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ABSTRACT 

 

A cross-sectional seroepidemiological study of bovine brucellosis was conducted in selected 

dairy farms of Bishoftu and Holeta towns, central Ethiopia, from December, 2016 to May, 2017 

with the aim to estimate sero-prevalence of Brucella infection, to identify the potential risk 

factors in cattle and to assess the knowledge of the farm owners toward the disease. A total of 

326 dairy cattle from 30 herds were included in the study (175 animals from Bishoftu and 151 

animals from Holeta).The dairy herds were stratified into small herd size (<10 animals), medium 

herd size (10-50) and large herd size (≥ 50). Stratified two stage  sampling was used to sample 

both herds and individual animals.The serum samples collected were initially screened using 

Rose Bengal Plate test and competitive enzyme linked immunosorbent assay. Complement 

fixation test was used to confirm the seropositivity of the samples found positive with the above 

tests. The animal level prevalence was 0. 92% (95%CI: 0.19, 2.66). At herd level 3 out of 30 

herds tested positive making herd level prevalence of 10.0 % (95%CI: 2.11, 26.53). Of the herds 

that tested seropositive, the within herd seroprevalence ranged from 2.9 % (1 out of 34) to 16.7 

% (1 out of 6). Slightly higher seroprevalence was observed in highland agro-ecological area of 

Holeta (1.98 %; 95% CI: 0.41, 5.69) than the mid-highland area of Bishoftu 0% though the 

difference observed was not statistically significant (P > 0.05). At animal level  only abortion 

history and retained fetal membranes were found to be significantly associated with the sero-

positivity for Brucella infection using univariable analysis (P < 0.05).The odds of positivity is 

38.6 (3.3,453.9) times higher in aborted cattle compared to those did not abort. Cows with 

history of retained fetal membrane had higher risk of infection with Brucella species (OR= 33.2; 

2.8,387.1) than cows without history of retained fetal membrane. Up on multivariable logistic 

regression analysis, only abortion history was significantly associated with sero-positivity to 

Brucella infection (OR= 37.8; P <0.05). At herd level only reproductive disorders and herd size 

were found to be significantly associated with Brucella infection (P <0.05). Personnel in 

commercial dairies had better awareness (knowledge) about zoonotic brucellosis than those 

working in smallholder farms. Therefore, the need for implementing strong and sustainable 

control measures and raising public awareness focusing on the smallholder farmers . 

Keywords: Awareness, Bovine brucellosis, Central Ethiopia, Dairy cattle, seroepidemiology 
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1. INTRODUCTION 

 

 

Brucellosis is a contagious, zoonotic and economically important bacterial disease of animals 

worldwide and it is considered as one of the most widespread zoonoses in the world (Schelling 

et al., 2003). It has been virtually eliminated from the majority of the developed countries, but 

it is still endemic in Africa, the Middle East, Central and Southeast Asia, Central and South 

America and in most of the Southern European countries. Despite being endemic in many 

developing countries (Donev, et al., 2010), brucellosis remains under diagnosed and under-

reported. It is an important disease among livestock and people in sub-Saharan Africa. 

Furthermore, since brucellosis is an important cause of abortion especially in first calf heifers, 

the disease can also cause important economic losses in developing countries (Smits et al., 

2007). 

 

It is caused by Brucella species, is primarily affecting domestic livestock and wild animals and 

it is an important public health problem in many countries (Mangen et al., 2002; Refai, 2002). 

Brucella species are Gram-negative, facultative, intracellular coccobacillary organisms 

affecting multiple host species (OIE, 2000). Clinical manifestations of brucellosis are 

determined by the combination of pathogen and host species since Brucella species have 

distinct host preferences (Xavier et al., 2009a, Poester et al., 2013).  

 

The disease in cattle, usually caused by Brucella abortus and occasionally by Brucella 

melitensis and Brucella suis, is characterized by late term abortion at first gestation and It is 

predominantly caused by biovars (mainly biotype -1) of B. abortus causing infertility and 

reduced milk production in cows (OIE, 2008), whereas bulls can develop orchitis (Carvalho 

Neta et al., 2010, Poester et al., 2013). Since abortion usually occurs in the first pregnancy 

after infection and becomes less likely thereafter because of sustained immunity, the 

introduction of infected animals into immunologically naïve groups (or of unprotected 

replacements in infected groups) results in multiple abortions in a short period of time 

(“abortion storms”) (Cunningham, 1977). 
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Besides being a threat to human health, brucellosis often causes serious problems to the 

national economies. The economic loss from brucellosis in developed countries arises from the 

slaughter of cattle herds that are infected with and the cost of eradication and control program. 

In developing countries farmers suffer from the abortion of calves and the decreased milk 

yield, birth of weak calves that die soon after birth, retention of placenta, impaired fertility and 

sometimes arthritis or bursitis and the cost of tests and samples, death may occur as a result of 

acute metritis (Garin–Bastuju, 2003). The estimation of the financial loss caused by brucellosis 

depends mainly on the type of cattle farming, herd size, and loss in reproduction and reduction 

in meat and milk due to abortion. In Ethiopia, information on losses specifically through 

brucellosis in the different types of production systems is sparse, with the exception of Tariku 

(1994) who reported an annual loss from brucellosis  that was estimated to be 88,941.96 

Ethiopian Birr ($5231 equivalent) among 193 cattle, largely due to reduced milk production 

and abortions. 

 

The epidemiology of the disease in livestock and humans as well as appropriate preventive 

measures is not well understood, and in particular such information is inadequate in sub-

Saharan Africa (McDermott, 2002). There is a paucity of science-based evidence on 

brucellosis in sub-Saharan Africa and an appraisal of historical and contemporary 

epidemiology (prevalence estimates, affected host species, potential reservoirs and Brucella 

species involved) are key to implementing measures for sustainable management of this 

disease. The epidemiology of cattle brucellosis is complex and influenced by several factors 

(Crawford et al., 1990). 

  

Although in Ethiopia there is no documented information on how and when brucellosis was 

introduced and established, the evidences of Brucella infections in Ethiopian cattle have been 

serologically demonstrated by different authors. Indeeded, higher individual bovine brucellosis 

seroprevalence has been recorded in intensively managed cattle herds as compared to those in 

the extensive management system. Accordingly, a seroprevalence of 39% was recorded at the 
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Institute of Agricultural Research in Western Ethiopia (Meyer, 1980). Moreover,  22% in dairy 

farm in Northeastern Ethiopia (Tariku, 1994), 11 to 15% in dairy farms and ranches in 

Southeastern Ethiopia (Bekele et al., 2000), 8.2% in Arsi area (Molla, 1989), and 8.1 % in 

dairy farms in and around Addis Ababa (Asfaw et al., 1998) were recorded.Whereas relatively 

low individual animal level seroprevalence were recorded in some intensive farms in different 

parts of the country .for example Kassahun et al. (2007) documented 2.46% in Sidama Zone of 

Southern Ethiopia; Mussie et al. (2007a) reported a prevalence of 4.63% in Northwestern part 

of Amhara Regional State. 

  

Even though seroprevalence of brucellosis is established in different species of animals, it is 

still among the known animal diseases that inflict huge problems on human health and national 

economies in Ethiopia. Indeed, change in demographic characterstics and agricultural practices 

are expected to change the occurrence of contagious diseases like brucellosis. There are many 

dairy farmers in the study areas who highly supplied huge amounts milk for local market as 

well as to national market to satisfy the highest national demand. Though there is information 

on the epidemiology of brucellosis in study towns in animals, there is a controversy in 

reporting apparent seroprevalence of bovine brucellosis in study areas. Therefore, further 

assessment of the status of the disease and understanding of the awareness among the 

community has paramount importance in order to overcome the impact of the disease. This 

study was undertaken in areas that are known as the milk sheds of the capital. Understanding of 

the awareness and knowledge of the dairy owners and community at large about the disease is 

also important so as to develop control strategies. Therefore, this study was carried out with the 

following objectives: 

 

1.1.  General Objective 

   

 To investigate seroepidemiology of bovine brucellosis and assess the awareness of the 

community towards the disease in selected dairy farms of Bishoftu and Holeta towns, 

central Ethiopia. 
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1.2. Specific Objectives 

 

 To estimate the current status of the seroprevalence of bovine brucellosis in selected 

dairy farms of Bishoftu and Holeta towns  

  To assess the associated risk factors of bovine brucellosis,  and 

 To understand the knowledge of the community toward the disease in study towns. 
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2. REVIEW OF LITRATURE 

 

2.1. The Etiologic Agent  

Brucella species are facultative intracellular gram-negative cocco-bacilli, non-spore forming 

and non-capsulated. Although Brucella species are described as non-motile, they carry all the 

genes except the chemotactic system, necessary to assemble a functional flagellum. Currently 

ten species are recognized including the genus Brucella consisted of six recognized species, 

comprised of B. abortus (cattle, biovars 1-6, and 9), B. melitensis (goats, sheep, biovars 1-3), 

B. suis(pigs, reindeer and hares, biovars 1-5), B. ovis (sheep), B. canis (dogs) and B. neotomae 

(desert wood rats). More recently, new members to the genus include B. ceti and B. 

pinnipedialis (dolphins/porpoises and seals respectively), B. microti (voles) and B. inopinata 

(reservoir undetermined) (Godfroid et al., 2013). In spite of more than 94% similarity amongst 

the members of the genus (Verger et al., 1987), bacteria of the genus Brucella have different 

host preferences.Therefore; Brucella species are capable of causing disease in a variety of 

animal species, including humans (Table 1). 

 

Table 1. Brucella species and their host preferences  

 

Species Zoonotic importance Host preference 

Brucella melitensis High Sheep, Goat 

Brucella abortus Moderate Cattle 

Brucella suis Moderate Pig 

Brucella canis Mild Dog 

Brucella ovis Absent Sheep 

Brucella neotomae Absent Deseret wood rat (Neotome lepida) 

Brucella ceti Mild Ceteceans 

Brucella Pinnipedials Mild Seals 

Brucella microt Absent Common Voles ( Microtus arvalis) 

Brucella inopinata Mild Undetermined  host 

 

Source: Godfroid et al. (2013) 
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Brucella species have a strong host preference, which is evident in their ability to establish 

chronic infection in individuals and maintain transmission and infection in populations of 

specific animal species (Godfroid et al., 2013). Brucella abortus, B. melitensis and B. suis are 

the species that have the highest impact on domestic livestock productivity and human health 

(Godfroid et al., 2011). Although they preferentially infect cattle, small ruminants and swine, 

respectively, cross-infections may be significant in mixed husbandry systems or at the 

livestock wildlife interface (Godfroid et al., 2013). Brucella suis have the widest host range, 

with established host-pathogen relationships in reindeer and hares, in addition to swine. 

However, almost all Brucella species can infect mammalian species other than their preferred 

host; for example, both B melitensis and B. suis are capable of colonizing bovine udders and 

therefore contaminating cows‟ milk (Refai, 2002). 

 

 As a component of their identification, Brucella species are also classified on the basis of the 

presence or absence of S-LPS; the presence of S-LPS appears to be associated with virulence. 

The commonly identified human pathogens B. abortus, B. melitensis, and B. suis are 

characterized as smooth because S-LPS is present in their outer membrane. The remaining 

species (B. canis and B. ovis) are characterized as rough strains, given that they express little or 

no S-LPS and cause less severe or no disease in humans (Ko et al., 2003). Molecular 

characterization has identified a great degree of homology among the Brucellae (Halling et al., 

2005). Common genetic fingerprinting methods such as pulsed-field gel electrophoresis and 

multilocus sequence typing analyses have revealed little variability among isolates of a given 

species.  

 

However, multilocus sequence typing has been useful in identifying the relationship among 

various species and among biovars within species, and in general, the findings support the 

classification of Brucella into the 6 known species, with at least 1 new species representing the 

newer marine strains of Brucella (Whatmore et al., 2007). Multiple-locus variable-number 

tandem repeat analysis appears more effective at discriminating between different species and 

strains and shows promise for differentiation of strains associated with a local outbreak or 

investigation. Multiple-locus variable-number tandem repeat analysis was recently used to 
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differentiate isolates in 2 unrelated laboratory-acquired cases of brucellosis, when the 

laboratory workers had been exposed to more than 1 Brucella species isolate. Molecular 

genetic studies have clearly demonstrated that the genus Brucella forms a discrete homogenous 

group which clearly belongs to the Alphaproteobacteria (Garritty et al., 2005).The 

phylogenetic tree of the Brucella species is presented in (Figure 1). 

 

 

Figure 1. Phylogenetic tree of the Brucella species 

Source:  Garrity et al. (2005). 

 

2.2. Morphology 

 

Brucellae are coccobacilli or short rods 0.6 to 1.5 μm long by 0.5 to 0.7 μm in width. They are 

arranged singly and less frequently in pairs or small groups. The morphology of 

Brucella is fairly constant except in old cultures, where pleomorphic forms may be evident. 

Brucella species are non-motile. They do not form spores, flagella, or pili. True capsules are 

not produced. Brucella is Gram-negative and usually does not show bipolar staining. They are 

not truly acid-fast but resist decolouration by weak acids, thus stain red by the Stamp's 

modification of Ziehl-Neelsen method, which is sometimes used for the microscopic diagnosis 

of brucellosis from smears of solid or liquid specimens (Europian Commission, 2001). 
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2.3. Genome of Brucella Organism  

 

In 1985, it was proposed that the six Brucella species should be grouped as biovars of a single 

species based on DNA-DNA hybridization studies. The genomes sequenced from genus 

Brucella are also known to be very similar in terms of both base composition and genome size. 

All sequenced species have a GC content of approximately 57%, and most genomes consist of 

approximately 3.3 Mbp divided on two chromosomes. None of the sequenced members of the 

Brucella genus have any plasmids reported. The first Brucella species to be sequenced was B. 

melitensis 16M (biovar 1) followed closely by B. suis (biovar 1) (Bohlin et al., 2010). Analysis 

of 16S rRNA sequences places Brucella species as members of the alpha-2 Proteobacteria 

(Shirley et al., 2005). The genus Brucella has six recognized species, all of which exhibit 

distinct host preferences (Shirely et al., 2005).The high degree of similarity among the 

Brucellae (Gandara et al.,2001; Bricker,2002; Paulsen et al.,2002) lends support to the 

proposal that the classical species of Brucella are actually strains of B. melitensis. However, 

this view conflicts with the hypothesized evolutionary isolation of these classical species due to 

their intracellular existence and host preference (Shirley et al., 2005). 

 

Pulsed-field gel electrophoresis (PFGE) maps of the classical Brucella species genomes are 

composed of two circular chromosomes of approximately 2.1 and 1.2 Mbp, with the exception 

of B. suis biovar 3, which has a single chromosome of 3.1 Mbp. PFGE studies revealed other 

differences, including a 640-kb inversion in the small chromosome of B. abortus and a deletion 

in the small chromosome of B. ovis. The two chromosomes of Brucella differ in important 

ways. The origin of replication of the large chromosome (Chr I) is typical of bacterial 

chromosomes, while that of the small chromosome (Chr II) is plasmid like. Further, most of 

the essential genes are located on Chr I. The GC content of the two chromosomes is nearly 

identical, consistent with the assertion that the assimilation and stabilization of a plasmid was 

an ancient event in Brucella (Paulsen et al., 2002). The genome sequences of B. melitensis and 

B. suis have been determined (DelVecchio et al., 2002). Comparative analyses revealed both 

that the two genomes are extremely similar and that they have many similarities to both 

bacterial plant and animal pathogens and symbionts (Shirley et al., 2005). The sequence 

identity for most open reading frames (ORFs) was 99% or higher. Nevertheless, unique 
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fragments were reported to exist between these two genomes. Prior to sequencing the B. 

abortus genome, a large number of short sequences were available in gene bank. Many of these 

sequences were derived from analyses of plasmids estimated to cover 20% of the genome from 

a random shotgun library of B. abortus S2308 (Bohlin et al., 2010). 

 

2.4. Epidemiological Distribution 

  

The epidemiology of brucellosis is complex and it changes from time to time. Wide host range 

and resistance of Brucellae to environment and host immune system facilitate its survival in 

the populations. Since cattle are found throughout the world, prevalence of brucellosis in cattle 

has been reported from a wide range of countries. 

 

2.4.1. World distribution 

 

The disease occurs worldwide, except in those countries where bovine brucellosis (B. abortus) 

has been eradicated. This is defined as the absence of any reported cases for at least five years. 

These countries include Australia, Canada, Cyprus, Denmark, Finland, The Netherlands, New 

Zealand, Norway, Sweden and the United Kingdom. The Mediterranean countries of Europe, 

northern and eastern Africa, Near East countries, India, Central Asia, Mexico and Central and 

South America are still not brucellosis free. While B. melitensis has never been detected in 

some countries, there are no reliable reports that it has ever been eradicated from small 

ruminants in any country (Robinson, 2003). Although in most countries brucellosis is a 

nationally notifiable disease and reportable to the local health authority, it is under reported and 

official numbers constitute only a fraction of true incidence of the disease.  

 

Although brucellosis has been, or is close to being, eradicated from a number of developed 

countries, it continues to be a major public and animal health problem in many regions of the 

world, particularly where livestock are a major source of food and income. There are many 

reasons why brucellosis remains endemic. These include expansion of livestock herds and 

flocks, with associated uncontrolled movements; lack of veterinary support services and 
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vaccines; and husbandry practices. Published studies on the relative occurrence of brucellosis 

are largely confined to serological surveys, and are much more commonly conducted for 

bovine brucellosis, occasionally for shoats and rarely for pigs and Camels (McDermot and 

Arimi, 2002). Figure 2 depicts the world wide distribution of bovine brucellosis caused by B. 

abortus (OIE reports of 2011). 

 
 

Figure 2. Worldwide distribution of bovine brucellosis (B. abortus) report 

Source:  OIE (2011) 

2.4.2. Distribution in Africa 

 

Brucellosis is a disease that has been known in Africa for a very long time, in both animals and 

humans, as evidenced by a study by (Akakpo et al., 1987). It is a disease of chronic evolution, 

the importance of which is difficult to assess owing to the dominant livestock production 

systems of unrestricted grazing, transhumance and nomadism. However, official Veterinary 

Services are now starting to turn their attention to brucellosis, after controlling most of the 

major epizootics that formerly decimated livestock (including rinderpest and contagious 

pleuropneumonia) and in response to the intensification of dairy livestock production in many 

Sub-Saharan countries. It is a matter of debate whether brucellosis (sero) prevalence is higher 
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under extensive or intensive breeding conditions (Ducrotoy et al., 2014). Here is the summary 

of the seroprevalence of bovine brucellosis in some African countries in (Table 2). 

Table 2. Seroprevalence of brucellosis in cattle on a survey of studies in some African   

               countries 

 

Country No of cattle 

tested 

Prevalence 

(%) 

Test applied     Reference 

Zambia 1245 14.1 RBPT,  c-ELISA  Muma et al.(2007) 

Kenya    393 1  c-ELISA,CFT  Kang‟ethe et al.(2007) 

Sudan  

Ghana 

Nigeria 

Uganda 

Uganda                                                       

Zimbabwe 

Algeria 

Egypt 

South Africa 

Eritrea 

Ghana 

574 

444 

- 

- 

- 

1291 

1032                         

1966 

5 059 

1294 

183 

24.5 

2.9 

24.0 

14 

5 

5.5 

9.7 

5.4 

1.5 

8.5 

6.6 

 c-ELISA 

RBPT 

RBT+ELISA 

RBPT                                                

ELISA 

RBPT, c-ELISA 

BPAT 

BPAT 

RBPT, CFT 

RBPT, CFT 

RBPT 

 Angara et al. (2010) 

 Folitse et al. (2014) 

 Mai et al. (2012) 

 Miller et al. (2015) 

 Bertu et al. (2010) 

Matope et al. (2010) 

Aggad & Boukaa (2006) 

Samah et al. (2008)       

Bishop et al.( 1994) 

Omer et al. (2000) 

Kubuafor et al. (2000) 

 

No: Number 

2.4.3. Status of Brucellosis in Ethiopia 

 

Both husbandry systems as well as environmental conditions greatly influence the spread of 

Brucella infection (WHO, 1997). Ethiopia has several institutionally owned commercial dairy 

farms, mostly situated in and around Addis Ababa and in some regional towns. These 

farms have been the focus of most Brucella surveys at country level so far. But now days, 

studies on the seroprevalence of bovine brucellosis have been carried out in many parts of 

Ethiopia by different researchers. These studies were conducted in local, pure and cross breed 
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of cattle. In these studies, seroprevalence of brucellosis in cattle ranging from 0.2-11.2% were 

reported by CFT as depicted in (Table 3). 

 

Table 3. Seroprevalence of brucellosis in cattle based on a survey of studies published in      

               Ethiopia since 2007-2016 

 

Location      Prevalence rate       Reference   

 RBPT CFT  

Tigray Region 3.3 3.19 Berhe et al. (2007) 

Sidama Zone - 1.66 Asmare et al. (2010) 

West Tigray - 4.9 Haileselassie et al. (2008) 

Jimma zone - 0.77 Tolosa et al. (2008) 

Debrebirhan and Ambo 0.7 0.2 Bashitu et al. (2015) 

Adami Tulu                                  4.5                 4.3                     Tibesso et al. (2014) 

Debre-Zeit, Central Ethiopia                              3.3                 2 Alemu et al. (2014) 

SE. Somali and Oromia                  -                 0.9                     Gumi et al. (2013) 

Benishangul Gumuz                    1.2                                     1   Adugna et al. (2013) 

East Wollega Zone                                       2.96              1.97 Yohannes et al. (2012) 

East Showa Zone                                           11.2                  - Hunduma and Regassa (2009) 

East shoa zone - 11.2 Dinka and Chala (2009) 

Wuchale-Jida district 12.5                                                                         11.0                    Kebede et al. (2008) 

Central Oromia 4.9 2.9 Jergefa et al. (2009) 

Arsi Negele District 2.6 - Amenu et al. (2010) 

Jimma zone - 3.1 Ibrahim et al. (2010) 

Jijjiga zone                                1.84                1.38                   Hailu et al. (2011) 

Pastoral and mixed farming                             -                   3.5 Megersa et al. (2011b)     

WesternTigray                                                

Alage and its Surroundings 

Central Ethiopia 

-                   

- 

2.28 

6.1 

2.4  

1.40 

Mekonnen et al. (2011) 

Asgedom et al. (2016) 

Geresu et  al. (2016) 
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2.4.4. Reservoirs/ Carriers of Brucella species  

 

Domestic animals 

Brucellosis is a worldwide zoonotic disease caused by Brucella species in which domestic 

animals such as cattle, goats, sheep, pigs, camel, buffalo and dogs serve as a reservoir hosts 

(Corbel, 1997; Moreno et al., 2002). Fresh milk and dairy products prepared from 

unpasteurized milk such as soft cheeses, yoghurts and ice creams contain high concentration of 

the bacteria and consumption of these is an important cause of human brucellosis (Bikas et al., 

2003). Brucella species can survive in proper environmental condition, damp soil and seawater 

and can be a source of infection. Notably abortion materials such as fetal parts, and fetal 

membranes, amniotic fluid and vaginal discharges of infected animals may contain high 

amounts of the bacterium and act as source of brucellosis (Henk et al., 2005). 

 

Wild animals  

 

Brucella abortus and B. suis have been isolated worldwide from a great variety of wildlife 

species (Godfroid, 2002). Some general risk factors, which can be identified in most of the 

wildlife diseases, are wildlife overabundance, movements of wild and domestic animals and 

fomites (Gortázar et al., 2007). Artificial management of wild species, including fencing, 

feeding and translocation, can also increase the risk of transmission of infectious brucellosis 

(Gortázar et al., 2006). The risk of infection increases dramatically with increasing wildlife 

density and their exposure to Bucella abortus around feeding grounds (Godfroid et al., 2013).  

 

Wild ruminants have been suggested as brucellosis carriers, but they are probably not true 

reservoirs (Gortázar et al., 2007; Godfroid et al., 2013). Other works showed that wild 

ruminants do not play a relevant role in the maintenance of B. abortus and B. melitensis 

infections since limited cases of brucellosis have been reported in wild ruminants (Godfroid et 

al., 2005; Garin-Bastuji et al., 2014).Only weak evidence for a direct relationship between 

brucellosis and size/density of the population of wild animals has been reported ( Conner et al., 

2008) .However, a potential risk for brucellosis infection of livestock by wild animals could be 

associated when artificial management such as winter feeding increases aggregation (Gortázar 
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et al., 2007; Conner et al., 2008). Thus, wild animals are often at risk as a consequence of 

contact with infected livestock, particularly in extensive breeding systems. With regards to elk 

and bison, artificial feeding management during winter results in significant congregations in 

the feeding grounds and increases the risk of elk being exposed to B. abortus (Godfroid, 2002). 

 

2.4.5. Risk factors of Brucella infection 

 

 

There are so many factors that can affect the pervasiveness of brucellosis in various species of 

livestock. Prevalence of brucellosis can vary according to climatic conditions, geography, 

species, sex and age (Gul and Khan, 2007). Brucellosis occurs in sexually mature animals, the 

bacteria localizing mainly in the reproductive tract especially in pregnant animals; there is also 

evidence that mammary gland may be even more favored for localization than the reproductive 

tract (Anonymous, 2007). 

  

Risk factors for human brucellosis include the handling of infected animals, ingestion of 

contaminated animal products such as unpasteurized milk and milk products (including cow, 

goat, and camel milk), meat, history of travel to endemic areas and handling of cultures of 

Brucella species in laboratories. Other risk factors include: abattoir workers, veterinarians, 

slaughterhouse workers and dairy workers (Corbel, 1997). The risk factors can be categorized 

into those associated with characteristics of host, the parasite biology and management: 

 

2.4.5.1. Risk factors associated with the host 

 

Susceptibility of livestock to Brucella infection is influenced by the age (young animals are 

less susceptible to Brucella than older animals). Age has been referred to as one of the intrinsic 

factors associated with brucellosis. Thus, it may also explain the higher prevalence in adult 

animals than in young. Brucellosis has traditionally been considered a disease of adult animals 

since susceptibility increases after sexual maturity and pregnancy (Nicoletti, 1980). However, 

variations in the age of sexual maturity among breeds could present differences between age 

and brucellosis positivity (Matope et al., 2010). Brucella species presented a tropism to the 
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reproductive tract due to the production of erythritol, a 4-carbon sugar produced in the foetal 

tissues of ruminants that stimulates the growth of Brucella (Petersen et al., 2013). On the other 

hand, a higher prevalence of brucellosis in adults has also been associated with longer contact 

with infected animals or with the environment.  

 

 Sex and reproductive status of individual animal (sexually mature, pregnant animals) are more 

susceptible to infection with the organism than sexually immature animals (Nicoletti, 1980). 

Female ruminants presented higher odds of brucellosis infection than male. Since brucellosis 

infection in males presented clinical signs such as epididymitis and orchitis, the prevalence in 

males be lower than females because they may be culled faster (Coelho et al., 2007). Placental 

trophoblasts produce erythritol in increasing amount during the later stage of pregnancy which 

coincides with the period when pregnant cattle are more susceptible to infection with 

B.abortus. The preferential utilization of erythritol rather than glucose is characteristics of 

pathogenic Brucella strains. Erythritol promotes the growth of some strains of Brucella and the 

metabolic pathway for degradation of erythritol has been described previously. However, 

Brucella has also been found in the reproductive tract of animals with no detectable levels of 

erythritol, the role of this sugar in the virulence of the organism has been put into question 

(Sangari et al., 2000). B.abortus Strain 19 is spontaneous attenuated mutant widely used to 

vaccinate cattle. S19 is the only B.abortus strain that is inhibited by erythritol (Sangari et al., 

2000).  

 

Other host related  important risk factor for brucellosis seropositivity is herd size; being higher 

in large herds an increased odds ratio for seropositivity has been largely reported in cattle 

(Megersa et al., 2011a).The higher number of animals increases the likelihood of transmission 

of the disease by contact among them (Nicoletti, 1980). Breed and number of species also other 

risk factors for brucellosis seropositivity as reported by different authors like (Muma et al., 

2007). Thus, an increase in prevalence where several species intermingle is difficult to explain 

but could be associated with higher chances of being Brucella seropositive because of multiple 

sources of infection. Dogs are also a potential risk in the diffusion of brucellosis, acting as 
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mechanical disseminators by feeding on aborted foetuses, dragging them along and spreading 

the bacteria (Xiang et al ., 2013). 

 

B. abortus is the principal cause of brucellosis in cattle. The bacteria are shed from an infected 

animal at or around the time of calving or abortion. Once exposed, the likelihood of an animal 

becoming infected is variable, depending on age, pregnancy status, and other intrinsic factors 

of the animal, as well as the number of bacteria to which the animal was exposed (Radostits
 
et 

al., 2000). The two main causes for spontaneous abortion in animals are erythritol, which can 

promote infections in the fetus and placenta, and the lack of anti-Brucella activity in the 

amniotic fluid. Males can also harbor the bacteria in their reproductive tracts, namely seminal 

vesicles, ampullae, testicles, and epididymis. 

 

2.4.5.2. Pathogenic risk factors 

 

Brucella is facultative intracellular organism which is capable of multiplication and survives 

within host phagocytes. The organisms are phagocytosed by polymorphonuclear leukocytes in 

which some survives and multiply. These are then transported to lymphoid tissue and foetal 

placenta. The inability of the leukocytes to effectively kill virulent Brucella at the primary site 

of infection is a key factor in the dissemination to regional lymphnodes, mononuclear 

phagocytic system, and organs such as the uterus and udder. The ability to survive within 

macrophages and leukocytes enables the organism to be protected from humoral and cellular 

bactericidal mechanisms during the periods of heamatogenous spread (Nielsen and Duncan, 

1990). Naturally infected animals and those vaccinated as adults with strain 19 remain positive 

to the serum and other agglutination tests for long periods. 

 

The antibody response to Brucella consists of an early IgA and IgM isotype response, the 

timing of which depends on the route of exposure, the dose of bacteria and the health status of 

the animal. The IgM response is followed shortly by production of IgG1 antibody and later by 

IgG2 (Nielsen, 2002). The total concentration of IgG2 increases with age. Most cross reacting 

antibody, resulting from exposure to microorganism other than  Brucella species, consist of 

IgM, making serological tests which measure IgM not specific as false positive results occur, 
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leading to low assay specifity. In the case of Brucella infection, the concentration of anti-

Brucella total IgG2 increases with the level of antigen exposure, therefore the monitoring of 

IgG1 and IgG2 Brucella antibody levels is relevant for detection of Brucella-infected cattle 

(Saegerman et al., 2004).  

 

2.4.5.3. Management risk factors  

 

The spread of disease from one herd to another and from one area to another is most commonly 

due to the movement of an infected animal from an infected herd or area into a non-infected 

herd or area (Radostits et al., 2000). Whether a herd raises its own replacement animals or 

purchases replacement animals affects the potential for introduction into the herd (Walker, 

1999; Tolosa, 2004). The unregulated movement of cattle from infected herds or areas to 

brucellosis-free herds or areas is the major cause of breakdowns in brucellosis eradication 

programs. Once the herds are infected, the time required to become free of brucellosis is 

increased by large herd size, by active abortion, and by loose housing (Radostits et al., 2000). 

 

2.4.5.4 Other factors associated with brucellosis 

 

 It was noted that knowledge ages equal to or older than 55 years was a protective factor for 

brucellosis prevention (Coelho et al., 2007; Díez et al., 2013). This observation is difficult to 

explain and may be due to younger farmers‟ lack of experience. Older farmers have more 

familiarity with recognizing the clinical signs of the disease or the main route of transmission 

and can be more aware of the importance of preventive measures (Memish, 2001; Godfroid, 

2002). Farmers who had previously experienced brucellosis in their herds had a higher 

probability of having greater knowledge of bovine brucellosis, which is consistent with having 

experience with the disease. Producer‟s associations, education and veterinary support have 

been recognized as protective factors (Blasco, 1997; Díez et al., 2013). Farmer‟s lack of 

awareness about brucellosis, improper handling of aborted materials and the habit of 

consuming raw milk, among other factors, might contribute to further spread of brucellosis in 

their livestock and expose the community to a public health hazard (Megersa et al., 2011a). 
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2.4.6. Mode of transmission 

 

Animal brucellosis can be transmitted by both vertical and horizontal transmission. Horizontal 

transmission occurs through ingestion of contaminated feed, skin penetration, via conjunctiva, 

inhalation and udder contamination during milking. Congenital infection during parturition is 

frequently cleared and only few animals remained infected as adult (Radostits et al., 2007). In 

cattle and other Bovidae, Brucella is usually transmitted from animal to animal by contact 

following an abortion. Pasture or animal barn may be contaminated and the organisms are 

probably most frequently acquired by ingestion and inhalation, conjunctival inoculation, skin 

contamination and udder inoculation from infected milking cups are other possibilities. The use 

of pooled colostrums for feeding newborn calves may also transmit infection. Sexual 

transmission usually plays little role in the epidemiology of bovine brucellosis. Bulls that 

remain fertile and functionally active after infection with brucella shed the organisms with the 

semen during the acute phase of the disease. During the later stage shedding may cease or 

become intermittent (Radostits, et al., 2007).  

 

However, artificial insemination can transmit the disease and semen must only be collected 

from animals known to be free of infection (Robinson et al., 2003).Transmission of B. abortus 

mostly occurs via the oral route because cattle tend to lick aborted fetuses and the genital 

discharge of an aborting cow. Brucella organisms can also be transmitted through the 

transmammary route while calves born to healthy dams are infected when fed on colostrum or 

milk from infected dams (Radostits et al., 2007).  

 

Wildlife, birds and waterways contaminated with urine, uterine discharge, or slurry from 

aborting cattle) are vectors for indirect exposure to brucella organisms. Dogs carrying pieces of 

placenta or aborted fetuses from one place to another can disseminate the infection (Forbes, 

1990). Contamination of a cowshed or pasture takes place when infected cattle abort or have 

full-term parturition. Although it is generally accepted that B. abortus is not excreted for 

considerable time before abortion occurs, excretion in the vaginal discharge of infected cattle 

may occur as early as 39 days after exposure.  
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A massive excretion of Brucella starts after abortion and may continue for 15 days. Infection 

due to B. abortus occurs less frequently in goats and may result in low prevalence (WHO, 

2006) although abortion due to B. abortus has been documented under an experimental 

condition (Al-Majali et al., 2009).After the fetal membranes are expelled the uterine discharge 

diminishes and the number of Brucella organisms excreted decreases rapidly. The infectious 

material usually clears after 2-3 months from the genital tract, although some infected cattle 

remain carriers of Brucella and excrete it intermittently for many years (Nicoletti, 1989; 

Radiostatis, 2007). Humans acquire brucellosis mainly through ingestion of contaminated milk 

and unpasteurized dairy products. Contact of mucosa and skin abrasions with fluids and tissues 

from aborted fetuses of infected animals are also important sources of Brucella transmission 

(Hartigan, 1997; Fugier et al., 2007) as illustrated by (Figure 3). Survival of the organisms in 

the environment may also play a role in epidemiology of the disease (Abuo -Eisha, 2000). 

 

Figure 3. Mode of Transmission of Bovine Brucellosis  

Source: Acha and Szyfres (2001) 
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2.5. Pathogenesis and Pathology  

 

The ability of Brucella species to cause disease requires a few critical steps during infection. 

Brucella specie 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 Brucella species 

(Kohler et al., 2002).Once Brucella species has invaded, usually through the digestive or 

respiratory tract, they are capable of surviving intracellularly within phagocytic or non-

phagocytic host cells (Pizarro-Cerdá et al., 2000). Brucella has the ability to interfere with 

intracellular trafficking, preventing fusion of the Brucella-containing vacuole (BCV) with 

lysosome markers, and directing the vacuole towards a compartment that has rough 

endoplasmic reticulum (RER), which is highly permissive to intracellular replication of 

Brucella (Pizarro-Cerdá et al., 2000). 

 

The pathogenesity of Brucella is due to its ability to adapt to the environmental conditions 

encountered in its intracellular replicative niche including low levels of nutrients and oxygen, 

acidic pH and reactive oxygen intermediates (Kohler et al., 2002). It seems that the initiation of 

Brucella infection depends on exposure dose, virulence of the organism and natural resistance 

of the animal to Brucella (Radostits et al., 2007). Resistance to infection is based on the host‟s 

ability to prevent the establishment of a mucosal infection by the destruction of the invading 

organism. Invading Brucella usually localize in the lymph nodes, draining the invasion site, 

resulting in hyperplasia of lymphoid and reticulo-endothelial tissue and the infiltration of 

inflammatory cells. Survival of the first-line of defense by the bacteria results in local infection 

and the escape of Brucella from the lymph nodes into the blood. Smooth Brucella inhibit host 

cell apoptosis, favoring bacterial intracellular survival by escaping host immune surveillance, 

while rough Brucella mutants (Brucella canis and Brucella ovis are two exceptions) induce 

necrosis in macrophage (Pei et al., 2006). 

 

However, the mechanisms and virulence factors that mediate macrophage cell death have not 

been identified. In contrast to other pathogenic bacteria, no classical virulence factors, such as 

exotoxins, cytolysins, capsules, fimbria, plasmids, lysogenic phages, drug resistant forms, 
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antigenic variation, endotoxic, lipopolysaccaride (LPS) have been described in Brucella 

(Moreno and Moriyon, 2002). Brucella uses a number of mechanisms for avoiding or 

suppressing bactericidal responses inside macrophages. The smooth lipopolysaccharides that 

cover the bacterium and proteins involved in signaling, gene regulation, and transmembrane 

transportation are among the factors suspected to be involved in the virulence of Brucella 

(Lapaque et al., 2005). 

 

Lipopolysaccharide is vital to the structural and functional integrity of the Gram-negative 

bacteria outer membrane (Cardoso et al., 2006). The smooth phenotype of Brucella is due to 

the presence in the outer cell membrane of a complete LPS, which is composed of lipid A, a 

core oligosaccharide, and an O side- chain polysaccharide. Rough (vaccine) strains (i.e, strains 

with lipopolysaccharide lacking the O-side chain) are less virulent because of their inability to 

overcome the host defence system. The LPS of Brucella exhibits properties distinct from other 

LPSs. In contrast to classical entero bacterial LPS, those of Brucella are several hundred-times 

less active and less toxic than Escherichia coli LPSs (Lapaque et al., 2005). 

 

Research suggests that the smooth, non-endotoxic lipopolysaccharides help block the 

development of innate and specific immunity during the early stage of infection, and protect 

the pathogen from the microbicidal activities of the immune system (Porte et al., 2003). 

Brucella melitensis LPS does not stimulate production of tumor necrosis factor-α or nitric 

oxide (Tumurkhuu et al., 2006). Brucella LPS plays a role in protecting against bactericidal 

cationic peptides (defensin NP-2, lactoferrin, cecropines, lysozyme, bactenecin-derived 

peptides, and the defensin-like antibiotic polymyxin B, and the crude lysosomal extracts from 

polymorphonuclear leukocytes) ( Lapaque et al., 2005). 

 

Smooth Brucella suis interact with lipid-rafts through an unknown receptor on the surface of 

macrophages and enter cells via a pathway allowing it to avoid fusion with lysosomes 

(Lapaque et al., 2005). In contrast, the rough strain (lacking O-side chain) seems not to enter 

by lipid-rafts, and fuses rapidly with lysosomes. Although naturally rough strains of Brucella 

(B. ovis and B. canis) lack O-side chain in their LPS, they are pathogenic for rams and dogs, 
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respectively, and induce long-lasting infections with high levels of splenic colonization in 

laboratory animals (Caro-Hernandezet et al., 2007).  

 

Brucellae display strong tissue tropism and replicate within vacuoles of macrophages, dendritic 

cells (DCs), and placental trophoblasts. However, the pathogen has the ability to replicate in a 

wide variety of mammalian cell types, including microglia, fibroblasts, epithelial cells, and 

endothelial cells. The intracellular lifestyle of Brucella limits exposure to the host innate and 

adaptive immune responses, (Martirosyan  and Gorvel, 2013) sequesters the organism from the 

effects of some antibiotics, and drives the unique features of pathology in infected hosts, which 

is typically divided into three distinct phases: the incubation phase before clinical symptoms 

are evident, the acute phase during which time the pathogen invades and disseminates in host 

tissue, and the chronic phase that can eventually result in severe organ damage and death of the 

host organism. Nonspecific influenza-like symptoms observed in humans include pyrexia, 

diaphoresis, fatigue, anorexia, myalgia, and arthralgia. Furthermore, increasing evidence from 

endemic regions suggests that an elevated risk of human abortion is associated with exposure.  

Chronic infection results from the ability of the organism to persist in the cells of the host in 

which Brucellae are distributed by way of the lymphoreticular system to eventually cause 

cardiovascular, hepatic, lymphoreticular, neurologic, and osteoarticular disease (Baud and 

Greub, 2011). 

 

The tropism of Brucella to the male or female reproductive tract was thought to be by 

erythritol, which stimulates the growth of the organism, but Brucella has also been found in the 

reproductive tract of animals with no detectable levels of erythritol. In the acute stage of 

infection, abortion occurs at four or five months into pregnancy and cattle usually abort only 

once. Excretion of Brucella after parturition may persist for months or years and may re-occur 

after any consecutive normal parturition. Infected cattle excrete Brucella in the colostrum or 

milk although it cannot always be detected (Quinn et al., 2002). 

 

Abortion and expulsion of the fetus was thought to be the results of placentitis caused by 

Brucella. Proliferation of brucella in the uterus induces necrosis and destruction of the fetal 
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and maternal placental membranes resulting in death and then expulsion of the fetus. The 

pathologic changes in the caruncules and cotyledons prevent normal separation and expulsion 

of the placenta. Although placentitis impairs the normal function of the placenta, Brucella 

endotoxins may also play a role in inducing abortion (Anderson et al., 1986). Brucella abortus 

may induce production of high concentration of cortisol that decreases progesterone production 

and increases estrogen production. Decreases in progesterone level and increases in estrogen 

levels induce a premature parturition (Enright et al., 1984). 

 

2.6. Intracellular Survival of Brucella and Immune Responses 

 

 

Intracellular survival of Brucella: Brucellae are facultative intracellular bacteria and can 

become secluded within the endoplasmic reticulum of cells and thereby avoid lysosome fusion. 

By controlling the maturation of the brucellosome ( Brucella-containing vacuole) at the onset 

of infection, unopsonized Brucella can enter, survive and replicate in a variety of cells, 

including dendritic cells and macrophages (Pappas et al., 2005) to evade the host innate 

immune response before activation of anti- Brucella mechanisms by adaptive immunity. To 

restrict long-term protective immunity, the organism first avoids the innate immune response 

by stealthy entry into host cells. From there, the organism controls aspects of protein secretion, 

intracellular trafficking, and bacterial replication, (De Jong et al., 2013), ultimately altering the 

course of the innate and adaptive immune responses (Xavier et al., 2013). 

 

The two-component BvrR/BvrS gene sensing system that  also acts through a cascade of 

protein phosphorylation to modulate bacterial gene expression is thought to be one of the key 

factors involved in the modulation of cell binding and penetration. In Brucella, VirB is thought 

to be essential for intracellular survival; however, the transported effectors substrate in 

Brucella has not yet been identified and it is very unlikely that the transported molecule is a 

classic virulence factor. In these brucellosome, Brucella organisms are able to produce 

virulence genes (VirB) which promote multiplication of the organisms in such environments 

(Kohler et al., 2003).The VirB pumping system is built from a series of proteins encoded by 

the VirB operon. Many attenuated Brucella strains show mutations within the VirB operon, 
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indicating that an intact VirB is essential for virulence (Celli et al., 2005). VirB seems to have 

a role in adherence of the bacterium to the host cell, cell entry, and it modulates the 

intracellular trafficking and replication of the bacterium (Arenas et al., 2000; Boschiroli et al., 

2002). 

 

The absence of the BvrR/BvrS sensory-regulatory system results in major changes in the 

bacterial outer membrane that alters cellular uptake of the organism. The BvrR/BvrS regulators 

also include carbon and nitrogen metabolic functions and the expression of additional 

transcriptional regulators among 127 differentially regulated genes. The absence of VirB alone 

may explain the attenuated virulence of bvrR/bvrS mutants. In the absence of a functioning 

BvrR/BvrS, the organism fails to replicate intracellularly and is avirulent in the mouse model 

(Viadas et al., 2010). 

 

 Experimental results suggest that the early phagosome is very acidic and poor in nutrients, 

resulting in induction of VirB and genes encoding stress proteins. VirB participates in the 

creation of the „brucellosome‟ characterized by: (1) absence of fusion with lysosomes, (2) 

neutral pH, and absence of certain nutrient components (Figure 4). 

 

Figure 4. Characteristic properties of (a) an early vacuole and (b) the replicative niche of         

                Brucella species. 

Source: Kohler et al. (2003).  
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Immune responses: Naturally infected and vaccinated animals can be serological reactors. 

After infection, the level of immunoglobulin IgM, IgG and IgA will significantly increase in 

serum (Radostits et al., 2007). IgM antibodies, which appear initially after infection and low 

levels of IgG, will cause complement-mediated lysis of Brucella. Secretory IgA is tending to 

be abundant in milk, where as IgG is high in serum (Walker, 1999). The O-chain of the smooth 

lipo-polysaccharide complex of the bacterial cell envelope together with the outer proteins is 

potent immunogens. On the other hand, the immunogenicity of the non-smooth cell variant is 

relatively low (Corbel et al., 1980). The O-chain specific antibodies play a major role in 

protective immunity, but do not eliminate the bacteria as they are protected by their 

intracellular niche (WHO, 1997). This highlights the lack of correlation between protection and 

high antibody level (Walker, 1999).Interestingly, cellular and humoral immune responses 

against similar Brucella strains vary significantly among susceptible hosts. This confounding 

aspect of Brucella immunobiology has presented important challenges in the identification of 

reliable correlates of immune protection in tractable model animal systems. 

 

Cytokines are key players in protection against brucellosis, mediating both innate and adaptive 

immune responses. IL-12 produced by B cells and macrophages leads to a Th1 response and 

induction of interferon- gamma, which activates macrophages. The activity of interferon 

gamma is maximized by tumor necrosis factor- alpha produced by macrophages and natural 

killer cells. Reports also indicate that IL-1 dependent induction of colony-stimulating factor 

increases neutrophil and macrophage infiltration into the spleen (Doyle et al., 1992). 

 

2.7. Clinical Manifestations   

  

The most common clinical signs of cattle infected with Brucellosis are high incidences of 

abortions, arthritic joints, and retained placenta (Radostits et al., 2000) .The incubation period 

varies between 14 and 120 days (Seifert, 1996; Tolosa, 2004). Primary clinical manifestations 

of brucellosis are related to the reproductive tract. In highly susceptible non-vaccinated 

pregnant cattle, abortion after the 5
th

 month of pregnancy is cardinal feature of the disease 
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(Radostits et al., 2000) and other clinical signs are mainly the calving-associated problems and 

breeding-associated problems such as repeat breeding, a retained placenta, reduced milk yield 

and metritis (Walker, 1999; Acha and Szyfres, 2003; Shareef, 2006). The infected cows usually 

abort only once after which a degree of immunity develops and the animals remain infected. At 

subsequent calvings, the previously infected cows excrete huge numbers of Brucella in the 

fetal fluids (Silva et al., 2000). Brucellosis does not usually result gross organic lesions 

(Schlafer and Miler, 2007), but sometimes a mild interstitial inflammatory reaction in the 

mammary gland may be observed ,which is associated with elimination of bacteria in the milk 

(Xavier et al., 2009a). 

  

Bulls can be infected but they do not readily spread the disease. B. abortus is a common cause 

of orchitis that is often associated with a vesiculitis and epididymitis. Infection in males may 

result in either temporary or permanent infertility, depending on the intensity of the lesions 

(Eaglesome and Garcia, 1992; Megid et al., 2010). Orchitis is occasionally manifested, and 

when it occurs it is usually unilateral, but both testicles may be affected. Scattered foci of 

necrosis coalesce to produce total testicular necrosis (Foster and Ladds, 2007). Orchitis and 

epididymitis are typical signs in males, and hygroma (Figure 5) is usually common during 

chronic infection. 

 

Figure 5. Unilateral and bilateral Brucella abortus-induced hygroma in cattle 

Source: Matope et al. (2010) 
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2.8. Diagnostic Methods 

   

 

Brucellosis diagnostics is based on bacteriological and molecular methods (direct tests), and 

serological in vitro and allergic in vivo methods (indirect tests) (Poester et al., 2010; Smirnova 

et al., 2013). Since, brucellosis signs are non-pathognomonic in livestock, and definitive 

diagnosis depends on laboratory testing. The choice of a particular testing strategy depends on 

the prevailing epidemiological situation of brucellosis in susceptible animals (livestock and 

wildlife) within a country or region (Godfroid et al., 2013). Brucella species are highly 

monomorphic, with minimal genetic variation among species (Tiller et al., 2009) and maintain 

a close taxonomic relationship and can only be distinguished by rigorous metabolic, 

immunologic, and biochemical analyses. The similarities among the Brucella species extend to 

the genetic level at which all species share greater than 90 % DNA homology (Hoyer and 

McCullough, 1968 (a). Species of Brucella were differentiated in the laboratory by colonial 

morphology, growth requirement, various biochemical tests and lysis by bacteriophage 

(Christina, 1998). The identification of one or more infected animals is sufficient evidence that 

infection is present in the herd, and that other serologically negative animals may be incubating 

the disease and present a risk. Diagnostic tests fall into two categories: those that demonstrate 

the presence of the organisms and those that detect an immune response to its antigens (Corbel, 

2006). 

2.8.1. Direct methods for diagnosis of brucellosis 

 

 2.8.1.1. Bacteriological methods  

 

The “gold standard” of the brucellosis diagnosis is the direct bacteriological testing: cultivation 

of Brucella, isolated from body fluids (blood, cerebrospinal fluid, urine and others) or tissues 

(Yagupsky, 1999; Smirnova et al., 2013).The isolation and identification of Brucella offers a 

definitive diagnosis of brucellosis and may be useful for epidemiological purposes and to 

monitor the progress of a vaccination programme. It should be noted that all infected materials 

present a serious hazard, and they must be handled with adequate precautions during 

collection, transport and processing (Corbel, 2006). Isolation of the organism is considered the 
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gold standard diagnostic method for brucellosis since it is specific and allows biotyping of the 

isolate, which is relevant under an epidemiological point of view (Bricker, 2002a; Al Dahouk 

et al., 2003). However, in spite of its high specificity, culture of Brucella species is 

challenging. Brucella species is a fastidious bacterium and requires rich media for primary 

cultures. Furthermore, its isolation requires a large number of viable bacteria in clinical 

samples, proper storage and quick delivery to the diagnostic laboratory and it requires BSL3 

facilities which are not available in most developing countries (Hadush and Pal, 2013). 

However, the isolation and cultivation of bacteria are also necessary preliminary steps for 

staining and biotyping of Brucella species. 

 

Staining:  Stamp staining is still often used, even though this technique is not specific: other 

abortive agents such as Chlamydophila abortus (formerly Chlamydia psittaci) or Coxiella 

burnetii are also stained red (Corbel, 2006). It provides valuable information for the analysis of 

aborted material (Alton et al., 1988). They are not truly acid fast; however, they are resistant to 

decolonization by weak acids, and stain red against a blue background with the Stamp's 

modification of the Ziehl-Neelsen method. Brucella species is a coccobacillus measuring 0.6-

1.5 µm long and 0.5-0.7 µm wide. They generally occur singly and are observed in clusters of 

two or more. Smears of placental cotyledon, vaginal discharge or fetal stomach contents may 

be stained using modified Ziehl-Neelsen (Stamp) or Kosters‟ methods. The presence of large 

aggregates of intracellular, weakly acid-fast organisms with Brucella morphology is 

presumptive evidence of brucellosis.  

 

Culture: Bacterial isolation is always required for the biotyping of strains. For the definitive 

diagnosis of brucellosis, the choice of samples depends on the clinical signs observed. In the 

case of clinical brucellosis, valid samples include aborted fetuses (stomach, spleen, and lung), 

fetal membranes, vaginal secretions, colostrum, milk, sperm, and fluid collected from arthritis 

or hygroma. At slaughter, in order to confirm suspected cases of acute or chronic brucellosis, 

the preferred tissues are the genital and oropharyngeal lymph nodes, the spleen, and the 

mammary gland and associated lymph nodes. For the isolation of Brucella species, the most 

commonly used medium is the Farrell medium, which contains antibiotics able to inhibit the 
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growth of other bacteria present in clinical samples. Some Brucella species, like B. abortus 

wild type (biovars 1-4), need CO 2 for growth, while others, like B. abortus wild type (biovars 

5, 6, 9), B. abortus S19 vaccine strain, B. melitensis, and B. suis, do not (Poster et al., 2010). 

For liquid samples (milk or blood), sensitivity is increased by the use of a biphasic medium 

like the Castaneda medium, originally described for use with human blood cultures. Growth 

may appear after 2-3 days, but cultures are usually considered negative after 2-3 weeks of 

incubation (Alton et al., 1988). The identification of Brucella species is based on morphology, 

staining and metabolic profile (catalase, oxidase, and urease) (Alton et al., 1988; Corbel et al., 

2005). 

 

Brucella species colonies are elevated, transparent, and convex, with intact borders, smooth, 

and a brilliant surface. The colonies have a honey color under transmitted light. Optimal 

temperature for culture is 37 
o
C, but the organism can grow under temperatures ranging from 

20 
o
C to 40 

o
C, whereas optimal pH ranges from 6.6 to 7.4. Usually, solid media such as 

dextrose agar, tryptose agar, and trypticase soy agar, are recommended for primary isolation of 

Brucella, but some species, i.e. B. ovis and B. canis require addition of 5-10% of sterile bovine 

or equine serum to the culture media. In the case of blood or milk, biphasic media such as 

Castañeda‟s medium is recommended for improving sensitivity (Poester et al., 2010). 

 

2.8.1.2. Immunohistochemistry 

 

Immunohistochemistry is an alternative technique for direct diagnosis of Brucella species 

infection. It has been extensively used in studies of pathogenesis and diagnosis of brucellosis, 

allowing in situ localization of the organisms within Brucella induced lesions (Xavier et al., 

2009b). An advantage of this technique is that it does not require viable bacteria and allow 

retrospective studies. Although immunohistochemistry is simple; several factors may affect the 

result, including the fixation protocol and selection of the primary antibody (Santos et al., 

1998; Geresu and Kassa, 20016). 
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2.8.1.3. Molecular methods  

 

In order to avoid difficulties of bacteriological testing the molecular biological techniques, 

often based on the polymerase chain reaction (PCR) amplification, are successfully used for 

Brucella identification and typing (Yu and Nielsen, 2010; Smirnova et al., 2013). Molecular 

methods for Brucella species genotyping molecular techniques are important tools for 

diagnosis and epidemiologic studies, providing relevant information for identification of 

species and biotypes of Brucella species, allowing differentiation between virulent and vaccine 

strains ( Le Flèche et al., 2006; López-Goñi et al., 2008). Initially, PCR based identification 

has been developed for the determination of bacterial isolates (Ouahrani-Bettach et al., 1996) 

but now these methods are also used for detection of Brucella species in clinical samples of 

human and animals without previous isolation of the organism(Baddour and Alkhalifa, 2008; 

Smirnova et al., 2013). In addition, these techniques can be used to complement results 

obtained from phenotypic tests (Bricker et al., 2002b).  

 

Since the routine identification and differentiation of brucellosis suspected specimens, based 

on culture isolation and phenotypic characterization, requires Biosafety level-3 (BSL3) 

protocols for the high risk of laboratory-acquired infections (Boschiroli et al., 2001), molecular 

methods have been explored in order to overcome these difficulties. Furthermore, the 

polymerase chain reaction (PCR)-based assays have shown a higher sensitivity with respect to 

the standard microbiological assay for the diagnosis of brucellosis (Hoover and Freidlander, 

1997).The PCR, including the real-time format, provides an additional means of detection and 

identification of Brucella species (Bricker, 2002). Despite the high degree of DNA homology 

within the genus Brucella, several molecular methods, including PCR, PCR restriction 

fragment length polymorphism (RFLP), Single nucleotide polymorphisms (SNPs), multiple 

locus variable number of tandem repeats (VNTR) analysis (MLVA) and Southern blot, have 

been developed that allow, to a certain extent, differentiation between Brucella species and 

some of their biovars (Moreno et al., 2002). Pulse-field gel electrophoresis has been developed 

that allows the differentiation of several Brucella species.Brucella biotyping and distinguishing 
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vaccine strains by PCR can be accomplished satisfactorily but there has been limited validation 

of the PCR for primary diagnosis. 

 

PCR DNA-based methods such as gene probes and PCR utilize primers derived from different 

polymorphic regions in the genomes of Brucella species. Different PCR methods for the 

detection of Brucella species that utilize primers derived from different polymorphic regions in 

the genomes of Brucella species as i.e. (1) a gene encoding a 31 - kDa B. abortus antigen 

which is conserved in all Brucella species (primers B4/B5) (Baily et al., 1992), (2) a sequence 

+16S rRNA of B. abortus (primers F4/R2) (Romero et al., 1995), (3). a gene encoding an outer 

membrane protein of 26-kDa (omp-2) (primers JPF/JPR and primers P1/P2) (Bardenstein et 

al., 2002), (4) outer membrane proteins (omp 2b, omp2a and omp31) (Imoaka et al., 2007), (5) 

proteins of the omp25/omp31 family of Brucella spp. (Vizcaino et al., 2004), the entire bp26 

gene of B. melitensis 16M, encoding the BP26 protein (omp 28) (primers 26A/26B) 

(Cloeckaert et al., 2000b) were described. 

 

Real-time PCR assays have been recently described in order to test Brucella cells (Redkar et 

al., 2001), urine (Queipo-Ortuno et al., 2005), blood, paraffin-embedded tissues (Kattar et al., 

2007), serum, and other tissues (Smirnova et al., 2013). It is more rapid and more sensitive 

than conventional PCR. It does not require post amplification handling of PCR products, 

thereby reducing the risk of laboratory contamination and false-positive results. Three separate 

real-time PCRs were developed to specifically identify seven biovars of B. abortus, three 

biovars of B. melitensis and biovar one of B. suis using fluorescence resonance energy transfer. 

The upstream primers used in these real-time PCRs derived from the insertion element, IS711 

whereas the reverse primer and FRET probes are selected from unique species or biovar-

specific chromosomal loci. Sensitivity of B. abortus-specific assay was as low as 0.25 pg DNA 

corresponding to 16-25 genome copies and similar detection levels were also observed for B. 

melitensis and B. suis-specific assays (Redkar et al., 2001).  

 

There still remains the problem of false negative results, because the PCR is inhibited in the 

presence of some admixtures, such as EDTA, RNAases, DNAases, gems, heparin, 
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phenols,urea, and many others, from the clinical samples or DNA isolation and purification 

procedures. False positive results may also occur as a result of sample contamination. It is 

further necessary to develop the positive and negative controls and standardize the conditions 

for PCR reactions with clinical samples (Yu and Nielsen, 2010; Smirnova et al., 2013). The 

advantages of PCR are numerous. Independent of the disease stage, it is more sensitive than 

blood cultures and more specific than serological tests (Wei and Klaus, 2010). Real time PCR 

using the IS711 -based insertion element assay has been shown to be the most sensitive, 

specific, efficient, and reproducible method to detect Brucella species (Wei and Klaus, 2010). 

 

Multiplex PCR typing is more effective method of diagnosis and identification of Brucella. 

Several multiplex PCRs which identify the genus Brucella at the species level and partly at the 

biovar level using different primer combinations have been reported.  It provides identification 

of all known Brucella species, including pathogens of marine mammals, at the species or even 

biovars level by using certain combinations of primer pairs. The first multiplex PCR based test 

for Brucella detection was developed in 1994 (Bricker and Halling, 1994; Smirnova et al., 

2013), it is also called AMOS PCR assay. It allowed identification of the four Brucella species 

(Brucella abortus, Brucella melitensis, Brucella ovis and Brucella suis) and was named AMOS 

PCR (AMOS is an acronym from „„abortus-melitensis-ovis-suis‟‟) for the first letters of species 

names. It comprised five oligonucleotide primers for the identification of selected biovars of 

four species of Brucella.The assay exploited the polymorphism arising from species-specific 

localization of the genetic element IS711 in the Brucella chromosome. 

2.8.2. Indirect methods for diagnosis of brucellosis 

 

2.8.2.1. Classical serological methods 

 

The indirect methods of brucellosis diagnostics are based on the detection of the immune 

response to a bacterial infection. Most of these methods have been initially developed for 

testing of cattle and then were used to test the domestic goats and sheep (except for the analysis 

of milk), and later were adapted for the monitoring of certain species of wild animals 

(Godfroid et al., 2010; Smirnova et al., 2013). Serology is the mainstay of diagnosis for 
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brucellosis because the diagnostic material is relatively easily accessible, and the 

tests are relatively cheap, available and sensitive. Therefore, Serological tests are crucial for 

laboratory diagnosis of brucellosis since most of control and eradication programs rely on these 

methods. Inactivated whole bacteria or purified fractions (i.e. lipopolysaccaride or membrane 

proteins) are used as antigens for detecting antibodies generated by the host during the 

infection. Antibodies against smooth Brucella species (e.g. B. abortus, B. melitensis, and B. 

suis) cross react with antigen preparations from B. abortus, whereas antibodies against rough 

Brucella species (e.g. B. ovis and B. canis) cross react with antigen preparations from B. ovis 

(Nielsen, 2002).  

 

Although several serological methods are currently available, these tests can be classified as 

screening tests (e.g. buffered antigen plate agglutination - BPAT), monitoring or 

epidemiological surveillance tests (e.g. milk ring test), and complementary or confirmatory 

tests (e.g. 2-mercaptoethanol, complement fixation, ELISAs, and fluorescence polarization 

assay). Selection of a given test should take into account the species affected as well as local 

regulations (Poester et al., 2010). No single serological test is appropriate in all 

epidemiological situations; all have limitations especially when it comes to screening 

individual animals (Poester et al., 2010). Consideration should be given to all factors that 

impact on the relevance of the test method and test results to a specific diagnostic interpretation 

or application. 

 

 In epidemiological units where vaccination with smooth Brucella is practised, false-positive 

reactions may be expected among the vaccinated animals because of antibodies cross-reacting 

with wild strain infection. The presence of anti-Brucella antibodies suggests exposure to 

Brucella species, but it does not indicate which Brucella species induced production of those 

antibodies. Moreover, seropositivity does not necessarily mean that the animals have current or 

active infection at the time of sampling. In fact, studies of experimental and natural infections 

indicate that nearly all animal species vulnerable to Brucella infection can lose their antibody 

titers (Godfroid et al., 2010). 

 



34 

 

Buffred Brucella antigen tests (BBAT) 

 

The Rose Bengal (RB) and buffred antigen plate agglutination (BPAT) tests are the well-

known buffered Brucella antigen tests. The RBT/RBPT is one of a group of tests known as the 

buffered Brucella antigen tests which rely on the principle that the ability of IgM antibodies to 

bind to antigen is markedly reduced at a low pH. The RBT is a simple spot agglutination test 

where drops of stained antigen and serum are mixed on a plate and any resulting agglutination 

signifies a positive reaction. The test is an excellent screening test but may be oversensitive for 

diagnosis in individual animals, particularly vaccinated ones (Corbel, 2006). The drawbacks of 

RBPT include: low sensitivity particularly in chronic cases, relatively low specificity in 

endemic areas and prozones make strongly positive sera appear negative in RBPT (Diaz et al., 

2011). The overall sensitivity is 92.9%, so the use of RBPT should be considered carefully in 

endemic areas, particularly in individuals exposed to brucellosis and those having history of 

Brucella infection (Ruiz Mesa et al., 2005). 

 

RPBT is an agglutination test that is based on reactivity of antibodies against smooth 

lipopolysaccaride (LPS). As sensitivity is high, false negative results are rarely encountered. 

One of the approaches to remove none specific reactivity is the precipitation of high molecular 

weight serum glycoproteins. It is commonly done by addition of rivanol to serum followed by 

removal of the precipitate by centrifugation and either a rapid plate type agglutination test with 

undiluted serum or a tube test using serum dilutions starting at 1:25 Poester et al., 2010; 

Supriya et al., 2010).The present World Health Organization (WHO) guidelines recommend 

the confirmation of the RBPT by other assays such as serum agglutination tests (Ruiz Mesa et 

al., 2005; Diaz et al., 2011).  

 

Enzyme linked immune sorbent assays test (ELISA) 

 

 ELISAs are divided into two categories, the indirect ELISA (iELISA) and the competitive 

ELISA (c-ELISAs) (Saegerman et al., 2004). They are more suitable than the CFT for use in 

smaller laboratories and ELISA technology is now used for diagnosis of a wide range of 
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animal and human diseases. Although in principle ELISAs can be used for the tests of serum 

from all species of animal and man, results may vary between laboratories depending on the 

exact methodology used. Competitive ELISA (c-ELISA) and Indirect ELISA (iELISA) tests 

can be used as supplementary tests to CFT (McGiven et al., 2013). Not all standardization 

issues have yet been fully addressed. For screening, the test is generally carried out at a single 

dilution. It should be noted, however, that although the ELISAs are more sensitive than the 

RBT, sometimes they do not detect infected animals which are RBT positive. 

 

 It is also important to note that ELISAs are only marginally more specific than RBT or CFT 

(Corbel, 2006). It measures IgG, IgA and IgM antibodies and this allows a better interpretation 

of the clinical situation. The diagnosis of brucellosis is based on the detection of antibodies 

against the smooth LPS. Detection of IgG antibodies is more sensitive than detection of IgM 

antibodies for diagnosing cases of brucellosis but specificity is comparable (Sathyanarayan et 

al., 2011; Agasthya et al., 2012). 

 

The indirect ELISA (i-ELISA) 

 

 

The method is based on the specific binding of antibodies present in the test sample with 

immobilized antigen. The binding event is visualized using chemically or enzymatically 

derived fluorescent, luminescent or colorimetric reaction. Many iELISA tests are available on 

the market (Poester et al., 2010). It has been used for serologic diagnosis of brucellosis in 

sheep, goats and pigs. It has also been used for diagnosis using serum or milk from cattle (Gall 

et al., 2003; Di Febo et al., 2012). i-ELISA has been usually used for smooth LPS Brucella 

species, and it is sensitive and specific for B. abortus or B.  melitensis, but it is not capable of 

differentiating antibodies induced by the vaccine strains S19 or Rev1 (Eoh et al., 2010; Lim et 

al., 2012). Sensitivity of i-ELISA varies from 96 to 100%, and its specificity from 93.8% and 

100% (Gall et al., 2001; Gall and Nielsen, 2004).  
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The competitive ELISA (c-ELISA) 

 

With smooth Brucella LPS as antigen is used for detection of anti-Brucella in serum samples 

from cattle, sheep, goats, and pigs. This test is capable of differentiating vaccine antibody 

response from actual infections, and its sensitivity varies from 92 to 100%, whereas the 

specificity ranges from 90 and 99% (Godfroid et al., 2010; Perrett et al., 2010). It can also be 

used both for screening and confirmatory tests (FAO, 2003). Antibodies against smooth LPS 

are used in all the above mentioned tests. They have a common significant disadvantage: O-

polysaccharides of Brucella are similar to that of Yersinia enterocolitica and other bacteria. It 

leads to the false positive results and thus reduces the specificity of the test (Nielsen et al., 

2004). Partly this problem is solved in the competitive ELISA (cELISA), where the specific 

epitopes of Brucella O-polysaccharides are used as antigens, but the sensitivity of c-ELISA is 

significantly lower than the iELISA (Nielsen et al., 1995). By selecting a monoclonal antibody 

with slightly higher affinity for the antigen than most of the vaccinal/cross-reacting antibody 

but with lower affinity than most antibodies arising from infection, reactivity by vaccinal 

antibody could be eliminated in the majority of cases. 

 

Fluorescence polarization assay (FPA) 

 

The FPA is based on the fact that, when polarized light excites fluorescent molecules, they will 

emit polarized light. In solution, the polarization of the emitted light is inversely proportional 

to the molecule‟s rotational speed, which is influenced by the solution‟s viscosity, absolute 

temperature, molecular volume and the gas constant (Poiester et al., 2010). In brucellosis 

serology; small molecular weight subunit of OPS is labelled with fluorescein isothiocyanate 

and used as the antigen. When testing serum, blood or milk, if antibody to the OPS is present, 

the rate of rotation of the labelled antigen will be reduced at a rate which is proportional to the 

amount of antibody present (Muma et al., 2007). The FPA is very accurate, and the 

sensitivity/specificity can be manipulated by altering the cutoff value between positive and 

negative reactions to provide a highly sensitive screening test as well as a highly specific 
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confirmatory test. The FPA can distinguish vaccinal antibody in most vaccinated animals, and 

it can as well eliminate reactivity by some cross-reacting antibodies (Yu and Nielsen, 2010). 

 

Complement fixation test (CFT) 

 

This test is regarded throughout the world as being the confirmatory test for the serological 

detection of infected animals. The sensitivity and specificity of the CFT is good, but it is a 

complex method to perform requiring good laboratory facilities and trained staff. If these are 

available and the test is carried out regularly with good attention to quality assurance, then it 

can be very satisfactory. It is essential to titrate each serum sample because of the occurrence 

of the prozone phenomenon whereby low dilutions of some sera from infected animals do not 

fix complement. This is due to the presence of high levels of non-complement fixing antibody 

isotypes competing for binding to the antigen. At higher dilutions these are diluted out and 

complement is fixed. Such positive samples will be missed if they are only screened at a single 

dilution. In other cases, contaminating bacteria or other factors in serum samples fix or destroy 

complement causing a positive reaction in the test, even in the absence of antigen. Such “anti-

complementary” reactions make the test void and a CFT result cannot be obtained (Corbel, 

2006).  

 

Due to its high accuracy, complement fixation is used as confirmatory test for B. abortus, B. 

melitensis, and B. suis infections (Chin et al., 1991), and it is the reference test recommended 

by the OIE for international transit of animals (OIE, 2009a, b). The (CFT) using a hot saline 

extracted antigen preparation has been used for the diagnosis of B. ovis infection in sheep 

(Searson, 1982). The CFT detects mainly the IgG1isotype antibody, as the IgM isotypes are 

partially destroyed during the inactivation process. Since antibodies of the IgG1 type usually 

appear after antibodies of the IgM type, control and surveillance of this disease is best done 

with CFT (WHO/MZCP, 1998).  

 

In addition, the test presents limitations with hemolysed serum samples or serum with anti-

complement activity of some sera, and the occurrence of prozone phenomena (OIE, 2009a). It 

is thus so used as a confirmatory test (FAO, 2003). The test distinguishes reaction caused by 



38 

 

other factors like other bacterial infections: Escherichia coli O157, Yersinia enterocolitica O:9, 

Vibrio cholerae, Pseudomonas mallophilia and Salmonella serotypes which share common 

chain of lipopolysaccharide (LPS) antigen with smooth Brucella strains and therefore cross 

react. Sensitivity of complement fixation ranges from 77.1 to 100% and its specificity from 65 

to 100% (Gall et al., 2001; Perrett et al., 2010).  

 

2-Mercaptoethanol (2-ME) 

 

The 2-mercaptoethanol is a confirmatory test that allows selective quantification of IgG anti-

Brucella due to inactivation of IgM in the test sample. Production of IgG is usually associated 

with chronic infection, and therefore, a positive result with this test is a strong indicator of 

brucellosis. Dithiothreitol is preferable because of the toxicity of 2-mercaptoethanol. The test 

measures mainly IgG, because the disulphide bridges of IgM are broken, reducing it to 

monometric molecules, and therefore, unable to agglutinate. However, IgG can also be reduced 

in the process, giving false negative results; though in general, reduction of IgM increases 

specificity (Poiester et al., 2010).  

 

The test does not eliminate vaccine generated antibodies, therefore is not recommended for 

international trade. However, this test has some drawbacks including the toxicity of 

mercaptoethanol, which requires a fume hood for its manipulation, and the possibility of IgG 

degradation caused by the 2-mercaptoethanol, which may result in false negative results 

(Poester et al., 2010). The agglutinating ability of IgM and IgA is destroyed by 2-ME; 

therefore agglutination in this test is indicative of presence of IgG and likelihood of persisting 

infection. Sensitivity of the 2-mercaptoethanol test varies from 88.4 and 99.6%, and its 

specificity from 91.5 and 99.8% (Nielsen et al., 2004). 

 

Milk ring test (MRT) 

 

 The agglutination test has been adapted to test milk for antibody to Brucella species. The 

format of the milk ring test (MRT) is a little different in that haematoxylin stained Brucella 
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cells are mixed with whole milk or whole milk with cream added (Sutra et al., 1986). This test 

allows screening of large number of cattle by using milk samples from tanks or pools from 

several cows. Immunoglobulins present in the milk will in part be attached to fat globules via 

the Fc portion of the molecule. If antibody to Brucella species is present, antigen will attach to 

it, resulting in a purple band in the cream layer. If no antibody is present, the fat layer will 

remain a buff colour and the purple antigen will be evenly distributed throughout the milk. 

This test is useful for monitoring cattle herds or areas free of brucellosis so it is classified as 

surveillance or monitoring test (OIE, 2009a).  

 

Importantly, the number of false positive results is proportional to the number of cows 

secreting acidic milk due to colostrums or mastitis. The immunoglobulins detected by MRT are 

IgM and IgA. A positive result indicates the presence of infected cattle in the herd so the test 

should be followed by individual serological test in the entire herd (OIE, 2009a).When a 

positive test result is obtained, all cows contributing milk should be blood tested. The milk I-

ELISA is a sensitive and specific test, and is particularly valuable for testing large herds. The 

milk ring test (MRT) is a suitable alternative if the ELISA is not available. Still, in spite of its 

problems, it may be used as an inexpensive screening test in conjunction with other tests. 

 

2.8.2.2. Brucellin allergic skin test 

 

  

The skin test is an allergic test that detects the specific cellular immune response induced by 

Brucella species infection. The injection of brucellergene, a protein extract of a rough strain of 

Brucella species, is followed by a local inflammatory response in a sensitized animal. This 

delayed type hypersensitivity reaction is measured by the increase in skin thickness at the site 

of inoculation. A strong positive reaction is easily recognised by local swelling and 

indurations. However, borderline reactions require careful interpretation. Skin thickening of 

1.5–2 mm would be considered as a positive reaction. This test is highly efficient in 

discriminating between true brucellosis cases and false positive serological reactions. The skin 

test is highly specific but its weak sensitivity makes it a good test for herds but not for 

individual certification. It cannot discriminate between infection and vaccination (Saegerman, 

1999). Pouillot and his colleagues (1997) made an assessment of the diagnostic value of the 
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Brucellin allergic skin test (AST) in a brucellosis false positive serological reaction and 

reported that allergenic skin test is to be more specific than RBT and CFT. Therefore, this test 

could be used as a confirmatory test on cattle non-vaccinated against brucellosis. This test is 

prescribed as an alternative test by the OIE (2009a). 

 

2.8.2.3. Interferon gamma test 

 

As the prevalence of brucellosis decreases, accuracy of serological tests becomes more 

important. False positive reactions result in trace-backs and epidemiological investigations that 

are expensive and time consuming. Therefore, assays that eliminate FPSR will become more 

and more useful. In general, the interferon gamma test involves stimulation of lymphocytes in 

whole blood with a suitable antigen, in this case, Brucellin has been shown to work well and 

then measuring the resulting gamma interferon production by a capture ELISA (Weynants et 

al., 1998). This test could be useful in the discrimination of FPSR but more specific antigens 

are needed and the protocol needs to be standardized. 

 

7.8.3. Recent advances in proteomic methods of Brucella diagnostics 

 

Both classical microbiological and serological methods of brucellosis diagnosis, as well as 

PCR based methods have some significant disadvantages despite their intensive development. 

Moreover, recently the results of Brucella study using system biology methods of genomics 

and proteomics were published. Through the sequencing of the complete genomes of 8 

bacterial isolates from five Brucella species (Brucella abortus, Brucella melitensis, Brucella 

suis, Brucella ovis and Brucella canis) (Chain et al., 2005), it became possible to create a 

library of the predicted protein-coding open reading frames (ORFs) in Brucella genome. Such 

an ORFeome library was made for B. melitensis, but since the high degree of homology 

between the genomes of Brucella species (Chain et al., 2005); B. melitensis ORFeome library 

can be used to analyze any type of Brucella. The protein coding DNA fragments were 

amplified using PCR and cloned into the DNA vector, which has been transformed into E. coli 

cells. The resulting library consisted of 3091 clones, each containing a single ORF. It was 96.7 

percent of the total number of found ORF. B. melitensis. ORFeome library was immobilized on 
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DNA microarray and used for the analysis of the expression of Brucella abortus genes (Viadas 

et al., 2009). 

 

The expansion of genomics, next-generation sequencing, and omics technologies has enabled 

in-depth analysis of the pathogenesis of brucellosis. Large-scale simultaneous Brucella and 

host global expression data sets can now be combined with proteomics and metabolomics data 

from in vitro and in vivo experiments in target species and nonhuman primates to generate 

cellular pathway and gene regulatory networks that enable full-scale systems biology analysis 

and improved whole system understanding of Brucella pathogenesis ( Gomez-Cabrero et al., 

2014). System biology methods also provide possibility to identify the antibodies produced by 

the organism in response to Brucella infection and also to predict the serodiagnostic properties 

of bacterial antigens. These studies provide provocative examples in support of using systems 

biology to more effectively integrate and exploit data for model development, for causal 

discovery, for the prediction of biological activities, for improving the design of in vitro and in 

vivo experiments, for finding biomarkers for enhanced brucellosis diagnosis, and for druggable 

targets for more effective treatment of brucellosis (Gomez et al., 2013). 

 

2.9. Public Health Importance of Brucellosis 

 

Brucellosis in humans is known as "undulant fever" or "Mediterranean fever", "Malta fever" or 

"Bangs disease" (Corbel, 2006).It is recognized as an important zoonotic disease worldwide 

posing serious health hazards. In endemic regions without brucellosis eradication programmes, 

zoonotic risk still represents an important public health threat (Moreno, 2014). Infection 

happens due to contact with infected animals or consumption of their products, mostly 

unpasteurized milk and milk products of sheep, goats, cattle and Camels (Tabak et al., 2008). 

In particular, immunocompromised persons, including the elderly, pregnant women, infants 

and young children, are at the highest risk of contracting brucellosis (CID et al., 2014). Human 

brucellosis is caused by four species of Brucella, namely, B. melitensis, B. abortus, B. suis, and 

B. canis , with the majority of cases of the disease in humans being attributed to B. melitensis, 

although there is a possibility that human infection by the other three species is 
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underappreciated (Lucero et al., 2010; Guerrier et al., 2011). In humans, brucellosis is 

described as a chronic febrile debilitating disease with an incubation period of 2 to 24 weeks, 

which leads to significant socioeconomic losses owing to long-term treatment and inability of 

the affected individuals to provide for their families (Atluri et al., 2011). 

 

It presents special importance in those regions where trading of raw milk and raw milk 

products is a common practice among farmers (Lindahl et al., 2014). The survival of Brucella 

in milk and dairy products is related with curing methods, humidity, temperature and/or 

changes in pH. For milk, Brucella survival is inversely proportional to the pH (El-Daher et al., 

1990). Brucella can be responsible for milk-borne diseases, particularly since the appearance 

and taste of the milk are rarely affected by the presence of the bacteria (Dhanashekar et al., 

2012). In addition, brucellosis vaccines such as Rev-1 and RB51 are live dried living vaccines. 

Thus, needle stick accidents during their preparation or administration could also be a risk 

factor for human infection. Close contact with animals may occur when farmers or 

veterinarians assist animals during parturition or abortion or handling of stillbirth. In some 

parts of the world it is also common practice for farmers to separate the placenta manually, 

thereby increasing their exposition to tissues infected with Brucella (Lindahl et al., 2014).  

 

Dairy farmers who milk with bare hands have a greater chance of becoming infected from 

Brucella infected animals (Lachapelle, 2012) as do farmers or slaughterhouse workers who 

have skin lesions which provide an entry point for the bacteria (Islam et al., 2013). Also, 

inhalation of Brucella has been previously reported in slaughterhouse workers where the 

concentration of Brucella can be high due to aerosol generation (Sammartino et al., 

2006).Zoonotic brucellosis from marine mammal includes individuals in traditional 

communities where products from whales and seals are still an important part of their diet 

(Tryland et al., 2014). In addition, occupational acquired infection in people handling stranded 

marine mammals, whale and seal hunters, marine researchers and other people handling raw 

products from the ocean could be exposed (Waltzek et al., 2012). Also, it is suggested that 

marine avian species may harbour Brucella by eating infected fish and thus become vectors of 

zoonotic infections (Thakur et al., 2012). Tourists who swim and interact closely with captive 
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dolphins can be at risk when Brucella species could be circulating in these colonies (Muñoz et 

al., 2006). 

Brucellosis in humans is a multisystemic, acute to chronic, disease characterized by fever, 

headache, joint pains, musculo-skeletal pains, sweating, malaise and body wasting. Because of 

these rather non-specific signs, this has caused tremendous problems with the clinical diagnosis 

of brucellosis in sub-Saharan Africa, where it is constantly mis-diagnosed as malaria, which is 

very prevalent. Animal brucellosis constitutes significant public health importance for a 

pastoral community where close intimacy with animals, raw milk consumption and low 

awareness on zoonoses facilitate zoonotic transmission of the disease. Milk is a major staple 

food, and is an important source of protein and vitamins for households. Raw milk, which is 

the mode by which almost all the pastoral community consumes it, is also a source of infection 

with milk-borne zoonoses such as brucellosis (Scherlling et al., 2003). 

 

Additionally, brucellosis is considered one of the most common laboratory-acquired infections 

worldwide because Brucella can be easily transmitted via aerosol, a fact that has also led this 

pathogen to be developed as a potential biological weapon in the past (Xavier et al.,2010). 

Importantly, both vertical and horizontal human-to-human transmission are rare (Aydin et al., 

2013), which leads to the conclusion that infected humans are accidental hosts and should be 

considered a dead end as far as Brucella species transmission is concerned. At present, there is 

no available vaccine to prevent Brucella infection in humans. The treatment of choice for 

human brucellosis consists of combination antibiotic therapy for long periods of at least 6 

weeks; however, significant treatment failures and relapses of infection have been reported 

(Rubach et al., 2013). Therefore, a better understanding of the disease pathogenesis in both 

animal and human hosts is crucial for the development of more efficient tools for the 

prevention and treatment of Brucella infection. 

 

Boiling or heating of milk at 80–85 ºC (176–185 ºF) for several minutes (approximately 10 

minutes) will destroy the bacteria. Bacteria cannot survive if the cheese is cured longer than 3 

months (Nicoletti, 1989). In acidified soft cheeses and dry cheese, their survival is greater. 

Thus, European legislation requires that all cheeses made from raw milk be submitted to a cure 
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period of not less than 60 days Regulation (EC) (2004). Survival time in meat is lower, except 

in frozen meat where the microorganism can survive for several years (Pessegueiro et al., 

2003). Although zoonotic brucellosis is mainly associated with farmers in high prevalence 

areas, even in low prevalence countries brucellosis represents an important threat as a work-

acquired infection among dairy farmers, butchers, veterinary practitioners, meat inspectors, 

slaughter house personnel or artificial inseminators who do not take adequate Biosafety 

precautions while performing their jobs (Luce et al., 2012; Ali et al., 2013; Traxler et al., 

2013). The global health burden caused by brucellosis has been recently estimated to be 

>250,000 Disability Adjusted Life Years (DALYs) (Kirk et al., 2015). 

 

In places where brucellosis is endemic, humans can get infected via contact with infected 

animals or consumption of their products, mostly milk and milk products especially cheese 

made from unpasteurized milk of sheep and goats and rennet from infected lambs and kids. 

Some specific occupational groups including farm workers, veterinarians, ranchers, and meat-

packing employees are considered at higher risk (Tabak et al., 2008). B. abortus and B. suis 

infections usually affect occupational groups, while B. melitensis infections occur more 

frequently than the other Brucella species in the general population. Because person-to-person 

transmission rarely occurs, infected persons do not pose a threat to their surroundings 

(Sriranganathan et al., 2010). Although in general the number of human cases should follow 

the incidence in animals and be higher in the classical risk groups (McDermott and Arimi, 

2002; Ducrotoy et al., 2014), the situation can fluctuate depending on the proximity of contact 

between humans and livestock, the existence of different Brucella species and biovars, the 

alimentary and cultural habits of the population and possibly other factors. Yet human 

brucellosis remains the commonest zoonotic disease worldwide with more than 500 000 new 

cases annually (Pappas et al., 2005). Figure 6 depicts the incidence of human brucellosis 

worldwide status since 2000. 
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Figure 6. Worldwide incidence of human brucellosis  

Source: Pappas et al. (2006)  

The geographical distribution of brucellosis is constantly changing, with new foci emerging or 

re-emerging. The epidemiology of human brucellosis has drastically changed over the past few 

years because of various sanitary, socioeconomic, and political reasons, together with 

increased international travel. New foci of human brucellosis have emerged, particularly in 

central Asia, while the situation in certain countries of the Middle East is rapidly worsening 

(Pappas et al., 2006).Thus the true incidence of human brucellosis is unknown and the 

estimated burden of the disease varies widely, from <0.03 to >160 per 100,000 population 

(Pappas et al., 2006).Seven republics of the former Soviet Union (Kyrgyzstan, Tajikistan, 

Kazakhstan, Azerbaijan, Turkmenistan, Armenia and Uzbekistan) are included in the 25 

countries with the highest incidence of the disease worldwide, while another country of this 

region, Mongolia, is ranked the second. Syria has the highest annual incidence of human 

brucellosis worldwide (Pappas et al., 2006). 

2.10. Economic Impact 

 

Food and Agriculture Organization of the United Nations (FAO) and the Organization of 

Animal Health (OIE) consider brucellosis as has not only direct public health implications, it 

also poses a barrier to trade of animals and animal products (Fitcht, 2003) and has a wide 
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socioeconomic impacts especially in countries where people in rural areas rely to a large extent 

on livestock breeding and dairy products as a source of income (Zinsstag et al., 2005). 

Brucellosis is consistently ranked among the most economically important zoonoses globally. 

It is a „multiple burdens‟ disease with economic impacts attributable to human, livestock and 

wildlife disease. The epidemiology and economic impact of brucellosis vary by geography and 

livestock system. In many high-income countries, brucellosis has been successfully controlled 

or eliminated in livestock populations. Where it persists, wildlife populations have become the 

main reservoirs (for example, bison and elk in North America). In emerging middle-income 

countries, the brucellosis picture is much more variable. Middle-income countries tend to 

report the greatest number of outbreaks and animal losses (WHO, 2009; ILRI, 2012). 

 

Despite the existence of effective vaccines for cattle (S19 and RB 51) and goats (Rev 1), 

control efforts in economically poor endemic areas have failed as a result of the absence of 

vaccine provision, inconsistent infrastructure and lack of funding. Notably, most cases of 

human brucellosis in non-endemic developed countries result from dairy products imported 

from endemic area or from patients who import the disease. Data on the yearly economic 

impact of brucellosis in the developing world associated with disease in livestock have 

generally been hard to assess, especially in Africa (Smits et al., 2007). 

 

In countries such as Argentina and Mexico, which depend heavily on the sale of livestock 

products for both domestic and international markets, these annual costs for control are 

estimated to be US$60 million and $200 million, respectively. Studies done in developing 

countries by the United Nations highlight the need for effective control programmes which 

have an obvious benefit to the health of both human beings and livestock. If the costs of 

control programmes are shared between the public and private sectors and include international 

aid, they are likely to be profitable and cost effective (Roth et al., 2003; Smits et al., 2007). 

The economic impact in terms of human disease has been even harder to gauge; not only must 

the cost of treatment and diagnosis be considered, but also the cost in terms of disability-

adjusted life years. Regardless of the measures used, the economic burden of human 
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brucellosis in endemic areas is high and justifies widespread and sustained control efforts 

(Roth et al., 2003; Smits et al., 2007). 

 

A recent study by analyzing the economic costs and benefits of brucellosis in Mongolia 

provides an excellent framework for brucellosis control decision-making. Their analysis 

combines both economic impacts in animals, DALY losses in humans and costs to the health 

system and then uses this information to evaluate the benefits of different vaccination strategies 

under varying efficacy assumptions. This methodology, adapted to local circumstances, would 

provide the key information required for animal health policy and decision makers in countries 

and areas where brucellosis is prevalent (Roth et al., 2003). The economic losses due to bovine 

brucellosis include: losses of calves due to abortion, reduced milk yield, culling and 

condemnation of valuable cows because of breeding failure, endangering animal export trading 

of a nation, loss of man power, medical costs and government cost for research and eradication 

programs ( Chukwu, 1987) . In pregnant females, abortion occurs during the second half of the 

pregnancy, often with retention of the placenta and resultant metritis, which may cause 

permanent infertility. It is estimated that the infection causes a 20% to 25% loss in milk 

production as a result of interrupted lactation due to abortion and delayed conception. For 

instance, calves produced from Rose Bengal test positive and negative cows in a transhuman 

system in southern Sudan had, approximately 10% less calves than negative. Abortion rates 

were 22% in positive versus 11% in negatives (Mc Dermott and Arimi, 2002).  

 

In Africa, very few countries tackled this chapter on estimating economic losses, no doubt 

owing to lack of data on funding brucellosis control and on assessing direct economic losses 

and loss of earnings. Algeria, Gabon, Mauritania, Morocco, the Democratic Republic of 

Congo, Tanzania, Tunisia and Swaziland gave a few indications regarding the annual cost of 

brucellosis control. The countries receive public or private financing (livestock producers).  

Public financing amounts to 19 459.13 EUR in Swaziland, 20 890 EUR in Tanzania and 1 897 

288 EUR in Algeria. In Swaziland, economic losses arising from abortion total 2900023 EUR, 

while milk losses are assessed at 1272 210 EUR and export losses at 47384 EUR. Tunisia and 

the Democratic Republic of Congo report economic losses from abortion reduced agricultural 
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manpower and lower milk yields, although they provide no financial evaluation of the losses 

(Ayayi et al., 2009). 

2.11. Treatment, Prevention and Control 

 

2.11.1. Treatment 

 

Brucellosis is one of the drug-neglected diseases and treatment of brucellosis in domestic 

animals is not indicated (Kassahun, 2003). The essential administration of effective antibiotics 

for an adequate length of time. This element in the treatment of all forms of human brucellosis 

should be within the context of general medical supervision and, for severely ill patients, is 

best carried out in hospital if circumstances permit. In human, due to intracellular localization 

of Brucella and its ability to adapt to the environmental conditions encountered in its 

replicative niche e.g. macrophage (Seleem et al., 2008; Sriranganathan et al., 2010), treatment 

failure and relapse rates are high and depend on the drug combination and patient compliance. 

The optimal treatment for brucellosis is a combination regimen using two antibiotics since 

mono therapies with single antibiotics have been associated with high relapse rates (Pappas et 

al., 2005 and 2006a; Seleem et al., 2009). The combination of doxycycline with streptomycin 

(DS) is currently the best therapeutic option with less side effects and less relapses, especially 

in cases of acute and localized forms of brucellosis (Ersoy et al., 2005; Seleem et al., 2009; 

Sriranganathan et al., 2010). Neither streptomycin nor doxycycline alone can prevent 

multiplication of intracellular Brucella. 

 

Although the DS regimen is considered as the gold standard treatment, it is less practical 

because the streptomycin must be administered parenterally for 3 weeks. A combination of 

doxycycline treatment (6 weeks duration) with parenterally administered gentamicin (5 mg/kg) 

for 7 days is considered an acceptable alternate regimen (Glynn and Lynn, 2008). 

 

2.11.2. Prevention and control 

 

 

Brucellosis is an infectious disease which has been controlled and eradicated in some countries 

in the world (Godfroid et al., 2005). In sub-Saharan Africa, animal health services delivered by 
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the public sector have greatly decreased over the last 20 years due to various factors such as 

decreasing government budgets, particularly for operational costs of disease control. Thus, 

programs that require coordinated surveillance, information exchange and application of 

control measure are not implemented in many sub-Saharan countries (McDermott and Arimi 

2002; Smits and Cutler, 2004). The prevention of brucellosis is mainly by control of infection 

in domestic livestock by mass vaccination. The use B. abortus strain S19 in cattle and B. 

melitensis strain Rev-1 in goat and sheep has drastically reduced its incidence in many endemic 

areas. Vaccination of livestock is relatively cheap and will increase the value and productivity 

of their animals. It is not only important to improve the health of their animals but also is an 

important step to reduce the risk of severe illness and disability for themselves and their family 

members and also reduce the transmission to the human population. 

 

It is nearly always more economical and practical to prevent diseases than to attempt to control 

or eliminate them. For brucellosis, the measures of prevention include: Careful selection of 

replacement animals. These, whether purchased or produced from existing stock, should 

originate from Brucella-free herds or flocks. Pre-purchase tests are necessary unless the 

replacements are from populations in geographically circumscribed areas that are known to be 

free of the disease. Isolation of purchased replacements animals for at least, 30 days. In 

addition a serological test prior to commingling is necessary. Prevention of contacts and 

commingling with the herds or flocks of unknown status or those with brucellosis. Since 

animals are not often kept as business enterprises, the off takes are often low (Muma et al., 

2009). Thus animals tend to live long resulting in emotional attachment of the farmers to their 

animals. It has been suggested that any disease control strategies need to take into account the 

need and perceptions of the communities (Marcotty et al., 2009). 

 

If possible, laboratory assistance should be utilized to diagnose causation of abortions, 

premature births, or other clinical signs. Suspect animals should be isolated until a diagnosis 

can be made. Herds and flocks should be included in surveillance measures such as periodic 

milk ring tests in cattle (at least four times per year), and testing of slaughtered animals with 

simple screening serological procedures such as the RBT. Proper disposal (burial or burning) 
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of placentas and non-viable fetuses. Disinfection of contaminated areas should be performed 

thoroughly. Cooperation with public health authorities to investigate human cases. Animal 

brucellosis, especially when caused by B. melitensis, can often be identified through 

investigations of cases in humans (Corbel, 2006). 

 

Ensuring safe food is paramount for the protection of human health and for enhancement of the 

quality of life. Risk based programmes should aim at preventing or decreasing the transmission 

of zoonoses, including brucellosis, through adequate policy frameworks, prevention and 

control measures, and education, to prevent and control the spread of all zoonoses and 

foodborne diseases. Pasteurization of milk and sanitary or herd surveillance, with animal 

vaccination and culling techniques for infected animals and herds of  cattle and other animals 

for brucellosis have considerably reduced the incidence of outbreaks in many developed 

countries (New Zeland, Sweeden, the U.K. and France have earned the designation brucellosis 

free). Agricultural efforts and investments in brucellosis control and eradication programmes 

are worth many millions of dollars (Russo et al., 2009). 
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3. MATERIALS AND METHODS 

 

3.1. Description of Study Areas 

 

The study was conducted in two purposively selected towns of Bishoftu and Holeta that are 

known for their well developed dairy production constituting the major milk sheds of the 

capital (Land O‟Lakes Inc., 2010). The two towns are far apart from each other approximately 

by about 76 Km and the study areas were sketched in  (Figure 7) below.  

 

 Figure 7. Map of Ethiopia showing the study areas 

 

 Bishoftu is a town located in the East Shoa zone at 47 kilometers south of the capital, Addis 

Ababa, on the main international road to Djibouti. The 2007 national census reported a total 

population for Bishoftu of 99,928, of whom 47,860 were men and 52,068 were women. The 

absolute location of Bishoftu is geographically located at 8°45′N latitude and 38°59′E 

longitude. Topographically the town is located in tepid to cool sub-moist mid highland at an 

altitude of about 1920 meters above sea level (m.a.s.l). The mean annual maximum and 
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minimum temperatures are 26°C and 14°C, respectively; with mean relatively humidity of 

61.3% .It has an annual rainfall of 866 mm of which 84% is in the long rainy season (June to 

September). The dry season extends from October to February. Farmers in the vicinity of 

Bishoftu town use a mixed crop- live stock farming system. The area has diverse climatic 

zones, which are inhibited with different plant and animal species. 

 

Holeta is a town of Welmera district and situated in Oromia special zone surrounding Finfinne. 

The town is located 29 kilometers west of Addis Ababa at 9°30' N and 38°30' E with altitude 

ranging from 2300-3800m above sea level which is actually parts of central highlands of 

Ethiopia.The average annual minimum and maximum temperatures were 6° and 22°C, 

respectively. The area is also characterized by occasional frost that occurs in the months of 

October to December, where temperatures below zero for few days during these months. The 

annual rainfall ranges from 900-1100 mm. According to the population and housing census of 

2007 the population of the town is 23,296 (male=11512, female=11,784). The major livestock 

production systems in the area include:  mixed crop-livestock farming surrounding the towns, 

where animals are managed under extensive traditional grazing systems; market oriented, peri-

urban dairy production and urban dairy production systems. 

 

3.2. Target Population and Characterizations 

 

 

The target populations were dairy cattle in urban and peri-urban (both smallholder and 

commercial) dairy farms of Bishoftu and Holeta towns. Since dairy farms use more Artificial 

insemination than natural mating for breeding purpose, male animals were excluded from 

study. The dairy cattle under study comprised of breeds of Pure Holstein Frisian and 

indigenous crossbreed with Holstein Frisian. Cattle breeds established in the major milk sheds 

of the study sites with no history of vaccination against brucellosis. Dairy cattle older than six 

months were included into the study as the disease wasn‟t common in the cattle less than 6 

months of age due to maternal antibody. The animals were classified into two age groups (6-17 

months and > 17months) as young and adult based on Asmare et al. (2013). 
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3.3. Study Design and Methods 

 

A cross-sectional seroepidemiological study of bovine brucellosis was conducted from 

December, 2016 to May, 2017. The towns were purposively selected based on the abundance 

of dairy farms that constituting the known milk sheds to the capital (Land O’Lakes Inc., 

2010) and agroecological differences. The sampling frame was prepared and a sampling unit 

was divided into groups, or strata based on herd size and level of production into three groups: 

smallholder (small herd size), medium herd size and large herd size. Stratified random 

sampling was employed to sample the herds and the individual animal from each stratum 

sequentially by using lottery method. The sampling was performed using a two level approach, 

selecting first individual herds from each stratum and then randomly selecting individual 

animals inside each stratum proportionally (stratified two stage sampling). Then, relevant 

individual animal bio data and farm / herd level information were collected using structured 

format. 

 

3.4. Sample Size Determination and  Sampling Methodology 

 

  

The sample size of each town was calculated based on the reports of previous sero- prevalence 

of bovine brucellosis in study areas: 

                 n= 1.96
2
*Pexp (1-Pexp).................................. Thrusfield (2005) 

  

Where: n = required sample size; Pexp = expected prevalence; d =desired absolute precision. 

With 5% desired precision, at 95% confidence level is considered. 

Thus, the sample size for Bishoftu and Holeta towns  were calculated based on a previous 

report of 3.48% expected sero prevalence of bovine brucellosis by Jergefa et al. (2009). Thus,  

n= 1.96
2
*Pexp (1-Pexp)      = 1.96

2
*0.348(1-0.348) = 53 dairy cattle and when multiplied by two,  

                                                (0.05)
2 

 106 dairy cattle from the two study areas were supposed to be included into the study. 

However, approximately by more than three folds sample size was increased so as to increase 

d
2
 

d
2
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precision and reduce standard error. Accordingly, in the present study a total of 326 dairy cattle 

(175 and 151 dairy cattle from Bishoftu and Holeta, respectively) were selected to investigate 

Brucella infection for this study purpose.  

 

Before sample collection, members of the target population were identified by constructing a 

list (the sampling frame).  Thus, a list of 95 dairy farms (40 and 55 dairy farms from Bishoftu 

and Holeta, respectively) was generated with the help of the respective district livestock health 

departments of the two study areas.Then,  the  study population was divided into strata based 

on different ranges of herd (herd size) and level of production (Thrusfield, 2005). Three strata 

were formed such as:  small herd size (<10), medium herd size (10-50) and large herd size 

(50) based on (Geresu et al., 2016). Accordingly, a total of 30 dairy farms (14 dairy farms 

from Bishoftu and 16 from Holeta study areas) were proportionally selected randomly from the 

strata based on the herd number in each stratum. That means, 15(111 dairy cattle), 11(320 

dairy cattle) and 4(250 dairy cattle) dairy farms were selected as small herd size, medium herd 

size and large herd size, from the sampling frame, respectively.Of caurse the minimum and 

maximum herd size were 4 and 94 dairy cattle,respectively. Then, individual dairy cattle were 

also proportionally selected randomly by lottery methods from each substratum of the selected 

dairy herds.  Accordingly, about 64,161 and 101 dairy cattle from small herd size, medium 

herd size and large herd size were included into the study based on stratiefied two stage 

sampling, respectively.  

3.5. Blood Sample and Data Collection  

3.5.1. Collection of blood samples 

 

Blood samples were collected aseptically from jugular vein of individual animals for 

serological analysis. Approximately 10 mL of blood was aseptically collected from each cow 

using plain vacutainer tubes and then the collected blood samples were kept overnight to allow 

clotting at room temperature. Then, the separated sera were carefully collected/ harvested into 

cryovial without mixing with the clotted blood. The harvested sera were transported to 

National Animal Health Diagnostic and Investigation center (NAHDIC) serology laboratory in 
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icebox with the aid of ice pack. In the laboratory, the sera were stored at -20°C until processed. 

Information regarding to the attributes of individual animal such as breed, age, abortion 

history, herd size, etc., was recorded during blood sample collection (Annex 1). 

 

3.5.2. Questionnaire survey 

 

Verbal consent was obtained from the respondents and the objective of the survey explained to 

them before start of the interview. Then, parallel to collection of blood samples, pretested 

structured questionnaire (Annex 2) was used to collect data from 30 dairy farms owners, on 

possible factors that could contribute to transmission of brucellosis in livestock, through 

interviews. A number of Socio-demographic character such as age, education level and gender 

of the respondents, and herd-level predictor variables such as herd size, categorized as small 

(<10 animals), medium (10-50) and large (50 and above), source of replacement stock (from 

own, market and both), the presence of a separate parturition maternity pen, separate cows 

during parturition, reproductive disorders, selling of dairy breeding cattle, visitors and stray 

animals control were recorded. The hygienic status of the farm was also categorized as good, 

fair and poor based on manure disposal, drainage, physical appearance of the animal and 

ventilation status. The predominant selling reasons for dairy cattle were coded either as 

diseases, infertility or shortage of money. The culling criteria were also coded as reproductive 

problems, non-reproductive problems or both. The method of placenta, aborted material and 

dead animal disposal was also categorized into burying, open dump or feed to dogs. Calving 

pen after parturition treated as flushing with water, disinfecting with detergents or both. 

Furthermore, key questions on zoonoses including brucellosis were included into the 

questionnaire to assess the knowledge (awareness) of the respondents at the study areas.  

3.6. Serological Diagnostic Tests 

 

Rose Bengal Plate Test (RBPT): The sera samples were first screened using Rose Bengal 

Plate Test (RBPT) as described by Nielsen (2002). RBPT Brucella antigen from (Veterinary 

Laboratories Agency, Addlestone, United Kingdom), together with positive and negative 

control sera were used. Briefly, 30 µl of sera samples were dispensed on to the plate, and 30 µl 

of RBPT antigen was dropped alongside the sera. Using an applicator stick, the antigen and the 
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sera were mixed and rocked for about 4 minutes, and   examined for agglutination. Of course, 

antigen for the Rose Bengal Plate Test was prepared from B. abortus strain 99 stained with 

Rose Bengal dye and suspended in acid buffer pH 3.65. Positive and negative controls were 

employed for interpretation of the results. Results of (RBPT were interpreted as 0, +, ++, and 

+++ as has been described by Nielsen (2002).  

 

Competitive –ELISA (c- ELISA) Kit (SVANOVIR
®
 (Svanova Biotech, Uppsala, Sweden), 

was used according to the manufacturer‟s instructions. In this procedure, the samples together 

with a mouse monoclonal antibody (mAb) specific for an epitope on the O-polysaccharide 

portion of the S-LPS antigen are exposed to Brucella abortus smooth lipopolysaccaride coated 

wells on microtitre plates. If anti- Brucella antibodies are present in the test sample they will 

bind to the antigens in the well and block these antigenic sites. If anti-Brucella antibodies are 

absent in the sample, these sites will remain free and the mAb which was added after the 

sample will bind to these free antigenic sites. After an incubation period the unbound materials 

are removed by rinsing and a goat anti-mouse horseradish peroxidase (HRP) conjugated IgG is 

added to plate. The HRP conjugate will bind with specific mAb in absence of anti-Brucella 

antibodies in the sample. Unbound materials are removed by rising prior to the addition of the 

substrate. Subsequently a blue colour develops which is due to the conversion of the substrate 

by the conjugate. A negative result is indicated by the development of a blue color. The 

reaction is stopped by addition of stop solution; the colour changes to yellow. The result can be 

read by a micro plate photometer, where the optical density (OD) is measured at 450 nm. Sera 

from strain 19 vaccinated cattle do not compete with the mAb because of their specificity and 

lower affinity, leading to negative reaction. Samples with PI values of ≥30% are considered to 

brucella infection where as those with PI value <30% are considered as negative. 

Complement Fixation Test (CFT):  RBPT and c-ELISA positive sera were further tested 

using complement fixation test (CFT) as described by MacMillan (1990) for confirmation 

using standard B. abortus antigen for CFT (Veterinary Laboratories Agency, Addlestone, 

United Kingdom). The use of RBT/CFT combinations, the most widely used serial scheme, is 

generally recommended to maximize specificity of the test result by ruling out false positive 

results due to serological cross-reactions (Dohoo et al., 2003). An animal was considered 
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positive if it gives positive results on RBPT, c-ELISA and CFT. Interpretation of the result   is 

based on the degree of fixation of the complement and considered strong reaction (+3) when 

more than 75% fixation of the complement occurred at a dilution of 1: 5 where as the reaction 

is considered   as weak positive (+2) when 50% fixation of   complement was fixed at a 

dilution of 1: 10 and above. Brucella antigen for the complement fixation test was prepared 

from B. abortus S99. Brucella antigen and positive control for complement fixation test were 

obtained from AH-VLA (Animal Health Veterinary Laboratory Agency, UK). Hemolytic 

serum and guinea pig complement was obtained from ID VET (Innovative Veterinary 

Diagnostic) Company. 

 

3.7. Data Management and Analysis 

 

Putative biological and environmental factors believed to be associated with the occurrence of 

brucellosis were recorded in a Microsoft Excel® Spread Sheet. Data for serological and 

questionnaire were entered into Microsoft Excel spreadsheet and analysis was done using 

STATA version13.0 for windows (Stata Corp, College Station, TX). Prevalence was calculated 

by dividing the number of RBPT, c-ELISA and CFT-positive animals by the total number of 

animals tested and reported for each test result. Herd prevalence was calculated by dividing the 

number of herds with at least one reactor in RBPT, c-ELISA and CFT by the number of all 

herds tested. The within-herd prevalence was calculated by dividing the number of RBPT, c-

ELISA and CFT reactors within a herd by the number of serum samples tested in the herd. 

Asssociations of risk factors with Brucella seropositivity were used Fisher‟s exact test for both 

animal and herd levels. But for the none zero outcome of individual animal risk factors, logistic 

regression were used to measure association of potential risk factors. Odds ratio (OR) was 

utilized to measure the degree of association between risk factors such as management system, 

breed types, abortion history and RFM with animal level seroprevalence. All risk factors that 

had none zero outcome value in their category in the univariate logistic regression analysis 

were subjected to multivariable logistic regression analysis except RFM due to 

multicollinearity effect with abortion history. Likelihood ratio test was used to simplify the 

multivariable logistic regression analysis. P value less than 0.05 was considered statistically 

significant in all analysis.  
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3.8. Ethical Considerations 

 

Ethical clearance certificate with Ref.no. VM/ERC/26/06/09/2016 was obtained from the 

animal research ethical review committee of the College of Veterinary Medicine and 

Agriculture (CVMA) evidencing that humble handling of the sampled animals was done to 

minimize unnecessary suffering during sample collection (Annex 8). 
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4. RESULTS 

 

4.1. Results of Seroprevalence of Bovine Brucellosis and Associated Risk Factors 

4.1.1. Prevalence of anti- Brucella antibodies 

 

The sero-prevalence distribution of Brucella infection at individual animal and herd level in the 

study areas is presented in Figure 8. Among the 326 dairy cattle tested for bovine brucellosis, 7 

(2.14%) and 4 (1.23%) were found to be positive by RBPT and c-ELISA, respectively. When 

tested further serially with CFT 3 (42.9% and 75% of RBPT and c-ELISA positive sera, 

respectively) were confirmed to be positive. The animal level sero-prevalence of bovine 

brucellosis of the present study was 0.92% (95% CI: 0.19%, 2.66%).The herd level sero-

prevalence of bovine brucellosis was 16.7% and 13.3% by RBPT and c-ELISA, respectively. 

Results of CFT showed that a herd prevalence of bovine brucellosis was 10% (95% CI: 2.11%, 

26.53%). The within-herd prevalence varied between nil to 16.67 % (1/6) based on CFT result. 

Likewise, among herds that tested seropositive, the within-herd seroprevalence ranged from 

2.94 % to 16.67%. The mean apparent prevalence among animals in the seropositive herds was 

4.6% (n = 65; 95% CI: 0.9%, 12.9%) (Figure 8).  

 

Figure 8. Graphical representation of apparent seroprevalence of bovine brucellosis at animal  

                 and herd levels using RBPT, c-ELISA and CFT 
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4.1.2. Putative variables for infection with Brucella species at animals level  

 

Table 4 present results of animal level Brucella seropositivity and their association with 

exposure variables using fisher‟s exact test. The result respectively showed 0.0% and 1.09 % 

seroprevalence were young and adult animals. However, the difference in the prevalence 

observed was not statistically significant (P >0.05). The prevalence was not significantly 

associated with other factors such as agro-ecology, herd size and parity as well (P > 0.05).  

  

Table 4.  Association of bovine Brucella sero-positivity with Animal-level risk factors  

                  

 

Variable Level No of animals studied Prevalence (%) 

 (95% CI) 

P-value 

Age Adult 274 1.09 (0.22, 3.16) 0.593 

 Young 52 0.0(-)  

Agro-ecology  Highland  151 1.98 (0.41,5.69) 0.098 

 Mid-highland 175 0.0(-)   

Herd size Small 64 1.6 (0.39,8.40) 0.128 

 Large 

Medium 

101 

161 

1.9 (0.24,6.97) 

0.0(-) 

 

Parity  Non pariturated 67 1.49(0.04, 8.04)   

 Primiparus 71 0.0 (-)  

 Pluriparus 

 

188 1.06 (0.13, 3.79) 0.782 

 

CI: Confidence interval 

Based on Fisher‟s exact test  

 

The following Table 5 present results of animal level univariable analysis showing the 

magnitude and association of the putative variables with Brucella sero-positivity. 

Seroprevalence of bovine brucellosis did not show significant variations among breed types 

and management system (P > 0.05) using univariate logistic regeration analysis. Other risk 

factors like the history of abortion and retained fetal membrane were also analyzed and for 

analysis of these factors; the age group of up to two years was removed from the data to avoid 

bias as there are no chances of abortion and RFM in animals below two years of age. Of the 
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remaining 267 animals (of more than two years of age), 15 animals (5.61%) and 17 animals 

(6.36%) were found to have a history of abortion and RFM, respectively. The seroprevalence 

of brucellosis was found to be significantly higher (P<0.05) in animals with a history of 

abortion (13.3%) and RFM (11.7%) than in those without such a history (0.39%) and (0.4%), 

respectively. The animals with history of abortion were 38.6 times more likely to be 

seropositive than those without such history. Similarly, Animals that had suffered from 

retained fetal membranes were 33.2 times at risk of being positive to Brucella infection than 

those without such history (Table 5). 

 

Table 5.  Risk factors of infection with Brucella in Cattle in the study areas as shown by  

                logistic regression analysis 

 

Variable Level No of 

animals 

studied 

Prevalence (%) 

(95% CI) 

P-value OR(95% CI) 

Breed type Pure HF  64 1.6 (0.04,8.40) 0.557 2.1(0.2,23.1) 

 HF cross 262 0.8 (0.09,2.73)  1.0 

Mgt system Intensive 171 1.3 (0.15,4.58) 0.516 0.45(0.1, 5.0) 

 Semi-

intensive 

155 0.6 (0.01, 3.21)  1.0 

History of 

abortion 

Yes 15 13.3 (1.65,40.46) 0.004** 38.6(3.3,453.9) 

 No 252 0.39 (0.01,2.19)  1.0 

RFM  Yes 17 11.7(1.46,36.4) 0.005** 33.2(2.8,387.1) 

                      No 250 0.4 (0.01,2.21)  1.0 

 

HF: Holstein-Friesian; OR: Odds ratio; Yes: means the presence of the factor; No: means the 

absence of the factor, Mgt: Management; CI: Confidence interval; *: statistically significant 

  

4.1.3. Multivariable analysis of animal level risk factors with Brucella sero-positivity 
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Except variables that had zero outcomes in their category among individual animal risk factors, 

the variables from univariable analysis were included in the final multivariable logistic model.. 

One variable, retained fetal membrane that showed multicollinearity with abortion history was 

not included in the multivariable logistic regression model. A risk linked abortion history was 

observed in final model of animal level analysis. Thus, in the multivariable analysis, only 

abortion remained to be independently associated with brucellosis seropositivity (Table 6). 

Table 6. Multivariable model for risk factors of bovine Brucella seropositivity at animal level 

 

Variable category  Prevalence (%) 

(95% CI) 

P value OR (95%CI) 

Breed types (HF)     

           HF-cross 

1.6 (0.04,8.40)  

0.8 (0.09,2.73) 

0.932 1.13 (0.06, 21.16) 

1.0 

Mgt system (Intensive) 

             Semi-intensive 

1.3 (0.15,4.58)  

0.6 (0.01, 3.21) 

0.953 0.91(0.05, 16.57) 

1.0 

Abortion history (Yes) 

              No 

13.3 (1.65,40.46)  

0.39 (0.01,2.19) 

0.004** 37.8 (3.17, 451.3) 

 

CI: Confidence Interval; OR: Odds ratio; *: statistically significant 

 

4.2. Results of Questionnaire Survey 

 

4.2.1. Socio-demographic charactrestics of the respondents  

 

Of the 30 farm owners‟ interviewed during field survey, the youngest was 24 while the oldest 

was 74 years. The majority of the respondents‟ ages categorized between 30-50 years which 

accounts for about 70% of the respondents who were participated in the study. As far as the 

education level of respondents is concerned, the data indicated that a majority of respondents, 

70% had primary and secondary school while 30% of the respondents were being vocational 

and college level. However, these sociodemographic factors included into the present study 

were not showed significant association with herd seroprevalence of bovine brucellosis (ρ > 

0.05) as shown in (Table 7).  
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Table 7. Socio-demographic characteristics of the respondents and their association with  

               Brucella herd seropositivity using Fisher‟s Exact Test 

 

Description  Proportion of respondents 

(n=30) (%) 

Number of positive 

herds (%) 
P  value 

Education level    

     Primary school 12 (40) 1(8.3) 0.172 

     Secondary school 9 (30) 0.0(0)  

    Vocational 4 (13.3) 0.0(0)  

    College/ University 5(16.7) 2(40)  

Age    

    < 30 5(16.7)    0.0(0)  0.548 

    [30-40) 10(33.3)  1(10)  

     [40-50) 

      > 50 

Gender 

Male 

Female 

 

11(36.7) 

4(13.3) 

 

23(76.7)   

7 (23.3) 

2(18) 

0.0(0) 

 

2(8.6) 

1(14.3) 

 

 

 

0.654 

 

  Based on Fisher‟s exact test 

 

  

4.2.2. Association of herd level risk factors with bovine seropositivity to Brucella species 

 

Among the 30 interviewed respondents 90% (n= 27) reared crossbreed (indigenous- Holstein 

Frisian) dairy cattle where as 10% (n= 3) of them reared pure Holstein Frisian. Nevertheless, 

the herd level seropositivity to brucellosis did not show statistically significant variation 

between the breeds (P > 0.05). According to the respondents, 56.6% (n= 17) of farms raised 

their stock from their own farms; 3.3% (n= 1) of the used to replace the stock from the market 

and 40% (n= 12) employed both options. About 76.6 % (n=23) of the farms were sold the 

female breeding cattle whereas 23.4% (n=7) of them did not. According to the respondents the 

main reasons for the selling of female breeding cattle was infertility 60.8%(n=14) followed by 

diseases problem, and shortage of money as shown in (Table 8 and 9).Most of the farms‟ 

hygiene was fair, and a few were good and poor based on manure disposal, drainage, and 



64 

 

physical appearance of the animal and ventilation status of the farms. None of these risk factors 

were associated with herd seroprevalence to brucellosis in present study (Table 8). 

 

The presence of abortion history in dairy herds were responded by 26.7% (n= 8) of the 

respondents and about 30% (n= 9) of the respondents were reported the occurrence of retained 

fetal membrane during abortion or parturition in their animals. The presence of abortion history 

and RFM were significantly associated with herd-level seropositivity to brucellosis (P < 0.05). 

Moreover, results of Fisher’s exact test also showed that herd size (P < 0.05) and stillbirths 

(P<0.05) were significantly associated with herd level Brucella seropositivity, respectively. 

However, agro ecological areas,  the absence or presence  of stray animals control, visitors 

control, parturition maternity pen, selling of dairy breeding cattle and the way of cleaning 

calving pen after parturition were not associated with herd-level seropositivity to brucellosis (P 

> 0.05) as illustrated in  (Table 8). 
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Table 8. Association of herd level risk factors with bovine brucellosis by using Fisher‟s  Exact 

Test  

 

Type of risk factor  Serum investigated by CFT at herd level P-value 

 Number of herd 

tested (n=30) (%) 

Number of test 

positive herd (%) 

 

General characteristics of farms: 

 

   

Herd size    

   Small 15(50) 1(6.7)  

   Medium 11(36.7) 0.0(0)  

   Large 4(13.3) 2(50) 0.014* 

Agro- ecology   

   Highland 

 

15(50) 

 

3(20) 

 

0.224 

   Mid-highland 15(50) 0.0(0)  

Breed types    

   Pure HF 3 (10) 1(33.3)      0.280 

   HF cross 27 (90) 2(7.4)  

Introduction of infection to farms:   

 

 

Source of replacement stock    

   From market 1 (3.3) 0.0(0)  

   Raise from own farm 17 (56.6) 1(5.9)  

   Both 12 (40) 2(16.7) 0.598 

Selling of dairy breeding cattle    

   Yes 23 (76.6) 2(8.7) 0.564 

   No 7 (23.4) 1(14.3)  

Management systems of the farms: 

 

  

Farm Hygiene    

   Poor                      4(13.3) 2(50) 0.635 

   Fair 21(70) 1(4.7)  

   Good 5(16.7) 0.0(0)  

Exposure and maintenance of disease:   

Stray animals control    

   Yes 22 (73.3) 3(13.6) 0.545 

    No 8 (26.7) 0.0(0)  

Visitors control    

   Yes 20 (66.7) 3(15) 0.532 

 

   No 10 (33.3) 0.0(0)  

Parturition maternity pen              
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Both:   Water with detergents; RFM: Retained fetal membrane 

  Based on Fisher‟s exact test; *: statistically significant 

 

4.2.3. Awareness and practices of the respondents on herd health management and Brucellosis 

The questionnaire survey provided information regarding the knowledge (awareness) and 

practices of farm owners about zoonotic diseases, particularly brucellosis. Though the owners 

seemed to be aware of the risk of zoonotic diseases transmission through dirking raw milk and 

contact/ handling of fetal and aborted materials, still a high number of respondents had no 

detailed and accurate knowledge about zoonotic brucellosis. That is, in this study about 33.3%, 

54.5% and 100% respondents owning small, medium and large herd sizes, respectively were 

aware of the existence of brucellosis within the community. There was a low level of awareness 

among the owners of small herd sized farms on brucellosis.  

 

It was also found that the majority of the farm owners 70 %(n=21) were dependent on burying of 

the fetal and  aborted materials while some of the farm owners dispose after birth or abortion to 

open dump, and still few of them feed to dogs especially those of small and medium herd size 

farms (Table 9). About 53.3% (n=16) of the respondents were culled prominently dairy cattle due 

to reproductive problems whereas the other culled for both reproductive and non reproductive 

   Yes         3 (10) 1(33.3) 0.280 

   NO 27 (90) 2(7.4)  

Occurrence of abortion    

   Yes 8(26.7) 2(25) 0.014* 

    No 22(73.3) 1(4.5)  

RFM    

   Yes 9(30) 2(22.2) 0.021* 

    No 21(70) 

 

1(4.7) 

 

 

History of still birth    

    Yes 10(53.3) 3 (30)                                                      0.030* 

    No 20(66.7) 0.0(0)  

Calving pen after parturition    

     Flushing with water 18(60) 3(16.7) 0.329 

     Disinfect with detergent      6(20) 0.0(0)  

     Both 6(20)                 0.0(0)   
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problems. Even though some of the practices that have been done in those farms seemed 

attractive, further attentions on the awareness issue of the disease were needed. 

Table 9. Knowledge and practices of respondents on heard health  and brucellosis. 

 

Variables                                                         Frequency of respondent(n= 30) 

                           Herd size  

 Small(n= 15) 

n(% )             

Medium(n= 11)           

 n (%)  

Large(n=4)  Total (n=30) 

n (%)               n (%) 

 

Awareness about zoonotic 

diseases transmission 

through drinking raw milk 

    

          Yes 10(66.7) 9(81.8)  4(100) 23(76.7)  

           No 5(33.3) 2(18.2)  0.0(0)            7 (23.3) 

Awareness about diseases 

transmitted during handling 

of fetal and aborted materials 

   

           Yes 6(40) 8(72.7)  4(100)         20(66.7) 

            No 9 (60) 3(27.3)  0.0(0)        10(33.3) 

Awareness about zoonotic 

brucellosis 

   

           Yes 5(33.3) 6(54.5)  4(100)            15(50) 

            No 10(66.7) 5(45.5)  0.0(0)      15(50) 

     

Handling of fetal and aborted 

material         

         Burying                                                   

         Open dump 

         Feed to dogs 

Reasons for selling dairy 

cattle (n=23) 

      Infertility 

      Diseases 

      Shortage of money 

Reasons for culling dairy 

cattle 

  Reproductive problem 

   Non reproductive problem 

   Both  

 

 

10(66.7) 

2(13.3) 

3(20) 

 

 

5(45.5) 

1(9) 

5(45.5) 

 

 

8(53.3) 

2(13.4) 

5(33.3 

 

 

7(63.7) 

2(18.2) 

2(18.2) 

 

 

7(77.8) 

1(11.1) 

1(11.1) 

 

 

6(54.5) 

3(27.3) 

2(18.2) 

 

 

4(100)            21(70) 

0.0(0 )            4(13.3) 

0.0(0)             5(16.7)  

 

 

2(66.7)      14(60.8)  

1 (33.3)           4(17.4) 

0.0 (0)             5(21.8) 

 

 

2(50)                16(53.3) 

1 (25)                6(20) 

1 (25)                8(26.7) 

 

n= number  of participants; Both: represents reproductive and non- reproductive problems 
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4.3. Comparison of Serological Test Agreement 

 

When compared to c-ELISA, Rose Bengal Plate test diagnosed 1 false negative and 4 false 

positives .Then; there was a substantial test agreement between RBPT and c- ELISA. Similarly, 

a almost perfect agreement between CFT and c-ELISA and moderate agreement between CFT 

and RBPT was observed according to Kappa by using CFT as a confirmatory test as depicted in 

(Table 10).  

  

Table 10. Kappa test for agreement between RBPT, c-ELISA and CFT for diagnosis of   

                 bovine brucellosis  

 

     c-ELISA Kappa value     Kappa value 

interpretation 

Positive Negative   

RBPT Positive 3 4               0.69 substantial agree 

 Negative 1 318   

  

CFT   

RBPT Positive 3 4 0.54 Moderate agree 

 Negative 0 319   

c-ELISA Positive 3 1 0.855 Almost perfect 

agree    

 Negative 0 322   

 

Source: (Everitt, 1989)     K = 0: no agreement; K = 0 – 0.20: slight.     K = 0.21 – 0.40: fair; K = 

0.41 – 0.60: moderate;  K = 0.61 – 0.80: substantial agree; K > 0.81:   almost perfect agree;  K = 

1: perfect agreement 
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5. DISCUSSION 

 

It is considered that dairy animals are subjected to more stress conditions on farms, leading to a 

higher susceptibility to brucellosis infection (Kataria and Gahlot, 2010). However, the 

prevalence of bovine brucellosis recorded in this study at animal level is 

low (0.92%, 95% CI: 0.19%, 2.66%).That is, even though its publich health impact remains 

standing, its occurrence in dairy cattle in the study areas is minimal. The finding is comparable 

with the earlier reports of Tolosa et al. (2008) (0.77 %); Hailu et al. (2011) (1.38%); Gumi et al. 

(2013) (0.9%); Adugna et al. (2013) (1.0%); Asmare et al. (2013) (1.9%); Geresu et al. (2016) 

(1.4%)) from Ethiopia and Kang‟ethe et al. (2007) (1.0%) from Kenya. On the other hand, there 

were reports with a relatively higher seroprevalence of bovine brucellosis in other parts of the 

country Berhe et al.( 2007) (3.19%); Hailesillasie et al. (2008)(4.9%); Kebede et al. (2008) 

(11.0%);  Jergefa et al. (2009) (2.9%); Ibrahim et al. ( 2010) (3.1%); Megersa et al.( 2011b) 

(3.5%); Mekonnen et al.( 2011)( 6.1%);  Tibesso et al.( 2014) (4.3%). Similarly, relatively 

higher seroprevalence were reported in other African countries by other authors: 24.5% Angara 

et al. (2010) from Sudan; 24.0% Mai et al. (2012) from Nigeria, 5.5% Matope et al. (2010 ) 

from Zimbabwe; 8.5% Omer et al. (2000) from Eritrea were some of the reports. 

 

The difference observed in prevalence could be due to variation in production systems and 

animal management. Because most of the previous authors who reported higher prevalence 

studied extensively managed herds, where cattle from several owners mingle at grazing or 

watering points. Hence, the reasons for the low prevalence of bovine brucellosis in this study 

areas could possibly be explained by better hygienic practices, separation of cows during 

parturition, cleaning and disinfection activities, culling of infected animals and depending on 

own herds for replacing stock in these intensive farms, and the prevailing management 

differences between the intensive, semi-intensive and extensive production systems (McDermott 

and Arimi, 2002 and Matope et al., 2010). This is also reflected the relatively good hygienic 

status of the farms and practices in disposing aborted materials to ward off contact with animals. 

The use of different tests and laboratories also could have affected the variation in the proportion 
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of animals found positive. 

 

There were also reports with a relatively lower seroprevalence of bovine brucellosis than the 

present finding in other parts of the country by (Bashitu et al., 2015) 0.2 %, Ambo and 

Debreberhan, and Alem and Solomon (2002) and Belihu (2002) failed to find any seroreactive 

cattle in Eastern and Western Showa zones of central Ethiopia and in intensive dairy farms in 

Addis Ababa area, respectively. Similarly, Belihu (2002) could not find positive reactors in 

intensive dairy farms in Addis Ababa area (n=747). Variation in the seroprevalence findings 

might be seen to due to relatively more farm managements in these studies than the present 

study.  

 

In addition to estimation of seroprevalence, this study was also carried out to assess the risk 

factors associated with disease occurrence. Even though the present study revealed that 

agroecology of the dairy cattle was not significantly associated with brucellosis in dairy cattle, 

the results showed higher individual animal level seroprevalence at high land agroecological 

area of Holeta (1.98%) than mid-high land area of Bishoftu (0.0%). Absence of seropositive 

animal in mid highland (Bishoftu) may be due to a high awareness of the farmers coupled with 

low prevalence of brucellosis. This finding is in accord with those of the previous findings such 

as that of   Jergefa et al. (2009), Geresu et al. (2016) in which the agroecology was not 

significantly associated with seropositivity. The reasons for similarity in brucellosis 

seroprevalence between the agro ecological areas might be overwhelmed due to similarity in 

management practice performed in the two study sites. But, the observation was not in 

concordance with the findings of Berhe et al. (2007) in which agroclimate was significantly 

associated with brucellosis seropositivity in which low seroprevalence was reported in low land 

areas. Similarly, literature witnessed that the seroprevalence of brucellosis is lower in low land 

agro-climate which is unsuitable for survival of Brucella organisms than highlands (Radostits et 

al., 1994). 

 

Though the present study revealed that the herd size of dairy cattle was not significantly 

associated with animal level seroprevalence of brucellosis in dairy cattle, the results showed 
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higher individual animal seroprevalence in large (2%) and small (1.6%) compared to medium 

ones in which no positive animal was observed (Table 4). This could be due to similar herd 

management between the farms irrespective of the herd size. The result was in line with the 

findings of Kebede et al. ( 2008), Jergefa et al.( 2009), Asmare et al. (2013) who reported that 

the risk of seropositivity were independent of herd size. However, herd size has been identified 

consistently in previous and more recent studies by different reseachers to be a risk factor of 

brucellosis (Akakpo, 1987; Asfaw et al., 1998; Berhe et al., 2007; Muma et al., 2007a, b; 

Mekonnen et al., 2010; Megersa et al., 2011b, b; Sanogo et al., 2012; Geresu et al., 2016). This 

can be explained by the fact that an increase in herd size is usually accompanied by an increase 

in stocking density, one of the determinants for exposure to Brucella infection especially 

following abortion or calving (Crawford et al., 1990). Similarly, the increased odd of herd 

seropositivity with increasing herd size has also been reported in Zimbabwe (Matop et al., 2010).  

 

In the present study unlike most reports, there was no statistically significant association 

between the age groups at animal level seropositivity to brucellosis. But a seroprevalence of 

1.09% was found among adult age group whereas no Brucella seropositivity was observed in 

young age group of dairy cattle in the study sites (Table 4).The similarity of the present finding 

between age groups might be due to similar proper management across the herds irrespective of 

the ages in the study areas. Though it was not statistically significant, the aged animals have a 

greater chance of becoming infected and of coming into contact with other animals. Similar 

findings were also reported by (Jergefa et al., 2009; Amenu et al., 2010; Geresu et al., 2016) 

where age was not significantly associated with Brucella seropositivity. Moreover, statistically 

significance difference of a higher seroprevalence in the adult age groups has been reported by 

many researchers (Kebede et al., 2008; Hailesillasie et al., 2010; Megersa et al., 2011b; Asmare 

et al., 2013). It is possible that the higher prevalence of brucellosis among older cows may be 

related to their advanced age as the organism may remain latent or chronic for an unspecified 

period before manifesting as clinical disease. The other justification also possible as age is one 

of the intrinsic factors which influence the susceptibility to Brucella infection. Brucellosis 

appears to be more associated with sexual maturity (Radostits et al., 2000). It is essentially a 

disease of sexually mature animals and susceptibility increases with sexual maturity and 
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pregnancy due to the influence of sex hormones and placenta erythritol on the pathogenesis of 

brucellosis (Radostits et al., 2007).On the other hand, younger animals tend to be more resistant 

to infection and frequently clear infections, although latent infections could occur (Walker, 

1999). 

 

There is still a controversy among different researchers on the issue of breed susceptibility to 

brucellosis. The present study revealed that Brucella infection did not show significant variation 

between breeds (Table 5). The similarity in herd management and variation in number of 

animals sampled per group might be accountable for the absence of significant variation of 

Brucella infection between the breeds. The present finding agrees with the previous reports of 

(Kebede et al., 2008; Amenu et al., 2010; Asmare et al., 2013; Geresu et al., 2016) who reported 

seropositivity of  Brucella infection was independent of the breeds. However, Jergefa et al. 

(2009) found that breed of cattle has significant effect on the seroprevalence of brucellosis and 

he reported higher seroprevalence of brucellosis in cross-bred. 

 

The finding of this study revealed that relatively higher seroprevalence of brucellosis was 

observed in intensive (1.3%) than semi-intensive (0.6%) production systems though the finding 

was not statistically significant. This similarity could be explained by the fact that both 

production systems manage their dairy production relatively in a similar way. However, this 

finding is not in line with the previous report of Jergefa et al. (2009) and Asmare et al. (2010) 

who have indicated a significant higher seroprevalence of Brucella among dairy cattle in 

intensive production systems of Ethiopia.  

 

Parity was not found to be significantly associated with Brucella seropositivity in the univariable 

analysis (Table 5). In present study, 2 of the seropositive cows were in their pluriparus parity 

status whereas 1 from animals not yet gives birth. Furthermore, of parity status 57.7 % (n=188) 

of the female animals were pluriparus whereas about 42.3% were non pariturated (n=67) and 

primiparus (n=71). Hence, the present finding is in line with reports of (Tolosa et al., 2008; 

Adugna et al., 2013; Asmare et al., 2013) where parity status were not associated with animal 

level Brucella seropositivity. The reason of the similarity of Brucella infection among the parity 
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could be due to low sero-epidemiological distribution of bovine brucellosis in the present study. 

 

In present study, a previous history of abortion and retained fetal membrane were significantly 

associated with animal level Brucella seropositivity (Table 5). This could be explained by the 

fact that abortions or /and retained placenta are typical outcomes of brucellosis (Swell et al., 

1990; Radostits et al., 1994). Aborted foetuses and discharges contain large number of infectious 

organisms and transmit the disease within and between herds. Other studies have also shown a 

significant association between seropositivity and history of abortion and retained fetal 

membrane (Berhe et al., 2007; Tolosa et al., 2008; Ibrahim et al., 2010; Megersa et al., 2011a; 

Adugna et al., 2013; Alemu et al., 2014). Similarly, a number of studies in different African 

countries also show that individual animal Brucella seropositivity is associated with the number 

of abortions (Akakpo, 1987; Kubuafor et al., 2000; McDermott and Arimi, 2002; Schelling et 

al., 2003; Muma et al., 2012). However, the present finding is not in corcondance with the 

reports of (Kebede et al., 2008; Asmare et al., 2013) where Brucella infections were not 

associated with reproductive disorders.  This might be due to the presence of non-specific causes 

of abortion and/or RFM, or possibly to information bias from a lack of record-keeping by the 

herd owners. 

  

The overall herd seroprevalence of bovine brucellosis was 10% (95% CI: 2.11%, 26.53%), and 

the results are briefly presented on (Figure 6). The prevalence of bovine brucellosis was low to 

moderate at herd level. The result was comparable with the  previous finding of Asmare et al. 

(2013) 10.6% from Ethiopia .In addition, relatively similar herd seroprevalences (6.5–10.2%) 

were found in traditional cattle  reared  areas by other authors such as (Muma et al., 2007a, b; 

Yohannes et al., 2013, and even in urban and periurban (Mugizi et al., 2015a). Nevertheless, 

higher herd level seroprevalences also have been recorded by other authors: 62 % from Zambia 

(Samui et al., 2007), 55% from Uganda (Faye et al., 2005), and 26.1 % (Megersa et al., 2011b), 

13.6% (Jergefa et al., 2009), 24.1 % (Mekonnen et al., 2010) and 42.2% (Berhe et al., 2007) 

from Ethiopia. The within-herd prevalence varied between nil to 16.67 % (1/6) based on CFT 

test. Similarly, when the 3 seropositive herds alone were considered, the within-herd apparent 

seroprevalence ranged from 2.94 % to 16.67%.The variation in seroprevalence within the herds 
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may indicate clustering and that more transmission occurs within herds than between herds. This 

indicates that the spread of bovine brucellosis between herds can be controlled through the 

elimination of seroconverters in the infected herds.  

 

In the present study, risk factors related to respondents‟ age, sex and education level were 

studied to see their effect on herd prevalence of brucellosis. In fact,  it was  also noted that 

knowledge ages equal to or older than 55 years was a protective factor for brucellosis prevention 

(Coelho et al., 2007; Díez et al., 2013) although in the present study the overall effect of age 

groups of respondents were  not significantly associated (p>0.05) with the herd seroprevalence 

of brucellosis . Even though Producer‟s associations, education level and veterinary support have 

been recognized as protective factors (Díez et al., 2013), in present study herd prevalence was 

not showed significant variation across level of education of the respondents (P> 0.05).  

 

The highest herd seroprevalence (50%) was observed in a group of herds with herd of size ≥ 

50(large) animals whereas no reactor was observed in herds of size between 10-50 (medium) 

animals (Table 8). Increased in herd prevalence with increased herd size was observed with 

highly significant association with occurrence of bovine brucellosis (p<0.05) even if totally 

seronegative result was record in medium herd size. Such finding is in accordance with the 

earlier reports of (Tun et al., 2008) who reported significantly higher risk when the herd size is 

greater than 50 animals. Likewise, other researchers found herd size to be a significant factor in 

relation to herd seropositivity (Asfaw et al., 1998; Haileselassie et al., 2010; Ibrahim et al., 

2010; Matope et al., 2010; Shafee et al., 2011; Calistri et al., 2013; Adugna et al., 2013; Patel et 

al., 2014). On contrary, non-significant association between herd size and herd prevalence of 

brucellosis were also reported by (Kebede et al., 2008; Tolosa et al., 2008; Jergefa et al., 2009; 

Chand and Chhabra, 2013). 

 

Out of 30 herds, 90% (n=27) were indigenous - Holstein Frisian cross breeds whereas only 10% 

(n= 3) herds had pure Holstein Frisian cattle. But, the herd seroprevalence of bovine brucellosis 

was not significantly associated between the breeds.This could be due to the difference in 

numbers of breeds included in category (breeds were not proportionally included into the study). 
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The present finding is in line with the findings of (Kebede et al., 2008; Chand and Chhabra, 

2013) who have reported seropositivity independent to breed and species, respectively. In 

contrary to the present findings, (Swai et al., 2005) reported significant association of breed with 

herd prevalence of brucellosis. 

 

Different risk factors were also studied in the present study through questionnaire such as 

sources of replacement stock and selling of dairy cattle. None of these risk factors showed 

significant association with occurrence of bovine brucellosis. The present finding is in line with 

the findings of (Jergefa et al., 2009) who observed that sources of replacement stock had no 

effect on the herd prevalence of bovine brucellosis.  However, unrestricted movement of animals 

(Gwida et al., 2010) and purchase of animals as replacement or breeding (Dias et al., 2009; 

Oliveira et al., 2013) and removal of sero-positive reactors after testing (Evangelista and 

Goncalves, 2009 ) are considered to be important risk factors for introduction of infection. 

Similarly, whether a herd raises its own replacement animals or purchases replacement animals 

affects the potential for introduction into the herd (Walker, 1999; Tolosa, 2004). 

 

Farm hygiene was observed based on manure disposal, drainage, and physical appearance of 

the animal and ventilation status of the farms. Accordingly, most of the farms‟ hygiene were 

fair, and a few were good and poor (Table 8). This risk factor had no any statistical 

significant association with occurrence of brucellosis. Though, keeping good hygiene at 

dairy farm (Mugizi, 2009) are considered as a protective factor for brucellosis, unhygienic 

practices were identified as factors that will facilitate the spread of  Brucella infections 

(Adesokan et al., 2013).The risk of infection among  the level of factors might be 

overwhelmed by low sero prevalence bovine brucellosis found at study areas. 

  

The distribution of different risk factors on exposure and maintenance of disease and their 

association with herd sero- prevalence of bovine brucellosis is presented in (Table 8). In almost 

all of the herds, there were no parturition maternity pen 90% (n=27) at all. Only about 20% 

(n=6) of the farms were disinfect with detergent the calving box (areas) after parturition whereas 

majority of the farms flushed only with water. None of these findings was statistical significance 
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with herd seropositivity to brucellosis. Even though statistically significant difference was not 

shown between these factors with Brucella seropositivity, lack of calving pen enhances risk of 

exposure and maintence of Brucella infection within the farm. Majority of herds were having 

control over visitors 66.7% (n=20) and stray animals 73.3% (n=22). However, none of these risk 

factors showed significant association with occurrence of bovine brucellosis at herd level. For 

instance, dogs carrying pieces of placenta or aborted fetuses from one place to another can 

disseminate the infection from one herd to another (Forbes and Tessaro, 1990). Indeed, it is a 

known fact that restriction over visitors and stray animals is helpful in reducing spread of 

infection which is further supported by an observation of (Tun et al., 2008) who found 

significant increased prevalence with poor bio-security measures like control of visitors and 

stray animals. 

 

The herd seroprevalence of brucellosis was higher in herds that had a history of abortion (25%) 

and retained fetal membrane (22.2%), compared with herds with no history of abortion (4.5%) or 

RFM (4.7%), respectively in (Table 8). These reproductive disorders (abortion history, RFM and 

still birth) showed significant association with occurrence of bovine brucellosis at herd level. 

The result was in accordance with the findings of researchers who had reported significant 

association with   reproductive disorders like abortion, retention of placenta and still birth 

(Rahman et al., 2011; Sikder et al., 2012; Chand and Chhabra, 2013) with herd level 

seropositivity. Of utmost importance is the separation of animals during calving and in the next 

weeks that follow, plus proper disposal of aborted foetuses and placentas, the removal of 

replacements born to infected mothers, and other well-known general hygiene measures (Corbel 

et al., 2006).  It is a fact that the shedding of large numbers of organisms occurs during 10 days 

after abortion or calving of infected cows is the most significant feature of bovine brucellosis 

epidemiology and therefore, provision of calving box to down cowers is definitely helpful to 

reduce the chance of spread of infection if any FAO (2003). Still the result contrary to the 

finding of (Kebede et al., 2008) where reproductive disorders were not showed significant 

association with occurrence of bovine brucellosis at herd level.  

 

Knowledge of diseases is a crucial step in the development of prevention and control measures 

(WHO, 2004).Thus, based on information gathered from the respondents, there was a huge gap 
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in knowledge on brucellosis (Table 9). Most of the respondents from small holder dairy farms 

relatively did not understand the root of zoonotic disease transmission including brucellosis. 

Farmer‟s lack of awareness about brucellosis, improper handling of aborted materials and the 

habit of consuming raw milk, among other factors, might contribute to further spread of 

brucellosis in their livestock and expose the community to a public health hazard (Megersa et al., 

2011b). This low awareness is a limiting factor if control strategies are to be implemented. Lack 

of knowledge on the causative agent, mode of transmission and preventative measures against 

brucellosis can be detrimental. It is therefore important to establish an educational campaign in 

the study areas to enlighten the communities on the disease, risk factors as well as control 

strategies particularly in both livestock and humans.The respondents were practiced culling of 

dairy cattle when they faced reproductive problems than other problems.This could be best 

practice due to its protective effects but test and segregation is more preferred for further 

protection of the herds. 

 

The serological test comparison was done in (Table 10) accordingly, almost perfect agreement 

with significant association was observed between c-ELISA and CFT (K=0.855) whereas 

moderate agreement RBPT (K=0.540) with CFT. The substantial agreement was also seen 

between RBPT and c-ELISA (K=0.69).This finding is consistent with Asfaw et al., (1998) who 

reported a moderate agreement (K=0.44) between RBT and CFT. On the other hand, it was 

conflicting with the finding of Abay (1999) (K=0.98) and Geresu et al. (2016) (K= 0.758) which 

were almost perfect agreement and substantial agreement between RBPT and CFT, respectively. 

Overall, a kappa statistic was used to measure the agreement between the various serological 

tests. In general, the kappa statistics were quite low, suggesting that various serological tests may 

detect different antibody isotypes. Thus, no single test is capable of giving conclusive diagnosis 

in detecting all positive cases. It is advisable to combine at least two serological test methods to 

screen and confirm brucellosis on herd level combine i.e. RBT and CFT. 
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6.  CONCLUSION AND RECOMMENDATIONS 

 

The present study revealed that the overall sero-prevalence of bovine brucellosis at animal 

level was 0.92% in selected dairy cattle of Bishoftu and Holeta towns, central Ethiopia. The 

herd level sero-prevalence of bovine brucellosis was also recorded 10%. Thus, it can be 

concluded that the overall prevalence of bovine brucellosis was relatively low at individual 

animal and low to moderate prevalent at herd level in study areas. Only history of abortion and 

retained fetal membranes are important risk factors associated with occurrence of bovine 

brucellosis at animal level. Moreover, in the present study the infection is strongly associated 

with large herds and is manifested by reproduction disorders at herd level. Lack of calving pen 

and low awareness of the communities are important gaps observed during the study. Above 

all, it is necessary to carry out careful herd management and implementing basic biosecurity 

measures in the study areas. Therefore, based on the present findings the following 

recommendations are worth mentioning: 

 Strict pre-purchase tests policy has to be advocated among the farmers to prevent the entry 

of the diseases to naïve population. 

 Proper farm sanitation should be practiced to reduce risk of exposure to Brucella species.  

 Public education and awareness should be given among the community on the seriousness 

of the causes and modes of transmission of the diseases. 

  Further isolation and characterization of the causative agents, the need to implement a 

transparency policy and effective control measures in Ethiopia. 

 Further intensive epidemiological study has to be conducted to establish the disease 

situation in other domestic animals and humans in the study areas.  

 

 

 

 

 

 



79 

 

7. REFERENCES 

 

 

Abay, B. (1999). Bovine brucellosis a seroepidemiological study in selected farms and ranches 

in southeastern Ethiopia. DVM Thesis, Faculty of Veterinary Medicine (FVM), Addis 

Ababa University (AAU), Debre zeit, Ethiopia.  

Abou-Eisha, M. J. (2000).  Brucellosis in camels and its relation to public health. Assiut. Vet. 

Med.  J., 44 (87):54-64.  

Acha, P.U, and Szyfers, B. (2001). Zoonoses and Communicable Diseases Common to man 

and Animals. 3 rd ed. Pan America Health Organization. Pp. 40-296. 

Adesokan, H.K., Alabi, P.I., Stack, J.A., and Cadmus, S.I.B. (2013). Knowledge and practices 

related to bovine brucellosis transmission amongst livestock workers in Yewa, south-

western Nigeria. J. S. Afr. Vet. Assoc., 84(1): 121-125. 

Adugna, K.E., Agga, D.C., and Zewde, G. (2013). Seroepidemiological survey of bovine 

brucellosis in cattle under a traditional production system in western Ethiopia. Rev. Sci. 

tech. Off. Int. Epiz., 32 (3): 765-773. 

Agasthya, S., Isloor, S., and Krishnamsetty, P. (2012). Seroprevalence study of human 

brucellosis by conventional tests and indigenous indirect enzyme-linked 

Immunosorbent assay. Sci. World J., 1: 1-5. 

Ajogi I., Akinwumi J.A., Esuruoso G.O. and Lamorde A., G. (1998).Settling the nomads in 

Wase and Wawa-Zange grazing reserves in the Sudan savannah zone of Nigeria III: 

estimated financial losses due to bovine brucellosis. Niger. Vet. J., 19: 86–94. 

Akakpo, A.J. (1987). Brucelloses animales en Afrique tropicale. Particularités 

épidémiologiques: cliniques et bactériologiques. Rev. Elev. Med. Vet. Pays.Trop., 40: 

307–320. 

Akakpo, A.J., and Bornarel, P. (1987). Epidémiologie des brucelloses animals in Afrique 

tropicale: enquêtes clinique, sérologique et bactériologique. Rev.sci.tech. Off. Int. Epiz., 

6 (4): 981-1027. 

Al Dahouk, S., Tomaso, H., Nöckler, K., Neubauer, H. and Frangoulis, D. (2003). Laboratory-

based diagnosis of brucellosis – A review of literature. Part I, techniques for direct 

detection and identification of Brucella spp., Clin. Lab., 49: 487- 505. 



80 

 

Al Dahouk, S., Tomaso, H., Prenger-Berninghoff, E., Splettstoesser, D. and Scholz, C. (2005). 

Identification of Brucella spp. and biotypes using polymerase chain reaction restriction 

fragment length polymorphism (PCR-RFLP). Crit. Rev. Microbial., 31: 191-196. 

Alem, W., and Solomon, G. (2002). A retrospective sero-epidemiology study of Bovine 

Brucellosis in different Production Systems in Ethiopia .In: Proceeding of 16th Annual 

Conference. Pp 53-57.  

Alemu, F., Admasu, P., Feyera, T., and Niguse, A. (2014). Seroprevalence of Bovine 

Brucellosis in Eastern Showa, Ethiopia. Academic Journal of Animal Diseases. 3 (3): 

27-32.  

Ali, S., Ali, Q., Neubauer, H., Melzer, F., Elschner, M., Khan, I., Nji A. E., Ullah, N., Irfan, 

M., and  Akhter, M. ( 2013). Seroprevalence and risk factors associated with brucellosis 

as a professional hazard in Pakistan. Foodborne Pathogens and Disease, 10:500-505.  

Alton, G., Jones, L. M., Angus, R. D., and Verger, J. M. (1988). Techniques for the brucellosis 

laboratory, Institut National de la Recherche Agronomique, Paris, France. Pp.81-134. 

Amenu, K., Thys, E., Regassa, A., and Marcotty, T. (2010).Brucellosis and Tuberculosis in 

Arsi-Negele District, Ethiopia: Prevalence in Ruminants and People‟s Behavior 

towards Zoonoses. Tropicultura., 28 (4): 205-210. 

 Anderson, T.D., Cheville, N.F., and Meador, V.P. (1986). Pathogenesis of placentitis in the 

goat inoculated with B. abortus. II. Ultrastructural studies. Vet. Pathol., 23: 227-239. 

Angara, T.E., Ismail, A. A., Agab, H., and Saeed, N.S. (2010). Sero-prevalence of bovine 

brucellosis in Kuku dairy scheme, Khartoum, North Sudan, 

http://susteh.edu/staff_publicatons. 

Anon, (2005). Modified Brucella Selective Supplement, Oxoid Limited, Wade Road, 

Basingstoke, Hampshire, England. Pp. 82. 

Anonymous, (2007). Brucellosis background. American Veterinary Medical Association. 

www.avma.org/public_health/brucellosis_ bgnd. 

 Ansorg, R., Palm, G., and Unger, U. (1983). Malta fever in a brucellosis-free area: Analysis of 

an outbreak in the Göttingen district. Zentralblatt für Bakteriologie Mikrobiologie und 

Hygiene, I., 255 (3):299-308. 



81 

 

Arenas, G., Staskevich, A., Aballay, A., and Mayorga, L. (2000). Intracellular trafficking of 

Brucella abortus in J774 macrophages. Infect Immun., 68: 4255–63. 

Asfaw, Y. (1998). The epidemiology of brucellosis in intra and peri urban dairy production 

system in and around Addis Ababa. MSc thesis, Faculty of Veterinary Medicine, Addis 

Ababa University, Debre Zeit, Ethiopia. 

Asfaw, Y., Molla, B., Zessin, K.H., and Tegegne, A.A. (1998). Cross-sectional study of bovine 

brucellosis and test performance in intra-and peri-urban production systems in and 

around Addis Ababa, Ethiopia. Bull. Anim. Health Prod . Africa., 46(4): 217-224. 

Asgedom, H., Damena, D. and Duguma, R. (2016). Seroprevalence of bovine brucellosis and 

associated risk factors in and around Alage district, Ethiopia. Springer Plus., 5: 851. 

Asmare, K., Asfaw, Y., Gelaye, E., and Ayelet, G. (2010). Brucellosis in extensive 

management system of Zebu cattle in Sidama Zone, Southern Ethiopia. Afr. J. Agric. 

Res., 5:257-263. 

Asmare, K., Sibhat, B., Molla, W., Ayelet, G., Shiferaw, J., Martin, A.D., Skjerve, E., and 

Godfroid, J. (2013). The status of bovine brucellosis in Ethiopia with special emphasis 

on exotic and cross bred cattle in dairy and breeding farms. Acta Tropica., 126: 186-

192.  

Atluri, V.L., Xavier, M.N., de Jong, M.F., den Hartigh, A.B., and Tsolis, R.M. (2011). 

Interactions of the human pathogenic Brucella species with their hosts. Annu. Rev. 

Microbial., 65:523–41. 

Ayayi, J. A., Assiongbon, T., and Philippe, K. (2009). The impact of Brucellosis 

on the economy and public health in Africa. Conf. Pp. 85-98. 

Aydin, B., Beken, S., Akansel, R., Dilli, D., Okumus, N., et al. (2013). Prematurity due to 

maternal Brucella infection and review of the literature. Turk. J. Pediatr., 55:433–37. 

Baddour, M. M., and Alkhalifa, D. H. (2008). “Evaluation of Three Polymerase CHAIN 

Reaction Techniques for Detection of Brucella DNA in Peripheral Human Blood,” 

Canadian Journal of Microbiology, Vol. 54 (5), pp. 352-357. 

Baily, G., Krahn, B., Drasar, S., and Stoker, G. (1992). Detection of B.melitensis and 

B.abortus by DNA amplification. J. Trop. Med .Hyg., 95: 271-275. 



82 

 

Bashitu, L., Afera, B., Tuli, G., and Aklilu, F. (2015). Sero-Prevalence Study of Bovine 

Brucellosis and its Associated Risk Factors in Debrebirhan and Ambo Towns. J. Adv 

Dairy Res., 3: 131. 

 Baud, D., and Greub, G. (2011). Intracellular bacteria and adverse pregnancy outcomes. Clin 

Microbiol Infect., 17:1312-1322.  

Bekele, A., Molla, B., Asfaw, Y., and Yirgu, L. (2000). Bovine brucellosis: 

seroepidemiologoical study in selected farms and ranches in South Ethiopia. Bull Anim 

Health Prod. 48:13–17. 

Belihu, K. (2002). Analysis of dairy cattle breeding practices in selected areas of Ethiopia. PhD 

Thesis, Humboldt University, Berlin. 

Berhe, G., Belihu, K., and Asfaw, Y. (2007). Seroepidemiological investigation of bovine 

brucellosis in the extensive cattle production system of Tigray region of Ethiopia. Int. J. 

Appl. Res. Vet. Med., 5:65-71. 

Bertu, W.J., Ajogi, I., Bale, J.O., Kwaga, J.K., Ocholi, R.A. (2010). Sero-epidemiology of 

brucellosis in small ruminants in Plateau State, Nigeria. African Journal of 

Microbiology Research., 4:1935-1938. 

Bikas, C., Jelastopulu, E., Leotsinidis, M., and Kondakis, X. (2003). Epidemiology of human 

brucellosis in a rural area of northwestern Peloponnese in Greece. Eur. J.  

Epidemiol., 18: 267-274. 

Blasco, J.M. (1997). A review of the use of B. melitensis Rev. 1 vaccine in adult sheep and 

goats. Preventive Veterinary Medicine., 31:275-283. 

Bohlin, J., Snipen, L., Cloeckaert, A., Lagesen, K., Ussery, D., Kristoffersen, A.B., and 

Godfroid, J. (2010). Genomic comparisons of Brucella spp. and closely related bacteria 

using base compositional and proteome based methods. BMC. Evol.Biol., 10: 249. 

Boschiroli, L., Foulongne, V., and O‟Callaghan, D. (2001). Brucellosis: A worldwide zoonosis. 

Curr. Opin. Microbial., 4: 58-64. 

Boschiroli, M.L., Ouahrani-Bettache, S., and Foulongne, V. (2002). The Brucella suis virB 

operon is induced intracellularly in macrophages. Proc. Natl. Acad. Sci.USA., 99: 

1544–49.  



83 

 

Bishop, G.C., Bosman, P.P., Herr, S., (1994). Bovine Brucellosis. In: Coetzer, J.A.W, 

Thomson, G.R., Tustin, R.C. (Eds.), Infectious Diseases of Livestock with 

special reference to Southern Africa II. Oxford University Press, Cape Town, 

Pp. 1053-1066. 

Bricker, B. J. (2002). PCR as a diagnostic tool for brucellosis. Vet. Microbial., 90: 435– 446. 

Bricker, B. J., and Halling, S. M. (1994). “Differentiation of Brucella abortus bv. 1, 2 and 4, 

Brucella melitensis, Brucella ovis, and Brucella suis bv. 1 by PCR,” Journal of Clinical 

Microbiology., 32 (11): 2660-2666. 

Bricker, J. (2002a). Diagnostic strategies used for the identification of Brucella. Vet. 

Microbial., 90: 433-434. 

Bricker, J. (2002b).  PCR as a diagnostic tool for brucellosis. Vet. Microbial., 90: 435-446. 

Bukanzi F.R., Zyambo G.C., and Morris S.D. (1993). A serological survey of bovine 

brucellosis in the Molopo District of Bophuthatswana. J. S. Afr. vet. Assoc.,64 (4): 154-

155. 

 Calistri, P., Iannetti, S., Atzeni, M., Bella, C., Schembri A., and Giovannini, A. (2013). Risk 

factors for the persistence of bovine brucellosis in Sicily from 2008 to 2010. Prev. Vet. 

Med., 110(3–4): 329–334. 

Cardoso, P.G., Macedo, G.C., Azevedo, V., and Oliveira, S.C. (2006). Brucella species. Non 

canonical LPS: structure, biosynthesis, and interaction with host immune system. 

Microb.Cell Fact., 5: 13. 

Caro-Hernandez, P., Fernandez-Lago, L., de Miguel, M.J., Martin- Martin, A.I., Cloeckaert, 

A., Grillo, M.J., and Vizcaino, N. (2007). Role of the Omp25/Omp31 family in outer 

membrane properties and virulence of Brucella ovis. Infect. Immun., 75: 4050–4061. 

Carvalho Neta A.V., Mol J.P.S., Xavier M.N., Paixão T.A., Lage A.P. and Santos R.L. (2010). 

Pathogenesis of bovine brucellosis. Vet. J., 184:146-155. 

Celli, J., Salcedo, S.P., Gorvel, J.P. (2005).Brucella coopts the small GTPase Sar1 for 

intracellular replication. Proc. Natl. Acad. Sci. USA., 102: 1673–1678. 

Chain, P. S., Comerci, D. J. , Tolmasky, M. E., Larimer, F. W. , Malfatti, S. A.,  Vergez, L. M.,  

Aguero, F.,. Land, M. L., Ugalde, R. A., and Garcia, E. (2005) “Whole-Genome 



84 

 

Analyses of Speciation Events in Pathogenic Brucellae,” Infection and Immunity., 73 

(12): 8353-8361. 

Chand, P., and  Chhabra, R. (2013). Herd and individual animal prevalence of bovine 

brucellosis with associated risk factors on dairy farms in Haryana and Punjab in India. 

Trop. Anim. Health Prod., 45(6): 1313-1319. 

Chin, C., Pang, B., and Carrigan, M. (1991). Comparison of seroreactivity of rams with 

brucellosis in a complement fixation test, whole cell ELISA and by immunoblotting. 

Vet. Microbial., 26: 291-299. 

Christina, C. (1998). Brucella infection and immunity. Encyclopedia of immunology .Pp. 383- 

386. 

Chukwu, C.C. (1987). Brucellosis in Africa; Part II: The prevalence of animal Brucellosis. 

Cloeckaert, A., Grayon, M., and Grepinet, O. (2000a). An IS711 element downstream of the 

bp26 gene is a specific marker of Brucella spp. isolated from marine mammals. Clin. 

Diagn. Lab. Immunol., 7: 835-839. 

Cloeckaert, A., Grayon, M., Verger, M., Letesson, J., and Godfroid, F. (2000b). Conservation 

of seven genes involved in the biosynthesis of the lipopolysaccharide O-side chain in 

Brucella spp. Res. Microbiol.,151: 209-216. 

Coelho, A.M., Coelho, A.C., Roboredo, M., and Rodrigues, J. (2007).A case–control study of 

risk factors for brucellosis seropositivity in Portuguese small ruminants herds. 

PreventiveVeterinary Medicine., 82:291-301. 

Committee on Infectious Diseases; Committee on Nutrition; American Academy of Pediatrics 

(2014). Consumption of raw or unpasteurized milk and milk products by pregnant 

women and children. Pediatrics., 133: 175-179. 

 Conner, M.M., Ebinger, M.R., Blanchong, J.A, (2008). Cross PC. Infectious disease in cervids 

of North America. Annals of the New York Academy of Sciences. 1134:146-172.  

Corbel, M. (1997). Brucellosis: An overview. Emerg. Inf. Dis. 3: 213-221. 

Corbel, M. J., Scott, A. C., and Ross, H. M. (1980). Properties of a cell-walld efective variant 

of Brucella abortus of bovine origin. J. Hyg., 85:103–113. 

Corbel, M.J. (2006). Brucellosis in humans and animals. Produced by the, WHO in 

collaboration with the, FAO and OIE, Geneva. 



85 

 

Corbel, M.J., Banai, M., and Genus, I. (2005).  Brucella Meyer and Shaw 1920, 173al. in: 

Brenner D, J, Krieg, N., Staley, J., editors. Bergey‟s manual of systematic bacteriology.  

New York: Springer.2: 370-86. 

Crawford R.P., Huber, J.D., and Adams, B.S. (1990). Epidemiology and Surveillance. Animal 

brucellosis. Edited by: Nielsen K, Duncan JR; CRC Press Inc., Florida.Pp. 131-148.  

CSA (2007). Federal democratic republic of Ethiopia central statistical agency Population   and 

housing census of Ethiopia. 

 Cunningham, B. (1977). A difficult disease called brucellosis BT. In: Crawford, R.M., 

Hidalgo, R.J. (Eds.), Bovine Brucellosis. An International Symposium. Texas 

A&M University Press, College Station. Pp. 11–20. 

De Jong ,M.F., Starr, T., Winter, M.G., den Hartigh ,A.B., Child, R., Knodler, L.A., van Dijl 

,J.M., Celli ,J., and Tsolis, R.M.( 2013).Sensing of bacterial type IV secretion via the 

unfolded protein response. MBio., 4:416- 418. 

DelVecchio,V.G., Kapatral, V., Redkar, RJ., Patra, G., Mujer, C., Los, T., Ivanova, N., 

Anderson, I., Bhattacharyya, A., Lykidis, A., Reznik, G., Jablonski, L., Larsen, N., 

D‟Souza, M., Bernal ,A., Mazur, M., Goltsman, E., Selkov, E., Elzer, PH., Hagius, S., 

O‟Callaghan, D., Letesson, JJ., Haselkorn, R., Kyrpides, N., and Overbeek, R.(2002). 

The genome sequence of the facultative intracellular pathogen Brucella melitensis. 

Proc. Natl. Acad. Sci. USA., 99: 443-448. 

Dhanashekar, R., Akkinepalli, S., Nellutla, A. (2012). Milk-borne infections. An analysis of 

their potential effect on the milk industry. Germs., 2:101. 

Di Febo, T., Luciani, M., Portanti, O., Bonfini, B., Lelli, R., and Tittarelli, M. (2012). 

Development and evaluation of diagnostic tests for the serological diagnosis of 

brucellosis in swine. Vet. Italiana., 48: 145-156. 

Dias, J.A., Müller, E.E., Dias, R.A., Freitas, J.C.,Amaku, M., Ferreira, F., Silva, M.C.P., Lôbo, 

J.R., Figueiredo, V.C.F., Gonçalves, V.S.P., and Ferreira Neto, J.S. 

(2009).Epidemiological situation of bovine brucellosis in the state of Paraná . 61(1): 

118-21. 



86 

 

Diaz, R., Casanova, A., Ariza, J., and Moriyon, I. (2011). The rose Bengal test in human 

brucellosis: A neglected test for the diagnosis of a neglected disease. PLoS. Negl. 

Trop. Dis., 5: 1-7. 

Díez, J.G., and Coelho, A.C. (2013). An evaluation of cattle farmers‟ knowledge of bovine 

brucellosis in northeast Portugal. Journal of Infection and Public Health., 6:363-369. 

Dinka, H., Chala, R. (2009). Sero prevalence study of bovine brucellosis in pastoral and agro-

pastoral areas of East Showa zone, Oromia Regional State, Ethiopia. Am Eurasian 

Agric Environ Sci., 6:508–512. 

Dohoo, I., Martin, W., and Stryhn, H. (2003). Veterinary epidemiologic research. AVC Inc. 

Charlottetown, Prince Edward Island.Pp. 32-120. 

Donev, D., Karadzovski, Z., Kasapinov, B., and Lazarevik, V. (2010). Epidemiological and 

Public Health aspects of Brucellosis in the Republic of Macedonia. Sec. Biol. 

Med. Sci., 1: 33–54. 

Doyle, A.G., Halliday, W.J., Barnett, C.J., Dunn, T.L., and Hume, D.A. (1992). Effect of 

recombinant human macrophage colony-stimulating factor 1 on immunopathology of 

experimental brucellosis in mice. Infect Immun., 60:1465-1472. 

Ducrotoy, M.J., Bertu, W.J., Ocholi, R.A., Gusi, A.M., Bryssinckx, W., Welburn, S.C., 

Moriyón, I. (2014). Brucellosis as an emerging threat in developing economies: lessons 

from Nigeria. PLoS Negl. Trop. Dis., 6:1-6. 

Eaglesome, M.D., and Garcia, M. M. (1992). Microbial agents associated with bovine genital 

tract infection and semen. PartI. B.abortus, Leptospira species, Campylobacter fetus 

and Trichomonas foetus. Vet. Bull., 62: 743-775. 

Eoh, H., Jeon, Y., Kim, Z., Kim, C., and Cho, N. (2010). Expression and validation of 

Derythrulose 1-phosphate dehydrogenase from B. abortus: a diagnostic reagent for 

bovine brucellosis. J. Vet. Diagn. Invest., 22: 524-530. 

Europian Commission (2001). Brucellosis in Sheep and Goat (Brucella Melitensis). In: Report 

of the scientific committee on animal health and animal welfare of the Europian 

Commission.  

Evangelista, L.S.M., and Goncalves, L.M.F. (2009) .Bovine brucellosis in the state of Roraima. 

3: 2 http:// www.pubvet.com.br/artigos_det.asp?artigo=94).  



87 

 

Everitt, R.S. (1989).  Statistical methods for medical investigations. London: Oxford 

University.  

FAO (2003). Guidelines for coordinated human and animal brucellosis surveillance.FAO 

Animal production and health paper-156. Rome. P. 45 (cited from http://ftp.fao.org/ 

docrep /fao/005/y4723E/y4723E00.pdf). 

Faye, B., Castel, V., Lesnoff, M., Rutabinda, D., and Dhalwa, J. (2005). Tuberculosis and 

brucellosis prevalence survey on dairy cattle in Mbarara milk basin in 

Uganda. Preventive Veterinary Medicine., 67:267-281. 

 Fitcht, T.A. (2003). Acid tolerance and intracellular survival of Brucella. Bru Net Pub. 

http://www.fao.org/ag/aga/agah/id/brunet_main/brunet/publ ic_sub5_p1.ht ml. 

Folitse, R.D., Boi-Kikimoto, B.B., Emikpe, B.O., and Atawalna, J. (2014). The prevalence of 

Bovine tuberculosis and Brucellosis in cattle from selected herds in Dormaa and 

Kintampo Districts, Brong Ahafo region, Ghana: iMedPub., 5(2):10.3823/280. 

Forbes, L. B., and Tessaro, S. V. (1990). Infection of cattle with B.abortus biovar 1 isolated 

from a bison in Wood Buffalo National Park. Can .Vet. J., 37: 415-419. 

Foster, R.A., and Ladds, P.W. (2007). Male genital system. In: Maxie MG, Ed. Pathology of 

Domestic Animals. 5th ed. Elsevier Saunders: Philadelphia. Pp. 565-619. 

Fugier, E., Pappas, G., and Gorvel J-P. (2007). Virulence factors in brucellosis: implications 

for aetiopathogenesis and treatment. Exp. Rev. Mol .Med., 9: 1-10. 

Gall, D., and Nielsen, K. (2004). Serological diagnosis of bovine brucellosis: A review of test 

performance and cost comparison. Revue. Scientifique .et .Technique., 23: 989- 1002. 

Gall, D., Nielsen, K., Forbes, L., Cook, W., Leclair, D., Balsevicius, S., Kelly, L., Smith, P., 

and Mallory, M. (2001). Evaluation of the fluorescence polarization assay and 

comparison to other serological assays for detection of brucellosis in cervids. J.  

Wildlife Dis., 37: 110-118.  

Gall, D., Nielsen, K., Vigliocco, A., Smith, P., Perez, B., Rojas, X., and Robles, C. (2003). 

Evaluation of an indirect-linked immunoassay for presumptive serodiagnosis of B. 

ovis in sheep. Small Rum. Res., 48: 173-179. 

Gandara, B., Merino, A.L., Rogel, M.A., and Martinez-Romero, E. (2001).Limited genetic 

diversity of Brucella spp. J. Clin. Microbiol., 39: 235–240. 

http://www.fao.org/ag/aga/agah/id/brunet_main/brunet/publ


88 

 

Garcia Yoldi, D., Marin, M., De-Miguel, J., Munoz, M., and Vizmanos, L. (2006). Multiplex 

PCR assay for the identification and differentiation of all Brucella spp. and the vaccine 

strains B. abortus S19 and RB51 and B. melitensis Rev1. Clin. 

Chem., 52: 779-781. 

Garin-Bastuji, B., Hars, J., Drapeau, A., Cherfa, M.A, Game, Y., Le Horgne, J.M., Rautureau 

S., Maucci, E., Pasquier, J.J., Jay, M.,  and Mick, V. (2014). Reemergence of Brucella 

melitensis in wildlife, France. Emerging Infectious Disease., 20:157-1571. 

Garrity, G.M., Bell, J.A., Lilburn, T., (2005). Family III, Brucellaceae Breed, Murray 

and Smith 1957, 394AL. In: Bergey‟s Manual of Systematic Bacteriology, 

Volume II, (2nd Ed.). Brenner, D.J., Krieg, N.R. and Staley, J.T. (Ed.), Springer 

Science +Business Media, Inc., New York, NY 10013, USA.Pp. 370- 392.  

Geresu and Kassa, (20016).A review on Diagnostic Methods of Brucellosis. J. Veterinar. Sci. 

Techno., 7:323. 

Geresu, M.A., Ameni, G., Kassa, T., Tuli, G., Arenas, A., and Kassa, G.M. (2016). 

Seropositivity and risk factors for Brucella in dairy cows in Asella and Bishoftu towns, 

Oromia Regional State, Ethiopia. African Journal of Microbiology Research. 10(7): 

203-213. 

Geresu, M.A., Ameni, G., Wubete, A., Arenas-Gamboa, A.M., and Mamo, K. G. (2016). 

Isolation and Identification of Brucella Species from Dairy Cattle by Biochemical 

Tests: The First Report from Ethiopia. World Vet. J., 6(2): 80-88. 

Godfroid, J, Garin Bastuji, B., Saegerman, C., and Blasco Martínez, J.M. (2013). Brucellosis in 

terrestrial wildlife. Revue Scientifique et Technique., 32:27-42. 

Godfroid, J. (2002). Brucellosis in wildlife. Revue Scientifiquec Technique-Office Interna 

tional des Epizooties. 21:277-286. 

Godfroid, J., and Käsbohrerm, A. (2002). Brucellosis in the European Union and Norway at 

the turn of the twenty-first century. Veterinary Microbiology. 90:135-145. 

Godfroid, J., Bosman, P. P., Herr, S., and Bishop, G. C. (2005). Bovine brucellosis. In: Coetzer 

JAW Tustin RC (eds). Infectious Disease of Livestock, Oxford University Press 

2nd (eds)., 3: 1510-1527. 



89 

 

 Godfroid, J., Cloeckaert, A., Liautard, J.P., Kohler, S., Fretin, D., Walravens, K., Garín Bastuji 

B., and Letesson, J.J. (2005). From the discovery of the Malta fever‟s agent to the 

discovery of a marine mammal reservoir, brucellosis has continuously been a re-

emerging zoonosis. Veterinary Research., 36:313-326. 

Godfroid, J., Nielsen, K., and Saegerman, C. (2010).  “Diagnosis of Brucellosis in Livestock 

and Wildlife,” Croatian Medical Journal., 51(4):296-305. 

Godfroid, J., Scholz, H.C., and Barbier, T. (2011). Brucellosis at the animal/ ecosystem/human 

interface at the beginning of the 21st century. Preventive Veterinary Medicine .,102: 

118-131. 

Gomez, G., Adams, L.G., Rice-Ficht, A., and Ficht, T.A, (2013) .Host-Brucella interactions 

and the Brucella genome as tools for subunit antigen discovery and immunization 

against brucellosis. Front Cell Infect Microbial., 3:17. 

Gomez-Cabrero, D., Abugessasia, I, Maier, D., Teschendorff, A., Merkenschlager, M. Gisel A, 

Ballestar, E., Bongcam-Rudloff, E., Conesa, A., Tegner, J. (2014). Data integration in 

the era of omics: and future challenges. BMC Syst Biol., 8:11. 

Gortázar, C., Acevedo, P., Ruiz-Fons, F., and Vicente, J. (2006). Disease risks and 

overabundance of game species. European Journal of Wildlife Research. 2:81-87. 

Gortázar, C., Ferroglio, E., Höfle, U., Frölich, K., Vicente, J. (2007). Diseases shared between 

wildlife and livestock: a European perspective. European Journal of Wildlife Research., 

53:241-256. 

Guerrier, G., Daronat, J.M., Morisse, L., Yvon, J.F., and Pappas, G. (2011). Epidemiological 

and clinical aspects of human Brucella suis infection in Polynesia. Epidemiol. Infect., 

139:1621–25. 

Gul, S.T., and Khan, A. (2007). Epidemiology and epizootology of brucellosis: A review. 

Pak. Vet. J., 27: 145-151. 

Gumi, B., Firdessa, R., Yamuah, L., Sori, T., Tolosa, T., et al. (2013). Seroprevalence of 

brucellosis and Q-fever in southeast Ethiopian pastoral livestock. J. Vet. Sci. Med.  

Diagn., 2 (1): 1 –5. 

Gwida, M., Al Dahouk, S., Melzer, F., Rösler, U., Neubauer, H., and Tomaso, H. (2010). 

Brucellosis – Regionally Emerging Zoonotic Disease? 51: 289-95. 



90 

 

Hadush, A., and Pal, M. (2013). Brucellosis: An infectious re-emerging bacterial zoonosis of 

global importance. Int. J. Livestock Health., 3: 28-34. 

Haileselassie, M. (2008). Sero prevalence study of bovine brucellosis and its public health 

significance in Western Tigray, FVM, AAU, and Ethiopia. 

Haileselassie, M., Shewit, K., and Moses, K. (2010). Serological survey of bovine brucellosis 

in barka and arado breeds (Bos indicus) of Western Tigray, Ethiopia. Prev. Vet. Med., 

94(1 -2):28-35. 

Hailu, D., Mohamed, M., Mussie, H., Moti, Y., (2011). Seroprevalence of bovine brucellosis in 

agro pastoral areas of Jijjiga zone of Somali National Regional State, Eastern 

Ethiopia. Ethiop. Vet. J., 15 (1): 37 –47. 

Halling, S.M., Peterson-Burch, B.D., Bricker BJ, et al. (2005). Completion of the genome 

sequence of Brucella abortus and comparison of the highly similar genomes of 

Brucella melitensis and Brucella suis. J. Bacteriol., 187:2715–2726. 

Hartigan, P. (1997). Human brucellosis: Epidemiology and clinical manifestations. Irish 

Vet. .J., 50: 179-180. 

Henk, L., Smits, A., and Kadri, S. M. (2005). Brucellosis in India: Deceptive infectious 

disease. Indian J. Med. Res., 122: 375-384. 

Hoover, D., and Friedlander, A. (1997). Brucellosis: Medical aspects of chemical and 

biological warfare. Text book of Milit. Med. Pp. 5013-5021. 

Hoyer, B.H., and McCullough, N.B. (1968) (a). Polynucleotide homologies of Brucella 

deoxyribonucleic acids. J. Bacteriol., 95(2):444-448. 

Hunduma, D., and Ragasa, C. (2009).  Seroprevalence study of bovine brucellosis in pastoral 

and agro pastoral areas of East Showa Zone, Oromia Regional State, Ethiopia. Am 

Eurasia Agric Environ Sci., 6:508–512. 

Ibrahim, N., Belihu, K., Lobago, F., and Bekana, M. (2010). Sero-prevalence of bovine 

brucellosis and its risk factors in Jimma zone of Oromia Region, South-western 

Ethiopia. Trop. Anim. Health Prod., 42:35-40. 

 International Livestock Research Institute (ILRI), Institute of Zoology and Hanoi School of 

Public Health (2012). Mapping of poverty and likely zoonoses hotspots. Zoonoses 

Project 4. Report to the Department for International Development, UK.ILRI, Nairobi. 



91 

 

Islam, M.A, Khatun, M.M., Were, S.R., Sriranganathan, N., Boyle, S.M. (2013). A review of 

Brucella seroprevalence among humans and animals in Bangladesh with special 

emphasis on epidemiology, risk factors and control opportunities. Veterinary 

Microbiology., 166:317-326. 

Jergefa, T., Kelay, B., Bekana, M., Teshale, S., Gustafson, H., and Kindah, H. (2009). 

Epidemiological study of bovine brucellosis in three agro ecological areas of Central 

Oromia, Ethiopia. Rev Sci Tech., 28:933–943. 

Kang'ethe, E.K., Ekuttan, C.E., Kimani, V.N., and Kiragu, M.W. (2007). Investigations into 

the prevalence of bovine brucellosis and the risk factors that predispose humans to 

infection among urban dairy and non-dairy farming households in Dagoretti Division, 

Nairobi, Kenya. East Afr Med J., 84:96-100. 

Kassahun, A., Shiv, P., Yilkal, A., Esayas, G., Gelagaye, A., and Aschalew, Z. (2007). 

Seroprevalence of brucellosis in cattle and high risk professionals in Sidama Zone, 

Southern Ethiopia. Ethiop. Vet. J., 11:69-84. 

Kassahun, J. (2003). Seroepidimological study of brucellosis in humans and dairy cattle in 

Addis Ababa, A Thesis submitted to the School of Graduate Studies, Addis Ababa 

University. In partial Fulfillment of the Requirements for the Degree of Master of 

Science in Biology (Applied Microbiology), Pp.89- 95. 

Kataria, A.K., and Gahlot, A.K. (2010). Evaluation of oxidative stress in Brucella infected 

cows. Journal of Stress Physiology and Biochemistry.6:2. 

Kattar, M., Zalloua, A., Araj, F., Samaha-Kfoury, J., and Shbaklo, H. (2007). Development and 

evaluation of real-time polymerase chain reaction assays on whole blood and paraffin-

embedded tissues for rapid diagnosis of human brucellosis. Diagn. Microbiol. Infect. 

Dis., 59: 23-32.  

Kebede, T., Ejeta, G., Ameni, G. (2008). Seroprevalence of bovine brucellosis in smallholder 

dairy farms in central Ethiopia (Wuchale-Jida district). Revue de' Elevage et Medicine 

Veterinaire des Pays Tropicaux., 159:Pp. 3-9.  

 

Ko, J, and Splitter, G.A. (2003). Molecular host-pathogen interaction in brucellosis: current 

understanding and future approaches to vaccine development for mice and humans. 

Clin Microbiol Rev., 16:65–78. 



92 

 

Kohler, S., Foulongne, V., Ouahrani-Bettache, S., Bourg, G., Teyssier, J., Ramuz, M., and 

Liautard, J.P. (2002). The analysis of the intramacrophagic virulome of Brucella suis 

deciphers the environment encountered by the pathogen inside the macrophage host 

cell. In: Proceedings of the National Academy of Sciences of the United States of 

America., 99: 15711–15716. 

Kohler, S., Michaux-Chalachon, S., Porte, F., Ramuz, M., Liautard, J.-P. (2003). What is 

the nature of the replicative niche of the stealthy bug named Brucella? Trends 

in Microbiology. 11: 215-219. 

Kubuafor, D.K., Awumbila, B., and Akanmori, B.D. (2000). Seroprevalence of brucellosis in 

cattle and humans in the Akwapim-south district of Ghana: Public health implication. 

Acta Trop., 76:45-48. 

Land O‟Lakes, Inc. (2010). The next stage in dairy development for Ethiopia dairy value 

chains. In: End Markets and Food Security Cooperative Agreement 663-A-00- 05- 

00431-00. Land O‟Lakes Inc., Addis Ababa, Ethiopia. 

Lapaque, N., Moriyon, I., Moreno, E., and  Gorvel J.P. (2005). Brucella lipopolysaccharide 

acts as a virulence factor. Curr. Opin. Microbiol., 8: 60–66. 

Lim, J., Kim, H., Lee, J., Kim, G., Min, W., Lee, J., Rhee, H., Chang, H., and Kim, S. (2012). 

Evaluation of recombinant 28 kDa outer membrane protein of B. abortus for the 

clinical diagnosis of bovine brucellosis in Korea. J. Vet. Med. Sci., 74: 687-691. 

Lindahl, E., Sattorov, N., Boqvist, S., Sattori, I., and Magnusson, U. (2014). Seropositivity and 

risk factors for Brucella in dairy cows in urban and peri-urban small-scale farming in 

Tajiki stan. Tropical Animal Health and Production., 46:563-569. 

López-Goñi, I., García-Yoldi, D., Marín, M., De -Miguel, J., Muñoz, M., Blasco, M., Jacques, 

I., Grayon, M., Cloeckaert, A., Ferreira, C., Cardoso, R., Corrêa De Sá, I., Walravens, 

K., Albert, D., and Garin-Bastuji, B. (2008). Evaluation of a multiplex PCR assay 

(Bruce-ladder) for molecular typing of all Brucella species, including the vaccine 

strains. J. Clin. Microbiol., 46: 3484-3487. 

 Luce, R., Snow, J., Gross, D., Murphy, T., Grandpre, J., Daley, W.R, Brudvig, J.M., Ari, 

M.D.,Harris, L.,  and Clark, T.A. (2012). Brucellosis seroprevalence among workers in 



93 

 

at-risk professions: Northwestern Wyoming, 2005 to 2006. Journal of Occupational 

and Environmental Medicine., 54:1557-1560. 

 Lucero, N.E, Corazza, R., Almuzara, M.N., Reynes, E., Escobar, G.I, et al. (2010).Human 

Brucella canis outbreak linked to infection in dogs. Epidemiol. Infect., 138:280–85 

MacMillan, A. (1990). Conventional serological tests. Animal brucellosis.Pp. 153-197. 

Mai, H.M., Irons, P.C., Kabir, J, and Thompson, P.N. (2012). A large seroprevalence survey of 

brucellosis in cattle herds under diverse production systems in northern Nigeria. BMC 

Vet erinary Research., 8:144 

Mangen, M.J., Otte, J., Preiffer, D., and Chilonda, P. (2002). Bovine Brucellosis in Sub 

Saharan Africa Estimation of Sero-prevalence and impact on meat and milk off take 

potential FAO, Livestock Information and policy branch .AGAL. Livestock policy 

discussion paper, 8:12-18 in De La, Societe De Pathologic Exoticque., 89: 353-357.  

Marcotty, T., Matthys, F., Godfroid, J., Rigouts, L., Ameni, G., van Pittius, N.G., Kazwala, R., 

Muma, J., van Helden, P., Walravens, K., de Klerk, L.M., Geoghegan, C., Mbotha, D., 

Otte, M., Amenu, K., Bu Samra, N., Botha, C., Ekron, M., Jenkins, A., Jori, F., Kriek, 

N., McCrindle, C., Michel, A., Morar, D., Roger, F., Thys, E., and van den Bossche, P. 

(2009). Zoonotic tuberculosis and brucellosis in Africa: Neglected zoonoses or minor 

public-health issues? The outcomes of a multi-disciplinary workshop. Annals 

Trop.Med. Parasitol.. 103: 401-411. 

Martirosyan, A., and Gorvel, J.P. (2013). Brucella evasion of adaptive immunity. Future 

Microbiol., 8:147-154. 

Matope, D.G., Bhehe, E., Muma, J. B., Land, A., and Skjerve, E. (2010). Risk factors for 

Brucella spp. infection in smallholder household herds. Epidemiol. Infect., 39: 157–

164. 

McDermott, J., Grace, D., and Zinsstag, J. (2013). Economics of brucellosis impact and control 

in low-income countries. Rev Sci Tech Off Int Epiz., 32: 249–261. 

McDermott, J.J., and Arimi, S.M. (2002). Brucellosis in sub-Saharan Africa: epidemiology, 

control and impact. Vet. Microbiol., 90: 111–134.  

McGiven, J.A. (2013). New developments in the immuno-diagnosis of brucellosis in livestock 

and wildlife. Revised science. technology of international Epizootics, 32 (1): 163-176. 

http://www.fao.org/3/a-ag274e.pdf
http://www.fao.org/3/a-ag274e.pdf
http://www.fao.org/3/a-ag274e.pdf
http://www.fao.org/3/a-ag274e.pdf


94 

 

Megersa, B., Biffa, D., Abunna, F., Regassa, A., Godfroid, J., and Skjerve, E. (2011a). 

Seroprevalence of brucellosis and its contribution to abortion in cattle, camel, 

and goat kept under pastoral management in Borana, Ethiopia. Trop. Anim. 

Health Prod., 43: 651–656.  

Megersa, B., Biffa, D., Niguse, F., Rufael,T., Asmare, K., and Skjerve, E. (2011b). Cattle 

brucellosis in traditional livestock husbandry practice in Southern and Eastern Ethiopia, 

and its zoonotic implication. Acta Veterinaria Scandinavica., 53:24. 

Megid, J., Mathias, A., and Carlos, R. (2010). Clinical manifestations of brucellosis in 

domestic animals and humans. Open Vet. Sci. J., 4: 119-126. 

Mekonnen, H., Kalayou, S., and Kyule, M. (2010). Serological survey of bovine brucellosis in 

Barka and Arado breeds (Bos indicus) of Western Tigray, Ethiopia. Preventive 

Veterinary Medicine., 94: 28-35.  

Mekonnen, H., Shewit, K., Moses, K., Mekonnen, A., and Belihu, K., (2011). Effect of 

Brucella infection on reproduction conditions of female breeding cattle and its public 

health significance in western Tigray, northern Ethiopia. SAGE-Hindawi Vet. Med. Int. 

Id. 354943, 7. http://dx.doi.org/10.4061/2011/354943. 

Memish, Z. (2001). Brucellosis control in Saudi Arabia: prospects and challenges. Journal of 

Chemotherapy., 13:11-17. 

Meyer, C.E. (1980). Report on veterinary activities. Institute of Agricultural Research, 

Ethiopia. FAO Report No. AG: DP/ETH/78/004. FAO (Food and Agriculture 

Organization of the United Nations), Rome, Italy. Pp. 24. 

Miller, R., Nakavuma, J.L., Ssajjakambwe, P., Vudriko, P., Musisi, N., and Kaneene, J.B. 

(2015). The prevalence of brucellosis in cattle, goats and humans in rural Uganda: a 

comparative study. Transboundary and Emerging Diseases, Pp. 1-5. 

Mitka, S., Anetaki, C., Souliou, E., Diza, E., and Kansouzidou, A. (2007). Evaluation of 

different PCR assays for the early detection of acute and relapsing human brucellosis in 

comparison with conventional methods. J. Clin. Microbiol., 45: 1211- 1218. 

Moreno, E. (2002). Brucellosis in Central America. Vet. Microbiol., 90:31 -38. 

Moreno, E. (2014). Retrospective and prospective perspectives on zoonotic brucellosis. Fron 

tiers in Microbiology, 5:213. 

http://dx.doi.org/10.4061/2011/354943


95 

 

Moreno, E., and Moriyon, I. (2002), Brucella melitensis: a nasty bug with hidden credentials 

for virulence. Proc. Natl. Acad. Sci., 99:1–3. 

Moreno, E., Cloeckaert, A., and Moriyon, I. (2002). Brucella evolution and taxonomy. Vet 

Microbiol., 90: 209.227. 

Mugizi, D. (2009) .Relationship between bovine brucellosis and production systems in 

Kashongi sub-county of Kiruhura-Uganda. 57(3): 209-219. 

Mugizi, D.R., Boqvist, S., Nasinyama, G.W., Waiswa, C., Ikwap, K., Rock, K., Lindahl, 

E., Magnusson, U., and  Erume, J.( 2015a). Prevalence of and factors associated with 

Brucella sero-positivity in cattle in urban and peri-urban Gulu and Soroti towns of 

Uganda. J. Vet. Med. Sci., http://dx.doi.org/10.1292/jvm14-0452. 

Muma, J. B., Lund, A., Nielsen, K., Matope, G., Munyeme, M., Mwacalimba, K., and Skjerve, 

E. (2009). Effectiveness of rose Bengal test and fluorescence polarization assay in the 

diagnosis of Brucella spp. infections in free range cattle reared in endemic areas in 

Zambia. Trop. Anim. Health Prod., 41: 723-729. 

Muma, J. B., Samui, K. L., Siamudaala, V. M., Oloya, J., and Matope, G. (2007b). Prevalence 

of antibodies to Brucella spp. and individual risk Factors of Infection in Traditional 

Cattle, Goats and Sheep Reared in Livestock–Wildlife Interface Areas of Zambia. In: 

Tropical Animal Health and Production, 6: 1-8. 

Muma, J.B., Godfroid, J., Samui, K.L., and Skjerve, E. (2007a). The role of Brucella infection 

in abortions among traditional cattle reared in proximity to wildlife on the Kafue flats 

of Zambia. Rev. Sci. Tech., 26: 721–730. 

Muma, J.B., Pandey, G.S., Munyeme, M., Mumba, C., Mkandawire, E., and Chimana, H.M. 

(2012). Brucellosis among smallholder cattle farmers in Zambia: public health 

significance. Trop. Anim. Health Prod., 44: 915–920. 

Muñoz, P.M., García-Castrillo, G., López-García, P., González-Cueli, J.C., De Miguel, M.J., 

Marín, C.M., Barberán, M.,  and Blasco, J.M. (2006). Isolation of Brucella species 

from a live-stranded striped dolphin (Stenella coeruleoalba) in Spain. Veterinary 

Record., 158:450. 

Mussie, H., Tesfu, K., and Yilkal, A. (2007a). Seroprevalence study of bovine brucellosis in 

Bahir Dar Milk shed, Northwestern Amhara Region.Ethiop. Vet. J., 11(1):42-49. 



96 

 

 Nicoletti, P. (1989). Relationship between animal and human disease. In: Young EJ, Corbel 

MJ, editors. Brucellosis: Clinical and Laboratory Aspects. Boca Raton: CRC Press. 

Nicoletti, P. (1980): The epidemiology of bovine brucellosis. Advances Vet. Sci. 

Compara.Med., 26: 69-98. 

Nielsen, K. (2002). Diagnosis of brucellosis by serology: Vet. Microbiol., 90: 447-459. 

Nielsen, K. and Duncan, J. R. (1990). Animal Brucellosis. Boca Raton, Florida: Pp.1-453. 

Nielsen, K. H., Kelly, L., Gall, D., Nicoletti, P., and Kelly, W. (1995). “Improved Competitive 

Enzyme Immunoassay for the Diagnosis of Bovine Brucellosis,” Veterinary 

Immunology and Immunopathology, 46(3-4): 285-291. 

Nielsen, K., Smith, P, Widdison, J., Gall, D., Kelly L, Kelly W., and Nicoletti, P. (2004). 

Serological relationship between cattle exposed to Brucella abortus, 

Yersiniaenterocolitica O:9 and Escherichia coli O157:H7. Vet. Microbiol., 100: 25–30. 

 OIE (2000) .Bovine brucellosis Diagnostic Technique. Manual of Standard for Diagnostic 

Tests and Vaccines. (4thedn), Paris, Pp. 1-37. 

OIE (2004). Manual of the diagnostics tests and vaccines for terrestrial animals, 5th Ed. Office 

International des Epizooties, Paris, France, Pp. 409-438. 

OIE (2009a).Bovine brucellosis in terrestrial manual; http://www.oie.int/.  

OIE (2009b). Ovine epididymitis (B.ovis) in terrestrial manual; http://www.oie.int/.  

OIE (2008). Bovine brucellosis. In: Manual of Diagnostic Tests and Vaccines for terrestrial 

animals (mammals, birds and bees). 6th. ed.  Office International des Epizootics, OIE, 

Paris, France. 2: 624-659.  

OIE (2011). World Animal Health Information Database. Version 2. World Animal Health 

Information Database. Paris, France: World Organisation for Animal Health. 

Oliveira, R.M., Silva, M.L.C.R., Macêdo, M.M.S., Higino, S.S., Paulin, L.M.,Alves, C.J., 

Carvalho, M.G., and Azevedo, S.S. (2013).Seroepidemiology of bovine leptospirosis 

and brucellosis in family farm rural properties in the State of Paraíba, northeastern 

Brazil. ,” Journal of Applied Bacteriology. 80(3): 303-311.  

Omer, M.K., Skjerve, E., Woldehiwet, Z., Holstad, G. (2000). Risk factors for Brucella 

spp. infection in dairy cattle farms in Asmara, State of Eritrea. Preventive 

Veterinary Medicine. 46: 257-265. 



97 

 

Ouahrani-Bettach, S., Soubrier, M. P., and Liautard, J. P. (1996).  “IS6501-Anchored PCR for 

the Detection and Identification of Brucella Species and Strains,” Journal of Applied 

Bacteriology. 81(2): 154-160. 

Pappas, G., Papadimitriou, P., Akritidis, N., Christou, L., and Tsianos, E. V. (2006). “The New 

Global Map of Human Brucellosis,” Lancet Infectious Diseases. 6(2): 91-99.  

Pappas, G, Akritidis, N., Bosilkovski, M., and Tsianos, E. (2005). Brucellosis. N Engl J Med., 

352: 2325–36. 

Patel, M.D., Patel, P.R., Prajapati, M.G., Kanani, A.N., Tyagi, K.K., and Fulsoundar, A.B. 

(2014). Prevalence and risk factor's analysis of bovine brucellosis in peri-urban areas 

under intensive system of production in Gujarat, India, 7(7): 509-516. 

Paulsen, I.T., Seshadri, R., Nelson, K.E., Eisen, J.A., Heidelberg, J.F., Read, T.D., Dodson, 

R.J., and Frase,r C.M.(2002). The Brucella suis genome reveals fundamental 

similarities between animal and plant pathogens and symbionts. Proc. Natl .Acad. 

Sci., 99: 13148-13153. 

Pei, J., Turse, J.E.,Wu, Q., and Ficht, T.A. ( 2006). Brucella abortus rough mutants induce 

macrophage oncosis that requires bacterial protein synthesis and direct interaction with 

the macrophage. Infect. Immun., 74: 2667–2675. 

Perrett, L., Mcgiven, A., Brew, D., and Stack, A. (2010). Evaluation of competitive ELISA for 

detection of antibodies to Brucella infection in domestic animals. Croat. Med. J., 

51: 314-319. 

 Pessegueiro, P., Barata, C., Correia, J.(2003). Brucelose-uma revisão sistematizada. Medicina 

Interna., 10:91-100.  

Petersen, E., Rajashekara, G., Sanakkayala, N., Eskra, L., Harms, J., and Splitter, G. (2013). 

Erythritol triggers expression of virulence traits in Brucella melitensis. Microbes and 

Infection.15:440-449. 

Pizarro-Cerdá, J., Moreno, E., and Gorvel, J. P. (2000). Invasion and intracellular trafficking of 

B. abortus in nonphagocytic cells. Microbes Infect., 2: 829-835. 

Poester, F.P., Samartino L.E., and Santos, R.L. (2013). Pathogenesis and pathobiology of 

brucellosis in livestock. Rev. Sci. Tech. - OIE. 



98 

 

Poester, P. P., Nielsen, K., Samartino, L. E., and Yu, W. L. ( 2010 ). “Diagnosis of 

Brucellosis,” The Open Veterinary Science Journal.,  4: 46-60. 

Porte, F., Naroeni, A., Ouahrani-Bettache, S., Liautard, J.P. (2003). Role of the Brucella 

suis lipopolysaccharide O antigen in phagosomal genesis and in inhibition of 

phagosome-lysosome fusion in murine macrophages. Infect. Immun., 71: 1481– 90. 

Queipo-Ortuno, I., Colmenero, D., Reguera, M., -Ordonez, A., and Pachon, E. (2005). Rapid 

diagnosis of human brucellosis by SYBR Green I-based real-time PCR assay and 

melting curve analysis in serum samples. Clin. Microbiol. Infect., 11: 713-718. 

Quinn, P.J., Carter, M. E., Markey, B., and Carter, G. R. (2002). Clinical Veterinary 

Microbiology. Mosby International Limited, Edinburgh, Pp. 261 -267. 

Radostits, D., Gay, C., and Inchcliff, W. (2000). Veterinary Medicine. Textbook of the diseases 

of cattle, sheep, pigs, goats and horses. 9th Ed, W.B. Saunders Company Ltd. New 

York. Pp. 867-882. 

 Radostits, M., Gay, C., Hinchcliff, W., and Constable, D. (2007). Veterinary Medicine, A text 

book of the diseases of cattle, horses, sheep, pigs and goats. 10th ed. Grafos, S.A. Arte 

Sobre Papel, Spain. 

Radostits, O.M, Gay C.C., Blood, D.C., and Hinchcliff, K.W. (2000) Veterinary medicine: a 

textbook of diseases of cattle, sheep, goats, pigs and horses. W.B. 

Saunders Company Ltd, London.9:  867-882. 

Radostits, O.M., Blood, D.C., and Gay C.C. (1994). Brucellosis caused by Brucella abortus. 

In: Textbook of Veterinary Medicine. 9th edition. London: Bailliere Tyndall:Pp.786-

802. 

Rahman, M.S., Faruk, M.O., Her, M., Kim, J.Y., Kang, S.I., and Jung, S.C. (2011). Prevalence 

of brucellosis in ruminants in Bangladesh. 56(8): 379–385 

Redkar, R., Rose, S., Bricker, B., and Del-Vecchio, V. (2001). Real-time detection of 

B.abortus, B. melitensis and B.suis. Mol .Cell Probes., 15: 43-52. 

Refai, M. (2002). Incidence and control of brucellosis in the near east region. Veterinary 

microbiology., 90: 81-110. 



99 

 

Regulation (EC) (2004.) The European Parliament and the Council of 29 April 

2004 laying down specific hygiene rules for food of animal origin. Official Journal of 

the European Union.  

Robinson, A. (2003). Guidelines for coordinated human and animal brucellosis surveillance. 

In: FAO animal production and health paper.Pp. 156. 

Rubach, M.P., Halliday, J.E., Cleaveland, S., Crump, J.A. (2013). Brucellosis in low-income 

and middle-income countries. Curr. Opin. Infect. Dis., 26:404–12. 

Russo, G., Pasquali P., Nenova R., Alexandrov T., Ralchev S., Vullo V., et al. (2009). 

Reemergence of Human and Animal Brucellosis, Bulgaria. Emerging Infectious 

Diseases., 15(2): 314–6.  

Saegerman, C., De Waele, L., Gilson, D., Godfroid, J., Thiange, P., Michel , P. , Limbourg, B, 

Vo T-Ko, Limet, J., Letesson, J. J., and Berkvens, D. (2004). Evaluation of three serum 

iELISA using monoclonal antibodies and protein gas peroxidase conjugate for the 

diagnosis of bovine brucellosis. Vet. Microbiol., 100: 91-105. 

Sammartino, L.E., Gil, A., Elzer, P. (2006). Capacity building for surveillance and control of 

bovine and caprine brucellosis. In: FAO Animal Production and Health Proceedings 

AO/WHO/OIE Expert and Technical Consultation. Rome, 7:55. 

Samui, K.L., Oloya, J., Munyeme, M., and Skjerve, E. (2007). Risk factors for brucellosis in 

indigenous cattle reared in livestock-wildlife interface areas of Zambia. 

Preventive Veterinary Medicine.,  80: 306-317. 

Sangari, F. J., Aguero, J., and Lobo, J. M. (2000). The genes for erythritol catabolism are 

organized as an inducible operon in B. abortus. Microbiol., 146: 487-495. 

Sanogo, M., Abatih, E., Thys, E., Fretin, D., Berkvens, D., and  Saegerman, C. ( 2012). 

Importance of identification and typing of Brucellae from West African cattle: a 

review. Vet. Microbiol., 164:202–211. 

Santos, L., Peixoto, D., Serakides, R., Costa, M., and Martins, E. (1998). Detección de 

B.abortus (muestra B19) por el complejo inmunoenzimático avidina 

biotinaperoxidasaenel testículo y en el epidídimo de bovinos inoculados 

experimentalmente. Archives Reprod. Anim. Pp. 34-41. 



100 

 

Sathyanarayan, S., Suresh, S., Krishna, S., and Mariraj, J. (2011). A comparative study of 

agglutination tests, blood culture and ELISA in the laboratory diagnosis of human 

brucellosis. Int .J. Biol. Med. Res., 2: 569-572. 

Schelling, E., Diguimbaye, C., Daoud, S., et al. (2003). Brucellosis and Q fever seroprevalence 

of nomadic pastoralists and their livestock in Chad. Prev Vet Med., 61:279-293. 

Scott, C., Koylass, S., Stubberfield, R., and Whatmore, M. (2007). Multiplex assay based on 

single-nucleotide polymorphisms for rapid identification of Brucella isolates at the 

species level. Appl. Environ .Microbiol., 73: 7331-7337.  

Searson, J. (1982). Sensitivity and specificity of two microtitre complement fixation tests for 

the diagnosis of Brucella ovis infection in rams. Aust. Vet. J., 36:194–8. 

Seifert, H.S. (1996). Brucellosis in: Trop. Anim. Hlth., 2nd ed. Dordrecht: Kluwer Academic 

Publishers group. Pp. 358-362. 

Seleem, M.N., Boyle, S.M. and Sriranganathan, N. (2009). Brucellosis: A re-emerging 

zoonosis. Veterinary Microbiology. 140:392-398.  

Seleem, M.N., Boyle, S.M., Sriranganathan, N. (2008). Brucella: a pathogen without classic 

virulence genes. Vet. Microbiol., 129:1–14. 

Shafee, M., Masood, R., Ahmad, S. A., Mansoor, A., and Abdul, R. (2011) Prevalence of 

bovine brucellosis in organized dairy farms using milk ELISA in Quetta City, 

Balochistan, 2011, Pp.3, doi:10.4061/2011/358950. 

Shareef, J.M. (2006). Isolation of B.abortus from aborted lambs in the governorate of 

Sulaimania/Said-Sadic District. Iraqi J. Vet.Sci., 20: 19-23. 

Shepherd, A.A, Simpson, H.H. and Davidson, R. M. (1979). An Economic Evaluation of the 

New Zealand Bovine Brucellosis Eradication scheme. Second Int. Symp. Vet. Epid.A 

nd Econ. PP: 443-447. 

Shirley, M., Halling, S.H., Peterson-Burch, B.D., Bricker, B.J., Zuerner, R.L., Qing, Z., Li,L-

L., Kapur,V., Alt, D.P. and Olsen, S.C. (2005). Completion of the Genome Sequence of 

Brucella abortus and Comparison to the Highly Similar Genomes of 

Brucella melitensis and Brucella suis. J. Bacterio.,187: 2715–2726. 



101 

 

Sikder, S., AKMA R., Faruque, M.R., Alim, M.A., Das, S., Gupta, A.D., Das, B.C., Uddin, 

M.I., and Prodhan, M. (2012) Bovine brucellosis: an epidemiological study at 

Chittagong, Bangladesh. 32(4): 499-502. 

Silva , I, Dangolla, A., and Kulachelvy, K. (2000). Seroepidemiology of B. abortus infection in 

bovids in Sri Lanka. Prev. Vet. Med., 46: 51-59. 

Smirnova et al. (2013). Current Methods of Human and Animal Brucellosis Diagnostics 

Advances in Infectious Diseases. 3: 177-184. 

Smits, H. L., and Cutler, S. J. (2004). Contribution of biotechnology to the control and 

prevention of brucellosis in Africa. African journal of Biotechnology. 12: 631 -636. 

Smits, H.L., Franco, M.P., Mulder, M., and Gilman, R.H. (2007). Human brucellosis. 

Lancet Infect. Dis., 7: 775–86. 

Sriranganathan, N., Mohamed, N. S. and Stephen, M. B. (2010). Brucellosis: A reemerging 

zoonosis .Vet. Microbiol., 140:392–398. 

Supriya, C., Umapathy, L. and Ravikumar, L. (2010). Brucellosis: review on the recent trends 

in pathogenicity and laboratory diagnosis. J. Lab. Physicians., 2: 55-60. 

Sutra, L., Caffin, J., Dubray, G. (1986). Role of immunoglobulins in the Brucella milk ring 

test. Vet Microbiol., 12: 359–66. 

Swell, M.M., and Brocklesby, D.W. (1990). Handbook of Animal Diseases in the Tropics. 4th 

edition. London: Bailliere-Tindall, pp.1-41. 

Tabak, F., Hakko, E., Mete, B., Ozaras, R., Mert, A. and Ozturk, R. (2008). Is family screening 

necessary in brucellosis? Infection, 36: 575–577. 

Tariku, S. (1994). The impact of brucellosis on productivity in improved dairy herd of Chaffa 

State Farm, Ethiopia. Berlin, Frei universitate, Fachburg Veterinaemedizin, Msc Thesis. 

Thakur, S.D, Vaid, R.K, Panda, A.K., and Saini Y. (2012). Marine mammal brucellosis: a new 

dimension to an old zoonosis. Current Science., 103:902-910. 

Thrusfield, M. (2005). Veterinary Epidemiology 3
rd

 Ed.UK, Black Well Publishers, Pp: 183.  

Tibesso, G., Ibrahim, N., and Tolosa, T. (2014). Seroprevalence of bovine and human 

brucellosis in Adami Tulu, Central Ethiopia. World Appl. Sci. J., 31 (5): 776 –780. 

Tiller, R.V., Barun, K.D., Boshra, M., Huynh, L.Y., Van-Ert, M.N. Wagner, D.M, Klena, J., 

Mohsen, T.S., El-Shafie, S.S., Keim, P., Hoffmaster, A.R., Wilkins, P.P., and Pimentel, 



102 

 

G. (2009). Comparison of two multiple-locus variable-number tandem-repeat analysis 

methods for molecular strain typing of human Brucella melitensis isolates from the 

Middle East. Journal of Clinical Microbiology, 47(7):2226–2231. 

Tolosa, T. (2004). Seroprevalence study of bovine brucellosis and its public health significance 

in selected sites of Jimma Zone, Western Ethiopia. A thesis submitted to the Faculty of 

Veterinary Medicine, Addis Ababa University in partial fulfillment of the requirements 

for the Degree of Master of science in Tropical Veterinary Medicine. P.9. 

Tolosa, T., F. Regassa and K. Belihu, (2008). Seroprevalence Study of Bovine Brucellosis in 

Extensive Management System in Selected Sites of Jimma Zone, Western Ethiopia. 

Bull. Anim. Hlth. Prod. Afric., 56: 25-37. 

Traxler, R.M, Lehman, M.W., Bosserman, E.A, Guerra, M.A., and Smith, T.L. (2013). A 

literature review of laboratory-acquired brucellosis. Journal of Clinical Microbiology, 

51:3055-3062. 

Tryland, M., Nesbakken, T., Robertson, L., Grahek-Ogden, D., Lunestad, B.T. (2014). Human 

pathogens in marine mammal meat–a northern perspective. Zoonoses and Public 

Health, 61:377-394. 

Tumurkhuu, G., Koide, N., Takahashi, K., Hassan, F., Islam, S., Ito, H., Mori, I., Yoshida, T., 

and Yokochi, T. (2006). Characterization of biological activities of 

Brucella melitensis lip polysaccharide. Microbial. Immunol., 50: 421–427. 

Tun, T.N., Tharavichitkul, P., Kreausukon, K., and Tenhagen, B. (2008). Bovine brucellosis in 

dairy cattle in Yangon, Myanmar. In Proceedings: 15th Congress of the Federation of 

Asian Veterinary Associations FAVA-OIE Joint Symposium on emerging diseases, 

Bangkok, Thailand. Pp. 263-264. 

Viadas, C., Rodriguez, M. C., Garcia-Lobo, J. M., Sangari, F. J., and Lopez-Goni ,I. (2009 ). 

“Construction and Evaluation of an ORFeome-Based Brucella Whole-Genome DNA 

Microarray,” Microbial Pathogenesis., 47(4): 189-195. 

Viadas, C., Rodriguez, M.C., Sangari, F.J., Gorvel, J.P., Garcia-Lobo, J.M., Lopez-Goni, I. 

(2010).Transcriptome analysis of the Brucella abortus BvrR/BvrS two-component 

regulatory system. PLoS One., 5:10216. 



103 

 

Vizcaino, N., Caro-Hernandez, P., Cloeckaert, A. and Fernandez-Lago, L. (2004). DNA 

polymorphism in the omp25/omp31 family of Brucella spp. identification of a 1.7- kb 

inversion in B. cetaceae and of a 15.1 -kb genomic island, absent from B.ovis, related to 

the synthesis of smooth lipopolysaccharide. Microbes Infect., 6: 821-834. 

Walker, R. L. (1999). Brucella. In: Dwight C. Hirsh and Yuang Chung Zee (ED.): Veterinary 

Microbiology. USA: Blackwell Science Inc. Pp.196-203. 

Waltzek, T.B., Cortés-Hinojosa, G., Wellehan, Jr. JFX, Gray, G.C. (2012). Marine mammal 

zoonoses: a review of disease manifestations. Zoonoses and Public Health. 59:521-535.  

Wei, L., and Klaus, N. (2010). Review of Detection of Brucella sp. by Polymerase Chain 

Reaction: Croatian Medical Journal. 51(4): 306–313. 

Weynants, V., Walravens, K., Didemburgh, C., Flanagan ,P., Godfroid, J. and Letesson J. 

(1998). Quantitative assessment by flow cytometry of T-lymphocytes producing 

antigen-specific gamma interferon in Brucella immune cattle. Vet. Immunol. 

Immunopathol., 66: 309–320. 

Whatmore, M., Perret, L., and Macmillan, P. (2007). Characterization of the genetic diversity 

of Brucella by multilocus sequencing. BMC Microbiol., 16:65–78. 

WHO (1997). Emerging and other communicable disease surveillance and control. The 

development of new/ improved brucellosis vaccines (Reports of the WHO Meetings, 

Geneva, and December). pp. 1 -37. 

WHO (2006). Brucellosis in humans and animals. 2 Avenue Appia, Geneva, Switzerland: 

WHO; 2006. Available: www.who.int/csr/resources/publications/Brucellosis.pdf. 

Accessed: 22 September, 2016.  

WHO (2009). Global health risks: mortality and burden of disease attributable to selected 

major risks. WHO, Geneva. Available at: 

www.who.int/healthinfo/global_burden_disease/global_health_risks/en/index.html  

WHO/MZCP (1998). Human and Animal Brucellosis. Report of a WHO/MZCP Wokshop, 

Damascus, Syria, 4th-5th May. 

Xavier, M.N, Paixao, T.A., den Hartigh, A.B., Tsolis. R.M., Santos, R.L. (2010). Pathogenesis 

of˜ Brucella spp. Open Vet. Sci. J., 4:109–18. 



104 

 

Xavier, M.N., Costa, E.A., Paixão, T.A. and Santos, R.L. (2009a). The genus Brucella and 

clinical manifestations of brucellosis. Ciência Rural., 39:2252-2260. 

Xavier, M.N., Winter, M.G., Spees, A.M., Nguyen, K., Atluri, V.L, Silva, T.M., 

Baumler ,A.J., Muller ,W., Santos ,R.L.,  and Tsolis, R.M.( 2013). CD4 + T cell-

derivedIL-10 promotes Brucella abortus persistence via modulation of macrophage 

function. PLoS Pathogen., 9:10-54. 

Xavier, N., Paixão, A., Poester, P., Lage, P. and Santos, L. (2009b). Pathology, 

immunohistochemistry and bacteriology of tissues and milk of cows and fetuses 

experimentally infected with B. abortus. J. Compar. Pathol., 140: 149-157.  

Xiang, F., Xia, Z., Wu, Q., Chen, Y., Yu, J., and Wan J (2013). Seroepidemiology of canine 

brucellosis in Beijing, China. Turkish Journal of Veterinary and Animal 

Sciences.37:28-42 

Yagupsky, P. (1999). “Detection of Brucellae in Blood Cultures,” Journal of Clinical 

Microbiology, 37(11): 3437-3442. 

Yohannes, M., Degefu, H., Tolosa, T., Belihu, K., Cutler, R., and Cutler, S. (2013). Brucellosis 

in Ethiopia. Afr. J. Microbiol. Res., 7: 1150–1157. 

Yohannes, M., Mersha, T., Hailu, D., Tolosa, T., Woyesa, M., 2012. Bovine brucellosis: 

serological survey in Guto –Gida District, East Wollega Zone, Ethiopia. Glob. Vet., 

8(2): 139 –143. 

Yu, W. L., and Nielsen, K. (2010) “Review of Detection of Brucella spp. by Polymerase Chain 

reaction,” Croatian Medical Journal. 51(4): 306-313. 

Zinsstag, J., Roth, F., Orkhon, D., Chimed-Ochir, G., Nansalmaa, M., Kolar, J. and Vounatsou, 

P. A. (2005). Model of animal-human brucellosis transmission in Mongolia. Preventive 

Veterinary Medicine, 69: 77-95.  

 

 

 

 

 

 



105 

 

8. ANNEXES 

 

Annex 1. Format used for individual Animal sampling 
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Annex 2. Questionnaire Format Used for Interview Purpose 

 

 I. Sociodemographic characteristics of the respondents  

1. Name of owner (Respondent): __________  
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2.  Gender of the respondent:          Male (1)           Female (0) 

3. Age (years): __________ 

4. Marital status    Single (1)        Married (2)           Widowed (3)         Divorced (4) 

5. Respondent‟s position in the farms (with respect to the head): 

Farm manager (1)        2) husband        wife (3)       Relative living in a house     (4) 

Farm laborer      (5)      other        (6) Please specify_________________ 

6. What is the highest level of education attained by the head of the respondent? 

        Primary school (1)            Secondary school (2)         Vocational school (3) 

        College / University (4)          No formal Education (5)   

II. General characteristics of the farms, farm management, ways of diseases exposure and    

          introduction to the farms.  

7. Herd size -------------------               

8. What types of breed of cattle you reared at your farm?     a. Local        b. Exotic breed           

c. Cross breed 

9. Where do you get the replacement stock? a. Market         b. Raise own replacement        c. 

Both  

10. What is the level of your herd/farm hygiene?  a. Good        b. Fair         c.Poor 

11. What types of housing system of the farm?  a. Loose         b. Tying         c. Both 

12. What types of watering system you use? a. Tap          b. Under ground water        c. Surface 

water 

13. Have you ever sold breeding females?     a. Yes         b. No    

14.  If your answer is yes what was the reason of selling? 

a. Disease         b. Infertility             c. Shortage of money                  

15. Do you control stray animals from your herd?   a.Yes           b. No   
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16. Do you control visitors?  a. Yes          b. No 

17. Are there separate parturition maternity pen? a. Yes             b. No 

 III. Knowledge and practices on herd health management and brucellosis   

18. What are your culling criteria? a. Reproductive problems          b. Non-reproductive 

problems c. Both  

19. If reproductive problems what are they? a. Old age        b. Poor production performance        

c. Both 

20. Do you know any disease transmitted from animal to human through handling of infected 

animals and its products? a. Yes         b. No 

21. Do you know any zoonotic diseases that transmit through milk consumption a. Yes         b. 

No 

22. Do you know any diseases that transmit during handling of delivery or abortion? a. Yes       

b. No 

23. Have you had cases of abortions in your herd in the past years? a. Yes         b. No 

24. What do think that cause abortion in cows? a. Infectious disease         b. Non infectious 

25. Have you ever heard of brucellosis? a. Yes          b. No  

26. Have the farm/ herd been tested for brucellosis? a. Yes          b. No 

27. What do you do with the known Brucella infected animlas? a. Culling        b. Test and 

slaughter         c. Both 

28. How do you handle aborted material? 

a. Burying         b. open dump       c. feed to dog         d. others____________ 

29. Is there any still birth in your herd so far?      a. Yes             b. No 

30. Do you separate cows during parturition?        a. Yes             b. No  
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31. What do you do to the calving pen after parturition? a. Flushing with water         b. 

disinfecting with detergents         c. Both 

Annex 3. Rose Bengal Plate Test Procedures 

 

 Sera (control and test sera) and antigen for use were brought to room temperature for half an 

hour before testing, since active materials straight from the refrigerator react poorly  

 

1. 30 μl serum is placed and mixed with an equal volume of antigen on a white enamel plate 

to produce a zone approximately 2 cm in diameter. 

2.  The antigen and serum are mixed thoroughly using an applicator stick (a stick being used 

only once) 

3.  Plate is rocked by hand for about 4 minutes  

4. It is examined for agglutination in a good light  

Interpretation  

0 = no agglutination  

+ = barely perceptible  

++ = fine agglutination, some clearing +++ = coarse clumping, definite clearing 97. 

 Those samples identified with no agglutination were recorded as negative those with +, ++, 

+++ were recorded as positive. 

Annex 4.  Competitive ELISA Procedure 

 

1. All reagents should equilibrate to room temperature 18-25 °c before use. 

2. Samples are added 

a.  45 µl  of sample Dilution Buffer is added into each well that will be used for serum 

sample, serum controls and  conjugate controls  

b. 5 µl of positive, weak positive and negative serum controls are added, into each of the 

appropriate wells, respectively. For conformation purpose it is recommended to run 

the control sera in duplicates. 
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c. 5 µl of Sample Dilution Buffer is added  into two appropriate wells(designated as 

conjugate controls, Cc ) 

d. 5 µl of test sample is added to each of the appropriate wells. The samples can be 

tested in singlicates or duplicates. However for conformation purpose it is 

recommended to run the samples in duplicates.  

3. 50 µl of mAb- Solution is added into all wells used for controls and samples. Note: The 

time difference between controls/ samples and mAb- Solution addition must not exceed 10 

minutes. 

4. The plate are sealed and mixed the reagents thoroughly for 5 minutes, either by using a 

plate shaker or by tapping the sides of the plate. 

5. The plate is incubated at room temperature 18-25°c for 30 minutes. 

6. The plates/strips are rinsed 4 times with PBS-Tweeen Buffer: fill up the wells at each rinse, 

empty the plate and tap hard to remove all remains of fluid. 

7. 100 µl of Conjugate Solution are added into each wells. The plate sealed and incubated at 

room temperature 18-25°c for 30 minutes. 

8. Repeat step #6. 

9. 100 µl Substrate solutions are added to each well and incubate for 10 minutes at room 

temperature 18-25°c for 30 minutes. Begin timing after the first well is filled. 

10. The reaction is stopped by adding 50 µl of Stop solution to each well and mix thoroughly. 

Add the Stop solution in the same order as the Substrate solution was added in step #9. 

11. The Optical density (OD) of the controls and samples are measured at 450 nm in 

microplate photometer (use air as blank). The OD is measured within 15 minutes after the 

addition of Stop solution to prevent fluctuation in OD values. 

Calculations  

1. Calculate the mean OD (Optical density) values for each of the controls and samples. 

2. Calculate the percent Inhibition (PI) values for controls as well as samples, using the 

following formula : 

PI= 100- (OD samples or controls)*100     

      
(OD Conjugate controls Cc) 
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Annex 5. Complement Fixation Test procedure 

 

Principle  

The complement system consists of series of proteins that, if triggered by an antigen - 

antibody complex react in a sequential manner to cause cell lysis. The test has two steps, in 

the first step antigen, test serum and complement are mixed and incubated and in the 

second step an indicator system which consists of sheep red blood cells (SRBC) and 

Amboceptor (that sensitizes RBC to the action of complement) is added. If the test serum 

contains antibodies to Brucella an antigen- antibody complex is formed (positive reactions) 

and the complement is used up, so it cannot react in the hemolytic system. Therefore, no 

lysis of SRBC will occur and SRBC will remain intact. If the test serum does not contain 

Brucella antibodies (negative reaction) complement will not be fixed and lysis of RBC will 

occur .In indicator system SRBC and Amboceptor forms immune complex. In the positive 

test sample SRBC-amboceptor complex remains unaffected resulting in sedimentation of 

the RBC. The negative test sample has unbound complement that will bind to RBC- 

amboceptor immune complex this binding to the erythrocyte surface will disrupt the 

erythrocytes and hemolysis will occur. 

Reagents 

1. Complement 

2. Hemolytic serum(Amboceptor) 

3. Hemolytic system 

4. Brucella antigen 

5. Sheep Red Blood cells(SRBC) 

6. Brucella abortus positive control serum 

7. Negative reference serum 

8. CFT buffer- veronal calcium magnesium(VCM) 
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9. Alsever‟s solution 

Procedure  

1. Test sera and appropriate working standards are diluted with an equal volume of veronal 

buffered saline in small tubes and incubated at 58°C (+/-2°C) for 30 minutes in order to 

inactivate the native complement. 

2. A U-shaped 96-well microtitre plate are  prepared  

3. Column 1 through 12 is used for test serum 

4. Each well of row “A” is used for anti-complementary control 

5. 25 µL of VCM is dispense by using a hand held 12 channel micropipette into wells of rows 

A-H  

6.  Using standard 96-well U-bottom microtitre plates, 25 µL volumes of diluted test serum 

are placed in the wells of the A, B and C rows and homogenize wells of row C (column 1-

12) of the test plate and pick up 25 µL  from row C of the test plate and deliver to the wells 

of row D (column 1-12) .The serial dilution is continued to row H (column 1-12) from 

which after homogenization  25 µL  is picked up and discarded. 

a. 25 µL   of diluted antigen is added into all the wells of rows B-H and wells antigen and 

positive and negative control wells. 

b. 25 µL   of diluted complement is added into the wells of rows A-H and all controls 

wells except hemolytic system. 

c. The plate is covered with sealer and incubated at +37°C under constant agitation on 

incubator shaker for 30 minutes. 

d. 25 µL   of hemolytic system is added to all wells including control wells.  

e. The plate is covered with sealer and incubated at +37°C under constant agitation on 

incubator shaker for 30 minutes. 

7.   Control wells containing: Positive serum +diluents +Complement +Ag +HS, negative 

serum + complement + diluents+Ag +HS, antigen + complement + diluents +HS,  HS + 

diluents and complement + diluents +HS, are set up to contain 75 µl total volumes in each 

case.  
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8. The results are read after the plates have been left to stand at 4°C for up to 1 hour to allow 

unlysed cells to settle. 

Interpretation 

 Sera with strong reaction, more than 75% fixation of complement (3+) at a dilution of 1:5 or at 

least with 50% fixation of complement (2+) at a dilution of 1:10 and above were classified as 

positive and lack of fixation/complete hemolysis was considered as negative 
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Annex 6. Pictures of Serological Test Result 

 

 

a*. Positive and negative control, respectively          b*. Positive samples by RBPT 

 

Annex 7. Pictures during sample collection and process 

 

 

      a. Picture during sample collection                     b. Picture during sample processing  
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