workers 31.4 [24] 

Ngaoundere Abattoir personnel (107) 5.6-12.15 [17] 

 Pregnant women (705) 0.28 [17] 

Noun division  
(West Region) 

High-risk occupational  
groups (273) 

10.26 - 12.45 [26] 

 
requires the use of molecular diagnostic approaches. Besides, this number of 
studies is grossly insufficient to portray a comprehensive situation on human 
brucellosis in the country where the disease is said to be endemic. Hence, there is 
a need for a harmonised approach to identifying the illness in HROGs through-
out the national territory. 

Pathogenesis of brucellosis 
Brucellosis is transmitted from animal to animal through the consumption of 

contaminated feed, milk and water, contact with aborted materials, and inutero 
[34] [35]. Brucellae spreads quickly between animals in close contact, especially 
when they are giving birth. Infection may cause occasional clinical cases if ani-
mals are not pregnant; however, reproductive losses can be high when brucellae 
are first introduced into a fully susceptible herd or kennel. Later, the losses 
usually decrease and may become sporadic or cyclical. Deaths are rare in domes-
ticated animals [32]. 
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Infection in humans could be acquired from cattle, dogs, pigs, sheep and goats 
[36]. Transmission is usually by contact with animal tissues, blood, urine, vagin-
al secretions, aborted fetuses, especially placentae [28] and consuming unpasteu-
rised dairy products [37] [38]. It can also be acquired by inhalation, wherein la-
boratory personnel are at significant risk for infection [39]. Human-to-human 
transmission (HHT) is possible via a placental barrier, lactation, sexual and tis-
sues such as blood (blood transfusion) and bone marrow [28]. 

In both animals and humans, Brucellae have strong tissue tropism for lym-
phoreticular and reproductive systems; specifically macrophages, dendritic cells 
(DCs) and placental trophoblasts, where they replicate within their vacuoles. The 
pathogen can also replicate in a wide variety of mammalian cell types, including 
microglia, fibroblasts, epithelial cells, and endothelial cells [40]. Once in the host, 
they can invade epithelial cells of the host, allowing infection through mucosal 
surfaces; M cells in the intestine have been identified as a portal of entry for Bru-
cella spp. [41]. When taken up by polymorphonuclear cells or macrophages [42], 
they survive and replicate, limiting exposure to innate and adaptive immune res-
ponses, sequestering the organism from the effects of antibiotics, and driving clin-
ical disease manifestations and pathology [40]. They are then transported to local 
lymph nodes, where bacterial replication continues, before spreading to reticu-
loendothelial organs, including the liver, spleen, and bone marrow [31]. The bac-
teria secrete proteins that induce granuloma formation in these organs, and de-
structive changes in these and other tissues occur with advanced disease [39]. 

Its pathology has three phases: the incubation phase, the acute phase and the 
chronic phase [40]. In the incubation phase, clinical symptoms are not evident. 
In the acute phase, the pathogen invades and disseminates in host tissue. It is 
characterised by nonspecific influenza-like symptoms including pyrexia, dia-
phoresis, fatigue, anorexia, myalgia, and arthralgia. This stage is associated with 
adverse pregnancy outcomes and abortion in humans. Chronic infection results 
from the ability of the organism to persist in the host's cells. The lymphoreticular 
system distributes Brucellae to cause cardiovascular, hepatic, lymphoreticular, 
neurologic, and osteoarticular disease. It eventually results in severe organ dam-
age and death of the host organism [40]. 

2. Diagnosis of Brucellosis 

Clinical diagnosis 
Cattle with brucellosis present with symptoms such as hygromas, abortions, 

infertility and arthritis, singly or in combination [43]. Other symptoms identi-
fied are decreased milk production and sterility in bulls [44]. Cattle rearers need 
to be educated on identifying these symptoms that point toward the disease and 
should be encouraged to seek veterinary intervention to prevent its spread to 
other cattle and the ensuing losses to the flock. 

In humans, the presence of repeated fever episodes (undulant fever), a disabl-
ing flu-like syndrome, sweating, chills, myalgia, arthralgia, and fatigue are suspi-

https://doi.org/10.4236/aim.2022.127030


S. M. Eko et al. 
 

 

DOI: 10.4236/aim.2022.127030 421 Advances in Microbiology 
 

cious of acute brucellosis infection [45]. At the same time, the chronic disease 
can be localised in any organ, such as the gastrointestinal tract, osteomyelitis, 
orchitis, respiratory tract symptoms, and, less commonly, cutaneous, neurologic, 
or cardiovascular manifestations [29]. Symptoms such as febrile illness, myalgia 
and arthralgia point toward other endemic diseases like malaria. Health person-
nel with poor brucellosis knowledge are prone to underdiagnose the condition. 
Human brucellosis lacks pathognomonic signs. Hence, laboratory tests are es-
sential for diagnosis [46]. Health personnel require education on the clinical 
presentation of the disease amongst HROG. Education will facilitate the identi-
fication of symptoms, enhance the request for diagnostic tests and direct the 
treatment of cases. Associated morbidity of brucellosis will be reduced conse-
quently. Detailed patient history is essential for clinical diagnosis, including tra-
vel locations, animal contact, and ingestion of unpasteurised milk and cheese 
products [47]. 

Laboratory diagnosis 
Laboratory diagnosis entails various direct and indirect methods performed 

in-vitro (mainly on blood or milk) or in vivo; allergic tests [48] [49]. Direct di-
agnosis is mostly via culture and DNA-based methods, while indirect diagnosis 
uses the skin tests and serology assays. Serology includes: the Slow Agglutination 
Test or Slow Agglutination of Wright (SAT or SAW), Buffered Brucella antigen 
tests (BAT), Complement fixation test (CFT), Rose Bengal test or Rose Bengal 
Plate test (RBT/RBPT), Enzyme-Linked Immunosorbent Assay (ELISA), Fluo-
rescence Polarization Assay (FPA), Lateral Flow Assays (LFAs), and Milk Ring 
Test-MRT [48]. Direct tests detect the presence of Brucella and are used in clin-
ical situations where the affected animals or humans show clinical signs. In con-
trast, indirect tests are mainly used to detect subclinical conditions [50]. 

Diagnosis in Cameroon has been based on the use of serology with the 
RBT/RBPT, ELISA, CFT, LFAs, Slow Agglutination of Wright with EDTA 
(SAW-EDTA) and the Delayed Hypersensitivity Test to Brucellin (DHTB). Fig-
ure 1 summarises the frequency of use of these assays in various publications on 
brucellosis in Cameroon. 

3. Indirect Detection 

Serologic assays 
Serology tests for diagnosing brucellosis are broadly classified as those detect-

ing antibodies to the S-LPS and those detecting antibodies to proteins. The for-
mer tests either utilise suspensions of S brucellae as antigens or S-LPS extracts 
[51]. RBT, CFT, LFA and SAT utilise S brucellae antigens to test for Brucella an-
tibodies, while ELISA uses S-LPS extracts or its O-chain [51]. The sensitivity and 
specificity of these tests vary depending on their characteristics, the antigenic 
suspensions used, and the stage of infection [52]. 

Rose Bengal Plate Test (RBPT) 
The RBPT is a highly sensitive assay, inexpensive, simple and rapid to perform,  
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Figure 1. Diagnostic assays used for Brucella infections in Cameroon [Rose Bengal Test (RBT) or Rose 
Bengal Plate Test (RBPT), Enzyme-Linked Immunosorbent Assay (ELISA), Complement Fixation Test 
(CFT), Lateral Flow Assays (LFAs), Slow Agglutination of Wright with EDTA (SAW-EDTA) and the 
Delayed Hypersensitivity Test to Brucellin (DHTB)]. 

 
which is used as a quick diagnostic test requiring essential laboratory equipment 
and expertise [52] [53]. However, it has a low specificity than the iELISA [54]. 
Adapting the serum dilutions in RBT increases its specificity, reducing the need for 
additional serological tests to confirm the diagnosis [46]. In cattle, false-negative re-
sults are usually obtained during the early stages of incubation or after an abor-
tion. False-positive results are recorded amongst cattle vaccinated with the S19 
vaccine. False-positive results in young stock could be recorded due to colostral 
antibodies [51] [55]. Even though it has been said to be used in diagnosing in-
fection irrespective of the stage of the disease [53], it is not recommended for the 
diagnosis of chronic brucellosis since it mainly detects IgM [22]. As a result of its 
low specificity, confirmation of results RBT is required, using either CFT or 
ELISA [56]. 

Indirect Enzyme-Linked Immunosorbent Assay (iELISA) 
This assay has high sensitivity and the possibility of measuring various anti-

body titres (IgG, IgM, and IgA), providing a better interpretation of the clinical 
situation [6]. The test is affordable, has shorter run times and requires less in-
terpretation training than agglutination methodologies [47]. Compared to other 
assays, it is more sensitive than RBT but has a lower specificity, and it is more 
sensitive and specific than SAT [1] [8] [18] [55]. These make the iELISA suitable 
for screening purposes, diagnosing chronic cases of brucellosis and detecting 
incomplete antibodies [8] [55]. Hence, the ELISA procedure has been used indi-
vidually or in combination with other assays, as illustrated in Figure 1. 

Competitive Enzyme-Linked Immunosorbent Assay (cELISA) 
Competitive ELISA replaced the complement fixation test (CFT) because of its 
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higher specificity and ease of automation [57]. It is species unspecific with lower 
sensitivity than iELISA [55] [58]. Its advantage over other tests includes its use 
in confirming brucellosis on various animal species. Also, poor quality samples 
such as hemolysed blood can be processed using this assay [57] [58]. 

Complement Fixation Test (CFT) 
The complement fixation test (CFT) is a specific test that can detect IgM and 

IgG1 antibodies, incomplete antibodies, and the slightest changes in antibody ti-
tres [8] [44]. It is mainly used with RBT as a confirmatory test [55] [59] [60]. It 
has the following limitations: Antibodies of the IgG2 type impede complement 
fixation resulting in the exhibition of false-negative results [44]; it may not 
detect animals that have been recently infected naturally or experimentally [22]; 
it requires expertise for interpretation of results that may be affected by the sam-
ple quality and the standardisation of the antigen [61]. CFT is considered better 
for control and surveillance programs for brucellosis [44]. 

Slow Agglutination Test (SAT) 
This famous test used for routine diagnostic practice worldwide is usually 

complemented by the Brucella Coombs test [8] [52]. It was designed mainly to 
detect IgM and brucellosis on a herd basis [9] [22]. The downsides of this pro-
cedure are: It is slow and has low sensitivity and specificity [62]; it is not advisa-
ble for use in individual animals because of both false-negative or false-positive 
results which have been observed [9]; given that it mainly detects IgM, it is not 
suitable for the detection of chronic brucellosis [22]. 

Slow Agglutination of Wright with EDTA (SAW-EDTA) 
The SAW-EDTA is a sensitive test for detection of IgM and a modification of 

SAT whose specificity is increased by pretreating the serum with ethylenedia-
mine tetra-acetic acid (EDTA) [55]. It is a laborious and time-consuming me-
thod that has been replaced with the slide, plate and card agglutination tests [8]. 

Lateral Flow Assay (LFA) 
It is a sensitive and specific test directly measuring Ab binding to the antigen 

[55]. Even though it is as sensitive as the RBT, it has a much higher specificity, 
providing a simple and inexpensive option for confirming RBT results [52]. Its 
ability to distinguish between IgM and IgG antibodies contributes to the clinical 
assessment of the stage of infection [52]. It is appropriate for rapid field or bed-
side testing in endemic areas where laboratories lack modern facilities. It is even 
more accurate and specific than the SAT in chronic and complex cases [8]. 
However, it is not suitable for extensive screening [63]. It can be used by small-
holder herds to screen for and remove infected cattle or to reject milk from in-
fected cattle [63]. 

4. Direct Detection 

Delayed Hypersensitivity Test for Brucellin (DHTB) 
Delayed hypersensitivity is known to appear before circulating antibodies and 

can be used in the early detection of the infection in cattle [64] [65]. It has a spe-
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cificity of 96% - 99.3% in non-vaccinated cattle, while in vaccinated cattle, 
DHTB specificity decreased significantly to 78% [9] [64] [66], with a relative 
sensitivity of 33% [64]. Some naive cattle can serologically react to the injection 
of brucellin [9]. In the case of false-positive serology results, DHTB is more spe-
cific than RBT and CFT; hence it can be used at the herd level to confirm infec-
tion before slaughtering the cattle [66]. It is advisable to combine the results of 
DHTB and serological assays and consider an animal as positive if it is positive 
on one or both tests [65]. This way, the sensitivity will be high, although the spe-
cificity will be decreased [64]. 

Culture 
Culture is the gold standard, providing the definitive diagnosis of brucellosis 

[14] [49]. It has good specificity, but in cases where the fever is intermittent, 
sensitivity is problematic [47]. The organism requires biosafety level 3 precau-
tions and takes a minimum of 4 - 5 days to grow in culture [31] [67]. Patients 
with a long-standing disease may have negative culture results due to bacterial 
eradication without complete clinical recovery [49]. It is costly, and its applica-
tion is not feasible in the routine diagnosis of the disease [50]. There is no avail-
able data on a microbiological study of Brucella species in Cameroon. Therefore, 
there is no knowledge of the species in circulation in this setting [61]. 

Polymerase Chain Reaction (PCR) 
Nucleic acid amplification provides rapid detection and confirmation of Bru-

cella with high specificity and low cost [68] [69] [70]. It requires minimum bio-
logical containment, providing results in a brief time [68]. It is more sensitive 
and safer than blood culture and more specific than serologic methods in diag-
nosing acute disease [50] [69] [70] [71]. It is applicable in assessing the treat-
ment efficacy, species differentiation, and biotyping of isolates. It is convenient 
for diagnosing human brucellosis [6]. 

Challenges are faced in standardising extraction methods; infrastructure, 
equipment and expertise are still lacking [14]. The inhibition of DNA amplifica-
tion in the presence of immunoglobulin G (IgG), proteins and polysaccharides 
in serum is another challenge [57]. The complexity of this method disfavours the 
routine use of PCR in laboratories [69]. The sensitivity of PCR-based methods 
can be reduced in chronic brucellosis, where it has a lower sensitivity than the 
ELISA method [72]. Furthermore, the sensitivity and accuracy of PCR-based 
methods are dependent on the DNA extraction method and the quality of ex-
tracted genomic DNA. This method is also subject to inhibition by substances 
such as phenol, EDTA, DNase and RNase [72]. The combined use of PCR and 
ELISA diagnostic tests can improve and overcome limitations in diagnosing 
brucellosis [72]. This PCR-ELISA molecular method is more sensitive than other 
methods, with a semi-quantitative ability [70]. There is no available data in Ca-
meroon on using the PCR method to detect brucellosis infections and identify 
the species of the bacteria circulating within the country. 

Sequencing 
Sequencing gives an insight into the genetic basis for host preference, patho-
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genesis, virulence, biotype differences and phylogenetic relationships [73]. It 
enables the identification of potential targets for the developing of vaccines and 
diagnostics to prevent and control brucellosis [74]. The equipment is expensive, 
not readily available and requires trained staff to carry out the procedures. Within 
Cameroon, a few research facilities with next-generation sequencing equipment 
are grossly insufficient to use in the country’s research needs. 

The laboratory diagnosis of Brucella requires a combination of several me-
thods considering that there is no single test by which a bacterium can be identi-
fied unequivocally [50] [75]. Bacteriological and genomic limitations make se-
rology the most practical and valuable tool for brucellosis diagnosis [14]. The 
strengths and limitations of assays applied in diagnosing brucellosis and possible 
applications are summarised in Table 4. 

RBPT, ELISA, SAT, CFT, and LFA have been applied for routine diagnosis 
and screening of humans using blood samples. Although serology tests are easy 
to perform, their specificity is low in endemic areas. It is also low in persons who 
may be exposed to Brucella by their profession and in patients with relapse or a 
recent history of brucellosis [76]. Depending on the setting and purpose of the 
analysis, the assay should be chosen cautiously to achieve the target. It has been 
suggested that ELISA assays be used for screening while RBPT and CFT confirm 
the ELISA results [59] [60]. Drafting a diagnostic protocol for the disease by 
health officials will facilitate its applicability in various hospitals, particularly in 
areas inhabited by HROGs. 

5. Risk Factors for Brucellosis 

Risk factors in cattle 
These risk factors are intrinsic (animal factors; age, sex and breed) and extrin-

sic (husbandry and environmental; ecological zone, herd size, herd management 
system, history of third-trimester abortion, interaction with wildlife, and inte-
raction with sheep and goats during grazing) factors. 

Extrinsic factors 
Animal husbandry system 
The pastoralist systems of nomadism and transhumance have been associated 

with higher seroprevalence in cattle [15] [77]. In contrast, an increased risk was 
associated with sedentary dairy herds, while transhumance was associated with a 
decreased risk [11] [78] [79]. Three farming systems have been associated with 
cattle production in Cameroon; the extensive or traditional system (which for 
centuries has been carried out by the Fulani pastoralists who live in areas of lower 
population density), the semi-intensive, and the intensive system [79]. Cows in the 
extensive system have been shown to have a higher infection rate than those in the 
semi-intensive system. This difference is explained by the fact that migratory 
herds contact other potentially infected herds during their movement into the 
different areas [7]. There is a need to carry out prevalence studies in larger herds 
and various farming systems. Within regions of high prevalence, the possible  
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Table 4. Strengths and limitations of various diagnostic approaches used for diagnosis of brucellosis. 

Method Strengths Limitations Recommendations 

Indirect methods 
Serology 
Rose Bengal Plate 
Test (RBPT) 

• Highly sensitive, inexpensive, 
simple, and rapid to perform. 

• Detects mainly IgM and 
requires essential laboratory 
equipment and expertise. 

• Low specificity, false-negative 
and false-positive results and 
not recommended for 
diagnosing chronic brucellosis. 

• Applicable as a rapid diagnostic 
test. 

• Confirmation of results is 
required, using either CFT or 
ELISA. 

Indirect 
Enzyme-linked 
immunosorbent 
assay (iELISA) 

• High sensitivity, is 
affordable, has shorter run 
times and requires less 
interpretation training. 

• More sensitive than RBT. 
More sensitive and specific 
than SAT 

• Measures various antibody 
titers (IgG, IgM, and IgA). 

• Low specificity, lower than RBT. • Appropriate in diagnosing various 
stages of infection, chronic 
brucellosis cases, and detecting 
incomplete antibodies. 

• Ideal for screening purposes. 

Competitive 
Enzyme-linked 
immunosorbent 
assay (cELISA) 

• High specificity. • Lower sensitivity than iELISA 
and species unspecific. 

• Applicable for various animal species. 
Can process poor quality samples 
such as hemolysed blood and use for 
the confirmation of brucellosis. 

Complement 
fixation test (CFT) 
 

• Very specific, detecting IgM 
and IgG1 antibodies. 

• Detects incomplete 
antibodies, as well as the 
slightest changes in antibody 
titres. 

• False-negative results were 
recorded when IgG2 antibodies 
impede complement fixation. 

• Not appropriate in detecting 
recent infections in cattle. 

• Requires expertise for 
interpretation. 

• The quality of its results is 
affected by the sample quality and 
the standardisation of the antigen. 

• It is fitting for control and 
surveillance programs. 

• It is used together with RBT as a 
confirmatory test. 

Slow Agglutination 
Test (SAT) 

• Designed mainly to detect 
IgM. 

• Low sensitivity and specificity, 
slow and not advisable for use 
in individual animals. 

• Not applicable for the detection 
of chronic brucellosis 

• Suitable in detecting brucellosis on 
a herd basis. 

• Use in routine diagnosis, 
complemented with Brucella 
Coombs test. 

Slow agglutination of 
Wright with EDTA 
(SAW-EDTA) 

• Sensitive, designed for the 
detection of IgM. 

• Laborious and time-consuming. • It has been replaced by slide, plate 
and card agglutination tests. 

Lateral flow assay 
(LFA) 
 

• Sensitive and specific, as 
sensitive as the RBT but 
having a much higher 
specificity. 

• Can distinguish between 
IgM and IgG antibodies. 

• More accurate and specific 
than the SAT in chronic and 
complex cases. 

• Not suitable for large-scale 
screening. 

• Appropriate for rapid field or 
bedside testing in endemic areas 
and where laboratories lack 
modern facilities. 

• Suitable in the confirmation of 
RBT results. 

• It can be used by smallholder 
herds to screen for and remove 
infected cattle or to reject milk 
from infected cattle. 

https://doi.org/10.4236/aim.2022.127030


S. M. Eko et al. 
 

 

DOI: 10.4236/aim.2022.127030 427 Advances in Microbiology 
 

Continued 

Direct detection 

Cellular test 
Delayed 
hypersensitivity test 
for brucellin 
(DHTB) 

• High specificity in 
non-vaccinated cattle. It 
detects antigens before the 
circulating antibodies appear 
and are more specific than 
RBT and CFT. 

• Lower specificity in vaccinated 
cattle. Low sensitivity and may 
sensitise cattle that have not 
been exposed to the infection. 

• Results should be combined with 
serology for confirmation at herd 
levels before the slaughter of 
infected cattle. 

Culture • The gold standard provides 
the definitive diagnosis of 
the disease with good 
specificity. 

• It requires biosafety level 3 
precautions, takes a minimum 
of 4 - 5 days to grow in culture 
and is costly. 

• Sensitivity is problematic in cases 
where the fever is intermittent. 

• In chronic disease, culture 
results may be negative due to 
bacterial eradication without 
complete clinical recovery. 

• Application is not feasible in the 
routine diagnosis of the disease. 

• Useful in research for identifying 
the species in circulation. 

Polymerase chain 
reaction (PCR) 
 

• Provides rapid detection and 
confirmation of Brucella 
with high specificity and low 
cost. 

• It is more sensitive and safer 
than blood culture and more 
specific than serologic 
methods in diagnosing acute 
disease. 

• The PCR-ELISA molecular 
method is more sensitive 
than other methods, with a 
semi-quantitative ability. 

• Sensitivity and accuracy are 
dependent on the DNA extraction 
method and the quality of 
extracted genomic DNA. 

• Challenges are faced in 
standardising extraction methods; 
infrastructure, equipment and 
expertise are still lacking. 

• It has a lower sensitivity than 
ELISA, and sensitivity can also be 
reduced in chronic brucellosis. 

• Its complexity contributes to the 
limited application in routine 
laboratory practice. 

• It is applicable in assessing the 
treatment efficacy, species 
differentiation and biotyping of 
isolates and is convenient for 
diagnosing human brucellosis. 

• The combined use of PCR and 
ELISA diagnostic tests can 
improve and overcome limitations 
in diagnosing brucellosis. 

Sequencing • It gives an insight into the 
genetic bases for host 
preference, pathogenesis, 
virulence, biotype differences 
and phylogenetic 
relationships. 

• Enables the identification of 
potential targets for the 
development of vaccines and 
diagnostics to prevent and 
control brucellosis. 

• Equipment is expensive, not 
readily available, and requires 
trained staff to carry out the 
procedures. 

• Applicable for research on genetic 
variability, geographical 
distribution and host preferences. 

 
causes of the spread of infection should be determined, and appropriate meas-
ures should be put in place to curb the spread. 

Mixing of herds and contact with other animals 
The mixing of cattle with other livestock during grazing, watering, at livestock 

markets, and during veterinary interventions has also been associated with high 
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seroprevalence [11] [17] [80]. Contact with small ruminants, wildlife and seeing 
buffalos around grazing cattle are also associated with an increased risk of [37] 
[61] [81]. The close interaction of different animals at the interphase mentioned 
above facilitates the transmission of the disease [7]. Keeping cattle separate from 
other livestock is essential in minimising the risk of cross-transmission of infec-
tion from one species to another [82]. Meanwhile, pastoral households often 
keep a diverse composition of livestock species as part of a coping mechanism 
for uncertainties and risks [7]. However, this approach favours inter and in-
tra-species transmission of Brucella [1] [83]. It is incumbent to educate the pop-
ulation on these risky practices and suggest vaccination and screening programs 
to curb the spread of the disease. 

Geographical location and seasons 
Seroprevalence varies across various geographic locations of the herds, with 

different studies providing variable prevalence data according to the site of col-
lection [11] [18] [19] [21] [83]. A major setback in this setting is the heteroge-
neous nature of the studies. Therefore it is impossible to conclude prevalence 
according to geographic locations [7] [61]. Seasonal variation determines the 
pastoralist activities, thereby influencing the prevalence values. Bovine brucello-
sis infection rates are higher in the dry season than in the rainy season [7]. Se-
dentary cattle are taken out of their shelter for pasture and water during the dry 
season. The interaction between domestic animals, cattle and humans in this in-
terphase favours the acquisition and spread of the disease from wildlife to cattle 
and then to humans [81]. Understanding the role of the geographical location 
and seasonal differences in the spread of the disease will require objective studies 
on these aspects. 

Regular purchase of animals or sale and purchase of infected animals 
The regular purchase of animals is a risk factor for brucellosis because most 

cows sold for slaughter by herders are not doing well [11] [61] [84]. “Not doing 
well” parameters coincide with poor reproductive performance [74]. Studies in 
the Western Highlands of Cameroon reveal that approximately 70% of the cattle 
sold for slaughter in the abattoirs were on the verge of death [7] [61]. These cat-
tle are introduced for sale to mitigate the financial losses associated with animal 
death within the flock. The introduction of sick animals into the community of 
healthy animals before their sale favours interaction between these animals. Thus, 
facilitating the transmission of the infection and increasing the seroprevalence of 
brucellosis in healthy animals [7] [17]. 

On the other hand, the healthy cattle (potentially exposed to the Brucella) 
which were not sold are returned to their respective herds from the cattle mar-
kets, serving as a reservoir for infection of the disease within the herd [7]. To in-
terrupt this transmission cycle, the screen and slaughter approach to eradicate 
the condition is a laudable approach. Educating the herders on the risks of 
transmitting the diseases infected animals to humans could change their at-
titudes. 
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Intrinsic risk factors 
Age of cattle 
Older cattle have been associated with higher seroprevalence than younger 

ones [7] [11] [37] [82]. This pattern is substantiated because the older the cattle, 
the greater their exposure to the bacteria from various sources [85]. In the same 
light, seropositivity is higher amongst sexually mature cattle than in the younger 
sexually immature cattle [85]. When testing cattle for the infection, older animals 
should be tested first, and separating the young flock from the older ones will 
decrease the exposure of young cattle. 

Sex of cattle 
Cows are at greater risk of Brucella infections than bulls because cows are kept 

longer in the herd for reproduction and, therefore, are more exposed to disease 
than bulls kept for relatively shorter durations [1]. The stress associated with preg-
nancy and calving tends to lower the immunity of female animals, also explain-
ing the observed difference [85]. Vaccination programs should target female cat-
tle kept longer in the herd and have a greater risk of being infected. 

Breed 
The cattle reared in Cameroon are the Zebu, White Fulani, Red Fulani, Dja-

foun, Goudali and other cross breeds. The breed contributes to the susceptibility 
to infection. The Red Fulani and Goudali have higher seroprevalence than other 
breeds; Red Fulani (11.48%), Goudali (9.61%) and White Fulani (7.21%) [1] [7]. 
At the same time, another study reported higher seroprevalence in White Fulani 
than in other breeds [20]. Another report showed minimal differences between 
the White Fulani (16.96%) and Red Fulani (16.67%) breeds [17]. Establishing 
clear patterns between breed and seroprevalence within the country will guide 
the choice of cattle for the local market and priorities for control programs. 

Cattle with a history of abortion 
Seropositivity is higher in herds with a history of third-semester abortion [20]. 

The presence of erythritol, the growth stimulant for B. abortus, increases the 
cows' susceptibility to Brucella infection, particularly during early pregnancy, 
and such conditions can result in late-term abortion [86]. After the first abor-
tion, these animals can give birth without complications [21]. However, a certain 
proportion of infected cows may not abort [87]. Therefore, any history of abor-
tions highlights the possibility of Brucella infection. Cattle that suffered an abor-
tion should be isolated from the others and be tested for brucellosis to rule out 
the cause of the abortion. 

Risk factors in humans 
Occupational exposure 
The high-risk occupational groups in the Noun Division had seroprevalence 

ranging from 10.24% to 12.45% and 5.6% amongst abattoir workers in the 
Ngaoundere abattoir [1] [17]. The high-risk populations for human brucellosis 
include livestock herders, butchers, slaughterhouse workers, veterinarians, meat 
and milk sellers [1]. Abattoir workers are at most the significant risk of infection 
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through open wounds on bare hands, splashing of infected fluids in the conjunc-
tiva and inhalation of aerosols in the slaughtering area [88]. Laboratory person-
nel are also at high risk, considering that brucellosis is the most common labor-
atory-acquired infection in the world. Therefore, care must be exercised in han-
dling these cultures [89]. High-risk individuals ought to be sensitised about the 
disease and encouraged to use personal protective clothing while at work to 
avoid contamination. Health personnel should also be sensitised about the con-
dition and should be able to diagnose the high-risk individuals appropriately. 

Longevity in the abattoir environment 
In humans, seropositivity has been associated with longevity in the abattoir 

environment [17] [90] [91] [92]. Working at the abattoir exposes an individual 
to activities that increase the risk of picking up the bacteria, such as direct con-
tact with infected tissues and inhalation of droplets [1]. There is a need for an 
annual screening of abattoir staff for early diagnosis and treatment of these oc-
cupational diseases. 

Being a meat or offal processor 
Dressing slaughtered animals is also a risk factor for acquiring the infection 

[17]. Individuals involved include meat carvers and cleaners exposed daily to 
blood, viscera and abortion products [24]. This exposure is aggravated by the 
failure to use personal protection equipment (boots, aprons, goggles, bibs, gloves 
and helmet) and disregard for proper hygiene measures [25] [93]. The manage-
ment of slaughterhouses ought to impose on workers’ personal protective equip-
ment and wound dressing for those who have cuts on their skin to avoid conta-
mination through the wounds. 

Assisting in animal delivery and abortions 
Humans handling aborted foetuses, and assisting in abortion and delivery 

without using personal protective clothing, have been associated with higher se-
roprevalence rates [1] [17] [85] [92] [93] [94]. Brucella has a tropism for tissues 
rich in erythritol, their preferred source of carbon/energy, promoting their mas-
sive growth [29]. High concentrations of erythritol are present in animals’ breast, 
uterine, epididymal, and fetal tissues. In addition, the placenta produces proge-
sterone, which enhances in vitro Brucalla growth [95]. Secretions in these tissues 
contain high concentrations of bacteria, which are at their highest level in the 
vagina immediately after abortion or birth. Hence, products of abortion and birthing 
materials are the primary source of contagion [96]. Direct and regular contact 
with these tissues is a high risk for infection. Pregnant women who had contact 
with infected animals were seropositive for brucellosis [17] [97]. This scenario 
emphasises the importance of using personal protective clothing while assisting 
cattle and disposing of their aborted foetuses or placenta. 

Consumption of raw milk 
Consumption of raw milk by cattle rearers and individuals within their 

communities predisposes them to Brucella infection [7] [17] [22]. Breast tissues 
are rich in erythritol, the preferred energy source for Brucella. Infected cattle 
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will shed the bacteria in milk and the consumption of unpasteurised milk is a 
risk factor for infection in humans. Within some dairy farms in the country’s 
western highlands, the milk produced is home consumed, sold in informal 
markets or collected by a processing plant. However, the health status of this 
milk is unknown [18]. There is also a need to assess the milk quality in terms of 
health hazards to ensure the safety of consumers before and after the production 
process [18]. Since the control measures for the disease have not been firmly estab-
lished, avoiding the consumption of raw milk will control the spread of the infec-
tion. 

Exposure to animals outside the abattoir 
Abattoir workers exposed to other animals outside the abattoir have an in-

creased risk of being seropositive [17] [98]. The presence of the disease in other 
domestic animals could increase their risk of infection, as demonstrated by 
Kamga et al. in 2020 [1]. Abattoir workers who own domestic animals should be 
more cautious even while at home to prevent infection. 

Burying dead animals 
The inappropriate disposal of infected animals or their products contaminates 

the environment, posing a health risk to the human and animal populations. In 
the North West region of Cameroon, only 10% of farmers buried dead animals, 
while 20% slaughtered the sick animals, and 70% sold the terminally ill animals 
[7]. Those who do not bury probably dispose of carcases into the environment 
leading to soil contamination with the bacteria and serving as risk factors for in-
fection [24] [99]. Thus, this emphasises the importance of environmentalists in 
controlling this disease. In line with the One Health approach, the Ministry of 
the Environment and Nature Protection should sensitise the communities on the 
dangers of poor disposal of animal carcases and body parts. That way, contact 
with contaminated soil will not be a problem in this setting. 

No knowledge of brucellosis 
Inadequate knowledge is associated with a high prevalence of the disease in 

humans [1] [7] [93] [100] [101]. A high proportion of farmers (89.5%) in the 
North West region of Cameroon are recorded to have not known brucellosis [7]. 
Lack of knowledge is also associated with education, where the risk of being in 
contact with Brucella significantly increases in participants with no formal edu-
cation [1]. Awareness of the disease enhances PPE use at work, proper handling 
and cleanliness [88]. It does not rule out that some individuals, although aware 
of the disease, choose not to respect the safety measures at work [100]. It could 
be because they know the disease presentation in humans but have no know-
ledge of the method of transmission and prevention of the disease [102]. Educa-
tion on the mode of transmission, clinical presentation and preventive practices 
through sensitisation programs amongst high-risk occupational groups as a 
Public Health measure will contribute to the control of infections. Good know-
ledge of the disease and its symptoms by workers in the animal and human sec-
tors enhances the diagnosis and appropriate treatment of the disease [103]. 
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6. Control Measures 

There are no records of the implementation of brucellosis control programs in 
Cameroon [1] [11]. Control measures for cattle brucellosis include: the regular 
screening and systematic slaughter of infected animals, vaccination of cattle 
against Brucella, and artificial insemination since Brucella is transmitted be-
tween animals through sexual intercourse [18] [98]. Eradication of brucellosis by 
test-and-slaughter is impracticable in developing countries. Due to limited re-
sources to compensate farmers whose animals are slaughtered during such 
screening programs [102]. In the absence of these control measures, long-term 
chronic infections could be expected, thus providing a steady supply of infec-
tious organisms [63]. The institution of a tracking system to trace cattle origin is 
a laudable approach for effectively eradicating the disease. Cattle rearers also 
need education on identifying the signs of infection in cattle (hygromas and 
abortions) and seeking veterinary assistance when these symptoms appear. They 
must know the risk factors for disease, the symptoms and the complications in 
humans who get infected. 

Encouraging boiling milk before consumption, and avoiding the consumption 
of raw or undercooked animal products, including bone marrow, will contribute 
to the control of the infection [6] [18] [72]. The practice of good hygiene is es-
sential in avoiding skin contamination. Using protective clothing/equipment by 
HROGs is critical in preventing inhalation and accidental ingestion of organ-
isms. The accidental ingestion of the bacteria could occur while assisting at the 
birth, carrying out a necropsy, or butchering an animal. Special precautions 
should be taken when handling an aborted foetus or its membranes and fluids [6]. 
Surveillance information is the cornerstone of epidemiologic decision-making, 
and is needed to direct policy makers, public health authorities, and veterinary 
services to appropriate actions [61]. Veterinarians, public health authorities and 
other community leaders need to collaborate to control the disease in animals 
and manage human exposure [99]. 

7. Prevention 

Brucella vaccines successfully protected cattle against infection and abortion 
worldwide. Strain 19 (S19) and RB51 are the approved B. abortus vaccine strains 
most commonly used to vaccinate cattle [103]. In Cameroon, however, there are 
no records of the vaccination of the cattle [18] [21] [22]. A vaccine trial was per-
formed in the 1990s in the North of Cameroon using the B. abortus B19 vaccine. 
This vaccine was made from the B. abortus strain isolated in the National Vete-
rinary Laboratory in Bokle, Garoua. It was administered in one dose subcuta-
neously at high doses of 5 × 1010 to 8 × 1010 colony forming units (CFU). The 
vaccine’s efficacy depended on environmental factors and the breed of the ani-
mals [64]. Since then, no further study has been reported or evaluated for other 
available cattle vaccines. 

An ideal vaccine against Brucella in cattle should: 1) prevent Brucella infec-
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tion in both genders, 2) not provoke disease in immunised animals, 3) prevent 
abortion, 4) confer long-term protection with only one dose, 5) not interfere 
with LPS-based serological tests, 6) be biologically stable and not present the risk 
of virulence reversion, 7) not be pathogenic to humans, and 8) not contaminate 
the derivatives of the vaccinated animals [6]. There is presently no safe and pro-
tective human vaccine against brucellosis. Therefore, animal vaccination could 
be a critical factor for controlling and eradicating animal and human brucellosis 
[6]. 

The way forward 
• Prevalence studies should be carried out in dairy herds, abattoirs receiving 

cattle from endemic areas and the abattoir personnel, who are at greater risk 
of occupational exposure to Brucella. It is mainly the case for the Littoral re-
gion, which has one of the three modern abattoirs in the country and one of 
the highest numbers of cattle slaughtered per day in the country. 

• Studies and surveys should be done regularly to understand the actual disease 
burden and reduce the economic losses in the cattle sector. 

• Knowledge, attitude and practices studies should be carried out to under-
stand the knowledge gap in the population, followed by massive sensitisation 
of workers in the livestock sector and health personnel on the prevalence of 
this disease. That will enhance the implementation of adequate preventive 
measures, proper diagnosis and treatment of the infections and other control 
measures. 

• There have been no microbiological or molecular characterisations of Brucella 
species in Cameroon in 37 years. Thus, there is no knowledge of the species 
in circulation. In cognisance of the time required and the risks involved in 
isolating the bacteria, molecular methods should be used to identify the spe-
cies of the bacteria in circulation in Cameroon. Sequencing will further com-
pare the strains in circulation to those of neighbouring and other sub-Saharan 
countries. 

• Brucellosis control programs should be instituted, such as mass vaccination 
of cattle in the affected areas and separating pregnant cows and cattle that 
have undergone abortion from the rest of the flock to decrease disease trans-
mission. 

• Rapid diagnostic kits should be made available for clinical diagnosis of the 
human population to limit under-diagnosis and decrease the human suffer-
ing from the diseases. 

8. Conclusion 

The number of studies on brucellosis in Cameroon is insufficient. They do not 
portray a comprehensive human and cattle brucellosis situation where the dis-
ease is endemic. Accurate microbiological, molecular and epidemiological evi-
dence of brucellosis within the country is lacking. Hence, the need for a nation-
wide survey amongst HROGs using the standardised methodology to understand 
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the disease burden in the country. 
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