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A type of fever characterized by fairly regular 
remissions or intermissions has been recognized along 
the Mediterranean littoral since the time of Hippocrates 
in 450 B.C. In 1861 J. A. Martson an assistant surgeon 
of the British Medical Department working in the 
Mediterranean, first described the symptoms of 
brucellosis in himself as gastric remittent fever 
(Martson 1861). Professor L. F. Benhard Bang, a Danish 
veterinary pathologist and bacteriologist (1897), with 
Stribolt isolated the small bacillus now known as 
Brucella abortus. The first case of human brucellosis 
was recognized in 1897 in a US army officer (Brown 
1977). Captain David Bruce (1887) a Scottish 
physician, reported small coccal organisms in the 
stained sections of spleen of a fatally infected soldier, 
and isolated and identified organism in culture from 
spleen tissue of four other British soldiers stationed at 
Malta (Bruce 1887). The organism derived its species 
name from Melita (honey), the roman name for the Isle 
of Malta. 

Brucellosis is endemically present in India, 
since its first report from Indian Veterinary Research 
Institute (IVRI), Mukteswar (Anonymous 1918). 
Polding (1942) isolated Brucella from cattle, buffalo, 
goat, horse and man. With B. abortus biotypes (1, 2, 3, 6 
and 9) in cattle and buffalo (Sen and Sharma 1975, 
Chand et al. 1988) and B. melitensis biotypes (1, 2, and 
3) in sheep and goats (Polding 1942, Sen and Sharma 
1975) and human beings (Hemashttar and Patil 1991, 
Sen and Sharma 1975, Agasthya et al. 2007), brucellosis 
have made its unshakable foot holding in India. 
Brucellosis has also been reported in pigs (Bhaskar et 
al. 1998) and canines (Pillai et al. 1991, Srinivasan et 
al. 1992).

Genus Brucella

Taxonomically, Brucella are classified as a-
Proteobacteria and subdivided into 6 species (Moreno 
2001). These 6 species under the genus Brucella 
comprise: Brucella melitensis, B. abortus, B. suis, B. 
ovis, B. canis and B. neotomae (Corbel and Morgan 
1984). Two new Brucella species, called B. pinnipedia 
and B. cetaceae, have been isolated from marine hosts 
(Ewalt et al. 1994, Ross et al. 1996). There exists 
multiple biotypes of Brucella that vary in terms of 
biochemical reactions, host specificity and 
pathogenicity (Young 1995). The subcommittee on 
taxonomy of Brucella had proposed that this genus 
could contain a single species, B. melitensis (Grimont 
1992, Moreno and Moriyon 2001). This proposal was 
based on DNA-DNA hybridization studies conducted on 
51 strains representing all known species and biovars 
(Verger et al. 1985). 

Brucellae are small, non-motile, non-
sporulating, non-toxigenic, non-fermenting, facultative, 
intracellular, gram-negative coccobacilli. Flagella, 
endospores and capsules are absent although capsule 
like structures have been reported in preparations treated 
with antiserum. They are partially acid-fast, as are not 
decolorized by 0.5% acetic acid in the modified Ziehl-
Neelsen (MZN) staining (Alton et al. 1988), 0.50.7 m in 
diameter and 0.61.5 m in length (Corbel and Morgan 
1984). 

Genome

Brucella genome has been sequenced and 
consists of 2 chromosomes (DelVecchio et al. 2002). 
Both chromosomes contain essential genes encoding for 
essential metabolic and replicative functions. Naturally 
occurring plasmids have not been found in Brucella. 
However, Brucella can maintain some plasmids 
introduced via electroporation or conjugative transfer 
(Rigby and Fraser 1989). Observations at the DNA level 
are becoming more helpful in further refining the 
classification of Brucella organisms beyond 
conventional methods. 

The complete genome of Brucella melitensis 
(DelVecchio et al. 2002), Brucella abortus (Sanchez et 
al. 2001) and Brucella suis (Paulsen et al. 2002) have 
been sequenced. The genome of Brucella abortus 
biotype 1 and 4 and Brucella suis biotype 1 are found 
quite similar to Brucella melitensis (Halling et al. 2005).

The genome of Brucella abortus biovar 1 is 3.3 
Mb and is composed of 2 circular chromosomes of 
2,124,242 bp (Chr I) and 1,162,780 bp (Chr II) (Halling 
et al. 2005). 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 G+C content of the 2 
chromosomes is nearly identical, consistent with the 
assertion that the assimilation and stabilization of a 
plasmid was an ancient event in brucellae (Halling et al. 
2005). Chromosome I of B. abortus biovar 1 consists of 
2200 genes, 2030 protein coding RNA, 47 structural 
RNA, 123 pseudo genes, 18 others and chromosome II 
is made up of 1156 genes, 1055 protein coding RNA, 17 
structural RNA, 84 pseudo genes, 7 others (Stothard et 
al. 2005). 

Brucellosis

Brucellosis is a contagious disease of animals 
and characterized by abortion in females and to a lesser 
extent orchitis and infection of accessory sex glands in 
males and infertility in both the sexes. It has zoonotic 
importance in terms of its transmissibility to human 
beings.

Clinical features and postmortem lesions

Various clinical signs have been described in 
infected animals, the main manifestation in B. abortus 
infection being reproduction failure in the form of 
abortion and birth of weak offspring which remains as 
carrier in herd. Cases of abortion in infected herd are 
less in chronic infection but infected animal continue to 
act as carrier posing threat to the herd (European 
Commission 2001).

Brucella infected animals generally develop 
granulomatous inflammatory responses, which are often 
located within lymphoid tissues and organs with a 
prominent reticuloendothelial component. The 
localization and persistence of brucellae within these 
tissues and organs follow in the wake of widespread 
distribution of the bacteria during a generalized stage of 
infection. Localization of brucellae within the female 
and male reproductive tracts accounts for the principal 
clinical symptoms of infection, viz. abortion and male 
infertility (Enright 1990). 

Invasion of gravid bovine uterus is marked by 
characteristic necrotic placentitis. Inflammation of 
placenta may be acute and wide spread, and lead to 
early death of fetus followed by abortion, or sub-acute 
or chronic leading to a late abortion or birth of a live, 
infected, perhaps weak calf associated often with 
retention of placenta. The cotyledons are congested or 
swollen and covered with yellowish or sticky brownish 
exudates which extend deep into the crypts. The inter-
cotyledonary areas are thickened, opaque, often look 
almost leathery and there is loss of normal blood red 
color appearance. Enlargement of spleen and liver is 
noticed in aborted fetus with increase in amount of fluid 
in body cavity. Films made from the exudates stained 
with a modified Ziehl-Neelsen method using acetic acid 
show large number of Brucella in clumps or distributed 
many inside epithelial cells which are often literally 
packed with organisms. The fetus varies from typical 
hairless (47 months) fetus up to one that is fully 
developed and shows no characteristic lesions. In case 
of lungs, pneumonia is there which is usually of a 
broncho-pneumonia type. Cobbler stone lesions on 
lungs are indicative of brucellosis (Stableforth and 
Galloway 1959).

In male animals, orchitis and epididymitis are 
the manifestations of chronic infection (Chand et al. 
2002). The acute inflammatory phase in the seminal 
vesicles is followed by a chronic stage with 
considerable fibrinoid induration. During orchitis the 
testicles gradually enlarge. Areas of dry necrosis 
develop and become encapsulated by fibrinous tissue 
which eventually contracts, often leaving the testicles 
smaller than normal. In other cases, it may soften with 
the production of a soft fluctuating lesion containing 
thin pus like pea soup. 

Epidemiology and zoonosis

Brucellosis is the most common zoonosis in 
the world, accounting for the annual occurrence of more 
than 500,000 cases (Pappas et al. 2006). Although 
brucellosis and its means of transmission were 
discovered over 100 years ago, still the disease remains 
a worldwide problem, predominantly so in developing 
countries. However, countries like North America, 
Northern and Central Europe, Canada, Japan, Australia, 
New Zealand, Southeast Asia and Oceania 
(FAO/OIE/WHO 1997) are reported to be free from the 
disease. The disease is endemic in Mediterranean region 
i.e. Middle East, Latin America and parts of Asia 
(Corbel 1997). Reported incidence of human brucellosis 
in endemic areas varies widely from <0.01 to >200 per 
100 000 population (Lpez-Merino 1989). In India 80% 
of the population live in approximately 575,000 villages 
and thousands of small towns (Mantur and Amarnath 
2008), have close contact with domestic or wild animal 
population owing to their occupation. Hence, human 
population stands at a greater risk of acquiring zoonotic 
diseases including brucellosis. The disease has an added 
importance in countries like India, where conditions are 
conducive for wide-spread human infection on account 
of unhygienic conditions and poverty. Species of main 
concern in India are B. melitensis and B. abortus. B. 
melitensis is the most virulent and common strain for 
man and it causes severe and prolonged disease with a 
risk of disability. B. abortus is the dominant species in 
cattle. Bovine brucellosis is widespread in India and 
appears to be on the increase in recent times, perhaps 
due to increased trade and rapid movement of livestock 
(Renukaradhya et al. 2002). Free grazing and movement 
with frequent mixing of flocks of sheep and goats also 
contribute to the wide distribution of brucellosis in these 
animals. Chahota et al. (2003) have reported severe 
outbreak of brucellosis in an organized dairy farm in 
Himachal Pradesh leading to abortions, retained 
placenta and still birth in cows. Serological evidences 
are suggestive of high endemicity of brucellosis in India 
with national average of as high as 5% in cattle, 3% in 
buffalo, 7.9% in sheep and 2.2% in goats 
(Renukaradhya 2002). In 2008, in Punjab the prevalence 
of disease in buffalo and cattle was 16.41% and 20.67%, 
respectively, and the overall apparent prevalence of 
brucellosis was 18.26% (Aulakh et al. 2008). Trangadia 
et al. (2010) recorded 22.18% (132/595) and 13.78% 
(82/595) sero-prevalance of bovine brucellosis in 4 
organized dairy farms located in western, southern, 
central and northern regions of India by ELISA and 
RBPT, respectively. Perusal of the literature indicated 
prevalence of brucellosis in western region (Gujarat 
state) ranging from 8.98 to 44.00% (Chauhan et al. 
2000), 17% in southern region (Isloor et al. 1998), 6.3% 
in central region (Madhya Pradesh state) (Mehra et al. 
2000) and 12.9% in northern region (Punjab state) 
(Dhand et al. 2005). Sero-prevalence of brucellosis was 
reported to be 6.5% in Jordan (Al-Majali et al. 2009), 
8.4% in Cameroon (Bayemi et al. 2009) and 32.9 to 
39.4% in Turkey (Sahin et al. 2008). The association of 
spread of brucellosis with unhygienic processing of 
milk, milk products and meat until it reaches to the final 
consumer makes it a zoonotically important disease. 
Colonization of organism in udder with its frequent 
excretion in milk for prolonged period has led to 
epidemics of brucellosis in human beings. 

In cattle and other members of family 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 but 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. However, artificial 
insemination can transmit the disease and semen must 
only be collected from animals known to be free of 
infection. The presence of brucellosis in wild animals, 
with a potential for continuous transfer to domestic 
animals and from them to humans is another 
epidemiological issue (Cutler et al. 2005). Further, 
transmission of Brucella infection and its prevalence in 
a region depends upon factors like food habits, methods 
of processing milk and milk products, social customs, 
husbandry practices, climatic conditions, socioeconomic 
status and environment hygiene. Environmental 
sanitation is particularly important in the context of air-
borne transmission. Brucellosis is almost invariably 
transmitted to man from infected domestic animals. 
However, Tikare et al. (2008) documented beyond 
doubt, the possibility of human to human transmission 
of Brucella infection. The disease has been recognized 
as one of the common laboratory- transmitted infections 
and was reported to occur in clinical, research and 
production laboratories (Bouza et al. 2005). Those with 
a professional risk of acquiring infection include 
livestock producers, abattoir workers, shepherds, 
farmers, veterinarians and laboratory personnel. 

Pathogenesis

After phagocytosis, brucellae probably reach 
the lymphnodes as parasites and then enter the blood 
and produce bacteraemia followed by the acute febrile 
phase of the disease. From the blood, the organisms are 
distributed throughout the reticuloendothelial system 
and become present in large numbers in the liver and 
spleen and localize in many other sites such as the 
joints, heart, kidneys and genital tract (Baldwin and 
Winter 1994). In human beings after a variable 
incubation period (14 weeks) non-specific, systemic 
symptoms like fever, malaise, arthralgia, headache and 
night sweat follow (Greenfield 2002). 

The mouse is often used as an animal model to 
investigate the pathogenesis of animal and human 
brucellosis (Ko and Splitter 2003). Bacterial ABC 
transporter systems are associated with nutrient uptake 
and the export of toxins and antibiotics and they may 
play an important role in gene expression (Ko and 
Splitter 2000). In Brucella spp., ABC transporter 
proteins have a potential pathogenic role during host 
infection (Rosinha et al. 2002). Hemagglutinins are 
responsible for adhesion and may define the specificity 
of bacterial adhesins during host infection it does not 
have an important role in the pathogenesis of Brucella 
melitensis (Perry et al. 2010).

The pathogenicity in human brucellosis is 
attributed to factors like LPS, adenine and guanine 
monophosphate, virB, 24 kDa protein and urease 
enzyme. Brucella is an unusual organism in several 
ways i.e. the classical virulence factors in a bacterium 
like exotoxins/endotoxins, pili, plasmids, flagella etc. 
are lacking in this organism. Survival strategy of 
Brucella in its host is attributed to its ability to inhibit 
fusion of lyzosome with phagosome thus degranulation 
and activation of the myelo-peroxidase-halide system, it 
also inhibits the production of tumor necrosis factor 
(Caron et al. 1994) and programmed cell death of the 
host cell (Detilleux et al. 1990a), thus escapes the host 
defense mechanisms, to survive and replicate within the 
host cells. Virulent Brucella organisms are capable of 
invading and residing in professional phagocytes 
(Baldwin and Winter 1994) such as macrophages, as 
well as non-phagocytic cells (Detilleux et al. 1990a, 
Detilleux et al. 1990b). In both phagocytic and non-
phagocytic cells, Brucella has the ability to replicate 
within membrane-bound compartments (Pizarro-Cerda 
et al. 1998). Inhibition of TNF-a by bacteria disrupts 
bactericidal effect of natural killer cells and 
macrophages (Gorvel et al. 2002). 

There are 2 types of smooth lipopolysaccharide 
(sLPS) surface antigens, designated A and M. A antigen 
predominates in B. abortus and B. suis, while M is the 
major antigen in B. melitensis. Numerous outer and 
inner membrane, cytoplasmic and periplasmic proteins 
have also been characterized. The sLPS from B. abortus 
is 100 times less potent than that of E. coli (Goldstein et 
al. 1992) and Salmonella (Freer et al. 1996) in inducing 
TNFa from macrophages as well as oxidative 
metabolism and lysozyme release by neutrophils. This 
feature of sLPS is supposed to contribute to the survival 
of B. abortus within phagocytic cells. In addition, 
Brucella sLPS is not susceptible to the actions of 
polycationic molecules, suggesting that smooth Brucella 
can resist the cationic bactericidal peptides of the 
phagocytes (Jensen et al. 1995). The sLPS also conferes 
anti-phagocytic properties to Brucella and does not 
activate the alternate pathway of the complement 
cascade (Hoffmann and Houle 1983). 

Immune response

Both humoral and cellular immune responses 
are involved in Brucella infection, though magnitude 
varies with virulence of organism and immune status of 
animal (FAO/WHO Expert Committee on Brucellosis 
1986). Serological response to the infection can be seen 
as early as 24 weeks. Persistent rise of antibody titre is 
noted if pregnant uterus is affected. Serological 
response starts with the production of IgM within 1 
week or 2, gradually IgG predominates which persists in 
chronic infections. This serological response may be 
transient or missing in young sexually immature 
animals (European Commission 2001). Antibodies 
directed toward specific antigens like the O-antigen, 
may enhance protection against brucellosis in some 
animal species. While protective immunity directed 
against Brucella depends on the induction of an 
effective and specific cell-mediated immune (CMI) 
response (Oliveira et al. 1994). Cell mediated immune 
response (CMIR) involves interaction of organism with 
macrophage and T-lymphocyte which decides fate of 
invading bacteria. Lymphocyte stimulation, macrophage 
inhibition, delayed type of hypersensitivity (DTH) and 
gamma interferon (g-IFN) production are used as 
correlates of CMIR. This cellular immune response 
could also be expected as early as few weeks. 

Diagnosis

The laboratory diagnosis of brucellosis is done 
to identify the animals which are infected, shedding the 
organism and spreading the disease. Attention is usually 
first drawn to the disease by an abortion and is 
confirmed by various direct and indirect methods of 
diagnosis. 

Culture: Highly specific and most conclusive 
diagnosis in any infectious disease is by isolation of the 
causative agent and so is in brucellosis. Culture and 
isolation is still unequivocally considered the gold 
standard in diagnosis of brucellosis (Alton et al. 1988). 

Milk, vaginal swabs, placentas or aborted 
fetuses are preferred for microscopy and culture in case 
of live animals, while primarily lymph nodes (especially 
head and mammary), spleen, udder, uterus, epididymes 
and testes are recommended from necropsied animals. 
Blood is also used for culture and provides definite 
proof of brucellosis but may not provide a positive 
result in all cases. Lysis centrifugation and blood clot 
culture techniques yielded encouraging results (Mantur 
and Mangalgi 2004, Mantur et al. 2007) in terms of 
sensitivity and rapidity. The modern automated blood 
culture systems have somewhat improved the speed of 
detection. Although, bone marrow cultures are 
considered gold standard in some studies (Mantur et al. 
2008). In such cases, bacteremia might also be 
maintained from other sources of the reticulo-
endothelial system (Mantur et al. 2008). Perhaps, this 
could be the reason for the discrepancy in the results of 
blood and bone marrow cultures reported in the 
literature. Selective media are recommended for 
bacteriological isolation and better results are obtained 
when 2 different media are included Farrell and 
modified Thayer-Martin. Differentiation of Brucella at 
species, biovar and strain level by bacteriological and/or 
by molecular techniques is usually carried out in 
reference laboratories.

PCR: PCR is a very sensitive technique. For 
the first time Feket et al. (1990) used PCR for the 
diagnosis of brucellosis. In 1992, he reported detection 
limit of their assay was 5 Brucella cells/100 mg of 
tissue. It has been demonstrated that the assay is specific 
and sensitive for brucellosis (Bricker et al. 1998). To 
diagnose and detect the presence of brucellosis, various 
genes of Brucella genome were explored and for this 
several PCR assays using primers from genes such as 
IS711 (Bricker and Halling 1994), IS6501 (Ouahrani et 
al. 1996), 16S rRNA sequence (etinkaya et al. 1999), 
16S23S rRNA spacer region (Rijpens et al. 1996), 31 
kDa outer membrane protein (Serpe et al. 1999), 43 kDa 
outer membrane protein (Fekete et al.1990), Omp-2 
outer membrane protein (Leal-Klevezas et al. 1995), 
omp-25 (Probert et al. 2004) and the heat shock protein 
(DnaJ, DnaK, HtrA and GroEL) (DaCosta et al. 1996) 
etc., were developed. 

PCR was applied to detect Brucella DNA in 
varieties of clinical samples including tissues (mainly 
aborted fetuses and associated maternal tissues), blood, 
milk and semen (Cortez et al. 2001, Hafez et al. 2011, 
Al-Garadia et al. 2011). PCR based tests are also more 
sensitive than traditional culture method (Amin et al. 
2001, Buyukcangaz et al. 2011). 

Real-time PCR was used for detection of 
Brucella, offering improvement in detection time and 
specificity through incorporation of hybridization 
probes (Probert et al. 2004, Doosti and Dehkordi 2011). 
The real-time PCR is also useful for quantifying the 
load of microorganisms in samples.

Few multiplex PCR assays have also been 
developed with an aim to detect presence of other 
bacteria along with Brucella within single reaction 
(Moshkelani et al. 2011). Multiplex PCR is a derived 
procedure where multiple DNA sequences can be 
detected in a single PCR reaction. Hamali and Joozani 
(2011) used multiplex PCR for detection of Brucella 
spp. and vaccine strains in bovine aborted fetuses. 

Brucellin skin test: The brucellin skin test, a 
cell-mediated immunity (CMI) based assay, is an 
alternative diagnostic test, which can be used for 
screening unvaccinated animals, provided that a purified 
(S-LPS free) and standardized antigen preparation is 
used (Blasco et al. 1994a, Blasco et al. 1994b). S-LPS 
(Blasco et al. 1994a, Blasco et al. 1994b) does not take 
part in DTH reactions (Jones et al. 1973) and may 
provoke antibody-mediated inflammatory reactions or 
induce antibodies that interfere with subsequent 
serological screening. Purified allergens would not offer 
practical advantages over complex protein mixtures 
(Blasco et al. 1994a, Blasco et al. 1994b). The brucellin 
skin test has a high sensitivity and in the absence of 
vaccination is considered one of the most specific 
diagnostic tests (Ebadi and Zowghi 1983, FAO/WHO 
1986, Alton et al. 1988, Blasco et al. 1994a, Blasco et 
al. 1994b, Garin-Bastuji et al. 1998). This test is of 
particular value for the interpretation of FPSR due to 
infection with cross-reacting bacteria (FPSR animals are 
negative in the skin test), especially in brucellosis-free 
areas. Despite its high sensitivity not all infected 
animals show positive skin test responses. Therefore, 
this test cannot be recommended either as the sole 
diagnostic test or fit for the purposes of international 
trade. The site and route of allergen inoculation are not 
important factors affecting its sensitivity (Fensterbank 
1985, Blasco et al. 1994a, Blasco et al. 1994b). Anergy 
induced by repeated skin testing, well known in bovine 
tuberculosis (Radunz and Lepper 1985), is not absolute 
in brucellosis (Blasco et al. 1994a, Blasco et al. 1994b).

Serological diagnosis

The diagnosis of brucellosis employing direct 
method is not always possible for a large number of 
animals, hence indirect diagnostic assays are frequently 
used (Blasco 1992). In absence of a positive culture of 
B. abortus a presumptive diagnosis is usually based on 
the presence of antibodies in serum, milk, whey, vaginal 
mucus or seminal plasma. On average, the agglutinins 
and complement fixation antibodies become positive 4 
weeks following experimental infection during fourth to 
sixth month of gestation and not until about 10 weeks if 
experimental infection occurs 2 month before or after 
insemination (Radostitis et al. 2000).

No single serological test is appropriate in each 
and all epidemiological situations, all have limitations 
especially when it comes to screening individual 
animals (Godfroid et al. 2002, Nielsen 2002). 
Complement fixation test (CFT), fluorescence 
polarization assay (FPA) and ELISA are considered 
more appropriate for international trade than serum tube 
agglutination test (SAT). For the control of brucellosis 
at the national or local level, the buffered Brucella 
antigen tests (BBATs), i.e. the Rose Bengal test (RBT) 
and the buffered plate agglutination test (BPAT), as well 
as the ELISA and the FPA, are suitable screening tests 
(OIE 2004). Positive reactions may be retested using a 
suitable confirmatory strategy, if needed.

Rose Bengal plate agglutination test (RBPT): 
The RBPT is a simple, rapid and spot test and can be 
performed in field. The RBPT antigen was developed by 
U.S. Department of Agriculture and it was B. abortus 
antigen stained with Rose Bengal dye and buffered at 
pH 3.65 (Alton et al. 1988). The low pH prevents some 
agglutination by IgM and encourages agglutination by 
IgG1 thereby reducing non-specific interactions (Corbel 
1972, Corbel 1973, Allan et al. 1976). This test is 
internationally acknowledged as the choice for the 
screening of brucellosis. However, due to cross 
reactivity between these antigen with other bacterial 
species including Yersinia enterocolitica O:9 and E. coli 
serotype O:57 (Kittelberger et al. 1995) RBPT may 
suffer higher rates of false positive results than other 
serological tests. Still many workers reported RBPT to 
be a routine and reliable test and could not be replaced 
for the diagnosis of brucellosis (Mangalgi et al. 2012, 
Chachra et al. 2009).

Serum tube agglutination test (SAT): 
Historically, the SAT has been recognized as the 
principal serological test used for the diagnosis of 
brucellosis. IgM isotypes of antibody is the most active 
agglutinin at neutral pH (Rice and Boyes 1971, Corbel 
1972, Nielsen et al. 1984). Therefore, SAT is susceptible 
to false positive reaction by cross-reacting antibodies 
(Nielsen 2002). However, because the SAT may yield 
both false negative or false positive results (Corbel et al. 
1984), it is not useful for testing individual animal. The 
efficacy of test is useful only when it is used at herd 
level. Nicoletti (1967) also recognized that not every 
Brucella infected bovine show a diagnostically 
significant titre.

The presumptive diagnosis provided by the 
serological tests is usually accepted as indication of 
brucellosis; although it can only detect IgM and IgG2 
and fails to detect IgG1 (Rice and Boyes 1971). 
However, chronic carriers produce mainly IgG1 that 
block the agglutinating activities of IgG2 which may 
result in lower detection rates. Hafez et al. (2011) 
reported lower number of positive samples detected by 
SAT in comparison to RBT and ELISA.

Complement fixation test (CFT): The 
complement fixation test (CFT) is widely used for the 
diagnosis of brucellosis in cattle, sheep and goat. It 
detects mainly IgG1 antibodies. The test is somewhat 
complex and in mass testings a screening test such as 
the RBPT is often used to reduce the number of samples 
that need to be tested by CFT (Staak et al. 2001). CFT is 
not good for testing sera from animals vaccinated for 
brucellosis as it cannot differentiate vaccinated from 
infected ones (Diaz-Aparicio et al. 1996). Another 
major problem with CFT is its limited utility in buffalo 
serum samples. Nicoletti (1992) in his study concluded 
that CFT is of limited usefulness in the diagnosis of 
brucellosis in buffaloes due to false positive reactions. 
Guarino et al. (2001) also found CFT to be less effective 
test for the diagnosis of brucellosis in buffaloes as they 
showed many animals yielding negative results in CFT 
which otherwise were positive in ELISA. Kassymov 
and Zhumagalikyzy (2011) reported ELISA to be more 
effective than CFT for the diagnostic of brucellosis in 
cattle.

Enzyme linked immunosorbent assays (ELISA): 
ELISA offers excellent sensitivity and specificity whilst 
being robust, fairly simple to perform with a minimum 
of equipment and readily available from a number of 
commercial sources in kit form. Owing to these 
properties ELISA is extensively used in the diagnosis of 
brucellosis in every species of animals. The smooth 
lipopolysaccharide (sLPS) is commonly used as the 
antigen for ELISA (OIE 2004). Other antigen, such as a 
highly immunogenic periplasmic protein from B. 
abortus (Rossetti et al. 1996) was also used for 
brucellosis diagnosis in different host species but results 
were not so encouraging. Letesson et al. (1997) used 8 
proteins (OMP36, OMP25, OMP19, OMP16, OMP10, 
p17, p15 and p39) as antigen for serological diagnosis 
of brucellosis by ELISA. The antibody response against 
these proteins often delayed when compared to the 
antibody response to smooth LPS and limited to the 
animals that develop active brucellosis infection. The 
sensitivity and specificity of ELISA was found higher 
by using LPS as diagnostic antigen instead of OPS 
(Nielsen et al. 1996). Several antigens were tried but no 
alternative antigens that could match the sensitivity 
achieved with LPS have been found so far (Letesson et 
al. 1997). 

Monoclonal or polyclonal antiglobulin-enzyme 
conjugates may be used depending on availability and 
performance requirements. A MAb specific for the 
heavy chain of bovine IgG1 may provide some 
improvement in specificity at the possible cost of some 
loss of sensitivity (OIE 2004). Use of protein-G as 
conjugate also reduces this problem and increases the 
specificity of ELISA (Ficapal et al. 1995, Marin et al. 
1998, Kumar and Chand 2011). Renukaradhya et al. 
(2001) described the use of avidin-biotin ELISA for the 
diagnosis of brucellosis in cattle and buffalo. Milk-
ELISA was also tried and found effective diagnostic 
tool by many workers (Chand et al. 2004, Patel et al. 
2008).

Native hapten (NH) gel precipitation tests: In 
the case of recent vaccination with S19 vaccine, only 
the gel diffusion (GD) or radial immunodiffusion (RID) 
tests with native hapten antigen (Daz et al. 1979), FPA 
(Nielsen et al. 1996a) and the competitive ELISA 
(Nielsen et al. 1996b) appear to be useful for diagnosis, 
allowing differentiation of infection by Brucella abortus 
from S19 vaccination. However, only the gel diffusion 
test with Native Hapten (Daz et al. 1979) was able to 
discriminate at a given time after vaccination (Marin et 
al. 1999).

Fluorescence polarization assay (FPA): FPA is 
a homogenous immunoassay. Homogenous 
immunoassays are single step assays that require no 
repetitive washing steps to remove unbound reactants as 
with classical primary binding assays (Jenkins 1992). 
Many workers used FPA in different parts of the world 
in various laboratories and Nielsen et al. (1996a) are the 
pioneer in developing and using this assay for the 
diagnosis of brucellosis in animals. This test was used 
for diagnosing brucellosis in cattle (Nielsen et al. 
1996a), porcine (Nielsen et al. 1999), bison (Gall et al. 
2000), cervidae (Gall et al. 2001), humans (Lucerno et 
al. 2003), goats (Burriel et al. 2004), sheep (Minas et al. 
2005), cetaceans (Neimanis et al. 2008) and buffaloes 
(Kumar and Chand 2009). Lin and Nielsen (1997) 
labeled OPS extracted from B. abortus with fluorescein 
for investigating binding of O-chain to a specific murine 
monoclonal antibody YsT9. Nielsen et al. (1996) 
reported FPA to be a simple, low cost, easy and less 
time consuming assay and demonstrated that the 
sensitivity and specificity of FPA was comparable to 
complement fixation test (CFT), competitive ELISA and 
indirect ELISA. 

Miscellaneous tests: Srivastava and Chaudhary 
(2011) reported that Coombs test that detects incomplete 
antibodies and immunocapture-agglutination tests show 
good performances with higher sensitivity and 
specificity in the diagnosis of brucellosis.

Kassymov and Zhumagalikyzy (2011) reported 
a new variant of complement fixation test that is 
conglutination - conglutinating complex fixation test 
(CCFT), based on interaction of a complex antigen - 
antibody with conglutination blood serum (complement, 
conglutinin) and found it to be an effective method of 
diagnostics of brucellosis and other infectious diseases. 

Smits et al. (2003) reported Brucella IgM and 
IgG lateral flow and Abdoeland Smits (2007) reported 
latex agglutination assays and found them to be rapid 
and simple along with high sensitivity and specificity in 
culture confirmed cases. These tests are ideal for use as 
field tests in remote areas and as point of care tests in 
hospitals and health care centre.

Vaccination 

Currently there are 2 vaccines available that 
are effective enough and inexpensive. These are 
B.melitensis strain Rev.1 for small ruminants given at 
full dose (1 109 CFU) by the conjunctival route and B. 
abortus strain 19 for cattle given individually at full 
dose (10 1010 CFU) subcutaneously or at reduced dose 
(5 109 CFU) conjunctivally. Both vaccines can be 
hazardous to humans and also may induce abortion 
when vaccinating pregnant animals. At this stage there 
is inadequate information on the use of these vaccines in 
camels, yaks and buffaloes. When mass vaccination has 
to be applied, it should be carried out in 2 ways: 

Mass vaccinate all animals 
every two years, including males (in the case of 
sheep and goats). This is the simplest method and 
only requires the ability to locate 100% of 
flocks/herds and to vaccinate all animals, at the 
ideal window of opportunity to avoid vaccine 
induced abortions, i.e. when animals are lactating 
or at the end of the parturition season and fewest 
are pregnant. This procedure assumes that at the 
actual replacement rates, every 2 years about 
3040% of the population will be susceptible. 

Mass vaccination and individual 
identification of all animals in the first year and 
then identification and vaccination of the 
replacement animals only in subsequent years. 
The main advantage of which is minimizing 
vaccine induced abortions, is obviously more 
complex, involving identification of young 
replacement animals each year. Assuming that 
1025% of the total population needs to be 
replaced each year, this programme will take 410 
years before the whole population is fully 
vaccinated. Unfortunately, this option has often 
failed in developing countries with nomadic 
husbandry systems, as owners keep replacements 
year round and several visits may be needed to 
ensure 100% vaccination coverage. Once the 
prevalence of brucellosis is reduced to minimal 
levels by either of the above mass vaccination 
procedures and provided that the veterinary 
infrastructure and economic resources are 
available, eradication can be achieved through a 
programme based on the vaccination of young 
replacement animals combined with testing and 
slaughtering of infected adults. This programme 
will require individual animal identification and 
effective control of animal movements.

One practical eradication approach would 
involve no testing of mass vaccinated adult animals for 
2 years following the first mass vaccination, to avoid 
culling healthy but seropositive animals. The only 
interventions during these 2 first years would be 
vaccinating 100% of young replacements, ensuring 
individual identification of the whole population and 
establishing effective animal movement controls. The 
use of the NH based gel precipitation tests, followed by 
immediate culling of infected animals could be 
recommended as the most reasonable strategy to avoid 
the excessive culling of healthy but seropositive 
animals. Once the percentage of positives in these NH 
based tests is zero for at least two consecutive years, the 
testing schedule could be modified using OIE official 
tests - such as RBPT, iELISA and CFT - to reach and 
maintain brucellosis free status. Vaccination should 
cease only when the prevalence is zero for at least one 
entire generation, in order to avoid relapses. Premature 
cessation of vaccination has been a frequent error in 
many countries. As a general rule, vaccination should 
never be abandoned until the prevalence is zero, the 
situation is maintained for 812 years and the risk of 
transmission from infected epidemiologically related 
units is negligible (FAO 2009). 

REFERENCES

Present address:1-4Department of Molecular Biology 
and Biotechnology, CCS HAU, Hisar 125004 (jhambmanish 
@rediffmail.com). 5Assistant Professor (Animal Science), In-
charge Animal Science Section, College of Forestry and Hill 
Agriculture, GB Pant University of Agriculture 
andTechnology, Pantnagar. 

A type of fever characterized by fairly regular 
remissions or intermissions has been recognized along 
the Mediterranean littoral since the time of Hippocrates 
in 450 B.C. In 1861 J. A. Martson an assistant surgeon 
of the British Medical Department working in the 
Mediterranean, first described the symptoms of 
brucellosis in himself as gastric remittent fever 
(Martson 1861). Professor L. F. Benhard Bang, a Danish 
veterinary pathologist and bacteriologist (1897), with 
Stribolt isolated the small bacillus now known as 
Brucella abortus. The first case of human brucellosis 
was recognized in 1897 in a US army officer (Brown 
1977). Captain David Bruce (1887) a Scottish 
physician, reported small coccal organisms in the 
stained sections of spleen of a fatally infected soldier, 
and isolated and identified organism in culture from 
spleen tissue of four other British soldiers stationed at 
Malta (Bruce 1887). The organism derived its species 
name from Melita (honey), the roman name for the Isle 
of Malta. 

Brucellosis is endemically present in India, 
since its first report from Indian Veterinary Research 
Institute (IVRI), Mukteswar (Anonymous 1918). 
Polding (1942) isolated Brucella from cattle, buffalo, 
goat, horse and man. With B. abortus biotypes (1, 2, 3, 6 
and 9) in cattle and buffalo (Sen and Sharma 1975, 
Chand et al. 1988) and B. melitensis biotypes (1, 2, and 
3) in sheep and goats (Polding 1942, Sen and Sharma 
1975) and human beings (Hemashttar and Patil 1991, 
Sen and Sharma 1975, Agasthya et al. 2007), brucellosis 
have made its unshakable foot holding in India. 
Brucellosis has also been reported in pigs (Bhaskar et 
al. 1998) and canines (Pillai et al. 1991, Srinivasan et 
al. 1992).

Genus Brucella

Taxonomically, Brucella are classified as a-
Proteobacteria and subdivided into 6 species (Moreno 
2001). These 6 species under the genus Brucella 
comprise: Brucella melitensis, B. abortus, B. suis, B. 
ovis, B. canis and B. neotomae (Corbel and Morgan 
1984). Two new Brucella species, called B. pinnipedia 
and B. cetaceae, have been isolated from marine hosts 
(Ewalt et al. 1994, Ross et al. 1996). There exists 
multiple biotypes of Brucella that vary in terms of 
biochemical reactions, host specificity and 
pathogenicity (Young 1995). The subcommittee on 
taxonomy of Brucella had proposed that this genus 
could contain a single species, B. melitensis (Grimont 
1992, Moreno and Moriyon 2001). This proposal was 
based on DNA-DNA hybridization studies conducted on 
51 strains representing all known species and biovars 
(Verger et al. 1985). 

Brucellae are small, non-motile, non-
sporulating, non-toxigenic, non-fermenting, facultative, 
intracellular, gram-negative coccobacilli. Flagella, 
endospores and capsules are absent although capsule 
like structures have been reported in preparations treated 
with antiserum. They are partially acid-fast, as are not 
decolorized by 0.5% acetic acid in the modified Ziehl-
Neelsen (MZN) staining (Alton et al. 1988), 0.50.7 m in 
diameter and 0.61.5 m in length (Corbel and Morgan 
1984). 

Genome

Brucella genome has been sequenced and 
consists of 2 chromosomes (DelVecchio et al. 2002). 
Both chromosomes contain essential genes encoding for 
essential metabolic and replicative functions. Naturally 
occurring plasmids have not been found in Brucella. 
However, Brucella can maintain some plasmids 
introduced via electroporation or conjugative transfer 
(Rigby and Fraser 1989). Observations at the DNA level 
are becoming more helpful in further refining the 
classification of Brucella organisms beyond 
conventional methods. 

The complete genome of Brucella melitensis 
(DelVecchio et al. 2002), Brucella abortus (Sanchez et 
al. 2001) and Brucella suis (Paulsen et al. 2002) have 
been sequenced. The genome of Brucella abortus 
biotype 1 and 4 and Brucella suis biotype 1 are found 
quite similar to Brucella melitensis (Halling et al. 2005).

The genome of Brucella abortus biovar 1 is 3.3 
Mb and is composed of 2 circular chromosomes of 
2,124,242 bp (Chr I) and 1,162,780 bp (Chr II) (Halling 
et al. 2005). 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 G+C content of the 2 
chromosomes is nearly identical, consistent with the 
assertion that the assimilation and stabilization of a 
plasmid was an ancient event in brucellae (Halling et al. 
2005). Chromosome I of B. abortus biovar 1 consists of 
2200 genes, 2030 protein coding RNA, 47 structural 
RNA, 123 pseudo genes, 18 others and chromosome II 
is made up of 1156 genes, 1055 protein coding RNA, 17 
structural RNA, 84 pseudo genes, 7 others (Stothard et 
al. 2005). 

Brucellosis

Brucellosis is a contagious disease of animals 
and characterized by abortion in females and to a lesser 
extent orchitis and infection of accessory sex glands in 
males and infertility in both the sexes. It has zoonotic 
importance in terms of its transmissibility to human 
beings.

Clinical features and postmortem lesions

Various clinical signs have been described in 
infected animals, the main manifestation in B. abortus 
infection being reproduction failure in the form of 
abortion and birth of weak offspring which remains as 
carrier in herd. Cases of abortion in infected herd are 
less in chronic infection but infected animal continue to 
act as carrier posing threat to the herd (European 
Commission 2001).

Brucella infected animals generally develop 
granulomatous inflammatory responses, which are often 
located within lymphoid tissues and organs with a 
prominent reticuloendothelial component. The 
localization and persistence of brucellae within these 
tissues and organs follow in the wake of widespread 
distribution of the bacteria during a generalized stage of 
infection. Localization of brucellae within the female 
and male reproductive tracts accounts for the principal 
clinical symptoms of infection, viz. abortion and male 
infertility (Enright 1990). 

Invasion of gravid bovine uterus is marked by 
characteristic necrotic placentitis. Inflammation of 
placenta may be acute and wide spread, and lead to 
early death of fetus followed by abortion, or sub-acute 
or chronic leading to a late abortion or birth of a live, 
infected, perhaps weak calf associated often with 
retention of placenta. The cotyledons are congested or 
swollen and covered with yellowish or sticky brownish 
exudates which extend deep into the crypts. The inter-
cotyledonary areas are thickened, opaque, often look 
almost leathery and there is loss of normal blood red 
color appearance. Enlargement of spleen and liver is 
noticed in aborted fetus with increase in amount of fluid 
in body cavity. Films made from the exudates stained 
with a modified Ziehl-Neelsen method using acetic acid 
show large number of Brucella in clumps or distributed 
many inside epithelial cells which are often literally 
packed with organisms. The fetus varies from typical 
hairless (47 months) fetus up to one that is fully 
developed and shows no characteristic lesions. In case 
of lungs, pneumonia is there which is usually of a 
broncho-pneumonia type. Cobbler stone lesions on 
lungs are indicative of brucellosis (Stableforth and 
Galloway 1959).

In male animals, orchitis and epididymitis are 
the manifestations of chronic infection (Chand et al. 
2002). The acute inflammatory phase in the seminal 
vesicles is followed by a chronic stage with 
considerable fibrinoid induration. During orchitis the 
testicles gradually enlarge. Areas of dry necrosis 
develop and become encapsulated by fibrinous tissue 
which eventually contracts, often leaving the testicles 
smaller than normal. In other cases, it may soften with 
the production of a soft fluctuating lesion containing 
thin pus like pea soup. 

Epidemiology and zoonosis

Brucellosis is the most common zoonosis in 
the world, accounting for the annual occurrence of more 
than 500,000 cases (Pappas et al. 2006). Although 
brucellosis and its means of transmission were 
discovered over 100 years ago, still the disease remains 
a worldwide problem, predominantly so in developing 
countries. However, countries like North America, 
Northern and Central Europe, Canada, Japan, Australia, 
New Zealand, Southeast Asia and Oceania 
(FAO/OIE/WHO 1997) are reported to be free from the 
disease. The disease is endemic in Mediterranean region 
i.e. Middle East, Latin America and parts of Asia 
(Corbel 1997). Reported incidence of human brucellosis 
in endemic areas varies widely from <0.01 to >200 per 
100 000 population (Lpez-Merino 1989). In India 80% 
of the population live in approximately 575,000 villages 
and thousands of small towns (Mantur and Amarnath 
2008), have close contact with domestic or wild animal 
population owing to their occupation. Hence, human 
population stands at a greater risk of acquiring zoonotic 
diseases including brucellosis. The disease has an added 
importance in countries like India, where conditions are 
conducive for wide-spread human infection on account 
of unhygienic conditions and poverty. Species of main 
concern in India are B. melitensis and B. abortus. B. 
melitensis is the most virulent and common strain for 
man and it causes severe and prolonged disease with a 
risk of disability. B. abortus is the dominant species in 
cattle. Bovine brucellosis is widespread in India and 
appears to be on the increase in recent times, perhaps 
due to increased trade and rapid movement of livestock 
(Renukaradhya et al. 2002). Free grazing and movement 
with frequent mixing of flocks of sheep and goats also 
contribute to the wide distribution of brucellosis in these 
animals. Chahota et al. (2003) have reported severe 
outbreak of brucellosis in an organized dairy farm in 
Himachal Pradesh leading to abortions, retained 
placenta and still birth in cows. Serological evidences 
are suggestive of high endemicity of brucellosis in India 
with national average of as high as 5% in cattle, 3% in 
buffalo, 7.9% in sheep and 2.2% in goats 
(Renukaradhya 2002). In 2008, in Punjab the prevalence 
of disease in buffalo and cattle was 16.41% and 20.67%, 
respectively, and the overall apparent prevalence of 
brucellosis was 18.26% (Aulakh et al. 2008). Trangadia 
et al. (2010) recorded 22.18% (132/595) and 13.78% 
(82/595) sero-prevalance of bovine brucellosis in 4 
organized dairy farms located in western, southern, 
central and northern regions of India by ELISA and 
RBPT, respectively. Perusal of the literature indicated 
prevalence of brucellosis in western region (Gujarat 
state) ranging from 8.98 to 44.00% (Chauhan et al. 
2000), 17% in southern region (Isloor et al. 1998), 6.3% 
in central region (Madhya Pradesh state) (Mehra et al. 
2000) and 12.9% in northern region (Punjab state) 
(Dhand et al. 2005). Sero-prevalence of brucellosis was 
reported to be 6.5% in Jordan (Al-Majali et al. 2009), 
8.4% in Cameroon (Bayemi et al. 2009) and 32.9 to 
39.4% in Turkey (Sahin et al. 2008). The association of 
spread of brucellosis with unhygienic processing of 
milk, milk products and meat until it reaches to the final 
consumer makes it a zoonotically important disease. 
Colonization of organism in udder with its frequent 
excretion in milk for prolonged period has led to 
epidemics of brucellosis in human beings. 

In cattle and other members of family 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 but 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. However, artificial 
insemination can transmit the disease and semen must 
only be collected from animals known to be free of 
infection. The presence of brucellosis in wild animals, 
with a potential for continuous transfer to domestic 
animals and from them to humans is another 
epidemiological issue (Cutler et al. 2005). Further, 
transmission of Brucella infection and its prevalence in 
a region depends upon factors like food habits, methods 
of processing milk and milk products, social customs, 
husbandry practices, climatic conditions, socioeconomic 
status and environment hygiene. Environmental 
sanitation is particularly important in the context of air-
borne transmission. Brucellosis is almost invariably 
transmitted to man from infected domestic animals. 
However, Tikare et al. (2008) documented beyond 
doubt, the possibility of human to human transmission 
of Brucella infection. The disease has been recognized 
as one of the common laboratory- transmitted infections 
and was reported to occur in clinical, research and 
production laboratories (Bouza et al. 2005). Those with 
a professional risk of acquiring infection include 
livestock producers, abattoir workers, shepherds, 
farmers, veterinarians and laboratory personnel. 

Pathogenesis

After phagocytosis, brucellae probably reach 
the lymphnodes as parasites and then enter the blood 
and produce bacteraemia followed by the acute febrile 
phase of the disease. From the blood, the organisms are 
distributed throughout the reticuloendothelial system 
and become present in large numbers in the liver and 
spleen and localize in many other sites such as the 
joints, heart, kidneys and genital tract (Baldwin and 
Winter 1994). In human beings after a variable 
incubation period (14 weeks) non-specific, systemic 
symptoms like fever, malaise, arthralgia, headache and 
night sweat follow (Greenfield 2002). 

The mouse is often used as an animal model to 
investigate the pathogenesis of animal and human 
brucellosis (Ko and Splitter 2003). Bacterial ABC 
transporter systems are associated with nutrient uptake 
and the export of toxins and antibiotics and they may 
play an important role in gene expression (Ko and 
Splitter 2000). In Brucella spp., ABC transporter 
proteins have a potential pathogenic role during host 
infection (Rosinha et al. 2002). Hemagglutinins are 
responsible for adhesion and may define the specificity 
of bacterial adhesins during host infection it does not 
have an important role in the pathogenesis of Brucella 
melitensis (Perry et al. 2010).

The pathogenicity in human brucellosis is 
attributed to factors like LPS, adenine and guanine 
monophosphate, virB, 24 kDa protein and urease 
enzyme. Brucella is an unusual organism in several 
ways i.e. the classical virulence factors in a bacterium 
like exotoxins/endotoxins, pili, plasmids, flagella etc. 
are lacking in this organism. Survival strategy of 
Brucella in its host is attributed to its ability to inhibit 
fusion of lyzosome with phagosome thus degranulation 
and activation of the myelo-peroxidase-halide system, it 
also inhibits the production of tumor necrosis factor 
(Caron et al. 1994) and programmed cell death of the 
host cell (Detilleux et al. 1990a), thus escapes the host 
defense mechanisms, to survive and replicate within the 
host cells. Virulent Brucella organisms are capable of 
invading and residing in professional phagocytes 
(Baldwin and Winter 1994) such as macrophages, as 
well as non-phagocytic cells (Detilleux et al. 1990a, 
Detilleux et al. 1990b). In both phagocytic and non-
phagocytic cells, Brucella has the ability to replicate 
within membrane-bound compartments (Pizarro-Cerda 
et al. 1998). Inhibition of TNF-a by bacteria disrupts 
bactericidal effect of natural killer cells and 
macrophages (Gorvel et al. 2002). 

There are 2 types of smooth lipopolysaccharide 
(sLPS) surface antigens, designated A and M. A antigen 
predominates in B. abortus and B. suis, while M is the 
major antigen in B. melitensis. Numerous outer and 
inner membrane, cytoplasmic and periplasmic proteins 
have also been characterized. The sLPS from B. abortus 
is 100 times less potent than that of E. coli (Goldstein et 
al. 1992) and Salmonella (Freer et al. 1996) in inducing 
TNFa from macrophages as well as oxidative 
metabolism and lysozyme release by neutrophils. This 
feature of sLPS is supposed to contribute to the survival 
of B. abortus within phagocytic cells. In addition, 
Brucella sLPS is not susceptible to the actions of 
polycationic molecules, suggesting that smooth Brucella 
can resist the cationic bactericidal peptides of the 
phagocytes (Jensen et al. 1995). The sLPS also conferes 
anti-phagocytic properties to Brucella and does not 
activate the alternate pathway of the complement 
cascade (Hoffmann and Houle 1983). 

Immune response

Both humoral and cellular immune responses 
are involved in Brucella infection, though magnitude 
varies with virulence of organism and immune status of 
animal (FAO/WHO Expert Committee on Brucellosis 
1986). Serological response to the infection can be seen 
as early as 24 weeks. Persistent rise of antibody titre is 
noted if pregnant uterus is affected. Serological 
response starts with the production of IgM within 1 
week or 2, gradually IgG predominates which persists in 
chronic infections. This serological response may be 
transient or missing in young sexually immature 
animals (European Commission 2001). Antibodies 
directed toward specific antigens like the O-antigen, 
may enhance protection against brucellosis in some 
animal species. While protective immunity directed 
against Brucella depends on the induction of an 
effective and specific cell-mediated immune (CMI) 
response (Oliveira et al. 1994). Cell mediated immune 
response (CMIR) involves interaction of organism with 
macrophage and T-lymphocyte which decides fate of 
invading bacteria. Lymphocyte stimulation, macrophage 
inhibition, delayed type of hypersensitivity (DTH) and 
gamma interferon (g-IFN) production are used as 
correlates of CMIR. This cellular immune response 
could also be expected as early as few weeks. 

Diagnosis

The laboratory diagnosis of brucellosis is done 
to identify the animals which are infected, shedding the 
organism and spreading the disease. Attention is usually 
first drawn to the disease by an abortion and is 
confirmed by various direct and indirect methods of 
diagnosis. 

Culture: Highly specific and most conclusive 
diagnosis in any infectious disease is by isolation of the 
causative agent and so is in brucellosis. Culture and 
isolation is still unequivocally considered the gold 
standard in diagnosis of brucellosis (Alton et al. 1988). 

Milk, vaginal swabs, placentas or aborted 
fetuses are preferred for microscopy and culture in case 
of live animals, while primarily lymph nodes (especially 
head and mammary), spleen, udder, uterus, epididymes 
and testes are recommended from necropsied animals. 
Blood is also used for culture and provides definite 
proof of brucellosis but may not provide a positive 
result in all cases. Lysis centrifugation and blood clot 
culture techniques yielded encouraging results (Mantur 
and Mangalgi 2004, Mantur et al. 2007) in terms of 
sensitivity and rapidity. The modern automated blood 
culture systems have somewhat improved the speed of 
detection. Although, bone marrow cultures are 
considered gold standard in some studies (Mantur et al. 
2008). In such cases, bacteremia might also be 
maintained from other sources of the reticulo-
endothelial system (Mantur et al. 2008). Perhaps, this 
could be the reason for the discrepancy in the results of 
blood and bone marrow cultures reported in the 
literature. Selective media are recommended for 
bacteriological isolation and better results are obtained 
when 2 different media are included Farrell and 
modified Thayer-Martin. Differentiation of Brucella at 
species, biovar and strain level by bacteriological and/or 
by molecular techniques is usually carried out in 
reference laboratories.

PCR: PCR is a very sensitive technique. For 
the first time Feket et al. (1990) used PCR for the 
diagnosis of brucellosis. In 1992, he reported detection 
limit of their assay was 5 Brucella cells/100 mg of 
tissue. It has been demonstrated that the assay is specific 
and sensitive for brucellosis (Bricker et al. 1998). To 
diagnose and detect the presence of brucellosis, various 
genes of Brucella genome were explored and for this 
several PCR assays using primers from genes such as 
IS711 (Bricker and Halling 1994), IS6501 (Ouahrani et 
al. 1996), 16S rRNA sequence (etinkaya et al. 1999), 
16S23S rRNA spacer region (Rijpens et al. 1996), 31 
kDa outer membrane protein (Serpe et al. 1999), 43 kDa 
outer membrane protein (Fekete et al.1990), Omp-2 
outer membrane protein (Leal-Klevezas et al. 1995), 
omp-25 (Probert et al. 2004) and the heat shock protein 
(DnaJ, DnaK, HtrA and GroEL) (DaCosta et al. 1996) 
etc., were developed. 

PCR was applied to detect Brucella DNA in 
varieties of clinical samples including tissues (mainly 
aborted fetuses and associated maternal tissues), blood, 
milk and semen (Cortez et al. 2001, Hafez et al. 2011, 
Al-Garadia et al. 2011). PCR based tests are also more 
sensitive than traditional culture method (Amin et al. 
2001, Buyukcangaz et al. 2011). 

Real-time PCR was used for detection of 
Brucella, offering improvement in detection time and 
specificity through incorporation of hybridization 
probes (Probert et al. 2004, Doosti and Dehkordi 2011). 
The real-time PCR is also useful for quantifying the 
load of microorganisms in samples.

Few multiplex PCR assays have also been 
developed with an aim to detect presence of other 
bacteria along with Brucella within single reaction 
(Moshkelani et al. 2011). Multiplex PCR is a derived 
procedure where multiple DNA sequences can be 
detected in a single PCR reaction. Hamali and Joozani 
(2011) used multiplex PCR for detection of Brucella 
spp. and vaccine strains in bovine aborted fetuses. 

Brucellin skin test: The brucellin skin test, a 
cell-mediated immunity (CMI) based assay, is an 
alternative diagnostic test, which can be used for 
screening unvaccinated animals, provided that a purified 
(S-LPS free) and standardized antigen preparation is 
used (Blasco et al. 1994a, Blasco et al. 1994b). S-LPS 
(Blasco et al. 1994a, Blasco et al. 1994b) does not take 
part in DTH reactions (Jones et al. 1973) and may 
provoke antibody-mediated inflammatory reactions or 
induce antibodies that interfere with subsequent 
serological screening. Purified allergens would not offer 
practical advantages over complex protein mixtures 
(Blasco et al. 1994a, Blasco et al. 1994b). The brucellin 
skin test has a high sensitivity and in the absence of 
vaccination is considered one of the most specific 
diagnostic tests (Ebadi and Zowghi 1983, FAO/WHO 
1986, Alton et al. 1988, Blasco et al. 1994a, Blasco et 
al. 1994b, Garin-Bastuji et al. 1998). This test is of 
particular value for the interpretation of FPSR due to 
infection with cross-reacting bacteria (FPSR animals are 
negative in the skin test), especially in brucellosis-free 
areas. Despite its high sensitivity not all infected 
animals show positive skin test responses. Therefore, 
this test cannot be recommended either as the sole 
diagnostic test or fit for the purposes of international 
trade. The site and route of allergen inoculation are not 
important factors affecting its sensitivity (Fensterbank 
1985, Blasco et al. 1994a, Blasco et al. 1994b). Anergy 
induced by repeated skin testing, well known in bovine 
tuberculosis (Radunz and Lepper 1985), is not absolute 
in brucellosis (Blasco et al. 1994a, Blasco et al. 1994b).

Serological diagnosis

The diagnosis of brucellosis employing direct 
method is not always possible for a large number of 
animals, hence indirect diagnostic assays are frequently 
used (Blasco 1992). In absence of a positive culture of 
B. abortus a presumptive diagnosis is usually based on 
the presence of antibodies in serum, milk, whey, vaginal 
mucus or seminal plasma. On average, the agglutinins 
and complement fixation antibodies become positive 4 
weeks following experimental infection during fourth to 
sixth month of gestation and not until about 10 weeks if 
experimental infection occurs 2 month before or after 
insemination (Radostitis et al. 2000).

No single serological test is appropriate in each 
and all epidemiological situations, all have limitations 
especially when it comes to screening individual 
animals (Godfroid et al. 2002, Nielsen 2002). 
Complement fixation test (CFT), fluorescence 
polarization assay (FPA) and ELISA are considered 
more appropriate for international trade than serum tube 
agglutination test (SAT). For the control of brucellosis 
at the national or local level, the buffered Brucella 
antigen tests (BBATs), i.e. the Rose Bengal test (RBT) 
and the buffered plate agglutination test (BPAT), as well 
as the ELISA and the FPA, are suitable screening tests 
(OIE 2004). Positive reactions may be retested using a 
suitable confirmatory strategy, if needed.

Rose Bengal plate agglutination test (RBPT): 
The RBPT is a simple, rapid and spot test and can be 
performed in field. The RBPT antigen was developed by 
U.S. Department of Agriculture and it was B. abortus 
antigen stained with Rose Bengal dye and buffered at 
pH 3.65 (Alton et al. 1988). The low pH prevents some 
agglutination by IgM and encourages agglutination by 
IgG1 thereby reducing non-specific interactions (Corbel 
1972, Corbel 1973, Allan et al. 1976). This test is 
internationally acknowledged as the choice for the 
screening of brucellosis. However, due to cross 
reactivity between these antigen with other bacterial 
species including Yersinia enterocolitica O:9 and E. coli 
serotype O:57 (Kittelberger et al. 1995) RBPT may 
suffer higher rates of false positive results than other 
serological tests. Still many workers reported RBPT to 
be a routine and reliable test and could not be replaced 
for the diagnosis of brucellosis (Mangalgi et al. 2012, 
Chachra et al. 2009).

Serum tube agglutination test (SAT): 
Historically, the SAT has been recognized as the 
principal serological test used for the diagnosis of 
brucellosis. IgM isotypes of antibody is the most active 
agglutinin at neutral pH (Rice and Boyes 1971, Corbel 
1972, Nielsen et al. 1984). Therefore, SAT is susceptible 
to false positive reaction by cross-reacting antibodies 
(Nielsen 2002). However, because the SAT may yield 
both false negative or false positive results (Corbel et al. 
1984), it is not useful for testing individual animal. The 
efficacy of test is useful only when it is used at herd 
level. Nicoletti (1967) also recognized that not every 
Brucella infected bovine show a diagnostically 
significant titre.

The presumptive diagnosis provided by the 
serological tests is usually accepted as indication of 
brucellosis; although it can only detect IgM and IgG2 
and fails to detect IgG1 (Rice and Boyes 1971). 
However, chronic carriers produce mainly IgG1 that 
block the agglutinating activities of IgG2 which may 
result in lower detection rates. Hafez et al. (2011) 
reported lower number of positive samples detected by 
SAT in comparison to RBT and ELISA.

Complement fixation test (CFT): The 
complement fixation test (CFT) is widely used for the 
diagnosis of brucellosis in cattle, sheep and goat. It 
detects mainly IgG1 antibodies. The test is somewhat 
complex and in mass testings a screening test such as 
the RBPT is often used to reduce the number of samples 
that need to be tested by CFT (Staak et al. 2001). CFT is 
not good for testing sera from animals vaccinated for 
brucellosis as it cannot differentiate vaccinated from 
infected ones (Diaz-Aparicio et al. 1996). Another 
major problem with CFT is its limited utility in buffalo 
serum samples. Nicoletti (1992) in his study concluded 
that CFT is of limited usefulness in the diagnosis of 
brucellosis in buffaloes due to false positive reactions. 
Guarino et al. (2001) also found CFT to be less effective 
test for the diagnosis of brucellosis in buffaloes as they 
showed many animals yielding negative results in CFT 
which otherwise were positive in ELISA. Kassymov 
and Zhumagalikyzy (2011) reported ELISA to be more 
effective than CFT for the diagnostic of brucellosis in 
cattle.

Enzyme linked immunosorbent assays (ELISA): 
ELISA offers excellent sensitivity and specificity whilst 
being robust, fairly simple to perform with a minimum 
of equipment and readily available from a number of 
commercial sources in kit form. Owing to these 
properties ELISA is extensively used in the diagnosis of 
brucellosis in every species of animals. The smooth 
lipopolysaccharide (sLPS) is commonly used as the 
antigen for ELISA (OIE 2004). Other antigen, such as a 
highly immunogenic periplasmic protein from B. 
abortus (Rossetti et al. 1996) was also used for 
brucellosis diagnosis in different host species but results 
were not so encouraging. Letesson et al. (1997) used 8 
proteins (OMP36, OMP25, OMP19, OMP16, OMP10, 
p17, p15 and p39) as antigen for serological diagnosis 
of brucellosis by ELISA. The antibody response against 
these proteins often delayed when compared to the 
antibody response to smooth LPS and limited to the 
animals that develop active brucellosis infection. The 
sensitivity and specificity of ELISA was found higher 
by using LPS as diagnostic antigen instead of OPS 
(Nielsen et al. 1996). Several antigens were tried but no 
alternative antigens that could match the sensitivity 
achieved with LPS have been found so far (Letesson et 
al. 1997). 

Monoclonal or polyclonal antiglobulin-enzyme 
conjugates may be used depending on availability and 
performance requirements. A MAb specific for the 
heavy chain of bovine IgG1 may provide some 
improvement in specificity at the possible cost of some 
loss of sensitivity (OIE 2004). Use of protein-G as 
conjugate also reduces this problem and increases the 
specificity of ELISA (Ficapal et al. 1995, Marin et al. 
1998, Kumar and Chand 2011). Renukaradhya et al. 
(2001) described the use of avidin-biotin ELISA for the 
diagnosis of brucellosis in cattle and buffalo. Milk-
ELISA was also tried and found effective diagnostic 
tool by many workers (Chand et al. 2004, Patel et al. 
2008).

Native hapten (NH) gel precipitation tests: In 
the case of recent vaccination with S19 vaccine, only 
the gel diffusion (GD) or radial immunodiffusion (RID) 
tests with native hapten antigen (Daz et al. 1979), FPA 
(Nielsen et al. 1996a) and the competitive ELISA 
(Nielsen et al. 1996b) appear to be useful for diagnosis, 
allowing differentiation of infection by Brucella abortus 
from S19 vaccination. However, only the gel diffusion 
test with Native Hapten (Daz et al. 1979) was able to 
discriminate at a given time after vaccination (Marin et 
al. 1999).

Fluorescence polarization assay (FPA): FPA is 
a homogenous immunoassay. Homogenous 
immunoassays are single step assays that require no 
repetitive washing steps to remove unbound reactants as 
with classical primary binding assays (Jenkins 1992). 
Many workers used FPA in different parts of the world 
in various laboratories and Nielsen et al. (1996a) are the 
pioneer in developing and using this assay for the 
diagnosis of brucellosis in animals. This test was used 
for diagnosing brucellosis in cattle (Nielsen et al. 
1996a), porcine (Nielsen et al. 1999), bison (Gall et al. 
2000), cervidae (Gall et al. 2001), humans (Lucerno et 
al. 2003), goats (Burriel et al. 2004), sheep (Minas et al. 
2005), cetaceans (Neimanis et al. 2008) and buffaloes 
(Kumar and Chand 2009). Lin and Nielsen (1997) 
labeled OPS extracted from B. abortus with fluorescein 
for investigating binding of O-chain to a specific murine 
monoclonal antibody YsT9. Nielsen et al. (1996) 
reported FPA to be a simple, low cost, easy and less 
time consuming assay and demonstrated that the 
sensitivity and specificity of FPA was comparable to 
complement fixation test (CFT), competitive ELISA and 
indirect ELISA. 

Miscellaneous tests: Srivastava and Chaudhary 
(2011) reported that Coombs test that detects incomplete 
antibodies and immunocapture-agglutination tests show 
good performances with higher sensitivity and 
specificity in the diagnosis of brucellosis.

Kassymov and Zhumagalikyzy (2011) reported 
a new variant of complement fixation test that is 
conglutination - conglutinating complex fixation test 
(CCFT), based on interaction of a complex antigen - 
antibody with conglutination blood serum (complement, 
conglutinin) and found it to be an effective method of 
diagnostics of brucellosis and other infectious diseases. 

Smits et al. (2003) reported Brucella IgM and 
IgG lateral flow and Abdoeland Smits (2007) reported 
latex agglutination assays and found them to be rapid 
and simple along with high sensitivity and specificity in 
culture confirmed cases. These tests are ideal for use as 
field tests in remote areas and as point of care tests in 
hospitals and health care centre.

Vaccination 

Currently there are 2 vaccines available that 
are effective enough and inexpensive. These are 
B.melitensis strain Rev.1 for small ruminants given at 
full dose (1 109 CFU) by the conjunctival route and B. 
abortus strain 19 for cattle given individually at full 
dose (10 1010 CFU) subcutaneously or at reduced dose 
(5 109 CFU) conjunctivally. Both vaccines can be 
hazardous to humans and also may induce abortion 
when vaccinating pregnant animals. At this stage there 
is inadequate information on the use of these vaccines in 
camels, yaks and buffaloes. When mass vaccination has 
to be applied, it should be carried out in 2 ways: 

Mass vaccinate all animals 
every two years, including males (in the case of 
sheep and goats). This is the simplest method and 
only requires the ability to locate 100% of 
flocks/herds and to vaccinate all animals, at the 
ideal window of opportunity to avoid vaccine 
induced abortions, i.e. when animals are lactating 
or at the end of the parturition season and fewest 
are pregnant. This procedure assumes that at the 
actual replacement rates, every 2 years about 
3040% of the population will be susceptible. 

Mass vaccination and individual 
identification of all animals in the first year and 
then identification and vaccination of the 
replacement animals only in subsequent years. 
The main advantage of which is minimizing 
vaccine induced abortions, is obviously more 
complex, involving identification of young 
replacement animals each year. Assuming that 
1025% of the total population needs to be 
replaced each year, this programme will take 410 
years before the whole population is fully 
vaccinated. Unfortunately, this option has often 
failed in developing countries with nomadic 
husbandry systems, as owners keep replacements 
year round and several visits may be needed to 
ensure 100% vaccination coverage. Once the 
prevalence of brucellosis is reduced to minimal 
levels by either of the above mass vaccination 
procedures and provided that the veterinary 
infrastructure and economic resources are 
available, eradication can be achieved through a 
programme based on the vaccination of young 
replacement animals combined with testing and 
slaughtering of infected adults. This programme 
will require individual animal identification and 
effective control of animal movements.

One practical eradication approach would 
involve no testing of mass vaccinated adult animals for 
2 years following the first mass vaccination, to avoid 
culling healthy but seropositive animals. The only 
interventions during these 2 first years would be 
vaccinating 100% of young replacements, ensuring 
individual identification of the whole population and 
establishing effective animal movement controls. The 
use of the NH based gel precipitation tests, followed by 
immediate culling of infected animals could be 
recommended as the most reasonable strategy to avoid 
the excessive culling of healthy but seropositive 
animals. Once the percentage of positives in these NH 
based tests is zero for at least two consecutive years, the 
testing schedule could be modified using OIE official 
tests - such as RBPT, iELISA and CFT - to reach and 
maintain brucellosis free status. Vaccination should 
cease only when the prevalence is zero for at least one 
entire generation, in order to avoid relapses. Premature 
cessation of vaccination has been a frequent error in 
many countries. As a general rule, vaccination should 
never be abandoned until the prevalence is zero, the 
situation is maintained for 812 years and the risk of 
transmission from infected epidemiologically related 
units is negligible (FAO 2009). 
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ABSTRACT

Brucellosis is a chronic infectious disease caused by small, non-motile, non-sporing, gram-negative, 
facultative intracellular coccobaccilli of the genus Brucella. This disease may affect a range of different mammals 
including cattle, buffalo, sheep, goat, swine, rodents, man and marine mammals. It is a major bacterial zoonosis of 
global public health importance. In most of the animal species, the disease primarily affects the reproductive system 
with concomitant loss in productivity. Both humoral and cellular immune responses are involved in Brucella 
infection. Clinical signs of Brucella infection are non-pathognomonic and thus diagnosis of the disease is mainly 
dependent on laboratory tests. The conventional tests, viz. Rose Bengal plate agglutination test (RBPT), serum tube 
agglutination test (SAT) and complement fixation test (CFT) are commonly used. Isolation is still the gold standard. 
Other commonly used tests are enzyme linked immunosorbent assay (ELISA), polymerase chain reaction (PCR), 
native hapten (NH) gel precipitation tests, brucellin skin test and fluorescence polarization assay (FPA).
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A type of fever characterized by fairly regular 
remissions or intermissions has been recognized along 
the Mediterranean littoral since the time of Hippocrates 
in 450 B.C. In 1861 J. A. Martson an assistant surgeon 
of the British Medical Department working in the 
Mediterranean, first described the symptoms of 
brucellosis in himself as gastric remittent fever 
(Martson 1861). Professor L. F. Benhard Bang, a Danish 
veterinary pathologist and bacteriologist (1897), with 
Stribolt isolated the small bacillus now known as 
Brucella abortus. The first case of human brucellosis 
was recognized in 1897 in a US army officer (Brown 
1977). Captain David Bruce (1887) a Scottish 
physician, reported small coccal organisms in the 
stained sections of spleen of a fatally infected soldier, 
and isolated and identified organism in culture from 
spleen tissue of four other British soldiers stationed at 
Malta (Bruce 1887). The organism derived its species 
name from Melita (honey), the roman name for the Isle 
of Malta. 

Brucellosis is endemically present in India, 
since its first report from Indian Veterinary Research 
Institute (IVRI), Mukteswar (Anonymous 1918). 
Polding (1942) isolated Brucella from cattle, buffalo, 
goat, horse and man. With B. abortus biotypes (1, 2, 3, 6 
and 9) in cattle and buffalo (Sen and Sharma 1975, 
Chand et al. 1988) and B. melitensis biotypes (1, 2, and 
3) in sheep and goats (Polding 1942, Sen and Sharma 
1975) and human beings (Hemashttar and Patil 1991, 
Sen and Sharma 1975, Agasthya et al. 2007), brucellosis 
have made its unshakable foot holding in India. 
Brucellosis has also been reported in pigs (Bhaskar et 
al. 1998) and canines (Pillai et al. 1991, Srinivasan et 
al. 1992).

Genus Brucella

Taxonomically, Brucella are classified as a-
Proteobacteria and subdivided into 6 species (Moreno 
2001). These 6 species under the genus Brucella 
comprise: Brucella melitensis, B. abortus, B. suis, B. 
ovis, B. canis and B. neotomae (Corbel and Morgan 
1984). Two new Brucella species, called B. pinnipedia 
and B. cetaceae, have been isolated from marine hosts 
(Ewalt et al. 1994, Ross et al. 1996). There exists 
multiple biotypes of Brucella that vary in terms of 
biochemical reactions, host specificity and 
pathogenicity (Young 1995). The subcommittee on 
taxonomy of Brucella had proposed that this genus 
could contain a single species, B. melitensis (Grimont 
1992, Moreno and Moriyon 2001). This proposal was 
based on DNA-DNA hybridization studies conducted on 
51 strains representing all known species and biovars 
(Verger et al. 1985). 

Brucellae are small, non-motile, non-
sporulating, non-toxigenic, non-fermenting, facultative, 
intracellular, gram-negative coccobacilli. Flagella, 
endospores and capsules are absent although capsule 
like structures have been reported in preparations treated 
with antiserum. They are partially acid-fast, as are not 
decolorized by 0.5% acetic acid in the modified Ziehl-
Neelsen (MZN) staining (Alton et al. 1988), 0.50.7 m in 
diameter and 0.61.5 m in length (Corbel and Morgan 
1984). 

Genome

Brucella genome has been sequenced and 
consists of 2 chromosomes (DelVecchio et al. 2002). 
Both chromosomes contain essential genes encoding for 
essential metabolic and replicative functions. Naturally 
occurring plasmids have not been found in Brucella. 
However, Brucella can maintain some plasmids 
introduced via electroporation or conjugative transfer 
(Rigby and Fraser 1989). Observations at the DNA level 
are becoming more helpful in further refining the 
classification of Brucella organisms beyond 
conventional methods. 

The complete genome of Brucella melitensis 
(DelVecchio et al. 2002), Brucella abortus (Sanchez et 
al. 2001) and Brucella suis (Paulsen et al. 2002) have 
been sequenced. The genome of Brucella abortus 
biotype 1 and 4 and Brucella suis biotype 1 are found 
quite similar to Brucella melitensis (Halling et al. 2005).

The genome of Brucella abortus biovar 1 is 3.3 
Mb and is composed of 2 circular chromosomes of 
2,124,242 bp (Chr I) and 1,162,780 bp (Chr II) (Halling 
et al. 2005). 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 G+C content of the 2 
chromosomes is nearly identical, consistent with the 
assertion that the assimilation and stabilization of a 
plasmid was an ancient event in brucellae (Halling et al. 
2005). Chromosome I of B. abortus biovar 1 consists of 
2200 genes, 2030 protein coding RNA, 47 structural 
RNA, 123 pseudo genes, 18 others and chromosome II 
is made up of 1156 genes, 1055 protein coding RNA, 17 
structural RNA, 84 pseudo genes, 7 others (Stothard et 
al. 2005). 

Brucellosis

Brucellosis is a contagious disease of animals 
and characterized by abortion in females and to a lesser 
extent orchitis and infection of accessory sex glands in 
males and infertility in both the sexes. It has zoonotic 
importance in terms of its transmissibility to human 
beings.

Clinical features and postmortem lesions

Various clinical signs have been described in 
infected animals, the main manifestation in B. abortus 
infection being reproduction failure in the form of 
abortion and birth of weak offspring which remains as 
carrier in herd. Cases of abortion in infected herd are 
less in chronic infection but infected animal continue to 
act as carrier posing threat to the herd (European 
Commission 2001).

Brucella infected animals generally develop 
granulomatous inflammatory responses, which are often 
located within lymphoid tissues and organs with a 
prominent reticuloendothelial component. The 
localization and persistence of brucellae within these 
tissues and organs follow in the wake of widespread 
distribution of the bacteria during a generalized stage of 
infection. Localization of brucellae within the female 
and male reproductive tracts accounts for the principal 
clinical symptoms of infection, viz. abortion and male 
infertility (Enright 1990). 

Invasion of gravid bovine uterus is marked by 
characteristic necrotic placentitis. Inflammation of 
placenta may be acute and wide spread, and lead to 
early death of fetus followed by abortion, or sub-acute 
or chronic leading to a late abortion or birth of a live, 
infected, perhaps weak calf associated often with 
retention of placenta. The cotyledons are congested or 
swollen and covered with yellowish or sticky brownish 
exudates which extend deep into the crypts. The inter-
cotyledonary areas are thickened, opaque, often look 
almost leathery and there is loss of normal blood red 
color appearance. Enlargement of spleen and liver is 
noticed in aborted fetus with increase in amount of fluid 
in body cavity. Films made from the exudates stained 
with a modified Ziehl-Neelsen method using acetic acid 
show large number of Brucella in clumps or distributed 
many inside epithelial cells which are often literally 
packed with organisms. The fetus varies from typical 
hairless (47 months) fetus up to one that is fully 
developed and shows no characteristic lesions. In case 
of lungs, pneumonia is there which is usually of a 
broncho-pneumonia type. Cobbler stone lesions on 
lungs are indicative of brucellosis (Stableforth and 
Galloway 1959).

In male animals, orchitis and epididymitis are 
the manifestations of chronic infection (Chand et al. 
2002). The acute inflammatory phase in the seminal 
vesicles is followed by a chronic stage with 
considerable fibrinoid induration. During orchitis the 
testicles gradually enlarge. Areas of dry necrosis 
develop and become encapsulated by fibrinous tissue 
which eventually contracts, often leaving the testicles 
smaller than normal. In other cases, it may soften with 
the production of a soft fluctuating lesion containing 
thin pus like pea soup. 

Epidemiology and zoonosis

Brucellosis is the most common zoonosis in 
the world, accounting for the annual occurrence of more 
than 500,000 cases (Pappas et al. 2006). Although 
brucellosis and its means of transmission were 
discovered over 100 years ago, still the disease remains 
a worldwide problem, predominantly so in developing 
countries. However, countries like North America, 
Northern and Central Europe, Canada, Japan, Australia, 
New Zealand, Southeast Asia and Oceania 
(FAO/OIE/WHO 1997) are reported to be free from the 
disease. The disease is endemic in Mediterranean region 
i.e. Middle East, Latin America and parts of Asia 
(Corbel 1997). Reported incidence of human brucellosis 
in endemic areas varies widely from <0.01 to >200 per 
100 000 population (Lpez-Merino 1989). In India 80% 
of the population live in approximately 575,000 villages 
and thousands of small towns (Mantur and Amarnath 
2008), have close contact with domestic or wild animal 
population owing to their occupation. Hence, human 
population stands at a greater risk of acquiring zoonotic 
diseases including brucellosis. The disease has an added 
importance in countries like India, where conditions are 
conducive for wide-spread human infection on account 
of unhygienic conditions and poverty. Species of main 
concern in India are B. melitensis and B. abortus. B. 
melitensis is the most virulent and common strain for 
man and it causes severe and prolonged disease with a 
risk of disability. B. abortus is the dominant species in 
cattle. Bovine brucellosis is widespread in India and 
appears to be on the increase in recent times, perhaps 
due to increased trade and rapid movement of livestock 
(Renukaradhya et al. 2002). Free grazing and movement 
with frequent mixing of flocks of sheep and goats also 
contribute to the wide distribution of brucellosis in these 
animals. Chahota et al. (2003) have reported severe 
outbreak of brucellosis in an organized dairy farm in 
Himachal Pradesh leading to abortions, retained 
placenta and still birth in cows. Serological evidences 
are suggestive of high endemicity of brucellosis in India 
with national average of as high as 5% in cattle, 3% in 
buffalo, 7.9% in sheep and 2.2% in goats 
(Renukaradhya 2002). In 2008, in Punjab the prevalence 
of disease in buffalo and cattle was 16.41% and 20.67%, 
respectively, and the overall apparent prevalence of 
brucellosis was 18.26% (Aulakh et al. 2008). Trangadia 
et al. (2010) recorded 22.18% (132/595) and 13.78% 
(82/595) sero-prevalance of bovine brucellosis in 4 
organized dairy farms located in western, southern, 
central and northern regions of India by ELISA and 
RBPT, respectively. Perusal of the literature indicated 
prevalence of brucellosis in western region (Gujarat 
state) ranging from 8.98 to 44.00% (Chauhan et al. 
2000), 17% in southern region (Isloor et al. 1998), 6.3% 
in central region (Madhya Pradesh state) (Mehra et al. 
2000) and 12.9% in northern region (Punjab state) 
(Dhand et al. 2005). Sero-prevalence of brucellosis was 
reported to be 6.5% in Jordan (Al-Majali et al. 2009), 
8.4% in Cameroon (Bayemi et al. 2009) and 32.9 to 
39.4% in Turkey (Sahin et al. 2008). The association of 
spread of brucellosis with unhygienic processing of 
milk, milk products and meat until it reaches to the final 
consumer makes it a zoonotically important disease. 
Colonization of organism in udder with its frequent 
excretion in milk for prolonged period has led to 
epidemics of brucellosis in human beings. 

In cattle and other members of family 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 but 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. However, artificial 
insemination can transmit the disease and semen must 
only be collected from animals known to be free of 
infection. The presence of brucellosis in wild animals, 
with a potential for continuous transfer to domestic 
animals and from them to humans is another 
epidemiological issue (Cutler et al. 2005). Further, 
transmission of Brucella infection and its prevalence in 
a region depends upon factors like food habits, methods 
of processing milk and milk products, social customs, 
husbandry practices, climatic conditions, socioeconomic 
status and environment hygiene. Environmental 
sanitation is particularly important in the context of air-
borne transmission. Brucellosis is almost invariably 
transmitted to man from infected domestic animals. 
However, Tikare et al. (2008) documented beyond 
doubt, the possibility of human to human transmission 
of Brucella infection. The disease has been recognized 
as one of the common laboratory- transmitted infections 
and was reported to occur in clinical, research and 
production laboratories (Bouza et al. 2005). Those with 
a professional risk of acquiring infection include 
livestock producers, abattoir workers, shepherds, 
farmers, veterinarians and laboratory personnel. 

Pathogenesis

After phagocytosis, brucellae probably reach 
the lymphnodes as parasites and then enter the blood 
and produce bacteraemia followed by the acute febrile 
phase of the disease. From the blood, the organisms are 
distributed throughout the reticuloendothelial system 
and become present in large numbers in the liver and 
spleen and localize in many other sites such as the 
joints, heart, kidneys and genital tract (Baldwin and 
Winter 1994). In human beings after a variable 
incubation period (14 weeks) non-specific, systemic 
symptoms like fever, malaise, arthralgia, headache and 
night sweat follow (Greenfield 2002). 

The mouse is often used as an animal model to 
investigate the pathogenesis of animal and human 
brucellosis (Ko and Splitter 2003). Bacterial ABC 
transporter systems are associated with nutrient uptake 
and the export of toxins and antibiotics and they may 
play an important role in gene expression (Ko and 
Splitter 2000). In Brucella spp., ABC transporter 
proteins have a potential pathogenic role during host 
infection (Rosinha et al. 2002). Hemagglutinins are 
responsible for adhesion and may define the specificity 
of bacterial adhesins during host infection it does not 
have an important role in the pathogenesis of Brucella 
melitensis (Perry et al. 2010).

The pathogenicity in human brucellosis is 
attributed to factors like LPS, adenine and guanine 
monophosphate, virB, 24 kDa protein and urease 
enzyme. Brucella is an unusual organism in several 
ways i.e. the classical virulence factors in a bacterium 
like exotoxins/endotoxins, pili, plasmids, flagella etc. 
are lacking in this organism. Survival strategy of 
Brucella in its host is attributed to its ability to inhibit 
fusion of lyzosome with phagosome thus degranulation 
and activation of the myelo-peroxidase-halide system, it 
also inhibits the production of tumor necrosis factor 
(Caron et al. 1994) and programmed cell death of the 
host cell (Detilleux et al. 1990a), thus escapes the host 
defense mechanisms, to survive and replicate within the 
host cells. Virulent Brucella organisms are capable of 
invading and residing in professional phagocytes 
(Baldwin and Winter 1994) such as macrophages, as 
well as non-phagocytic cells (Detilleux et al. 1990a, 
Detilleux et al. 1990b). In both phagocytic and non-
phagocytic cells, Brucella has the ability to replicate 
within membrane-bound compartments (Pizarro-Cerda 
et al. 1998). Inhibition of TNF-a by bacteria disrupts 
bactericidal effect of natural killer cells and 
macrophages (Gorvel et al. 2002). 

There are 2 types of smooth lipopolysaccharide 
(sLPS) surface antigens, designated A and M. A antigen 
predominates in B. abortus and B. suis, while M is the 
major antigen in B. melitensis. Numerous outer and 
inner membrane, cytoplasmic and periplasmic proteins 
have also been characterized. The sLPS from B. abortus 
is 100 times less potent than that of E. coli (Goldstein et 
al. 1992) and Salmonella (Freer et al. 1996) in inducing 
TNFa from macrophages as well as oxidative 
metabolism and lysozyme release by neutrophils. This 
feature of sLPS is supposed to contribute to the survival 
of B. abortus within phagocytic cells. In addition, 
Brucella sLPS is not susceptible to the actions of 
polycationic molecules, suggesting that smooth Brucella 
can resist the cationic bactericidal peptides of the 
phagocytes (Jensen et al. 1995). The sLPS also conferes 
anti-phagocytic properties to Brucella and does not 
activate the alternate pathway of the complement 
cascade (Hoffmann and Houle 1983). 

Immune response

Both humoral and cellular immune responses 
are involved in Brucella infection, though magnitude 
varies with virulence of organism and immune status of 
animal (FAO/WHO Expert Committee on Brucellosis 
1986). Serological response to the infection can be seen 
as early as 24 weeks. Persistent rise of antibody titre is 
noted if pregnant uterus is affected. Serological 
response starts with the production of IgM within 1 
week or 2, gradually IgG predominates which persists in 
chronic infections. This serological response may be 
transient or missing in young sexually immature 
animals (European Commission 2001). Antibodies 
directed toward specific antigens like the O-antigen, 
may enhance protection against brucellosis in some 
animal species. While protective immunity directed 
against Brucella depends on the induction of an 
effective and specific cell-mediated immune (CMI) 
response (Oliveira et al. 1994). Cell mediated immune 
response (CMIR) involves interaction of organism with 
macrophage and T-lymphocyte which decides fate of 
invading bacteria. Lymphocyte stimulation, macrophage 
inhibition, delayed type of hypersensitivity (DTH) and 
gamma interferon (g-IFN) production are used as 
correlates of CMIR. This cellular immune response 
could also be expected as early as few weeks. 

Diagnosis

The laboratory diagnosis of brucellosis is done 
to identify the animals which are infected, shedding the 
organism and spreading the disease. Attention is usually 
first drawn to the disease by an abortion and is 
confirmed by various direct and indirect methods of 
diagnosis. 

Culture: Highly specific and most conclusive 
diagnosis in any infectious disease is by isolation of the 
causative agent and so is in brucellosis. Culture and 
isolation is still unequivocally considered the gold 
standard in diagnosis of brucellosis (Alton et al. 1988). 

Milk, vaginal swabs, placentas or aborted 
fetuses are preferred for microscopy and culture in case 
of live animals, while primarily lymph nodes (especially 
head and mammary), spleen, udder, uterus, epididymes 
and testes are recommended from necropsied animals. 
Blood is also used for culture and provides definite 
proof of brucellosis but may not provide a positive 
result in all cases. Lysis centrifugation and blood clot 
culture techniques yielded encouraging results (Mantur 
and Mangalgi 2004, Mantur et al. 2007) in terms of 
sensitivity and rapidity. The modern automated blood 
culture systems have somewhat improved the speed of 
detection. Although, bone marrow cultures are 
considered gold standard in some studies (Mantur et al. 
2008). In such cases, bacteremia might also be 
maintained from other sources of the reticulo-
endothelial system (Mantur et al. 2008). Perhaps, this 
could be the reason for the discrepancy in the results of 
blood and bone marrow cultures reported in the 
literature. Selective media are recommended for 
bacteriological isolation and better results are obtained 
when 2 different media are included Farrell and 
modified Thayer-Martin. Differentiation of Brucella at 
species, biovar and strain level by bacteriological and/or 
by molecular techniques is usually carried out in 
reference laboratories.

PCR: PCR is a very sensitive technique. For 
the first time Feket et al. (1990) used PCR for the 
diagnosis of brucellosis. In 1992, he reported detection 
limit of their assay was 5 Brucella cells/100 mg of 
tissue. It has been demonstrated that the assay is specific 
and sensitive for brucellosis (Bricker et al. 1998). To 
diagnose and detect the presence of brucellosis, various 
genes of Brucella genome were explored and for this 
several PCR assays using primers from genes such as 
IS711 (Bricker and Halling 1994), IS6501 (Ouahrani et 
al. 1996), 16S rRNA sequence (etinkaya et al. 1999), 
16S23S rRNA spacer region (Rijpens et al. 1996), 31 
kDa outer membrane protein (Serpe et al. 1999), 43 kDa 
outer membrane protein (Fekete et al.1990), Omp-2 
outer membrane protein (Leal-Klevezas et al. 1995), 
omp-25 (Probert et al. 2004) and the heat shock protein 
(DnaJ, DnaK, HtrA and GroEL) (DaCosta et al. 1996) 
etc., were developed. 

PCR was applied to detect Brucella DNA in 
varieties of clinical samples including tissues (mainly 
aborted fetuses and associated maternal tissues), blood, 
milk and semen (Cortez et al. 2001, Hafez et al. 2011, 
Al-Garadia et al. 2011). PCR based tests are also more 
sensitive than traditional culture method (Amin et al. 
2001, Buyukcangaz et al. 2011). 

Real-time PCR was used for detection of 
Brucella, offering improvement in detection time and 
specificity through incorporation of hybridization 
probes (Probert et al. 2004, Doosti and Dehkordi 2011). 
The real-time PCR is also useful for quantifying the 
load of microorganisms in samples.

Few multiplex PCR assays have also been 
developed with an aim to detect presence of other 
bacteria along with Brucella within single reaction 
(Moshkelani et al. 2011). Multiplex PCR is a derived 
procedure where multiple DNA sequences can be 
detected in a single PCR reaction. Hamali and Joozani 
(2011) used multiplex PCR for detection of Brucella 
spp. and vaccine strains in bovine aborted fetuses. 

Brucellin skin test: The brucellin skin test, a 
cell-mediated immunity (CMI) based assay, is an 
alternative diagnostic test, which can be used for 
screening unvaccinated animals, provided that a purified 
(S-LPS free) and standardized antigen preparation is 
used (Blasco et al. 1994a, Blasco et al. 1994b). S-LPS 
(Blasco et al. 1994a, Blasco et al. 1994b) does not take 
part in DTH reactions (Jones et al. 1973) and may 
provoke antibody-mediated inflammatory reactions or 
induce antibodies that interfere with subsequent 
serological screening. Purified allergens would not offer 
practical advantages over complex protein mixtures 
(Blasco et al. 1994a, Blasco et al. 1994b). The brucellin 
skin test has a high sensitivity and in the absence of 
vaccination is considered one of the most specific 
diagnostic tests (Ebadi and Zowghi 1983, FAO/WHO 
1986, Alton et al. 1988, Blasco et al. 1994a, Blasco et 
al. 1994b, Garin-Bastuji et al. 1998). This test is of 
particular value for the interpretation of FPSR due to 
infection with cross-reacting bacteria (FPSR animals are 
negative in the skin test), especially in brucellosis-free 
areas. Despite its high sensitivity not all infected 
animals show positive skin test responses. Therefore, 
this test cannot be recommended either as the sole 
diagnostic test or fit for the purposes of international 
trade. The site and route of allergen inoculation are not 
important factors affecting its sensitivity (Fensterbank 
1985, Blasco et al. 1994a, Blasco et al. 1994b). Anergy 
induced by repeated skin testing, well known in bovine 
tuberculosis (Radunz and Lepper 1985), is not absolute 
in brucellosis (Blasco et al. 1994a, Blasco et al. 1994b).

Serological diagnosis

The diagnosis of brucellosis employing direct 
method is not always possible for a large number of 
animals, hence indirect diagnostic assays are frequently 
used (Blasco 1992). In absence of a positive culture of 
B. abortus a presumptive diagnosis is usually based on 
the presence of antibodies in serum, milk, whey, vaginal 
mucus or seminal plasma. On average, the agglutinins 
and complement fixation antibodies become positive 4 
weeks following experimental infection during fourth to 
sixth month of gestation and not until about 10 weeks if 
experimental infection occurs 2 month before or after 
insemination (Radostitis et al. 2000).

No single serological test is appropriate in each 
and all epidemiological situations, all have limitations 
especially when it comes to screening individual 
animals (Godfroid et al. 2002, Nielsen 2002). 
Complement fixation test (CFT), fluorescence 
polarization assay (FPA) and ELISA are considered 
more appropriate for international trade than serum tube 
agglutination test (SAT). For the control of brucellosis 
at the national or local level, the buffered Brucella 
antigen tests (BBATs), i.e. the Rose Bengal test (RBT) 
and the buffered plate agglutination test (BPAT), as well 
as the ELISA and the FPA, are suitable screening tests 
(OIE 2004). Positive reactions may be retested using a 
suitable confirmatory strategy, if needed.

Rose Bengal plate agglutination test (RBPT): 
The RBPT is a simple, rapid and spot test and can be 
performed in field. The RBPT antigen was developed by 
U.S. Department of Agriculture and it was B. abortus 
antigen stained with Rose Bengal dye and buffered at 
pH 3.65 (Alton et al. 1988). The low pH prevents some 
agglutination by IgM and encourages agglutination by 
IgG1 thereby reducing non-specific interactions (Corbel 
1972, Corbel 1973, Allan et al. 1976). This test is 
internationally acknowledged as the choice for the 
screening of brucellosis. However, due to cross 
reactivity between these antigen with other bacterial 
species including Yersinia enterocolitica O:9 and E. coli 
serotype O:57 (Kittelberger et al. 1995) RBPT may 
suffer higher rates of false positive results than other 
serological tests. Still many workers reported RBPT to 
be a routine and reliable test and could not be replaced 
for the diagnosis of brucellosis (Mangalgi et al. 2012, 
Chachra et al. 2009).

Serum tube agglutination test (SAT): 
Historically, the SAT has been recognized as the 
principal serological test used for the diagnosis of 
brucellosis. IgM isotypes of antibody is the most active 
agglutinin at neutral pH (Rice and Boyes 1971, Corbel 
1972, Nielsen et al. 1984). Therefore, SAT is susceptible 
to false positive reaction by cross-reacting antibodies 
(Nielsen 2002). However, because the SAT may yield 
both false negative or false positive results (Corbel et al. 
1984), it is not useful for testing individual animal. The 
efficacy of test is useful only when it is used at herd 
level. Nicoletti (1967) also recognized that not every 
Brucella infected bovine show a diagnostically 
significant titre.

The presumptive diagnosis provided by the 
serological tests is usually accepted as indication of 
brucellosis; although it can only detect IgM and IgG2 
and fails to detect IgG1 (Rice and Boyes 1971). 
However, chronic carriers produce mainly IgG1 that 
block the agglutinating activities of IgG2 which may 
result in lower detection rates. Hafez et al. (2011) 
reported lower number of positive samples detected by 
SAT in comparison to RBT and ELISA.

Complement fixation test (CFT): The 
complement fixation test (CFT) is widely used for the 
diagnosis of brucellosis in cattle, sheep and goat. It 
detects mainly IgG1 antibodies. The test is somewhat 
complex and in mass testings a screening test such as 
the RBPT is often used to reduce the number of samples 
that need to be tested by CFT (Staak et al. 2001). CFT is 
not good for testing sera from animals vaccinated for 
brucellosis as it cannot differentiate vaccinated from 
infected ones (Diaz-Aparicio et al. 1996). Another 
major problem with CFT is its limited utility in buffalo 
serum samples. Nicoletti (1992) in his study concluded 
that CFT is of limited usefulness in the diagnosis of 
brucellosis in buffaloes due to false positive reactions. 
Guarino et al. (2001) also found CFT to be less effective 
test for the diagnosis of brucellosis in buffaloes as they 
showed many animals yielding negative results in CFT 
which otherwise were positive in ELISA. Kassymov 
and Zhumagalikyzy (2011) reported ELISA to be more 
effective than CFT for the diagnostic of brucellosis in 
cattle.

Enzyme linked immunosorbent assays (ELISA): 
ELISA offers excellent sensitivity and specificity whilst 
being robust, fairly simple to perform with a minimum 
of equipment and readily available from a number of 
commercial sources in kit form. Owing to these 
properties ELISA is extensively used in the diagnosis of 
brucellosis in every species of animals. The smooth 
lipopolysaccharide (sLPS) is commonly used as the 
antigen for ELISA (OIE 2004). Other antigen, such as a 
highly immunogenic periplasmic protein from B. 
abortus (Rossetti et al. 1996) was also used for 
brucellosis diagnosis in different host species but results 
were not so encouraging. Letesson et al. (1997) used 8 
proteins (OMP36, OMP25, OMP19, OMP16, OMP10, 
p17, p15 and p39) as antigen for serological diagnosis 
of brucellosis by ELISA. The antibody response against 
these proteins often delayed when compared to the 
antibody response to smooth LPS and limited to the 
animals that develop active brucellosis infection. The 
sensitivity and specificity of ELISA was found higher 
by using LPS as diagnostic antigen instead of OPS 
(Nielsen et al. 1996). Several antigens were tried but no 
alternative antigens that could match the sensitivity 
achieved with LPS have been found so far (Letesson et 
al. 1997). 

Monoclonal or polyclonal antiglobulin-enzyme 
conjugates may be used depending on availability and 
performance requirements. A MAb specific for the 
heavy chain of bovine IgG1 may provide some 
improvement in specificity at the possible cost of some 
loss of sensitivity (OIE 2004). Use of protein-G as 
conjugate also reduces this problem and increases the 
specificity of ELISA (Ficapal et al. 1995, Marin et al. 
1998, Kumar and Chand 2011). Renukaradhya et al. 
(2001) described the use of avidin-biotin ELISA for the 
diagnosis of brucellosis in cattle and buffalo. Milk-
ELISA was also tried and found effective diagnostic 
tool by many workers (Chand et al. 2004, Patel et al. 
2008).

Native hapten (NH) gel precipitation tests: In 
the case of recent vaccination with S19 vaccine, only 
the gel diffusion (GD) or radial immunodiffusion (RID) 
tests with native hapten antigen (Daz et al. 1979), FPA 
(Nielsen et al. 1996a) and the competitive ELISA 
(Nielsen et al. 1996b) appear to be useful for diagnosis, 
allowing differentiation of infection by Brucella abortus 
from S19 vaccination. However, only the gel diffusion 
test with Native Hapten (Daz et al. 1979) was able to 
discriminate at a given time after vaccination (Marin et 
al. 1999).

Fluorescence polarization assay (FPA): FPA is 
a homogenous immunoassay. Homogenous 
immunoassays are single step assays that require no 
repetitive washing steps to remove unbound reactants as 
with classical primary binding assays (Jenkins 1992). 
Many workers used FPA in different parts of the world 
in various laboratories and Nielsen et al. (1996a) are the 
pioneer in developing and using this assay for the 
diagnosis of brucellosis in animals. This test was used 
for diagnosing brucellosis in cattle (Nielsen et al. 
1996a), porcine (Nielsen et al. 1999), bison (Gall et al. 
2000), cervidae (Gall et al. 2001), humans (Lucerno et 
al. 2003), goats (Burriel et al. 2004), sheep (Minas et al. 
2005), cetaceans (Neimanis et al. 2008) and buffaloes 
(Kumar and Chand 2009). Lin and Nielsen (1997) 
labeled OPS extracted from B. abortus with fluorescein 
for investigating binding of O-chain to a specific murine 
monoclonal antibody YsT9. Nielsen et al. (1996) 
reported FPA to be a simple, low cost, easy and less 
time consuming assay and demonstrated that the 
sensitivity and specificity of FPA was comparable to 
complement fixation test (CFT), competitive ELISA and 
indirect ELISA. 

Miscellaneous tests: Srivastava and Chaudhary 
(2011) reported that Coombs test that detects incomplete 
antibodies and immunocapture-agglutination tests show 
good performances with higher sensitivity and 
specificity in the diagnosis of brucellosis.

Kassymov and Zhumagalikyzy (2011) reported 
a new variant of complement fixation test that is 
conglutination - conglutinating complex fixation test 
(CCFT), based on interaction of a complex antigen - 
antibody with conglutination blood serum (complement, 
conglutinin) and found it to be an effective method of 
diagnostics of brucellosis and other infectious diseases. 

Smits et al. (2003) reported Brucella IgM and 
IgG lateral flow and Abdoeland Smits (2007) reported 
latex agglutination assays and found them to be rapid 
and simple along with high sensitivity and specificity in 
culture confirmed cases. These tests are ideal for use as 
field tests in remote areas and as point of care tests in 
hospitals and health care centre.

Vaccination 

Currently there are 2 vaccines available that 
are effective enough and inexpensive. These are 
B.melitensis strain Rev.1 for small ruminants given at 
full dose (1 109 CFU) by the conjunctival route and B. 
abortus strain 19 for cattle given individually at full 
dose (10 1010 CFU) subcutaneously or at reduced dose 
(5 109 CFU) conjunctivally. Both vaccines can be 
hazardous to humans and also may induce abortion 
when vaccinating pregnant animals. At this stage there 
is inadequate information on the use of these vaccines in 
camels, yaks and buffaloes. When mass vaccination has 
to be applied, it should be carried out in 2 ways: 

Mass vaccinate all animals 
every two years, including males (in the case of 
sheep and goats). This is the simplest method and 
only requires the ability to locate 100% of 
flocks/herds and to vaccinate all animals, at the 
ideal window of opportunity to avoid vaccine 
induced abortions, i.e. when animals are lactating 
or at the end of the parturition season and fewest 
are pregnant. This procedure assumes that at the 
actual replacement rates, every 2 years about 
3040% of the population will be susceptible. 

Mass vaccination and individual 
identification of all animals in the first year and 
then identification and vaccination of the 
replacement animals only in subsequent years. 
The main advantage of which is minimizing 
vaccine induced abortions, is obviously more 
complex, involving identification of young 
replacement animals each year. Assuming that 
1025% of the total population needs to be 
replaced each year, this programme will take 410 
years before the whole population is fully 
vaccinated. Unfortunately, this option has often 
failed in developing countries with nomadic 
husbandry systems, as owners keep replacements 
year round and several visits may be needed to 
ensure 100% vaccination coverage. Once the 
prevalence of brucellosis is reduced to minimal 
levels by either of the above mass vaccination 
procedures and provided that the veterinary 
infrastructure and economic resources are 
available, eradication can be achieved through a 
programme based on the vaccination of young 
replacement animals combined with testing and 
slaughtering of infected adults. This programme 
will require individual animal identification and 
effective control of animal movements.

One practical eradication approach would 
involve no testing of mass vaccinated adult animals for 
2 years following the first mass vaccination, to avoid 
culling healthy but seropositive animals. The only 
interventions during these 2 first years would be 
vaccinating 100% of young replacements, ensuring 
individual identification of the whole population and 
establishing effective animal movement controls. The 
use of the NH based gel precipitation tests, followed by 
immediate culling of infected animals could be 
recommended as the most reasonable strategy to avoid 
the excessive culling of healthy but seropositive 
animals. Once the percentage of positives in these NH 
based tests is zero for at least two consecutive years, the 
testing schedule could be modified using OIE official 
tests - such as RBPT, iELISA and CFT - to reach and 
maintain brucellosis free status. Vaccination should 
cease only when the prevalence is zero for at least one 
entire generation, in order to avoid relapses. Premature 
cessation of vaccination has been a frequent error in 
many countries. As a general rule, vaccination should 
never be abandoned until the prevalence is zero, the 
situation is maintained for 812 years and the risk of 
transmission from infected epidemiologically related 
units is negligible (FAO 2009). 
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A type of fever characterized by fairly regular 
remissions or intermissions has been recognized along 
the Mediterranean littoral since the time of Hippocrates 
in 450 B.C. In 1861 J. A. Martson an assistant surgeon 
of the British Medical Department working in the 
Mediterranean, first described the symptoms of 
brucellosis in himself as gastric remittent fever 
(Martson 1861). Professor L. F. Benhard Bang, a Danish 
veterinary pathologist and bacteriologist (1897), with 
Stribolt isolated the small bacillus now known as 
Brucella abortus. The first case of human brucellosis 
was recognized in 1897 in a US army officer (Brown 
1977). Captain David Bruce (1887) a Scottish 
physician, reported small coccal organisms in the 
stained sections of spleen of a fatally infected soldier, 
and isolated and identified organism in culture from 
spleen tissue of four other British soldiers stationed at 
Malta (Bruce 1887). The organism derived its species 
name from Melita (honey), the roman name for the Isle 
of Malta. 

Brucellosis is endemically present in India, 
since its first report from Indian Veterinary Research 
Institute (IVRI), Mukteswar (Anonymous 1918). 
Polding (1942) isolated Brucella from cattle, buffalo, 
goat, horse and man. With B. abortus biotypes (1, 2, 3, 6 
and 9) in cattle and buffalo (Sen and Sharma 1975, 
Chand et al. 1988) and B. melitensis biotypes (1, 2, and 
3) in sheep and goats (Polding 1942, Sen and Sharma 
1975) and human beings (Hemashttar and Patil 1991, 
Sen and Sharma 1975, Agasthya et al. 2007), brucellosis 
have made its unshakable foot holding in India. 
Brucellosis has also been reported in pigs (Bhaskar et 
al. 1998) and canines (Pillai et al. 1991, Srinivasan et 
al. 1992).

Genus Brucella

Taxonomically, Brucella are classified as a-
Proteobacteria and subdivided into 6 species (Moreno 
2001). These 6 species under the genus Brucella 
comprise: Brucella melitensis, B. abortus, B. suis, B. 
ovis, B. canis and B. neotomae (Corbel and Morgan 
1984). Two new Brucella species, called B. pinnipedia 
and B. cetaceae, have been isolated from marine hosts 
(Ewalt et al. 1994, Ross et al. 1996). There exists 
multiple biotypes of Brucella that vary in terms of 
biochemical reactions, host specificity and 
pathogenicity (Young 1995). The subcommittee on 
taxonomy of Brucella had proposed that this genus 
could contain a single species, B. melitensis (Grimont 
1992, Moreno and Moriyon 2001). This proposal was 
based on DNA-DNA hybridization studies conducted on 
51 strains representing all known species and biovars 
(Verger et al. 1985). 

Brucellae are small, non-motile, non-
sporulating, non-toxigenic, non-fermenting, facultative, 
intracellular, gram-negative coccobacilli. Flagella, 
endospores and capsules are absent although capsule 
like structures have been reported in preparations treated 
with antiserum. They are partially acid-fast, as are not 
decolorized by 0.5% acetic acid in the modified Ziehl-
Neelsen (MZN) staining (Alton et al. 1988), 0.50.7 m in 
diameter and 0.61.5 m in length (Corbel and Morgan 
1984). 

Genome

Brucella genome has been sequenced and 
consists of 2 chromosomes (DelVecchio et al. 2002). 
Both chromosomes contain essential genes encoding for 
essential metabolic and replicative functions. Naturally 
occurring plasmids have not been found in Brucella. 
However, Brucella can maintain some plasmids 
introduced via electroporation or conjugative transfer 
(Rigby and Fraser 1989). Observations at the DNA level 
are becoming more helpful in further refining the 
classification of Brucella organisms beyond 
conventional methods. 

The complete genome of Brucella melitensis 
(DelVecchio et al. 2002), Brucella abortus (Sanchez et 
al. 2001) and Brucella suis (Paulsen et al. 2002) have 
been sequenced. The genome of Brucella abortus 
biotype 1 and 4 and Brucella suis biotype 1 are found 
quite similar to Brucella melitensis (Halling et al. 2005).

The genome of Brucella abortus biovar 1 is 3.3 
Mb and is composed of 2 circular chromosomes of 
2,124,242 bp (Chr I) and 1,162,780 bp (Chr II) (Halling 
et al. 2005). 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 G+C content of the 2 
chromosomes is nearly identical, consistent with the 
assertion that the assimilation and stabilization of a 
plasmid was an ancient event in brucellae (Halling et al. 
2005). Chromosome I of B. abortus biovar 1 consists of 
2200 genes, 2030 protein coding RNA, 47 structural 
RNA, 123 pseudo genes, 18 others and chromosome II 
is made up of 1156 genes, 1055 protein coding RNA, 17 
structural RNA, 84 pseudo genes, 7 others (Stothard et 
al. 2005). 

Brucellosis

Brucellosis is a contagious disease of animals 
and characterized by abortion in females and to a lesser 
extent orchitis and infection of accessory sex glands in 
males and infertility in both the sexes. It has zoonotic 
importance in terms of its transmissibility to human 
beings.

Clinical features and postmortem lesions

Various clinical signs have been described in 
infected animals, the main manifestation in B. abortus 
infection being reproduction failure in the form of 
abortion and birth of weak offspring which remains as 
carrier in herd. Cases of abortion in infected herd are 
less in chronic infection but infected animal continue to 
act as carrier posing threat to the herd (European 
Commission 2001).

Brucella infected animals generally develop 
granulomatous inflammatory responses, which are often 
located within lymphoid tissues and organs with a 
prominent reticuloendothelial component. The 
localization and persistence of brucellae within these 
tissues and organs follow in the wake of widespread 
distribution of the bacteria during a generalized stage of 
infection. Localization of brucellae within the female 
and male reproductive tracts accounts for the principal 
clinical symptoms of infection, viz. abortion and male 
infertility (Enright 1990). 

Invasion of gravid bovine uterus is marked by 
characteristic necrotic placentitis. Inflammation of 
placenta may be acute and wide spread, and lead to 
early death of fetus followed by abortion, or sub-acute 
or chronic leading to a late abortion or birth of a live, 
infected, perhaps weak calf associated often with 
retention of placenta. The cotyledons are congested or 
swollen and covered with yellowish or sticky brownish 
exudates which extend deep into the crypts. The inter-
cotyledonary areas are thickened, opaque, often look 
almost leathery and there is loss of normal blood red 
color appearance. Enlargement of spleen and liver is 
noticed in aborted fetus with increase in amount of fluid 
in body cavity. Films made from the exudates stained 
with a modified Ziehl-Neelsen method using acetic acid 
show large number of Brucella in clumps or distributed 
many inside epithelial cells which are often literally 
packed with organisms. The fetus varies from typical 
hairless (47 months) fetus up to one that is fully 
developed and shows no characteristic lesions. In case 
of lungs, pneumonia is there which is usually of a 
broncho-pneumonia type. Cobbler stone lesions on 
lungs are indicative of brucellosis (Stableforth and 
Galloway 1959).

In male animals, orchitis and epididymitis are 
the manifestations of chronic infection (Chand et al. 
2002). The acute inflammatory phase in the seminal 
vesicles is followed by a chronic stage with 
considerable fibrinoid induration. During orchitis the 
testicles gradually enlarge. Areas of dry necrosis 
develop and become encapsulated by fibrinous tissue 
which eventually contracts, often leaving the testicles 
smaller than normal. In other cases, it may soften with 
the production of a soft fluctuating lesion containing 
thin pus like pea soup. 

Epidemiology and zoonosis

Brucellosis is the most common zoonosis in 
the world, accounting for the annual occurrence of more 
than 500,000 cases (Pappas et al. 2006). Although 
brucellosis and its means of transmission were 
discovered over 100 years ago, still the disease remains 
a worldwide problem, predominantly so in developing 
countries. However, countries like North America, 
Northern and Central Europe, Canada, Japan, Australia, 
New Zealand, Southeast Asia and Oceania 
(FAO/OIE/WHO 1997) are reported to be free from the 
disease. The disease is endemic in Mediterranean region 
i.e. Middle East, Latin America and parts of Asia 
(Corbel 1997). Reported incidence of human brucellosis 
in endemic areas varies widely from <0.01 to >200 per 
100 000 population (Lpez-Merino 1989). In India 80% 
of the population live in approximately 575,000 villages 
and thousands of small towns (Mantur and Amarnath 
2008), have close contact with domestic or wild animal 
population owing to their occupation. Hence, human 
population stands at a greater risk of acquiring zoonotic 
diseases including brucellosis. The disease has an added 
importance in countries like India, where conditions are 
conducive for wide-spread human infection on account 
of unhygienic conditions and poverty. Species of main 
concern in India are B. melitensis and B. abortus. B. 
melitensis is the most virulent and common strain for 
man and it causes severe and prolonged disease with a 
risk of disability. B. abortus is the dominant species in 
cattle. Bovine brucellosis is widespread in India and 
appears to be on the increase in recent times, perhaps 
due to increased trade and rapid movement of livestock 
(Renukaradhya et al. 2002). Free grazing and movement 
with frequent mixing of flocks of sheep and goats also 
contribute to the wide distribution of brucellosis in these 
animals. Chahota et al. (2003) have reported severe 
outbreak of brucellosis in an organized dairy farm in 
Himachal Pradesh leading to abortions, retained 
placenta and still birth in cows. Serological evidences 
are suggestive of high endemicity of brucellosis in India 
with national average of as high as 5% in cattle, 3% in 
buffalo, 7.9% in sheep and 2.2% in goats 
(Renukaradhya 2002). In 2008, in Punjab the prevalence 
of disease in buffalo and cattle was 16.41% and 20.67%, 
respectively, and the overall apparent prevalence of 
brucellosis was 18.26% (Aulakh et al. 2008). Trangadia 
et al. (2010) recorded 22.18% (132/595) and 13.78% 
(82/595) sero-prevalance of bovine brucellosis in 4 
organized dairy farms located in western, southern, 
central and northern regions of India by ELISA and 
RBPT, respectively. Perusal of the literature indicated 
prevalence of brucellosis in western region (Gujarat 
state) ranging from 8.98 to 44.00% (Chauhan et al. 
2000), 17% in southern region (Isloor et al. 1998), 6.3% 
in central region (Madhya Pradesh state) (Mehra et al. 
2000) and 12.9% in northern region (Punjab state) 
(Dhand et al. 2005). Sero-prevalence of brucellosis was 
reported to be 6.5% in Jordan (Al-Majali et al. 2009), 
8.4% in Cameroon (Bayemi et al. 2009) and 32.9 to 
39.4% in Turkey (Sahin et al. 2008). The association of 
spread of brucellosis with unhygienic processing of 
milk, milk products and meat until it reaches to the final 
consumer makes it a zoonotically important disease. 
Colonization of organism in udder with its frequent 
excretion in milk for prolonged period has led to 
epidemics of brucellosis in human beings. 

In cattle and other members of family 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 but 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. However, artificial 
insemination can transmit the disease and semen must 
only be collected from animals known to be free of 
infection. The presence of brucellosis in wild animals, 
with a potential for continuous transfer to domestic 
animals and from them to humans is another 
epidemiological issue (Cutler et al. 2005). Further, 
transmission of Brucella infection and its prevalence in 
a region depends upon factors like food habits, methods 
of processing milk and milk products, social customs, 
husbandry practices, climatic conditions, socioeconomic 
status and environment hygiene. Environmental 
sanitation is particularly important in the context of air-
borne transmission. Brucellosis is almost invariably 
transmitted to man from infected domestic animals. 
However, Tikare et al. (2008) documented beyond 
doubt, the possibility of human to human transmission 
of Brucella infection. The disease has been recognized 
as one of the common laboratory- transmitted infections 
and was reported to occur in clinical, research and 
production laboratories (Bouza et al. 2005). Those with 
a professional risk of acquiring infection include 
livestock producers, abattoir workers, shepherds, 
farmers, veterinarians and laboratory personnel. 

Pathogenesis

After phagocytosis, brucellae probably reach 
the lymphnodes as parasites and then enter the blood 
and produce bacteraemia followed by the acute febrile 
phase of the disease. From the blood, the organisms are 
distributed throughout the reticuloendothelial system 
and become present in large numbers in the liver and 
spleen and localize in many other sites such as the 
joints, heart, kidneys and genital tract (Baldwin and 
Winter 1994). In human beings after a variable 
incubation period (14 weeks) non-specific, systemic 
symptoms like fever, malaise, arthralgia, headache and 
night sweat follow (Greenfield 2002). 

The mouse is often used as an animal model to 
investigate the pathogenesis of animal and human 
brucellosis (Ko and Splitter 2003). Bacterial ABC 
transporter systems are associated with nutrient uptake 
and the export of toxins and antibiotics and they may 
play an important role in gene expression (Ko and 
Splitter 2000). In Brucella spp., ABC transporter 
proteins have a potential pathogenic role during host 
infection (Rosinha et al. 2002). Hemagglutinins are 
responsible for adhesion and may define the specificity 
of bacterial adhesins during host infection it does not 
have an important role in the pathogenesis of Brucella 
melitensis (Perry et al. 2010).

The pathogenicity in human brucellosis is 
attributed to factors like LPS, adenine and guanine 
monophosphate, virB, 24 kDa protein and urease 
enzyme. Brucella is an unusual organism in several 
ways i.e. the classical virulence factors in a bacterium 
like exotoxins/endotoxins, pili, plasmids, flagella etc. 
are lacking in this organism. Survival strategy of 
Brucella in its host is attributed to its ability to inhibit 
fusion of lyzosome with phagosome thus degranulation 
and activation of the myelo-peroxidase-halide system, it 
also inhibits the production of tumor necrosis factor 
(Caron et al. 1994) and programmed cell death of the 
host cell (Detilleux et al. 1990a), thus escapes the host 
defense mechanisms, to survive and replicate within the 
host cells. Virulent Brucella organisms are capable of 
invading and residing in professional phagocytes 
(Baldwin and Winter 1994) such as macrophages, as 
well as non-phagocytic cells (Detilleux et al. 1990a, 
Detilleux et al. 1990b). In both phagocytic and non-
phagocytic cells, Brucella has the ability to replicate 
within membrane-bound compartments (Pizarro-Cerda 
et al. 1998). Inhibition of TNF-a by bacteria disrupts 
bactericidal effect of natural killer cells and 
macrophages (Gorvel et al. 2002). 

There are 2 types of smooth lipopolysaccharide 
(sLPS) surface antigens, designated A and M. A antigen 
predominates in B. abortus and B. suis, while M is the 
major antigen in B. melitensis. Numerous outer and 
inner membrane, cytoplasmic and periplasmic proteins 
have also been characterized. The sLPS from B. abortus 
is 100 times less potent than that of E. coli (Goldstein et 
al. 1992) and Salmonella (Freer et al. 1996) in inducing 
TNFa from macrophages as well as oxidative 
metabolism and lysozyme release by neutrophils. This 
feature of sLPS is supposed to contribute to the survival 
of B. abortus within phagocytic cells. In addition, 
Brucella sLPS is not susceptible to the actions of 
polycationic molecules, suggesting that smooth Brucella 
can resist the cationic bactericidal peptides of the 
phagocytes (Jensen et al. 1995). The sLPS also conferes 
anti-phagocytic properties to Brucella and does not 
activate the alternate pathway of the complement 
cascade (Hoffmann and Houle 1983). 

Immune response

Both humoral and cellular immune responses 
are involved in Brucella infection, though magnitude 
varies with virulence of organism and immune status of 
animal (FAO/WHO Expert Committee on Brucellosis 
1986). Serological response to the infection can be seen 
as early as 24 weeks. Persistent rise of antibody titre is 
noted if pregnant uterus is affected. Serological 
response starts with the production of IgM within 1 
week or 2, gradually IgG predominates which persists in 
chronic infections. This serological response may be 
transient or missing in young sexually immature 
animals (European Commission 2001). Antibodies 
directed toward specific antigens like the O-antigen, 
may enhance protection against brucellosis in some 
animal species. While protective immunity directed 
against Brucella depends on the induction of an 
effective and specific cell-mediated immune (CMI) 
response (Oliveira et al. 1994). Cell mediated immune 
response (CMIR) involves interaction of organism with 
macrophage and T-lymphocyte which decides fate of 
invading bacteria. Lymphocyte stimulation, macrophage 
inhibition, delayed type of hypersensitivity (DTH) and 
gamma interferon (g-IFN) production are used as 
correlates of CMIR. This cellular immune response 
could also be expected as early as few weeks. 

Diagnosis

The laboratory diagnosis of brucellosis is done 
to identify the animals which are infected, shedding the 
organism and spreading the disease. Attention is usually 
first drawn to the disease by an abortion and is 
confirmed by various direct and indirect methods of 
diagnosis. 

Culture: Highly specific and most conclusive 
diagnosis in any infectious disease is by isolation of the 
causative agent and so is in brucellosis. Culture and 
isolation is still unequivocally considered the gold 
standard in diagnosis of brucellosis (Alton et al. 1988). 

Milk, vaginal swabs, placentas or aborted 
fetuses are preferred for microscopy and culture in case 
of live animals, while primarily lymph nodes (especially 
head and mammary), spleen, udder, uterus, epididymes 
and testes are recommended from necropsied animals. 
Blood is also used for culture and provides definite 
proof of brucellosis but may not provide a positive 
result in all cases. Lysis centrifugation and blood clot 
culture techniques yielded encouraging results (Mantur 
and Mangalgi 2004, Mantur et al. 2007) in terms of 
sensitivity and rapidity. The modern automated blood 
culture systems have somewhat improved the speed of 
detection. Although, bone marrow cultures are 
considered gold standard in some studies (Mantur et al. 
2008). In such cases, bacteremia might also be 
maintained from other sources of the reticulo-
endothelial system (Mantur et al. 2008). Perhaps, this 
could be the reason for the discrepancy in the results of 
blood and bone marrow cultures reported in the 
literature. Selective media are recommended for 
bacteriological isolation and better results are obtained 
when 2 different media are included Farrell and 
modified Thayer-Martin. Differentiation of Brucella at 
species, biovar and strain level by bacteriological and/or 
by molecular techniques is usually carried out in 
reference laboratories.

PCR: PCR is a very sensitive technique. For 
the first time Feket et al. (1990) used PCR for the 
diagnosis of brucellosis. In 1992, he reported detection 
limit of their assay was 5 Brucella cells/100 mg of 
tissue. It has been demonstrated that the assay is specific 
and sensitive for brucellosis (Bricker et al. 1998). To 
diagnose and detect the presence of brucellosis, various 
genes of Brucella genome were explored and for this 
several PCR assays using primers from genes such as 
IS711 (Bricker and Halling 1994), IS6501 (Ouahrani et 
al. 1996), 16S rRNA sequence (etinkaya et al. 1999), 
16S23S rRNA spacer region (Rijpens et al. 1996), 31 
kDa outer membrane protein (Serpe et al. 1999), 43 kDa 
outer membrane protein (Fekete et al.1990), Omp-2 
outer membrane protein (Leal-Klevezas et al. 1995), 
omp-25 (Probert et al. 2004) and the heat shock protein 
(DnaJ, DnaK, HtrA and GroEL) (DaCosta et al. 1996) 
etc., were developed. 

PCR was applied to detect Brucella DNA in 
varieties of clinical samples including tissues (mainly 
aborted fetuses and associated maternal tissues), blood, 
milk and semen (Cortez et al. 2001, Hafez et al. 2011, 
Al-Garadia et al. 2011). PCR based tests are also more 
sensitive than traditional culture method (Amin et al. 
2001, Buyukcangaz et al. 2011). 

Real-time PCR was used for detection of 
Brucella, offering improvement in detection time and 
specificity through incorporation of hybridization 
probes (Probert et al. 2004, Doosti and Dehkordi 2011). 
The real-time PCR is also useful for quantifying the 
load of microorganisms in samples.

Few multiplex PCR assays have also been 
developed with an aim to detect presence of other 
bacteria along with Brucella within single reaction 
(Moshkelani et al. 2011). Multiplex PCR is a derived 
procedure where multiple DNA sequences can be 
detected in a single PCR reaction. Hamali and Joozani 
(2011) used multiplex PCR for detection of Brucella 
spp. and vaccine strains in bovine aborted fetuses. 

Brucellin skin test: The brucellin skin test, a 
cell-mediated immunity (CMI) based assay, is an 
alternative diagnostic test, which can be used for 
screening unvaccinated animals, provided that a purified 
(S-LPS free) and standardized antigen preparation is 
used (Blasco et al. 1994a, Blasco et al. 1994b). S-LPS 
(Blasco et al. 1994a, Blasco et al. 1994b) does not take 
part in DTH reactions (Jones et al. 1973) and may 
provoke antibody-mediated inflammatory reactions or 
induce antibodies that interfere with subsequent 
serological screening. Purified allergens would not offer 
practical advantages over complex protein mixtures 
(Blasco et al. 1994a, Blasco et al. 1994b). The brucellin 
skin test has a high sensitivity and in the absence of 
vaccination is considered one of the most specific 
diagnostic tests (Ebadi and Zowghi 1983, FAO/WHO 
1986, Alton et al. 1988, Blasco et al. 1994a, Blasco et 
al. 1994b, Garin-Bastuji et al. 1998). This test is of 
particular value for the interpretation of FPSR due to 
infection with cross-reacting bacteria (FPSR animals are 
negative in the skin test), especially in brucellosis-free 
areas. Despite its high sensitivity not all infected 
animals show positive skin test responses. Therefore, 
this test cannot be recommended either as the sole 
diagnostic test or fit for the purposes of international 
trade. The site and route of allergen inoculation are not 
important factors affecting its sensitivity (Fensterbank 
1985, Blasco et al. 1994a, Blasco et al. 1994b). Anergy 
induced by repeated skin testing, well known in bovine 
tuberculosis (Radunz and Lepper 1985), is not absolute 
in brucellosis (Blasco et al. 1994a, Blasco et al. 1994b).

Serological diagnosis

The diagnosis of brucellosis employing direct 
method is not always possible for a large number of 
animals, hence indirect diagnostic assays are frequently 
used (Blasco 1992). In absence of a positive culture of 
B. abortus a presumptive diagnosis is usually based on 
the presence of antibodies in serum, milk, whey, vaginal 
mucus or seminal plasma. On average, the agglutinins 
and complement fixation antibodies become positive 4 
weeks following experimental infection during fourth to 
sixth month of gestation and not until about 10 weeks if 
experimental infection occurs 2 month before or after 
insemination (Radostitis et al. 2000).

No single serological test is appropriate in each 
and all epidemiological situations, all have limitations 
especially when it comes to screening individual 
animals (Godfroid et al. 2002, Nielsen 2002). 
Complement fixation test (CFT), fluorescence 
polarization assay (FPA) and ELISA are considered 
more appropriate for international trade than serum tube 
agglutination test (SAT). For the control of brucellosis 
at the national or local level, the buffered Brucella 
antigen tests (BBATs), i.e. the Rose Bengal test (RBT) 
and the buffered plate agglutination test (BPAT), as well 
as the ELISA and the FPA, are suitable screening tests 
(OIE 2004). Positive reactions may be retested using a 
suitable confirmatory strategy, if needed.

Rose Bengal plate agglutination test (RBPT): 
The RBPT is a simple, rapid and spot test and can be 
performed in field. The RBPT antigen was developed by 
U.S. Department of Agriculture and it was B. abortus 
antigen stained with Rose Bengal dye and buffered at 
pH 3.65 (Alton et al. 1988). The low pH prevents some 
agglutination by IgM and encourages agglutination by 
IgG1 thereby reducing non-specific interactions (Corbel 
1972, Corbel 1973, Allan et al. 1976). This test is 
internationally acknowledged as the choice for the 
screening of brucellosis. However, due to cross 
reactivity between these antigen with other bacterial 
species including Yersinia enterocolitica O:9 and E. coli 
serotype O:57 (Kittelberger et al. 1995) RBPT may 
suffer higher rates of false positive results than other 
serological tests. Still many workers reported RBPT to 
be a routine and reliable test and could not be replaced 
for the diagnosis of brucellosis (Mangalgi et al. 2012, 
Chachra et al. 2009).

Serum tube agglutination test (SAT): 
Historically, the SAT has been recognized as the 
principal serological test used for the diagnosis of 
brucellosis. IgM isotypes of antibody is the most active 
agglutinin at neutral pH (Rice and Boyes 1971, Corbel 
1972, Nielsen et al. 1984). Therefore, SAT is susceptible 
to false positive reaction by cross-reacting antibodies 
(Nielsen 2002). However, because the SAT may yield 
both false negative or false positive results (Corbel et al. 
1984), it is not useful for testing individual animal. The 
efficacy of test is useful only when it is used at herd 
level. Nicoletti (1967) also recognized that not every 
Brucella infected bovine show a diagnostically 
significant titre.

The presumptive diagnosis provided by the 
serological tests is usually accepted as indication of 
brucellosis; although it can only detect IgM and IgG2 
and fails to detect IgG1 (Rice and Boyes 1971). 
However, chronic carriers produce mainly IgG1 that 
block the agglutinating activities of IgG2 which may 
result in lower detection rates. Hafez et al. (2011) 
reported lower number of positive samples detected by 
SAT in comparison to RBT and ELISA.

Complement fixation test (CFT): The 
complement fixation test (CFT) is widely used for the 
diagnosis of brucellosis in cattle, sheep and goat. It 
detects mainly IgG1 antibodies. The test is somewhat 
complex and in mass testings a screening test such as 
the RBPT is often used to reduce the number of samples 
that need to be tested by CFT (Staak et al. 2001). CFT is 
not good for testing sera from animals vaccinated for 
brucellosis as it cannot differentiate vaccinated from 
infected ones (Diaz-Aparicio et al. 1996). Another 
major problem with CFT is its limited utility in buffalo 
serum samples. Nicoletti (1992) in his study concluded 
that CFT is of limited usefulness in the diagnosis of 
brucellosis in buffaloes due to false positive reactions. 
Guarino et al. (2001) also found CFT to be less effective 
test for the diagnosis of brucellosis in buffaloes as they 
showed many animals yielding negative results in CFT 
which otherwise were positive in ELISA. Kassymov 
and Zhumagalikyzy (2011) reported ELISA to be more 
effective than CFT for the diagnostic of brucellosis in 
cattle.

Enzyme linked immunosorbent assays (ELISA): 
ELISA offers excellent sensitivity and specificity whilst 
being robust, fairly simple to perform with a minimum 
of equipment and readily available from a number of 
commercial sources in kit form. Owing to these 
properties ELISA is extensively used in the diagnosis of 
brucellosis in every species of animals. The smooth 
lipopolysaccharide (sLPS) is commonly used as the 
antigen for ELISA (OIE 2004). Other antigen, such as a 
highly immunogenic periplasmic protein from B. 
abortus (Rossetti et al. 1996) was also used for 
brucellosis diagnosis in different host species but results 
were not so encouraging. Letesson et al. (1997) used 8 
proteins (OMP36, OMP25, OMP19, OMP16, OMP10, 
p17, p15 and p39) as antigen for serological diagnosis 
of brucellosis by ELISA. The antibody response against 
these proteins often delayed when compared to the 
antibody response to smooth LPS and limited to the 
animals that develop active brucellosis infection. The 
sensitivity and specificity of ELISA was found higher 
by using LPS as diagnostic antigen instead of OPS 
(Nielsen et al. 1996). Several antigens were tried but no 
alternative antigens that could match the sensitivity 
achieved with LPS have been found so far (Letesson et 
al. 1997). 

Monoclonal or polyclonal antiglobulin-enzyme 
conjugates may be used depending on availability and 
performance requirements. A MAb specific for the 
heavy chain of bovine IgG1 may provide some 
improvement in specificity at the possible cost of some 
loss of sensitivity (OIE 2004). Use of protein-G as 
conjugate also reduces this problem and increases the 
specificity of ELISA (Ficapal et al. 1995, Marin et al. 
1998, Kumar and Chand 2011). Renukaradhya et al. 
(2001) described the use of avidin-biotin ELISA for the 
diagnosis of brucellosis in cattle and buffalo. Milk-
ELISA was also tried and found effective diagnostic 
tool by many workers (Chand et al. 2004, Patel et al. 
2008).

Native hapten (NH) gel precipitation tests: In 
the case of recent vaccination with S19 vaccine, only 
the gel diffusion (GD) or radial immunodiffusion (RID) 
tests with native hapten antigen (Daz et al. 1979), FPA 
(Nielsen et al. 1996a) and the competitive ELISA 
(Nielsen et al. 1996b) appear to be useful for diagnosis, 
allowing differentiation of infection by Brucella abortus 
from S19 vaccination. However, only the gel diffusion 
test with Native Hapten (Daz et al. 1979) was able to 
discriminate at a given time after vaccination (Marin et 
al. 1999).

Fluorescence polarization assay (FPA): FPA is 
a homogenous immunoassay. Homogenous 
immunoassays are single step assays that require no 
repetitive washing steps to remove unbound reactants as 
with classical primary binding assays (Jenkins 1992). 
Many workers used FPA in different parts of the world 
in various laboratories and Nielsen et al. (1996a) are the 
pioneer in developing and using this assay for the 
diagnosis of brucellosis in animals. This test was used 
for diagnosing brucellosis in cattle (Nielsen et al. 
1996a), porcine (Nielsen et al. 1999), bison (Gall et al. 
2000), cervidae (Gall et al. 2001), humans (Lucerno et 
al. 2003), goats (Burriel et al. 2004), sheep (Minas et al. 
2005), cetaceans (Neimanis et al. 2008) and buffaloes 
(Kumar and Chand 2009). Lin and Nielsen (1997) 
labeled OPS extracted from B. abortus with fluorescein 
for investigating binding of O-chain to a specific murine 
monoclonal antibody YsT9. Nielsen et al. (1996) 
reported FPA to be a simple, low cost, easy and less 
time consuming assay and demonstrated that the 
sensitivity and specificity of FPA was comparable to 
complement fixation test (CFT), competitive ELISA and 
indirect ELISA. 

Miscellaneous tests: Srivastava and Chaudhary 
(2011) reported that Coombs test that detects incomplete 
antibodies and immunocapture-agglutination tests show 
good performances with higher sensitivity and 
specificity in the diagnosis of brucellosis.

Kassymov and Zhumagalikyzy (2011) reported 
a new variant of complement fixation test that is 
conglutination - conglutinating complex fixation test 
(CCFT), based on interaction of a complex antigen - 
antibody with conglutination blood serum (complement, 
conglutinin) and found it to be an effective method of 
diagnostics of brucellosis and other infectious diseases. 

Smits et al. (2003) reported Brucella IgM and 
IgG lateral flow and Abdoeland Smits (2007) reported 
latex agglutination assays and found them to be rapid 
and simple along with high sensitivity and specificity in 
culture confirmed cases. These tests are ideal for use as 
field tests in remote areas and as point of care tests in 
hospitals and health care centre.

Vaccination 

Currently there are 2 vaccines available that 
are effective enough and inexpensive. These are 
B.melitensis strain Rev.1 for small ruminants given at 
full dose (1 109 CFU) by the conjunctival route and B. 
abortus strain 19 for cattle given individually at full 
dose (10 1010 CFU) subcutaneously or at reduced dose 
(5 109 CFU) conjunctivally. Both vaccines can be 
hazardous to humans and also may induce abortion 
when vaccinating pregnant animals. At this stage there 
is inadequate information on the use of these vaccines in 
camels, yaks and buffaloes. When mass vaccination has 
to be applied, it should be carried out in 2 ways: 

Mass vaccinate all animals 
every two years, including males (in the case of 
sheep and goats). This is the simplest method and 
only requires the ability to locate 100% of 
flocks/herds and to vaccinate all animals, at the 
ideal window of opportunity to avoid vaccine 
induced abortions, i.e. when animals are lactating 
or at the end of the parturition season and fewest 
are pregnant. This procedure assumes that at the 
actual replacement rates, every 2 years about 
3040% of the population will be susceptible. 

Mass vaccination and individual 
identification of all animals in the first year and 
then identification and vaccination of the 
replacement animals only in subsequent years. 
The main advantage of which is minimizing 
vaccine induced abortions, is obviously more 
complex, involving identification of young 
replacement animals each year. Assuming that 
1025% of the total population needs to be 
replaced each year, this programme will take 410 
years before the whole population is fully 
vaccinated. Unfortunately, this option has often 
failed in developing countries with nomadic 
husbandry systems, as owners keep replacements 
year round and several visits may be needed to 
ensure 100% vaccination coverage. Once the 
prevalence of brucellosis is reduced to minimal 
levels by either of the above mass vaccination 
procedures and provided that the veterinary 
infrastructure and economic resources are 
available, eradication can be achieved through a 
programme based on the vaccination of young 
replacement animals combined with testing and 
slaughtering of infected adults. This programme 
will require individual animal identification and 
effective control of animal movements.

One practical eradication approach would 
involve no testing of mass vaccinated adult animals for 
2 years following the first mass vaccination, to avoid 
culling healthy but seropositive animals. The only 
interventions during these 2 first years would be 
vaccinating 100% of young replacements, ensuring 
individual identification of the whole population and 
establishing effective animal movement controls. The 
use of the NH based gel precipitation tests, followed by 
immediate culling of infected animals could be 
recommended as the most reasonable strategy to avoid 
the excessive culling of healthy but seropositive 
animals. Once the percentage of positives in these NH 
based tests is zero for at least two consecutive years, the 
testing schedule could be modified using OIE official 
tests - such as RBPT, iELISA and CFT - to reach and 
maintain brucellosis free status. Vaccination should 
cease only when the prevalence is zero for at least one 
entire generation, in order to avoid relapses. Premature 
cessation of vaccination has been a frequent error in 
many countries. As a general rule, vaccination should 
never be abandoned until the prevalence is zero, the 
situation is maintained for 812 years and the risk of 
transmission from infected epidemiologically related 
units is negligible (FAO 2009). 
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A type of fever characterized by fairly regular 
remissions or intermissions has been recognized along 
the Mediterranean littoral since the time of Hippocrates 
in 450 B.C. In 1861 J. A. Martson an assistant surgeon 
of the British Medical Department working in the 
Mediterranean, first described the symptoms of 
brucellosis in himself as gastric remittent fever 
(Martson 1861). Professor L. F. Benhard Bang, a Danish 
veterinary pathologist and bacteriologist (1897), with 
Stribolt isolated the small bacillus now known as 
Brucella abortus. The first case of human brucellosis 
was recognized in 1897 in a US army officer (Brown 
1977). Captain David Bruce (1887) a Scottish 
physician, reported small coccal organisms in the 
stained sections of spleen of a fatally infected soldier, 
and isolated and identified organism in culture from 
spleen tissue of four other British soldiers stationed at 
Malta (Bruce 1887). The organism derived its species 
name from Melita (honey), the roman name for the Isle 
of Malta. 

Brucellosis is endemically present in India, 
since its first report from Indian Veterinary Research 
Institute (IVRI), Mukteswar (Anonymous 1918). 
Polding (1942) isolated Brucella from cattle, buffalo, 
goat, horse and man. With B. abortus biotypes (1, 2, 3, 6 
and 9) in cattle and buffalo (Sen and Sharma 1975, 
Chand et al. 1988) and B. melitensis biotypes (1, 2, and 
3) in sheep and goats (Polding 1942, Sen and Sharma 
1975) and human beings (Hemashttar and Patil 1991, 
Sen and Sharma 1975, Agasthya et al. 2007), brucellosis 
have made its unshakable foot holding in India. 
Brucellosis has also been reported in pigs (Bhaskar et 
al. 1998) and canines (Pillai et al. 1991, Srinivasan et 
al. 1992).

Genus Brucella

Taxonomically, Brucella are classified as a-
Proteobacteria and subdivided into 6 species (Moreno 
2001). These 6 species under the genus Brucella 
comprise: Brucella melitensis, B. abortus, B. suis, B. 
ovis, B. canis and B. neotomae (Corbel and Morgan 
1984). Two new Brucella species, called B. pinnipedia 
and B. cetaceae, have been isolated from marine hosts 
(Ewalt et al. 1994, Ross et al. 1996). There exists 
multiple biotypes of Brucella that vary in terms of 
biochemical reactions, host specificity and 
pathogenicity (Young 1995). The subcommittee on 
taxonomy of Brucella had proposed that this genus 
could contain a single species, B. melitensis (Grimont 
1992, Moreno and Moriyon 2001). This proposal was 
based on DNA-DNA hybridization studies conducted on 
51 strains representing all known species and biovars 
(Verger et al. 1985). 

Brucellae are small, non-motile, non-
sporulating, non-toxigenic, non-fermenting, facultative, 
intracellular, gram-negative coccobacilli. Flagella, 
endospores and capsules are absent although capsule 
like structures have been reported in preparations treated 
with antiserum. They are partially acid-fast, as are not 
decolorized by 0.5% acetic acid in the modified Ziehl-
Neelsen (MZN) staining (Alton et al. 1988), 0.50.7 m in 
diameter and 0.61.5 m in length (Corbel and Morgan 
1984). 

Genome

Brucella genome has been sequenced and 
consists of 2 chromosomes (DelVecchio et al. 2002). 
Both chromosomes contain essential genes encoding for 
essential metabolic and replicative functions. Naturally 
occurring plasmids have not been found in Brucella. 
However, Brucella can maintain some plasmids 
introduced via electroporation or conjugative transfer 
(Rigby and Fraser 1989). Observations at the DNA level 
are becoming more helpful in further refining the 
classification of Brucella organisms beyond 
conventional methods. 

The complete genome of Brucella melitensis 
(DelVecchio et al. 2002), Brucella abortus (Sanchez et 
al. 2001) and Brucella suis (Paulsen et al. 2002) have 
been sequenced. The genome of Brucella abortus 
biotype 1 and 4 and Brucella suis biotype 1 are found 
quite similar to Brucella melitensis (Halling et al. 2005).

The genome of Brucella abortus biovar 1 is 3.3 
Mb and is composed of 2 circular chromosomes of 
2,124,242 bp (Chr I) and 1,162,780 bp (Chr II) (Halling 
et al. 2005). 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 G+C content of the 2 
chromosomes is nearly identical, consistent with the 
assertion that the assimilation and stabilization of a 
plasmid was an ancient event in brucellae (Halling et al. 
2005). Chromosome I of B. abortus biovar 1 consists of 
2200 genes, 2030 protein coding RNA, 47 structural 
RNA, 123 pseudo genes, 18 others and chromosome II 
is made up of 1156 genes, 1055 protein coding RNA, 17 
structural RNA, 84 pseudo genes, 7 others (Stothard et 
al. 2005). 

Brucellosis

Brucellosis is a contagious disease of animals 
and characterized by abortion in females and to a lesser 
extent orchitis and infection of accessory sex glands in 
males and infertility in both the sexes. It has zoonotic 
importance in terms of its transmissibility to human 
beings.

Clinical features and postmortem lesions

Various clinical signs have been described in 
infected animals, the main manifestation in B. abortus 
infection being reproduction failure in the form of 
abortion and birth of weak offspring which remains as 
carrier in herd. Cases of abortion in infected herd are 
less in chronic infection but infected animal continue to 
act as carrier posing threat to the herd (European 
Commission 2001).

Brucella infected animals generally develop 
granulomatous inflammatory responses, which are often 
located within lymphoid tissues and organs with a 
prominent reticuloendothelial component. The 
localization and persistence of brucellae within these 
tissues and organs follow in the wake of widespread 
distribution of the bacteria during a generalized stage of 
infection. Localization of brucellae within the female 
and male reproductive tracts accounts for the principal 
clinical symptoms of infection, viz. abortion and male 
infertility (Enright 1990). 

Invasion of gravid bovine uterus is marked by 
characteristic necrotic placentitis. Inflammation of 
placenta may be acute and wide spread, and lead to 
early death of fetus followed by abortion, or sub-acute 
or chronic leading to a late abortion or birth of a live, 
infected, perhaps weak calf associated often with 
retention of placenta. The cotyledons are congested or 
swollen and covered with yellowish or sticky brownish 
exudates which extend deep into the crypts. The inter-
cotyledonary areas are thickened, opaque, often look 
almost leathery and there is loss of normal blood red 
color appearance. Enlargement of spleen and liver is 
noticed in aborted fetus with increase in amount of fluid 
in body cavity. Films made from the exudates stained 
with a modified Ziehl-Neelsen method using acetic acid 
show large number of Brucella in clumps or distributed 
many inside epithelial cells which are often literally 
packed with organisms. The fetus varies from typical 
hairless (47 months) fetus up to one that is fully 
developed and shows no characteristic lesions. In case 
of lungs, pneumonia is there which is usually of a 
broncho-pneumonia type. Cobbler stone lesions on 
lungs are indicative of brucellosis (Stableforth and 
Galloway 1959).

In male animals, orchitis and epididymitis are 
the manifestations of chronic infection (Chand et al. 
2002). The acute inflammatory phase in the seminal 
vesicles is followed by a chronic stage with 
considerable fibrinoid induration. During orchitis the 
testicles gradually enlarge. Areas of dry necrosis 
develop and become encapsulated by fibrinous tissue 
which eventually contracts, often leaving the testicles 
smaller than normal. In other cases, it may soften with 
the production of a soft fluctuating lesion containing 
thin pus like pea soup. 

Epidemiology and zoonosis

Brucellosis is the most common zoonosis in 
the world, accounting for the annual occurrence of more 
than 500,000 cases (Pappas et al. 2006). Although 
brucellosis and its means of transmission were 
discovered over 100 years ago, still the disease remains 
a worldwide problem, predominantly so in developing 
countries. However, countries like North America, 
Northern and Central Europe, Canada, Japan, Australia, 
New Zealand, Southeast Asia and Oceania 
(FAO/OIE/WHO 1997) are reported to be free from the 
disease. The disease is endemic in Mediterranean region 
i.e. Middle East, Latin America and parts of Asia 
(Corbel 1997). Reported incidence of human brucellosis 
in endemic areas varies widely from <0.01 to >200 per 
100 000 population (Lpez-Merino 1989). In India 80% 
of the population live in approximately 575,000 villages 
and thousands of small towns (Mantur and Amarnath 
2008), have close contact with domestic or wild animal 
population owing to their occupation. Hence, human 
population stands at a greater risk of acquiring zoonotic 
diseases including brucellosis. The disease has an added 
importance in countries like India, where conditions are 
conducive for wide-spread human infection on account 
of unhygienic conditions and poverty. Species of main 
concern in India are B. melitensis and B. abortus. B. 
melitensis is the most virulent and common strain for 
man and it causes severe and prolonged disease with a 
risk of disability. B. abortus is the dominant species in 
cattle. Bovine brucellosis is widespread in India and 
appears to be on the increase in recent times, perhaps 
due to increased trade and rapid movement of livestock 
(Renukaradhya et al. 2002). Free grazing and movement 
with frequent mixing of flocks of sheep and goats also 
contribute to the wide distribution of brucellosis in these 
animals. Chahota et al. (2003) have reported severe 
outbreak of brucellosis in an organized dairy farm in 
Himachal Pradesh leading to abortions, retained 
placenta and still birth in cows. Serological evidences 
are suggestive of high endemicity of brucellosis in India 
with national average of as high as 5% in cattle, 3% in 
buffalo, 7.9% in sheep and 2.2% in goats 
(Renukaradhya 2002). In 2008, in Punjab the prevalence 
of disease in buffalo and cattle was 16.41% and 20.67%, 
respectively, and the overall apparent prevalence of 
brucellosis was 18.26% (Aulakh et al. 2008). Trangadia 
et al. (2010) recorded 22.18% (132/595) and 13.78% 
(82/595) sero-prevalance of bovine brucellosis in 4 
organized dairy farms located in western, southern, 
central and northern regions of India by ELISA and 
RBPT, respectively. Perusal of the literature indicated 
prevalence of brucellosis in western region (Gujarat 
state) ranging from 8.98 to 44.00% (Chauhan et al. 
2000), 17% in southern region (Isloor et al. 1998), 6.3% 
in central region (Madhya Pradesh state) (Mehra et al. 
2000) and 12.9% in northern region (Punjab state) 
(Dhand et al. 2005). Sero-prevalence of brucellosis was 
reported to be 6.5% in Jordan (Al-Majali et al. 2009), 
8.4% in Cameroon (Bayemi et al. 2009) and 32.9 to 
39.4% in Turkey (Sahin et al. 2008). The association of 
spread of brucellosis with unhygienic processing of 
milk, milk products and meat until it reaches to the final 
consumer makes it a zoonotically important disease. 
Colonization of organism in udder with its frequent 
excretion in milk for prolonged period has led to 
epidemics of brucellosis in human beings. 

In cattle and other members of family 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 but 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. However, artificial 
insemination can transmit the disease and semen must 
only be collected from animals known to be free of 
infection. The presence of brucellosis in wild animals, 
with a potential for continuous transfer to domestic 
animals and from them to humans is another 
epidemiological issue (Cutler et al. 2005). Further, 
transmission of Brucella infection and its prevalence in 
a region depends upon factors like food habits, methods 
of processing milk and milk products, social customs, 
husbandry practices, climatic conditions, socioeconomic 
status and environment hygiene. Environmental 
sanitation is particularly important in the context of air-
borne transmission. Brucellosis is almost invariably 
transmitted to man from infected domestic animals. 
However, Tikare et al. (2008) documented beyond 
doubt, the possibility of human to human transmission 
of Brucella infection. The disease has been recognized 
as one of the common laboratory- transmitted infections 
and was reported to occur in clinical, research and 
production laboratories (Bouza et al. 2005). Those with 
a professional risk of acquiring infection include 
livestock producers, abattoir workers, shepherds, 
farmers, veterinarians and laboratory personnel. 

Pathogenesis

After phagocytosis, brucellae probably reach 
the lymphnodes as parasites and then enter the blood 
and produce bacteraemia followed by the acute febrile 
phase of the disease. From the blood, the organisms are 
distributed throughout the reticuloendothelial system 
and become present in large numbers in the liver and 
spleen and localize in many other sites such as the 
joints, heart, kidneys and genital tract (Baldwin and 
Winter 1994). In human beings after a variable 
incubation period (14 weeks) non-specific, systemic 
symptoms like fever, malaise, arthralgia, headache and 
night sweat follow (Greenfield 2002). 

The mouse is often used as an animal model to 
investigate the pathogenesis of animal and human 
brucellosis (Ko and Splitter 2003). Bacterial ABC 
transporter systems are associated with nutrient uptake 
and the export of toxins and antibiotics and they may 
play an important role in gene expression (Ko and 
Splitter 2000). In Brucella spp., ABC transporter 
proteins have a potential pathogenic role during host 
infection (Rosinha et al. 2002). Hemagglutinins are 
responsible for adhesion and may define the specificity 
of bacterial adhesins during host infection it does not 
have an important role in the pathogenesis of Brucella 
melitensis (Perry et al. 2010).

The pathogenicity in human brucellosis is 
attributed to factors like LPS, adenine and guanine 
monophosphate, virB, 24 kDa protein and urease 
enzyme. Brucella is an unusual organism in several 
ways i.e. the classical virulence factors in a bacterium 
like exotoxins/endotoxins, pili, plasmids, flagella etc. 
are lacking in this organism. Survival strategy of 
Brucella in its host is attributed to its ability to inhibit 
fusion of lyzosome with phagosome thus degranulation 
and activation of the myelo-peroxidase-halide system, it 
also inhibits the production of tumor necrosis factor 
(Caron et al. 1994) and programmed cell death of the 
host cell (Detilleux et al. 1990a), thus escapes the host 
defense mechanisms, to survive and replicate within the 
host cells. Virulent Brucella organisms are capable of 
invading and residing in professional phagocytes 
(Baldwin and Winter 1994) such as macrophages, as 
well as non-phagocytic cells (Detilleux et al. 1990a, 
Detilleux et al. 1990b). In both phagocytic and non-
phagocytic cells, Brucella has the ability to replicate 
within membrane-bound compartments (Pizarro-Cerda 
et al. 1998). Inhibition of TNF-a by bacteria disrupts 
bactericidal effect of natural killer cells and 
macrophages (Gorvel et al. 2002). 

There are 2 types of smooth lipopolysaccharide 
(sLPS) surface antigens, designated A and M. A antigen 
predominates in B. abortus and B. suis, while M is the 
major antigen in B. melitensis. Numerous outer and 
inner membrane, cytoplasmic and periplasmic proteins 
have also been characterized. The sLPS from B. abortus 
is 100 times less potent than that of E. coli (Goldstein et 
al. 1992) and Salmonella (Freer et al. 1996) in inducing 
TNFa from macrophages as well as oxidative 
metabolism and lysozyme release by neutrophils. This 
feature of sLPS is supposed to contribute to the survival 
of B. abortus within phagocytic cells. In addition, 
Brucella sLPS is not susceptible to the actions of 
polycationic molecules, suggesting that smooth Brucella 
can resist the cationic bactericidal peptides of the 
phagocytes (Jensen et al. 1995). The sLPS also conferes 
anti-phagocytic properties to Brucella and does not 
activate the alternate pathway of the complement 
cascade (Hoffmann and Houle 1983). 

Immune response

Both humoral and cellular immune responses 
are involved in Brucella infection, though magnitude 
varies with virulence of organism and immune status of 
animal (FAO/WHO Expert Committee on Brucellosis 
1986). Serological response to the infection can be seen 
as early as 24 weeks. Persistent rise of antibody titre is 
noted if pregnant uterus is affected. Serological 
response starts with the production of IgM within 1 
week or 2, gradually IgG predominates which persists in 
chronic infections. This serological response may be 
transient or missing in young sexually immature 
animals (European Commission 2001). Antibodies 
directed toward specific antigens like the O-antigen, 
may enhance protection against brucellosis in some 
animal species. While protective immunity directed 
against Brucella depends on the induction of an 
effective and specific cell-mediated immune (CMI) 
response (Oliveira et al. 1994). Cell mediated immune 
response (CMIR) involves interaction of organism with 
macrophage and T-lymphocyte which decides fate of 
invading bacteria. Lymphocyte stimulation, macrophage 
inhibition, delayed type of hypersensitivity (DTH) and 
gamma interferon (g-IFN) production are used as 
correlates of CMIR. This cellular immune response 
could also be expected as early as few weeks. 

Diagnosis

The laboratory diagnosis of brucellosis is done 
to identify the animals which are infected, shedding the 
organism and spreading the disease. Attention is usually 
first drawn to the disease by an abortion and is 
confirmed by various direct and indirect methods of 
diagnosis. 

Culture: Highly specific and most conclusive 
diagnosis in any infectious disease is by isolation of the 
causative agent and so is in brucellosis. Culture and 
isolation is still unequivocally considered the gold 
standard in diagnosis of brucellosis (Alton et al. 1988). 

Milk, vaginal swabs, placentas or aborted 
fetuses are preferred for microscopy and culture in case 
of live animals, while primarily lymph nodes (especially 
head and mammary), spleen, udder, uterus, epididymes 
and testes are recommended from necropsied animals. 
Blood is also used for culture and provides definite 
proof of brucellosis but may not provide a positive 
result in all cases. Lysis centrifugation and blood clot 
culture techniques yielded encouraging results (Mantur 
and Mangalgi 2004, Mantur et al. 2007) in terms of 
sensitivity and rapidity. The modern automated blood 
culture systems have somewhat improved the speed of 
detection. Although, bone marrow cultures are 
considered gold standard in some studies (Mantur et al. 
2008). In such cases, bacteremia might also be 
maintained from other sources of the reticulo-
endothelial system (Mantur et al. 2008). Perhaps, this 
could be the reason for the discrepancy in the results of 
blood and bone marrow cultures reported in the 
literature. Selective media are recommended for 
bacteriological isolation and better results are obtained 
when 2 different media are included Farrell and 
modified Thayer-Martin. Differentiation of Brucella at 
species, biovar and strain level by bacteriological and/or 
by molecular techniques is usually carried out in 
reference laboratories.

PCR: PCR is a very sensitive technique. For 
the first time Feket et al. (1990) used PCR for the 
diagnosis of brucellosis. In 1992, he reported detection 
limit of their assay was 5 Brucella cells/100 mg of 
tissue. It has been demonstrated that the assay is specific 
and sensitive for brucellosis (Bricker et al. 1998). To 
diagnose and detect the presence of brucellosis, various 
genes of Brucella genome were explored and for this 
several PCR assays using primers from genes such as 
IS711 (Bricker and Halling 1994), IS6501 (Ouahrani et 
al. 1996), 16S rRNA sequence (etinkaya et al. 1999), 
16S23S rRNA spacer region (Rijpens et al. 1996), 31 
kDa outer membrane protein (Serpe et al. 1999), 43 kDa 
outer membrane protein (Fekete et al.1990), Omp-2 
outer membrane protein (Leal-Klevezas et al. 1995), 
omp-25 (Probert et al. 2004) and the heat shock protein 
(DnaJ, DnaK, HtrA and GroEL) (DaCosta et al. 1996) 
etc., were developed. 

PCR was applied to detect Brucella DNA in 
varieties of clinical samples including tissues (mainly 
aborted fetuses and associated maternal tissues), blood, 
milk and semen (Cortez et al. 2001, Hafez et al. 2011, 
Al-Garadia et al. 2011). PCR based tests are also more 
sensitive than traditional culture method (Amin et al. 
2001, Buyukcangaz et al. 2011). 

Real-time PCR was used for detection of 
Brucella, offering improvement in detection time and 
specificity through incorporation of hybridization 
probes (Probert et al. 2004, Doosti and Dehkordi 2011). 
The real-time PCR is also useful for quantifying the 
load of microorganisms in samples.

Few multiplex PCR assays have also been 
developed with an aim to detect presence of other 
bacteria along with Brucella within single reaction 
(Moshkelani et al. 2011). Multiplex PCR is a derived 
procedure where multiple DNA sequences can be 
detected in a single PCR reaction. Hamali and Joozani 
(2011) used multiplex PCR for detection of Brucella 
spp. and vaccine strains in bovine aborted fetuses. 

Brucellin skin test: The brucellin skin test, a 
cell-mediated immunity (CMI) based assay, is an 
alternative diagnostic test, which can be used for 
screening unvaccinated animals, provided that a purified 
(S-LPS free) and standardized antigen preparation is 
used (Blasco et al. 1994a, Blasco et al. 1994b). S-LPS 
(Blasco et al. 1994a, Blasco et al. 1994b) does not take 
part in DTH reactions (Jones et al. 1973) and may 
provoke antibody-mediated inflammatory reactions or 
induce antibodies that interfere with subsequent 
serological screening. Purified allergens would not offer 
practical advantages over complex protein mixtures 
(Blasco et al. 1994a, Blasco et al. 1994b). The brucellin 
skin test has a high sensitivity and in the absence of 
vaccination is considered one of the most specific 
diagnostic tests (Ebadi and Zowghi 1983, FAO/WHO 
1986, Alton et al. 1988, Blasco et al. 1994a, Blasco et 
al. 1994b, Garin-Bastuji et al. 1998). This test is of 
particular value for the interpretation of FPSR due to 
infection with cross-reacting bacteria (FPSR animals are 
negative in the skin test), especially in brucellosis-free 
areas. Despite its high sensitivity not all infected 
animals show positive skin test responses. Therefore, 
this test cannot be recommended either as the sole 
diagnostic test or fit for the purposes of international 
trade. The site and route of allergen inoculation are not 
important factors affecting its sensitivity (Fensterbank 
1985, Blasco et al. 1994a, Blasco et al. 1994b). Anergy 
induced by repeated skin testing, well known in bovine 
tuberculosis (Radunz and Lepper 1985), is not absolute 
in brucellosis (Blasco et al. 1994a, Blasco et al. 1994b).

Serological diagnosis

The diagnosis of brucellosis employing direct 
method is not always possible for a large number of 
animals, hence indirect diagnostic assays are frequently 
used (Blasco 1992). In absence of a positive culture of 
B. abortus a presumptive diagnosis is usually based on 
the presence of antibodies in serum, milk, whey, vaginal 
mucus or seminal plasma. On average, the agglutinins 
and complement fixation antibodies become positive 4 
weeks following experimental infection during fourth to 
sixth month of gestation and not until about 10 weeks if 
experimental infection occurs 2 month before or after 
insemination (Radostitis et al. 2000).

No single serological test is appropriate in each 
and all epidemiological situations, all have limitations 
especially when it comes to screening individual 
animals (Godfroid et al. 2002, Nielsen 2002). 
Complement fixation test (CFT), fluorescence 
polarization assay (FPA) and ELISA are considered 
more appropriate for international trade than serum tube 
agglutination test (SAT). For the control of brucellosis 
at the national or local level, the buffered Brucella 
antigen tests (BBATs), i.e. the Rose Bengal test (RBT) 
and the buffered plate agglutination test (BPAT), as well 
as the ELISA and the FPA, are suitable screening tests 
(OIE 2004). Positive reactions may be retested using a 
suitable confirmatory strategy, if needed.

Rose Bengal plate agglutination test (RBPT): 
The RBPT is a simple, rapid and spot test and can be 
performed in field. The RBPT antigen was developed by 
U.S. Department of Agriculture and it was B. abortus 
antigen stained with Rose Bengal dye and buffered at 
pH 3.65 (Alton et al. 1988). The low pH prevents some 
agglutination by IgM and encourages agglutination by 
IgG1 thereby reducing non-specific interactions (Corbel 
1972, Corbel 1973, Allan et al. 1976). This test is 
internationally acknowledged as the choice for the 
screening of brucellosis. However, due to cross 
reactivity between these antigen with other bacterial 
species including Yersinia enterocolitica O:9 and E. coli 
serotype O:57 (Kittelberger et al. 1995) RBPT may 
suffer higher rates of false positive results than other 
serological tests. Still many workers reported RBPT to 
be a routine and reliable test and could not be replaced 
for the diagnosis of brucellosis (Mangalgi et al. 2012, 
Chachra et al. 2009).

Serum tube agglutination test (SAT): 
Historically, the SAT has been recognized as the 
principal serological test used for the diagnosis of 
brucellosis. IgM isotypes of antibody is the most active 
agglutinin at neutral pH (Rice and Boyes 1971, Corbel 
1972, Nielsen et al. 1984). Therefore, SAT is susceptible 
to false positive reaction by cross-reacting antibodies 
(Nielsen 2002). However, because the SAT may yield 
both false negative or false positive results (Corbel et al. 
1984), it is not useful for testing individual animal. The 
efficacy of test is useful only when it is used at herd 
level. Nicoletti (1967) also recognized that not every 
Brucella infected bovine show a diagnostically 
significant titre.

The presumptive diagnosis provided by the 
serological tests is usually accepted as indication of 
brucellosis; although it can only detect IgM and IgG2 
and fails to detect IgG1 (Rice and Boyes 1971). 
However, chronic carriers produce mainly IgG1 that 
block the agglutinating activities of IgG2 which may 
result in lower detection rates. Hafez et al. (2011) 
reported lower number of positive samples detected by 
SAT in comparison to RBT and ELISA.

Complement fixation test (CFT): The 
complement fixation test (CFT) is widely used for the 
diagnosis of brucellosis in cattle, sheep and goat. It 
detects mainly IgG1 antibodies. The test is somewhat 
complex and in mass testings a screening test such as 
the RBPT is often used to reduce the number of samples 
that need to be tested by CFT (Staak et al. 2001). CFT is 
not good for testing sera from animals vaccinated for 
brucellosis as it cannot differentiate vaccinated from 
infected ones (Diaz-Aparicio et al. 1996). Another 
major problem with CFT is its limited utility in buffalo 
serum samples. Nicoletti (1992) in his study concluded 
that CFT is of limited usefulness in the diagnosis of 
brucellosis in buffaloes due to false positive reactions. 
Guarino et al. (2001) also found CFT to be less effective 
test for the diagnosis of brucellosis in buffaloes as they 
showed many animals yielding negative results in CFT 
which otherwise were positive in ELISA. Kassymov 
and Zhumagalikyzy (2011) reported ELISA to be more 
effective than CFT for the diagnostic of brucellosis in 
cattle.

Enzyme linked immunosorbent assays (ELISA): 
ELISA offers excellent sensitivity and specificity whilst 
being robust, fairly simple to perform with a minimum 
of equipment and readily available from a number of 
commercial sources in kit form. Owing to these 
properties ELISA is extensively used in the diagnosis of 
brucellosis in every species of animals. The smooth 
lipopolysaccharide (sLPS) is commonly used as the 
antigen for ELISA (OIE 2004). Other antigen, such as a 
highly immunogenic periplasmic protein from B. 
abortus (Rossetti et al. 1996) was also used for 
brucellosis diagnosis in different host species but results 
were not so encouraging. Letesson et al. (1997) used 8 
proteins (OMP36, OMP25, OMP19, OMP16, OMP10, 
p17, p15 and p39) as antigen for serological diagnosis 
of brucellosis by ELISA. The antibody response against 
these proteins often delayed when compared to the 
antibody response to smooth LPS and limited to the 
animals that develop active brucellosis infection. The 
sensitivity and specificity of ELISA was found higher 
by using LPS as diagnostic antigen instead of OPS 
(Nielsen et al. 1996). Several antigens were tried but no 
alternative antigens that could match the sensitivity 
achieved with LPS have been found so far (Letesson et 
al. 1997). 

Monoclonal or polyclonal antiglobulin-enzyme 
conjugates may be used depending on availability and 
performance requirements. A MAb specific for the 
heavy chain of bovine IgG1 may provide some 
improvement in specificity at the possible cost of some 
loss of sensitivity (OIE 2004). Use of protein-G as 
conjugate also reduces this problem and increases the 
specificity of ELISA (Ficapal et al. 1995, Marin et al. 
1998, Kumar and Chand 2011). Renukaradhya et al. 
(2001) described the use of avidin-biotin ELISA for the 
diagnosis of brucellosis in cattle and buffalo. Milk-
ELISA was also tried and found effective diagnostic 
tool by many workers (Chand et al. 2004, Patel et al. 
2008).

Native hapten (NH) gel precipitation tests: In 
the case of recent vaccination with S19 vaccine, only 
the gel diffusion (GD) or radial immunodiffusion (RID) 
tests with native hapten antigen (Daz et al. 1979), FPA 
(Nielsen et al. 1996a) and the competitive ELISA 
(Nielsen et al. 1996b) appear to be useful for diagnosis, 
allowing differentiation of infection by Brucella abortus 
from S19 vaccination. However, only the gel diffusion 
test with Native Hapten (Daz et al. 1979) was able to 
discriminate at a given time after vaccination (Marin et 
al. 1999).

Fluorescence polarization assay (FPA): FPA is 
a homogenous immunoassay. Homogenous 
immunoassays are single step assays that require no 
repetitive washing steps to remove unbound reactants as 
with classical primary binding assays (Jenkins 1992). 
Many workers used FPA in different parts of the world 
in various laboratories and Nielsen et al. (1996a) are the 
pioneer in developing and using this assay for the 
diagnosis of brucellosis in animals. This test was used 
for diagnosing brucellosis in cattle (Nielsen et al. 
1996a), porcine (Nielsen et al. 1999), bison (Gall et al. 
2000), cervidae (Gall et al. 2001), humans (Lucerno et 
al. 2003), goats (Burriel et al. 2004), sheep (Minas et al. 
2005), cetaceans (Neimanis et al. 2008) and buffaloes 
(Kumar and Chand 2009). Lin and Nielsen (1997) 
labeled OPS extracted from B. abortus with fluorescein 
for investigating binding of O-chain to a specific murine 
monoclonal antibody YsT9. Nielsen et al. (1996) 
reported FPA to be a simple, low cost, easy and less 
time consuming assay and demonstrated that the 
sensitivity and specificity of FPA was comparable to 
complement fixation test (CFT), competitive ELISA and 
indirect ELISA. 

Miscellaneous tests: Srivastava and Chaudhary 
(2011) reported that Coombs test that detects incomplete 
antibodies and immunocapture-agglutination tests show 
good performances with higher sensitivity and 
specificity in the diagnosis of brucellosis.

Kassymov and Zhumagalikyzy (2011) reported 
a new variant of complement fixation test that is 
conglutination - conglutinating complex fixation test 
(CCFT), based on interaction of a complex antigen - 
antibody with conglutination blood serum (complement, 
conglutinin) and found it to be an effective method of 
diagnostics of brucellosis and other infectious diseases. 

Smits et al. (2003) reported Brucella IgM and 
IgG lateral flow and Abdoeland Smits (2007) reported 
latex agglutination assays and found them to be rapid 
and simple along with high sensitivity and specificity in 
culture confirmed cases. These tests are ideal for use as 
field tests in remote areas and as point of care tests in 
hospitals and health care centre.

Vaccination 

Currently there are 2 vaccines available that 
are effective enough and inexpensive. These are 
B.melitensis strain Rev.1 for small ruminants given at 
full dose (1 109 CFU) by the conjunctival route and B. 
abortus strain 19 for cattle given individually at full 
dose (10 1010 CFU) subcutaneously or at reduced dose 
(5 109 CFU) conjunctivally. Both vaccines can be 
hazardous to humans and also may induce abortion 
when vaccinating pregnant animals. At this stage there 
is inadequate information on the use of these vaccines in 
camels, yaks and buffaloes. When mass vaccination has 
to be applied, it should be carried out in 2 ways: 

Mass vaccinate all animals 
every two years, including males (in the case of 
sheep and goats). This is the simplest method and 
only requires the ability to locate 100% of 
flocks/herds and to vaccinate all animals, at the 
ideal window of opportunity to avoid vaccine 
induced abortions, i.e. when animals are lactating 
or at the end of the parturition season and fewest 
are pregnant. This procedure assumes that at the 
actual replacement rates, every 2 years about 
3040% of the population will be susceptible. 

Mass vaccination and individual 
identification of all animals in the first year and 
then identification and vaccination of the 
replacement animals only in subsequent years. 
The main advantage of which is minimizing 
vaccine induced abortions, is obviously more 
complex, involving identification of young 
replacement animals each year. Assuming that 
1025% of the total population needs to be 
replaced each year, this programme will take 410 
years before the whole population is fully 
vaccinated. Unfortunately, this option has often 
failed in developing countries with nomadic 
husbandry systems, as owners keep replacements 
year round and several visits may be needed to 
ensure 100% vaccination coverage. Once the 
prevalence of brucellosis is reduced to minimal 
levels by either of the above mass vaccination 
procedures and provided that the veterinary 
infrastructure and economic resources are 
available, eradication can be achieved through a 
programme based on the vaccination of young 
replacement animals combined with testing and 
slaughtering of infected adults. This programme 
will require individual animal identification and 
effective control of animal movements.

One practical eradication approach would 
involve no testing of mass vaccinated adult animals for 
2 years following the first mass vaccination, to avoid 
culling healthy but seropositive animals. The only 
interventions during these 2 first years would be 
vaccinating 100% of young replacements, ensuring 
individual identification of the whole population and 
establishing effective animal movement controls. The 
use of the NH based gel precipitation tests, followed by 
immediate culling of infected animals could be 
recommended as the most reasonable strategy to avoid 
the excessive culling of healthy but seropositive 
animals. Once the percentage of positives in these NH 
based tests is zero for at least two consecutive years, the 
testing schedule could be modified using OIE official 
tests - such as RBPT, iELISA and CFT - to reach and 
maintain brucellosis free status. Vaccination should 
cease only when the prevalence is zero for at least one 
entire generation, in order to avoid relapses. Premature 
cessation of vaccination has been a frequent error in 
many countries. As a general rule, vaccination should 
never be abandoned until the prevalence is zero, the 
situation is maintained for 812 years and the risk of 
transmission from infected epidemiologically related 
units is negligible (FAO 2009). 
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A type of fever characterized by fairly regular 
remissions or intermissions has been recognized along 
the Mediterranean littoral since the time of Hippocrates 
in 450 B.C. In 1861 J. A. Martson an assistant surgeon 
of the British Medical Department working in the 
Mediterranean, first described the symptoms of 
brucellosis in himself as gastric remittent fever 
(Martson 1861). Professor L. F. Benhard Bang, a Danish 
veterinary pathologist and bacteriologist (1897), with 
Stribolt isolated the small bacillus now known as 
Brucella abortus. The first case of human brucellosis 
was recognized in 1897 in a US army officer (Brown 
1977). Captain David Bruce (1887) a Scottish 
physician, reported small coccal organisms in the 
stained sections of spleen of a fatally infected soldier, 
and isolated and identified organism in culture from 
spleen tissue of four other British soldiers stationed at 
Malta (Bruce 1887). The organism derived its species 
name from Melita (honey), the roman name for the Isle 
of Malta. 

Brucellosis is endemically present in India, 
since its first report from Indian Veterinary Research 
Institute (IVRI), Mukteswar (Anonymous 1918). 
Polding (1942) isolated Brucella from cattle, buffalo, 
goat, horse and man. With B. abortus biotypes (1, 2, 3, 6 
and 9) in cattle and buffalo (Sen and Sharma 1975, 
Chand et al. 1988) and B. melitensis biotypes (1, 2, and 
3) in sheep and goats (Polding 1942, Sen and Sharma 
1975) and human beings (Hemashttar and Patil 1991, 
Sen and Sharma 1975, Agasthya et al. 2007), brucellosis 
have made its unshakable foot holding in India. 
Brucellosis has also been reported in pigs (Bhaskar et 
al. 1998) and canines (Pillai et al. 1991, Srinivasan et 
al. 1992).

Genus Brucella

Taxonomically, Brucella are classified as a-
Proteobacteria and subdivided into 6 species (Moreno 
2001). These 6 species under the genus Brucella 
comprise: Brucella melitensis, B. abortus, B. suis, B. 
ovis, B. canis and B. neotomae (Corbel and Morgan 
1984). Two new Brucella species, called B. pinnipedia 
and B. cetaceae, have been isolated from marine hosts 
(Ewalt et al. 1994, Ross et al. 1996). There exists 
multiple biotypes of Brucella that vary in terms of 
biochemical reactions, host specificity and 
pathogenicity (Young 1995). The subcommittee on 
taxonomy of Brucella had proposed that this genus 
could contain a single species, B. melitensis (Grimont 
1992, Moreno and Moriyon 2001). This proposal was 
based on DNA-DNA hybridization studies conducted on 
51 strains representing all known species and biovars 
(Verger et al. 1985). 

Brucellae are small, non-motile, non-
sporulating, non-toxigenic, non-fermenting, facultative, 
intracellular, gram-negative coccobacilli. Flagella, 
endospores and capsules are absent although capsule 
like structures have been reported in preparations treated 
with antiserum. They are partially acid-fast, as are not 
decolorized by 0.5% acetic acid in the modified Ziehl-
Neelsen (MZN) staining (Alton et al. 1988), 0.50.7 m in 
diameter and 0.61.5 m in length (Corbel and Morgan 
1984). 

Genome

Brucella genome has been sequenced and 
consists of 2 chromosomes (DelVecchio et al. 2002). 
Both chromosomes contain essential genes encoding for 
essential metabolic and replicative functions. Naturally 
occurring plasmids have not been found in Brucella. 
However, Brucella can maintain some plasmids 
introduced via electroporation or conjugative transfer 
(Rigby and Fraser 1989). Observations at the DNA level 
are becoming more helpful in further refining the 
classification of Brucella organisms beyond 
conventional methods. 

The complete genome of Brucella melitensis 
(DelVecchio et al. 2002), Brucella abortus (Sanchez et 
al. 2001) and Brucella suis (Paulsen et al. 2002) have 
been sequenced. The genome of Brucella abortus 
biotype 1 and 4 and Brucella suis biotype 1 are found 
quite similar to Brucella melitensis (Halling et al. 2005).

The genome of Brucella abortus biovar 1 is 3.3 
Mb and is composed of 2 circular chromosomes of 
2,124,242 bp (Chr I) and 1,162,780 bp (Chr II) (Halling 
et al. 2005). 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 G+C content of the 2 
chromosomes is nearly identical, consistent with the 
assertion that the assimilation and stabilization of a 
plasmid was an ancient event in brucellae (Halling et al. 
2005). Chromosome I of B. abortus biovar 1 consists of 
2200 genes, 2030 protein coding RNA, 47 structural 
RNA, 123 pseudo genes, 18 others and chromosome II 
is made up of 1156 genes, 1055 protein coding RNA, 17 
structural RNA, 84 pseudo genes, 7 others (Stothard et 
al. 2005). 

Brucellosis

Brucellosis is a contagious disease of animals 
and characterized by abortion in females and to a lesser 
extent orchitis and infection of accessory sex glands in 
males and infertility in both the sexes. It has zoonotic 
importance in terms of its transmissibility to human 
beings.

Clinical features and postmortem lesions

Various clinical signs have been described in 
infected animals, the main manifestation in B. abortus 
infection being reproduction failure in the form of 
abortion and birth of weak offspring which remains as 
carrier in herd. Cases of abortion in infected herd are 
less in chronic infection but infected animal continue to 
act as carrier posing threat to the herd (European 
Commission 2001).

Brucella infected animals generally develop 
granulomatous inflammatory responses, which are often 
located within lymphoid tissues and organs with a 
prominent reticuloendothelial component. The 
localization and persistence of brucellae within these 
tissues and organs follow in the wake of widespread 
distribution of the bacteria during a generalized stage of 
infection. Localization of brucellae within the female 
and male reproductive tracts accounts for the principal 
clinical symptoms of infection, viz. abortion and male 
infertility (Enright 1990). 

Invasion of gravid bovine uterus is marked by 
characteristic necrotic placentitis. Inflammation of 
placenta may be acute and wide spread, and lead to 
early death of fetus followed by abortion, or sub-acute 
or chronic leading to a late abortion or birth of a live, 
infected, perhaps weak calf associated often with 
retention of placenta. The cotyledons are congested or 
swollen and covered with yellowish or sticky brownish 
exudates which extend deep into the crypts. The inter-
cotyledonary areas are thickened, opaque, often look 
almost leathery and there is loss of normal blood red 
color appearance. Enlargement of spleen and liver is 
noticed in aborted fetus with increase in amount of fluid 
in body cavity. Films made from the exudates stained 
with a modified Ziehl-Neelsen method using acetic acid 
show large number of Brucella in clumps or distributed 
many inside epithelial cells which are often literally 
packed with organisms. The fetus varies from typical 
hairless (47 months) fetus up to one that is fully 
developed and shows no characteristic lesions. In case 
of lungs, pneumonia is there which is usually of a 
broncho-pneumonia type. Cobbler stone lesions on 
lungs are indicative of brucellosis (Stableforth and 
Galloway 1959).

In male animals, orchitis and epididymitis are 
the manifestations of chronic infection (Chand et al. 
2002). The acute inflammatory phase in the seminal 
vesicles is followed by a chronic stage with 
considerable fibrinoid induration. During orchitis the 
testicles gradually enlarge. Areas of dry necrosis 
develop and become encapsulated by fibrinous tissue 
which eventually contracts, often leaving the testicles 
smaller than normal. In other cases, it may soften with 
the production of a soft fluctuating lesion containing 
thin pus like pea soup. 

Epidemiology and zoonosis

Brucellosis is the most common zoonosis in 
the world, accounting for the annual occurrence of more 
than 500,000 cases (Pappas et al. 2006). Although 
brucellosis and its means of transmission were 
discovered over 100 years ago, still the disease remains 
a worldwide problem, predominantly so in developing 
countries. However, countries like North America, 
Northern and Central Europe, Canada, Japan, Australia, 
New Zealand, Southeast Asia and Oceania 
(FAO/OIE/WHO 1997) are reported to be free from the 
disease. The disease is endemic in Mediterranean region 
i.e. Middle East, Latin America and parts of Asia 
(Corbel 1997). Reported incidence of human brucellosis 
in endemic areas varies widely from <0.01 to >200 per 
100 000 population (Lpez-Merino 1989). In India 80% 
of the population live in approximately 575,000 villages 
and thousands of small towns (Mantur and Amarnath 
2008), have close contact with domestic or wild animal 
population owing to their occupation. Hence, human 
population stands at a greater risk of acquiring zoonotic 
diseases including brucellosis. The disease has an added 
importance in countries like India, where conditions are 
conducive for wide-spread human infection on account 
of unhygienic conditions and poverty. Species of main 
concern in India are B. melitensis and B. abortus. B. 
melitensis is the most virulent and common strain for 
man and it causes severe and prolonged disease with a 
risk of disability. B. abortus is the dominant species in 
cattle. Bovine brucellosis is widespread in India and 
appears to be on the increase in recent times, perhaps 
due to increased trade and rapid movement of livestock 
(Renukaradhya et al. 2002). Free grazing and movement 
with frequent mixing of flocks of sheep and goats also 
contribute to the wide distribution of brucellosis in these 
animals. Chahota et al. (2003) have reported severe 
outbreak of brucellosis in an organized dairy farm in 
Himachal Pradesh leading to abortions, retained 
placenta and still birth in cows. Serological evidences 
are suggestive of high endemicity of brucellosis in India 
with national average of as high as 5% in cattle, 3% in 
buffalo, 7.9% in sheep and 2.2% in goats 
(Renukaradhya 2002). In 2008, in Punjab the prevalence 
of disease in buffalo and cattle was 16.41% and 20.67%, 
respectively, and the overall apparent prevalence of 
brucellosis was 18.26% (Aulakh et al. 2008). Trangadia 
et al. (2010) recorded 22.18% (132/595) and 13.78% 
(82/595) sero-prevalance of bovine brucellosis in 4 
organized dairy farms located in western, southern, 
central and northern regions of India by ELISA and 
RBPT, respectively. Perusal of the literature indicated 
prevalence of brucellosis in western region (Gujarat 
state) ranging from 8.98 to 44.00% (Chauhan et al. 
2000), 17% in southern region (Isloor et al. 1998), 6.3% 
in central region (Madhya Pradesh state) (Mehra et al. 
2000) and 12.9% in northern region (Punjab state) 
(Dhand et al. 2005). Sero-prevalence of brucellosis was 
reported to be 6.5% in Jordan (Al-Majali et al. 2009), 
8.4% in Cameroon (Bayemi et al. 2009) and 32.9 to 
39.4% in Turkey (Sahin et al. 2008). The association of 
spread of brucellosis with unhygienic processing of 
milk, milk products and meat until it reaches to the final 
consumer makes it a zoonotically important disease. 
Colonization of organism in udder with its frequent 
excretion in milk for prolonged period has led to 
epidemics of brucellosis in human beings. 

In cattle and other members of family 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 but 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. However, artificial 
insemination can transmit the disease and semen must 
only be collected from animals known to be free of 
infection. The presence of brucellosis in wild animals, 
with a potential for continuous transfer to domestic 
animals and from them to humans is another 
epidemiological issue (Cutler et al. 2005). Further, 
transmission of Brucella infection and its prevalence in 
a region depends upon factors like food habits, methods 
of processing milk and milk products, social customs, 
husbandry practices, climatic conditions, socioeconomic 
status and environment hygiene. Environmental 
sanitation is particularly important in the context of air-
borne transmission. Brucellosis is almost invariably 
transmitted to man from infected domestic animals. 
However, Tikare et al. (2008) documented beyond 
doubt, the possibility of human to human transmission 
of Brucella infection. The disease has been recognized 
as one of the common laboratory- transmitted infections 
and was reported to occur in clinical, research and 
production laboratories (Bouza et al. 2005). Those with 
a professional risk of acquiring infection include 
livestock producers, abattoir workers, shepherds, 
farmers, veterinarians and laboratory personnel. 

Pathogenesis

After phagocytosis, brucellae probably reach 
the lymphnodes as parasites and then enter the blood 
and produce bacteraemia followed by the acute febrile 
phase of the disease. From the blood, the organisms are 
distributed throughout the reticuloendothelial system 
and become present in large numbers in the liver and 
spleen and localize in many other sites such as the 
joints, heart, kidneys and genital tract (Baldwin and 
Winter 1994). In human beings after a variable 
incubation period (14 weeks) non-specific, systemic 
symptoms like fever, malaise, arthralgia, headache and 
night sweat follow (Greenfield 2002). 

The mouse is often used as an animal model to 
investigate the pathogenesis of animal and human 
brucellosis (Ko and Splitter 2003). Bacterial ABC 
transporter systems are associated with nutrient uptake 
and the export of toxins and antibiotics and they may 
play an important role in gene expression (Ko and 
Splitter 2000). In Brucella spp., ABC transporter 
proteins have a potential pathogenic role during host 
infection (Rosinha et al. 2002). Hemagglutinins are 
responsible for adhesion and may define the specificity 
of bacterial adhesins during host infection it does not 
have an important role in the pathogenesis of Brucella 
melitensis (Perry et al. 2010).

The pathogenicity in human brucellosis is 
attributed to factors like LPS, adenine and guanine 
monophosphate, virB, 24 kDa protein and urease 
enzyme. Brucella is an unusual organism in several 
ways i.e. the classical virulence factors in a bacterium 
like exotoxins/endotoxins, pili, plasmids, flagella etc. 
are lacking in this organism. Survival strategy of 
Brucella in its host is attributed to its ability to inhibit 
fusion of lyzosome with phagosome thus degranulation 
and activation of the myelo-peroxidase-halide system, it 
also inhibits the production of tumor necrosis factor 
(Caron et al. 1994) and programmed cell death of the 
host cell (Detilleux et al. 1990a), thus escapes the host 
defense mechanisms, to survive and replicate within the 
host cells. Virulent Brucella organisms are capable of 
invading and residing in professional phagocytes 
(Baldwin and Winter 1994) such as macrophages, as 
well as non-phagocytic cells (Detilleux et al. 1990a, 
Detilleux et al. 1990b). In both phagocytic and non-
phagocytic cells, Brucella has the ability to replicate 
within membrane-bound compartments (Pizarro-Cerda 
et al. 1998). Inhibition of TNF-a by bacteria disrupts 
bactericidal effect of natural killer cells and 
macrophages (Gorvel et al. 2002). 

There are 2 types of smooth lipopolysaccharide 
(sLPS) surface antigens, designated A and M. A antigen 
predominates in B. abortus and B. suis, while M is the 
major antigen in B. melitensis. Numerous outer and 
inner membrane, cytoplasmic and periplasmic proteins 
have also been characterized. The sLPS from B. abortus 
is 100 times less potent than that of E. coli (Goldstein et 
al. 1992) and Salmonella (Freer et al. 1996) in inducing 
TNFa from macrophages as well as oxidative 
metabolism and lysozyme release by neutrophils. This 
feature of sLPS is supposed to contribute to the survival 
of B. abortus within phagocytic cells. In addition, 
Brucella sLPS is not susceptible to the actions of 
polycationic molecules, suggesting that smooth Brucella 
can resist the cationic bactericidal peptides of the 
phagocytes (Jensen et al. 1995). The sLPS also conferes 
anti-phagocytic properties to Brucella and does not 
activate the alternate pathway of the complement 
cascade (Hoffmann and Houle 1983). 

Immune response

Both humoral and cellular immune responses 
are involved in Brucella infection, though magnitude 
varies with virulence of organism and immune status of 
animal (FAO/WHO Expert Committee on Brucellosis 
1986). Serological response to the infection can be seen 
as early as 24 weeks. Persistent rise of antibody titre is 
noted if pregnant uterus is affected. Serological 
response starts with the production of IgM within 1 
week or 2, gradually IgG predominates which persists in 
chronic infections. This serological response may be 
transient or missing in young sexually immature 
animals (European Commission 2001). Antibodies 
directed toward specific antigens like the O-antigen, 
may enhance protection against brucellosis in some 
animal species. While protective immunity directed 
against Brucella depends on the induction of an 
effective and specific cell-mediated immune (CMI) 
response (Oliveira et al. 1994). Cell mediated immune 
response (CMIR) involves interaction of organism with 
macrophage and T-lymphocyte which decides fate of 
invading bacteria. Lymphocyte stimulation, macrophage 
inhibition, delayed type of hypersensitivity (DTH) and 
gamma interferon (g-IFN) production are used as 
correlates of CMIR. This cellular immune response 
could also be expected as early as few weeks. 

Diagnosis

The laboratory diagnosis of brucellosis is done 
to identify the animals which are infected, shedding the 
organism and spreading the disease. Attention is usually 
first drawn to the disease by an abortion and is 
confirmed by various direct and indirect methods of 
diagnosis. 

Culture: Highly specific and most conclusive 
diagnosis in any infectious disease is by isolation of the 
causative agent and so is in brucellosis. Culture and 
isolation is still unequivocally considered the gold 
standard in diagnosis of brucellosis (Alton et al. 1988). 

Milk, vaginal swabs, placentas or aborted 
fetuses are preferred for microscopy and culture in case 
of live animals, while primarily lymph nodes (especially 
head and mammary), spleen, udder, uterus, epididymes 
and testes are recommended from necropsied animals. 
Blood is also used for culture and provides definite 
proof of brucellosis but may not provide a positive 
result in all cases. Lysis centrifugation and blood clot 
culture techniques yielded encouraging results (Mantur 
and Mangalgi 2004, Mantur et al. 2007) in terms of 
sensitivity and rapidity. The modern automated blood 
culture systems have somewhat improved the speed of 
detection. Although, bone marrow cultures are 
considered gold standard in some studies (Mantur et al. 
2008). In such cases, bacteremia might also be 
maintained from other sources of the reticulo-
endothelial system (Mantur et al. 2008). Perhaps, this 
could be the reason for the discrepancy in the results of 
blood and bone marrow cultures reported in the 
literature. Selective media are recommended for 
bacteriological isolation and better results are obtained 
when 2 different media are included Farrell and 
modified Thayer-Martin. Differentiation of Brucella at 
species, biovar and strain level by bacteriological and/or 
by molecular techniques is usually carried out in 
reference laboratories.

PCR: PCR is a very sensitive technique. For 
the first time Feket et al. (1990) used PCR for the 
diagnosis of brucellosis. In 1992, he reported detection 
limit of their assay was 5 Brucella cells/100 mg of 
tissue. It has been demonstrated that the assay is specific 
and sensitive for brucellosis (Bricker et al. 1998). To 
diagnose and detect the presence of brucellosis, various 
genes of Brucella genome were explored and for this 
several PCR assays using primers from genes such as 
IS711 (Bricker and Halling 1994), IS6501 (Ouahrani et 
al. 1996), 16S rRNA sequence (etinkaya et al. 1999), 
16S23S rRNA spacer region (Rijpens et al. 1996), 31 
kDa outer membrane protein (Serpe et al. 1999), 43 kDa 
outer membrane protein (Fekete et al.1990), Omp-2 
outer membrane protein (Leal-Klevezas et al. 1995), 
omp-25 (Probert et al. 2004) and the heat shock protein 
(DnaJ, DnaK, HtrA and GroEL) (DaCosta et al. 1996) 
etc., were developed. 

PCR was applied to detect Brucella DNA in 
varieties of clinical samples including tissues (mainly 
aborted fetuses and associated maternal tissues), blood, 
milk and semen (Cortez et al. 2001, Hafez et al. 2011, 
Al-Garadia et al. 2011). PCR based tests are also more 
sensitive than traditional culture method (Amin et al. 
2001, Buyukcangaz et al. 2011). 

Real-time PCR was used for detection of 
Brucella, offering improvement in detection time and 
specificity through incorporation of hybridization 
probes (Probert et al. 2004, Doosti and Dehkordi 2011). 
The real-time PCR is also useful for quantifying the 
load of microorganisms in samples.

Few multiplex PCR assays have also been 
developed with an aim to detect presence of other 
bacteria along with Brucella within single reaction 
(Moshkelani et al. 2011). Multiplex PCR is a derived 
procedure where multiple DNA sequences can be 
detected in a single PCR reaction. Hamali and Joozani 
(2011) used multiplex PCR for detection of Brucella 
spp. and vaccine strains in bovine aborted fetuses. 

Brucellin skin test: The brucellin skin test, a 
cell-mediated immunity (CMI) based assay, is an 
alternative diagnostic test, which can be used for 
screening unvaccinated animals, provided that a purified 
(S-LPS free) and standardized antigen preparation is 
used (Blasco et al. 1994a, Blasco et al. 1994b). S-LPS 
(Blasco et al. 1994a, Blasco et al. 1994b) does not take 
part in DTH reactions (Jones et al. 1973) and may 
provoke antibody-mediated inflammatory reactions or 
induce antibodies that interfere with subsequent 
serological screening. Purified allergens would not offer 
practical advantages over complex protein mixtures 
(Blasco et al. 1994a, Blasco et al. 1994b). The brucellin 
skin test has a high sensitivity and in the absence of 
vaccination is considered one of the most specific 
diagnostic tests (Ebadi and Zowghi 1983, FAO/WHO 
1986, Alton et al. 1988, Blasco et al. 1994a, Blasco et 
al. 1994b, Garin-Bastuji et al. 1998). This test is of 
particular value for the interpretation of FPSR due to 
infection with cross-reacting bacteria (FPSR animals are 
negative in the skin test), especially in brucellosis-free 
areas. Despite its high sensitivity not all infected 
animals show positive skin test responses. Therefore, 
this test cannot be recommended either as the sole 
diagnostic test or fit for the purposes of international 
trade. The site and route of allergen inoculation are not 
important factors affecting its sensitivity (Fensterbank 
1985, Blasco et al. 1994a, Blasco et al. 1994b). Anergy 
induced by repeated skin testing, well known in bovine 
tuberculosis (Radunz and Lepper 1985), is not absolute 
in brucellosis (Blasco et al. 1994a, Blasco et al. 1994b).

Serological diagnosis

The diagnosis of brucellosis employing direct 
method is not always possible for a large number of 
animals, hence indirect diagnostic assays are frequently 
used (Blasco 1992). In absence of a positive culture of 
B. abortus a presumptive diagnosis is usually based on 
the presence of antibodies in serum, milk, whey, vaginal 
mucus or seminal plasma. On average, the agglutinins 
and complement fixation antibodies become positive 4 
weeks following experimental infection during fourth to 
sixth month of gestation and not until about 10 weeks if 
experimental infection occurs 2 month before or after 
insemination (Radostitis et al. 2000).

No single serological test is appropriate in each 
and all epidemiological situations, all have limitations 
especially when it comes to screening individual 
animals (Godfroid et al. 2002, Nielsen 2002). 
Complement fixation test (CFT), fluorescence 
polarization assay (FPA) and ELISA are considered 
more appropriate for international trade than serum tube 
agglutination test (SAT). For the control of brucellosis 
at the national or local level, the buffered Brucella 
antigen tests (BBATs), i.e. the Rose Bengal test (RBT) 
and the buffered plate agglutination test (BPAT), as well 
as the ELISA and the FPA, are suitable screening tests 
(OIE 2004). Positive reactions may be retested using a 
suitable confirmatory strategy, if needed.

Rose Bengal plate agglutination test (RBPT): 
The RBPT is a simple, rapid and spot test and can be 
performed in field. The RBPT antigen was developed by 
U.S. Department of Agriculture and it was B. abortus 
antigen stained with Rose Bengal dye and buffered at 
pH 3.65 (Alton et al. 1988). The low pH prevents some 
agglutination by IgM and encourages agglutination by 
IgG1 thereby reducing non-specific interactions (Corbel 
1972, Corbel 1973, Allan et al. 1976). This test is 
internationally acknowledged as the choice for the 
screening of brucellosis. However, due to cross 
reactivity between these antigen with other bacterial 
species including Yersinia enterocolitica O:9 and E. coli 
serotype O:57 (Kittelberger et al. 1995) RBPT may 
suffer higher rates of false positive results than other 
serological tests. Still many workers reported RBPT to 
be a routine and reliable test and could not be replaced 
for the diagnosis of brucellosis (Mangalgi et al. 2012, 
Chachra et al. 2009).

Serum tube agglutination test (SAT): 
Historically, the SAT has been recognized as the 
principal serological test used for the diagnosis of 
brucellosis. IgM isotypes of antibody is the most active 
agglutinin at neutral pH (Rice and Boyes 1971, Corbel 
1972, Nielsen et al. 1984). Therefore, SAT is susceptible 
to false positive reaction by cross-reacting antibodies 
(Nielsen 2002). However, because the SAT may yield 
both false negative or false positive results (Corbel et al. 
1984), it is not useful for testing individual animal. The 
efficacy of test is useful only when it is used at herd 
level. Nicoletti (1967) also recognized that not every 
Brucella infected bovine show a diagnostically 
significant titre.

The presumptive diagnosis provided by the 
serological tests is usually accepted as indication of 
brucellosis; although it can only detect IgM and IgG2 
and fails to detect IgG1 (Rice and Boyes 1971). 
However, chronic carriers produce mainly IgG1 that 
block the agglutinating activities of IgG2 which may 
result in lower detection rates. Hafez et al. (2011) 
reported lower number of positive samples detected by 
SAT in comparison to RBT and ELISA.

Complement fixation test (CFT): The 
complement fixation test (CFT) is widely used for the 
diagnosis of brucellosis in cattle, sheep and goat. It 
detects mainly IgG1 antibodies. The test is somewhat 
complex and in mass testings a screening test such as 
the RBPT is often used to reduce the number of samples 
that need to be tested by CFT (Staak et al. 2001). CFT is 
not good for testing sera from animals vaccinated for 
brucellosis as it cannot differentiate vaccinated from 
infected ones (Diaz-Aparicio et al. 1996). Another 
major problem with CFT is its limited utility in buffalo 
serum samples. Nicoletti (1992) in his study concluded 
that CFT is of limited usefulness in the diagnosis of 
brucellosis in buffaloes due to false positive reactions. 
Guarino et al. (2001) also found CFT to be less effective 
test for the diagnosis of brucellosis in buffaloes as they 
showed many animals yielding negative results in CFT 
which otherwise were positive in ELISA. Kassymov 
and Zhumagalikyzy (2011) reported ELISA to be more 
effective than CFT for the diagnostic of brucellosis in 
cattle.

Enzyme linked immunosorbent assays (ELISA): 
ELISA offers excellent sensitivity and specificity whilst 
being robust, fairly simple to perform with a minimum 
of equipment and readily available from a number of 
commercial sources in kit form. Owing to these 
properties ELISA is extensively used in the diagnosis of 
brucellosis in every species of animals. The smooth 
lipopolysaccharide (sLPS) is commonly used as the 
antigen for ELISA (OIE 2004). Other antigen, such as a 
highly immunogenic periplasmic protein from B. 
abortus (Rossetti et al. 1996) was also used for 
brucellosis diagnosis in different host species but results 
were not so encouraging. Letesson et al. (1997) used 8 
proteins (OMP36, OMP25, OMP19, OMP16, OMP10, 
p17, p15 and p39) as antigen for serological diagnosis 
of brucellosis by ELISA. The antibody response against 
these proteins often delayed when compared to the 
antibody response to smooth LPS and limited to the 
animals that develop active brucellosis infection. The 
sensitivity and specificity of ELISA was found higher 
by using LPS as diagnostic antigen instead of OPS 
(Nielsen et al. 1996). Several antigens were tried but no 
alternative antigens that could match the sensitivity 
achieved with LPS have been found so far (Letesson et 
al. 1997). 

Monoclonal or polyclonal antiglobulin-enzyme 
conjugates may be used depending on availability and 
performance requirements. A MAb specific for the 
heavy chain of bovine IgG1 may provide some 
improvement in specificity at the possible cost of some 
loss of sensitivity (OIE 2004). Use of protein-G as 
conjugate also reduces this problem and increases the 
specificity of ELISA (Ficapal et al. 1995, Marin et al. 
1998, Kumar and Chand 2011). Renukaradhya et al. 
(2001) described the use of avidin-biotin ELISA for the 
diagnosis of brucellosis in cattle and buffalo. Milk-
ELISA was also tried and found effective diagnostic 
tool by many workers (Chand et al. 2004, Patel et al. 
2008).

Native hapten (NH) gel precipitation tests: In 
the case of recent vaccination with S19 vaccine, only 
the gel diffusion (GD) or radial immunodiffusion (RID) 
tests with native hapten antigen (Daz et al. 1979), FPA 
(Nielsen et al. 1996a) and the competitive ELISA 
(Nielsen et al. 1996b) appear to be useful for diagnosis, 
allowing differentiation of infection by Brucella abortus 
from S19 vaccination. However, only the gel diffusion 
test with Native Hapten (Daz et al. 1979) was able to 
discriminate at a given time after vaccination (Marin et 
al. 1999).

Fluorescence polarization assay (FPA): FPA is 
a homogenous immunoassay. Homogenous 
immunoassays are single step assays that require no 
repetitive washing steps to remove unbound reactants as 
with classical primary binding assays (Jenkins 1992). 
Many workers used FPA in different parts of the world 
in various laboratories and Nielsen et al. (1996a) are the 
pioneer in developing and using this assay for the 
diagnosis of brucellosis in animals. This test was used 
for diagnosing brucellosis in cattle (Nielsen et al. 
1996a), porcine (Nielsen et al. 1999), bison (Gall et al. 
2000), cervidae (Gall et al. 2001), humans (Lucerno et 
al. 2003), goats (Burriel et al. 2004), sheep (Minas et al. 
2005), cetaceans (Neimanis et al. 2008) and buffaloes 
(Kumar and Chand 2009). Lin and Nielsen (1997) 
labeled OPS extracted from B. abortus with fluorescein 
for investigating binding of O-chain to a specific murine 
monoclonal antibody YsT9. Nielsen et al. (1996) 
reported FPA to be a simple, low cost, easy and less 
time consuming assay and demonstrated that the 
sensitivity and specificity of FPA was comparable to 
complement fixation test (CFT), competitive ELISA and 
indirect ELISA. 

Miscellaneous tests: Srivastava and Chaudhary 
(2011) reported that Coombs test that detects incomplete 
antibodies and immunocapture-agglutination tests show 
good performances with higher sensitivity and 
specificity in the diagnosis of brucellosis.

Kassymov and Zhumagalikyzy (2011) reported 
a new variant of complement fixation test that is 
conglutination - conglutinating complex fixation test 
(CCFT), based on interaction of a complex antigen - 
antibody with conglutination blood serum (complement, 
conglutinin) and found it to be an effective method of 
diagnostics of brucellosis and other infectious diseases. 

Smits et al. (2003) reported Brucella IgM and 
IgG lateral flow and Abdoeland Smits (2007) reported 
latex agglutination assays and found them to be rapid 
and simple along with high sensitivity and specificity in 
culture confirmed cases. These tests are ideal for use as 
field tests in remote areas and as point of care tests in 
hospitals and health care centre.

Vaccination 

Currently there are 2 vaccines available that 
are effective enough and inexpensive. These are 
B.melitensis strain Rev.1 for small ruminants given at 
full dose (1 109 CFU) by the conjunctival route and B. 
abortus strain 19 for cattle given individually at full 
dose (10 1010 CFU) subcutaneously or at reduced dose 
(5 109 CFU) conjunctivally. Both vaccines can be 
hazardous to humans and also may induce abortion 
when vaccinating pregnant animals. At this stage there 
is inadequate information on the use of these vaccines in 
camels, yaks and buffaloes. When mass vaccination has 
to be applied, it should be carried out in 2 ways: 

Mass vaccinate all animals 
every two years, including males (in the case of 
sheep and goats). This is the simplest method and 
only requires the ability to locate 100% of 
flocks/herds and to vaccinate all animals, at the 
ideal window of opportunity to avoid vaccine 
induced abortions, i.e. when animals are lactating 
or at the end of the parturition season and fewest 
are pregnant. This procedure assumes that at the 
actual replacement rates, every 2 years about 
3040% of the population will be susceptible. 

Mass vaccination and individual 
identification of all animals in the first year and 
then identification and vaccination of the 
replacement animals only in subsequent years. 
The main advantage of which is minimizing 
vaccine induced abortions, is obviously more 
complex, involving identification of young 
replacement animals each year. Assuming that 
1025% of the total population needs to be 
replaced each year, this programme will take 410 
years before the whole population is fully 
vaccinated. Unfortunately, this option has often 
failed in developing countries with nomadic 
husbandry systems, as owners keep replacements 
year round and several visits may be needed to 
ensure 100% vaccination coverage. Once the 
prevalence of brucellosis is reduced to minimal 
levels by either of the above mass vaccination 
procedures and provided that the veterinary 
infrastructure and economic resources are 
available, eradication can be achieved through a 
programme based on the vaccination of young 
replacement animals combined with testing and 
slaughtering of infected adults. This programme 
will require individual animal identification and 
effective control of animal movements.

One practical eradication approach would 
involve no testing of mass vaccinated adult animals for 
2 years following the first mass vaccination, to avoid 
culling healthy but seropositive animals. The only 
interventions during these 2 first years would be 
vaccinating 100% of young replacements, ensuring 
individual identification of the whole population and 
establishing effective animal movement controls. The 
use of the NH based gel precipitation tests, followed by 
immediate culling of infected animals could be 
recommended as the most reasonable strategy to avoid 
the excessive culling of healthy but seropositive 
animals. Once the percentage of positives in these NH 
based tests is zero for at least two consecutive years, the 
testing schedule could be modified using OIE official 
tests - such as RBPT, iELISA and CFT - to reach and 
maintain brucellosis free status. Vaccination should 
cease only when the prevalence is zero for at least one 
entire generation, in order to avoid relapses. Premature 
cessation of vaccination has been a frequent error in 
many countries. As a general rule, vaccination should 
never be abandoned until the prevalence is zero, the 
situation is maintained for 812 years and the risk of 
transmission from infected epidemiologically related 
units is negligible (FAO 2009). 
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A type of fever characterized by fairly regular 
remissions or intermissions has been recognized along 
the Mediterranean littoral since the time of Hippocrates 
in 450 B.C. In 1861 J. A. Martson an assistant surgeon 
of the British Medical Department working in the 
Mediterranean, first described the symptoms of 
brucellosis in himself as gastric remittent fever 
(Martson 1861). Professor L. F. Benhard Bang, a Danish 
veterinary pathologist and bacteriologist (1897), with 
Stribolt isolated the small bacillus now known as 
Brucella abortus. The first case of human brucellosis 
was recognized in 1897 in a US army officer (Brown 
1977). Captain David Bruce (1887) a Scottish 
physician, reported small coccal organisms in the 
stained sections of spleen of a fatally infected soldier, 
and isolated and identified organism in culture from 
spleen tissue of four other British soldiers stationed at 
Malta (Bruce 1887). The organism derived its species 
name from Melita (honey), the roman name for the Isle 
of Malta. 

Brucellosis is endemically present in India, 
since its first report from Indian Veterinary Research 
Institute (IVRI), Mukteswar (Anonymous 1918). 
Polding (1942) isolated Brucella from cattle, buffalo, 
goat, horse and man. With B. abortus biotypes (1, 2, 3, 6 
and 9) in cattle and buffalo (Sen and Sharma 1975, 
Chand et al. 1988) and B. melitensis biotypes (1, 2, and 
3) in sheep and goats (Polding 1942, Sen and Sharma 
1975) and human beings (Hemashttar and Patil 1991, 
Sen and Sharma 1975, Agasthya et al. 2007), brucellosis 
have made its unshakable foot holding in India. 
Brucellosis has also been reported in pigs (Bhaskar et 
al. 1998) and canines (Pillai et al. 1991, Srinivasan et 
al. 1992).

Genus Brucella

Taxonomically, Brucella are classified as a-
Proteobacteria and subdivided into 6 species (Moreno 
2001). These 6 species under the genus Brucella 
comprise: Brucella melitensis, B. abortus, B. suis, B. 
ovis, B. canis and B. neotomae (Corbel and Morgan 
1984). Two new Brucella species, called B. pinnipedia 
and B. cetaceae, have been isolated from marine hosts 
(Ewalt et al. 1994, Ross et al. 1996). There exists 
multiple biotypes of Brucella that vary in terms of 
biochemical reactions, host specificity and 
pathogenicity (Young 1995). The subcommittee on 
taxonomy of Brucella had proposed that this genus 
could contain a single species, B. melitensis (Grimont 
1992, Moreno and Moriyon 2001). This proposal was 
based on DNA-DNA hybridization studies conducted on 
51 strains representing all known species and biovars 
(Verger et al. 1985). 

Brucellae are small, non-motile, non-
sporulating, non-toxigenic, non-fermenting, facultative, 
intracellular, gram-negative coccobacilli. Flagella, 
endospores and capsules are absent although capsule 
like structures have been reported in preparations treated 
with antiserum. They are partially acid-fast, as are not 
decolorized by 0.5% acetic acid in the modified Ziehl-
Neelsen (MZN) staining (Alton et al. 1988), 0.50.7 m in 
diameter and 0.61.5 m in length (Corbel and Morgan 
1984). 

Genome

Brucella genome has been sequenced and 
consists of 2 chromosomes (DelVecchio et al. 2002). 
Both chromosomes contain essential genes encoding for 
essential metabolic and replicative functions. Naturally 
occurring plasmids have not been found in Brucella. 
However, Brucella can maintain some plasmids 
introduced via electroporation or conjugative transfer 
(Rigby and Fraser 1989). Observations at the DNA level 
are becoming more helpful in further refining the 
classification of Brucella organisms beyond 
conventional methods. 

The complete genome of Brucella melitensis 
(DelVecchio et al. 2002), Brucella abortus (Sanchez et 
al. 2001) and Brucella suis (Paulsen et al. 2002) have 
been sequenced. The genome of Brucella abortus 
biotype 1 and 4 and Brucella suis biotype 1 are found 
quite similar to Brucella melitensis (Halling et al. 2005).

The genome of Brucella abortus biovar 1 is 3.3 
Mb and is composed of 2 circular chromosomes of 
2,124,242 bp (Chr I) and 1,162,780 bp (Chr II) (Halling 
et al. 2005). 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 G+C content of the 2 
chromosomes is nearly identical, consistent with the 
assertion that the assimilation and stabilization of a 
plasmid was an ancient event in brucellae (Halling et al. 
2005). Chromosome I of B. abortus biovar 1 consists of 
2200 genes, 2030 protein coding RNA, 47 structural 
RNA, 123 pseudo genes, 18 others and chromosome II 
is made up of 1156 genes, 1055 protein coding RNA, 17 
structural RNA, 84 pseudo genes, 7 others (Stothard et 
al. 2005). 

Brucellosis

Brucellosis is a contagious disease of animals 
and characterized by abortion in females and to a lesser 
extent orchitis and infection of accessory sex glands in 
males and infertility in both the sexes. It has zoonotic 
importance in terms of its transmissibility to human 
beings.

Clinical features and postmortem lesions

Various clinical signs have been described in 
infected animals, the main manifestation in B. abortus 
infection being reproduction failure in the form of 
abortion and birth of weak offspring which remains as 
carrier in herd. Cases of abortion in infected herd are 
less in chronic infection but infected animal continue to 
act as carrier posing threat to the herd (European 
Commission 2001).

Brucella infected animals generally develop 
granulomatous inflammatory responses, which are often 
located within lymphoid tissues and organs with a 
prominent reticuloendothelial component. The 
localization and persistence of brucellae within these 
tissues and organs follow in the wake of widespread 
distribution of the bacteria during a generalized stage of 
infection. Localization of brucellae within the female 
and male reproductive tracts accounts for the principal 
clinical symptoms of infection, viz. abortion and male 
infertility (Enright 1990). 

Invasion of gravid bovine uterus is marked by 
characteristic necrotic placentitis. Inflammation of 
placenta may be acute and wide spread, and lead to 
early death of fetus followed by abortion, or sub-acute 
or chronic leading to a late abortion or birth of a live, 
infected, perhaps weak calf associated often with 
retention of placenta. The cotyledons are congested or 
swollen and covered with yellowish or sticky brownish 
exudates which extend deep into the crypts. The inter-
cotyledonary areas are thickened, opaque, often look 
almost leathery and there is loss of normal blood red 
color appearance. Enlargement of spleen and liver is 
noticed in aborted fetus with increase in amount of fluid 
in body cavity. Films made from the exudates stained 
with a modified Ziehl-Neelsen method using acetic acid 
show large number of Brucella in clumps or distributed 
many inside epithelial cells which are often literally 
packed with organisms. The fetus varies from typical 
hairless (47 months) fetus up to one that is fully 
developed and shows no characteristic lesions. In case 
of lungs, pneumonia is there which is usually of a 
broncho-pneumonia type. Cobbler stone lesions on 
lungs are indicative of brucellosis (Stableforth and 
Galloway 1959).

In male animals, orchitis and epididymitis are 
the manifestations of chronic infection (Chand et al. 
2002). The acute inflammatory phase in the seminal 
vesicles is followed by a chronic stage with 
considerable fibrinoid induration. During orchitis the 
testicles gradually enlarge. Areas of dry necrosis 
develop and become encapsulated by fibrinous tissue 
which eventually contracts, often leaving the testicles 
smaller than normal. In other cases, it may soften with 
the production of a soft fluctuating lesion containing 
thin pus like pea soup. 

Epidemiology and zoonosis

Brucellosis is the most common zoonosis in 
the world, accounting for the annual occurrence of more 
than 500,000 cases (Pappas et al. 2006). Although 
brucellosis and its means of transmission were 
discovered over 100 years ago, still the disease remains 
a worldwide problem, predominantly so in developing 
countries. However, countries like North America, 
Northern and Central Europe, Canada, Japan, Australia, 
New Zealand, Southeast Asia and Oceania 
(FAO/OIE/WHO 1997) are reported to be free from the 
disease. The disease is endemic in Mediterranean region 
i.e. Middle East, Latin America and parts of Asia 
(Corbel 1997). Reported incidence of human brucellosis 
in endemic areas varies widely from <0.01 to >200 per 
100 000 population (Lpez-Merino 1989). In India 80% 
of the population live in approximately 575,000 villages 
and thousands of small towns (Mantur and Amarnath 
2008), have close contact with domestic or wild animal 
population owing to their occupation. Hence, human 
population stands at a greater risk of acquiring zoonotic 
diseases including brucellosis. The disease has an added 
importance in countries like India, where conditions are 
conducive for wide-spread human infection on account 
of unhygienic conditions and poverty. Species of main 
concern in India are B. melitensis and B. abortus. B. 
melitensis is the most virulent and common strain for 
man and it causes severe and prolonged disease with a 
risk of disability. B. abortus is the dominant species in 
cattle. Bovine brucellosis is widespread in India and 
appears to be on the increase in recent times, perhaps 
due to increased trade and rapid movement of livestock 
(Renukaradhya et al. 2002). Free grazing and movement 
with frequent mixing of flocks of sheep and goats also 
contribute to the wide distribution of brucellosis in these 
animals. Chahota et al. (2003) have reported severe 
outbreak of brucellosis in an organized dairy farm in 
Himachal Pradesh leading to abortions, retained 
placenta and still birth in cows. Serological evidences 
are suggestive of high endemicity of brucellosis in India 
with national average of as high as 5% in cattle, 3% in 
buffalo, 7.9% in sheep and 2.2% in goats 
(Renukaradhya 2002). In 2008, in Punjab the prevalence 
of disease in buffalo and cattle was 16.41% and 20.67%, 
respectively, and the overall apparent prevalence of 
brucellosis was 18.26% (Aulakh et al. 2008). Trangadia 
et al. (2010) recorded 22.18% (132/595) and 13.78% 
(82/595) sero-prevalance of bovine brucellosis in 4 
organized dairy farms located in western, southern, 
central and northern regions of India by ELISA and 
RBPT, respectively. Perusal of the literature indicated 
prevalence of brucellosis in western region (Gujarat 
state) ranging from 8.98 to 44.00% (Chauhan et al. 
2000), 17% in southern region (Isloor et al. 1998), 6.3% 
in central region (Madhya Pradesh state) (Mehra et al. 
2000) and 12.9% in northern region (Punjab state) 
(Dhand et al. 2005). Sero-prevalence of brucellosis was 
reported to be 6.5% in Jordan (Al-Majali et al. 2009), 
8.4% in Cameroon (Bayemi et al. 2009) and 32.9 to 
39.4% in Turkey (Sahin et al. 2008). The association of 
spread of brucellosis with unhygienic processing of 
milk, milk products and meat until it reaches to the final 
consumer makes it a zoonotically important disease. 
Colonization of organism in udder with its frequent 
excretion in milk for prolonged period has led to 
epidemics of brucellosis in human beings. 

In cattle and other members of family 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 but 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. However, artificial 
insemination can transmit the disease and semen must 
only be collected from animals known to be free of 
infection. The presence of brucellosis in wild animals, 
with a potential for continuous transfer to domestic 
animals and from them to humans is another 
epidemiological issue (Cutler et al. 2005). Further, 
transmission of Brucella infection and its prevalence in 
a region depends upon factors like food habits, methods 
of processing milk and milk products, social customs, 
husbandry practices, climatic conditions, socioeconomic 
status and environment hygiene. Environmental 
sanitation is particularly important in the context of air-
borne transmission. Brucellosis is almost invariably 
transmitted to man from infected domestic animals. 
However, Tikare et al. (2008) documented beyond 
doubt, the possibility of human to human transmission 
of Brucella infection. The disease has been recognized 
as one of the common laboratory- transmitted infections 
and was reported to occur in clinical, research and 
production laboratories (Bouza et al. 2005). Those with 
a professional risk of acquiring infection include 
livestock producers, abattoir workers, shepherds, 
farmers, veterinarians and laboratory personnel. 

Pathogenesis

After phagocytosis, brucellae probably reach 
the lymphnodes as parasites and then enter the blood 
and produce bacteraemia followed by the acute febrile 
phase of the disease. From the blood, the organisms are 
distributed throughout the reticuloendothelial system 
and become present in large numbers in the liver and 
spleen and localize in many other sites such as the 
joints, heart, kidneys and genital tract (Baldwin and 
Winter 1994). In human beings after a variable 
incubation period (14 weeks) non-specific, systemic 
symptoms like fever, malaise, arthralgia, headache and 
night sweat follow (Greenfield 2002). 

The mouse is often used as an animal model to 
investigate the pathogenesis of animal and human 
brucellosis (Ko and Splitter 2003). Bacterial ABC 
transporter systems are associated with nutrient uptake 
and the export of toxins and antibiotics and they may 
play an important role in gene expression (Ko and 
Splitter 2000). In Brucella spp., ABC transporter 
proteins have a potential pathogenic role during host 
infection (Rosinha et al. 2002). Hemagglutinins are 
responsible for adhesion and may define the specificity 
of bacterial adhesins during host infection it does not 
have an important role in the pathogenesis of Brucella 
melitensis (Perry et al. 2010).

The pathogenicity in human brucellosis is 
attributed to factors like LPS, adenine and guanine 
monophosphate, virB, 24 kDa protein and urease 
enzyme. Brucella is an unusual organism in several 
ways i.e. the classical virulence factors in a bacterium 
like exotoxins/endotoxins, pili, plasmids, flagella etc. 
are lacking in this organism. Survival strategy of 
Brucella in its host is attributed to its ability to inhibit 
fusion of lyzosome with phagosome thus degranulation 
and activation of the myelo-peroxidase-halide system, it 
also inhibits the production of tumor necrosis factor 
(Caron et al. 1994) and programmed cell death of the 
host cell (Detilleux et al. 1990a), thus escapes the host 
defense mechanisms, to survive and replicate within the 
host cells. Virulent Brucella organisms are capable of 
invading and residing in professional phagocytes 
(Baldwin and Winter 1994) such as macrophages, as 
well as non-phagocytic cells (Detilleux et al. 1990a, 
Detilleux et al. 1990b). In both phagocytic and non-
phagocytic cells, Brucella has the ability to replicate 
within membrane-bound compartments (Pizarro-Cerda 
et al. 1998). Inhibition of TNF-a by bacteria disrupts 
bactericidal effect of natural killer cells and 
macrophages (Gorvel et al. 2002). 

There are 2 types of smooth lipopolysaccharide 
(sLPS) surface antigens, designated A and M. A antigen 
predominates in B. abortus and B. suis, while M is the 
major antigen in B. melitensis. Numerous outer and 
inner membrane, cytoplasmic and periplasmic proteins 
have also been characterized. The sLPS from B. abortus 
is 100 times less potent than that of E. coli (Goldstein et 
al. 1992) and Salmonella (Freer et al. 1996) in inducing 
TNFa from macrophages as well as oxidative 
metabolism and lysozyme release by neutrophils. This 
feature of sLPS is supposed to contribute to the survival 
of B. abortus within phagocytic cells. In addition, 
Brucella sLPS is not susceptible to the actions of 
polycationic molecules, suggesting that smooth Brucella 
can resist the cationic bactericidal peptides of the 
phagocytes (Jensen et al. 1995). The sLPS also conferes 
anti-phagocytic properties to Brucella and does not 
activate the alternate pathway of the complement 
cascade (Hoffmann and Houle 1983). 

Immune response

Both humoral and cellular immune responses 
are involved in Brucella infection, though magnitude 
varies with virulence of organism and immune status of 
animal (FAO/WHO Expert Committee on Brucellosis 
1986). Serological response to the infection can be seen 
as early as 24 weeks. Persistent rise of antibody titre is 
noted if pregnant uterus is affected. Serological 
response starts with the production of IgM within 1 
week or 2, gradually IgG predominates which persists in 
chronic infections. This serological response may be 
transient or missing in young sexually immature 
animals (European Commission 2001). Antibodies 
directed toward specific antigens like the O-antigen, 
may enhance protection against brucellosis in some 
animal species. While protective immunity directed 
against Brucella depends on the induction of an 
effective and specific cell-mediated immune (CMI) 
response (Oliveira et al. 1994). Cell mediated immune 
response (CMIR) involves interaction of organism with 
macrophage and T-lymphocyte which decides fate of 
invading bacteria. Lymphocyte stimulation, macrophage 
inhibition, delayed type of hypersensitivity (DTH) and 
gamma interferon (g-IFN) production are used as 
correlates of CMIR. This cellular immune response 
could also be expected as early as few weeks. 

Diagnosis

The laboratory diagnosis of brucellosis is done 
to identify the animals which are infected, shedding the 
organism and spreading the disease. Attention is usually 
first drawn to the disease by an abortion and is 
confirmed by various direct and indirect methods of 
diagnosis. 

Culture: Highly specific and most conclusive 
diagnosis in any infectious disease is by isolation of the 
causative agent and so is in brucellosis. Culture and 
isolation is still unequivocally considered the gold 
standard in diagnosis of brucellosis (Alton et al. 1988). 

Milk, vaginal swabs, placentas or aborted 
fetuses are preferred for microscopy and culture in case 
of live animals, while primarily lymph nodes (especially 
head and mammary), spleen, udder, uterus, epididymes 
and testes are recommended from necropsied animals. 
Blood is also used for culture and provides definite 
proof of brucellosis but may not provide a positive 
result in all cases. Lysis centrifugation and blood clot 
culture techniques yielded encouraging results (Mantur 
and Mangalgi 2004, Mantur et al. 2007) in terms of 
sensitivity and rapidity. The modern automated blood 
culture systems have somewhat improved the speed of 
detection. Although, bone marrow cultures are 
considered gold standard in some studies (Mantur et al. 
2008). In such cases, bacteremia might also be 
maintained from other sources of the reticulo-
endothelial system (Mantur et al. 2008). Perhaps, this 
could be the reason for the discrepancy in the results of 
blood and bone marrow cultures reported in the 
literature. Selective media are recommended for 
bacteriological isolation and better results are obtained 
when 2 different media are included Farrell and 
modified Thayer-Martin. Differentiation of Brucella at 
species, biovar and strain level by bacteriological and/or 
by molecular techniques is usually carried out in 
reference laboratories.

PCR: PCR is a very sensitive technique. For 
the first time Feket et al. (1990) used PCR for the 
diagnosis of brucellosis. In 1992, he reported detection 
limit of their assay was 5 Brucella cells/100 mg of 
tissue. It has been demonstrated that the assay is specific 
and sensitive for brucellosis (Bricker et al. 1998). To 
diagnose and detect the presence of brucellosis, various 
genes of Brucella genome were explored and for this 
several PCR assays using primers from genes such as 
IS711 (Bricker and Halling 1994), IS6501 (Ouahrani et 
al. 1996), 16S rRNA sequence (etinkaya et al. 1999), 
16S23S rRNA spacer region (Rijpens et al. 1996), 31 
kDa outer membrane protein (Serpe et al. 1999), 43 kDa 
outer membrane protein (Fekete et al.1990), Omp-2 
outer membrane protein (Leal-Klevezas et al. 1995), 
omp-25 (Probert et al. 2004) and the heat shock protein 
(DnaJ, DnaK, HtrA and GroEL) (DaCosta et al. 1996) 
etc., were developed. 

PCR was applied to detect Brucella DNA in 
varieties of clinical samples including tissues (mainly 
aborted fetuses and associated maternal tissues), blood, 
milk and semen (Cortez et al. 2001, Hafez et al. 2011, 
Al-Garadia et al. 2011). PCR based tests are also more 
sensitive than traditional culture method (Amin et al. 
2001, Buyukcangaz et al. 2011). 

Real-time PCR was used for detection of 
Brucella, offering improvement in detection time and 
specificity through incorporation of hybridization 
probes (Probert et al. 2004, Doosti and Dehkordi 2011). 
The real-time PCR is also useful for quantifying the 
load of microorganisms in samples.

Few multiplex PCR assays have also been 
developed with an aim to detect presence of other 
bacteria along with Brucella within single reaction 
(Moshkelani et al. 2011). Multiplex PCR is a derived 
procedure where multiple DNA sequences can be 
detected in a single PCR reaction. Hamali and Joozani 
(2011) used multiplex PCR for detection of Brucella 
spp. and vaccine strains in bovine aborted fetuses. 

Brucellin skin test: The brucellin skin test, a 
cell-mediated immunity (CMI) based assay, is an 
alternative diagnostic test, which can be used for 
screening unvaccinated animals, provided that a purified 
(S-LPS free) and standardized antigen preparation is 
used (Blasco et al. 1994a, Blasco et al. 1994b). S-LPS 
(Blasco et al. 1994a, Blasco et al. 1994b) does not take 
part in DTH reactions (Jones et al. 1973) and may 
provoke antibody-mediated inflammatory reactions or 
induce antibodies that interfere with subsequent 
serological screening. Purified allergens would not offer 
practical advantages over complex protein mixtures 
(Blasco et al. 1994a, Blasco et al. 1994b). The brucellin 
skin test has a high sensitivity and in the absence of 
vaccination is considered one of the most specific 
diagnostic tests (Ebadi and Zowghi 1983, FAO/WHO 
1986, Alton et al. 1988, Blasco et al. 1994a, Blasco et 
al. 1994b, Garin-Bastuji et al. 1998). This test is of 
particular value for the interpretation of FPSR due to 
infection with cross-reacting bacteria (FPSR animals are 
negative in the skin test), especially in brucellosis-free 
areas. Despite its high sensitivity not all infected 
animals show positive skin test responses. Therefore, 
this test cannot be recommended either as the sole 
diagnostic test or fit for the purposes of international 
trade. The site and route of allergen inoculation are not 
important factors affecting its sensitivity (Fensterbank 
1985, Blasco et al. 1994a, Blasco et al. 1994b). Anergy 
induced by repeated skin testing, well known in bovine 
tuberculosis (Radunz and Lepper 1985), is not absolute 
in brucellosis (Blasco et al. 1994a, Blasco et al. 1994b).

Serological diagnosis

The diagnosis of brucellosis employing direct 
method is not always possible for a large number of 
animals, hence indirect diagnostic assays are frequently 
used (Blasco 1992). In absence of a positive culture of 
B. abortus a presumptive diagnosis is usually based on 
the presence of antibodies in serum, milk, whey, vaginal 
mucus or seminal plasma. On average, the agglutinins 
and complement fixation antibodies become positive 4 
weeks following experimental infection during fourth to 
sixth month of gestation and not until about 10 weeks if 
experimental infection occurs 2 month before or after 
insemination (Radostitis et al. 2000).

No single serological test is appropriate in each 
and all epidemiological situations, all have limitations 
especially when it comes to screening individual 
animals (Godfroid et al. 2002, Nielsen 2002). 
Complement fixation test (CFT), fluorescence 
polarization assay (FPA) and ELISA are considered 
more appropriate for international trade than serum tube 
agglutination test (SAT). For the control of brucellosis 
at the national or local level, the buffered Brucella 
antigen tests (BBATs), i.e. the Rose Bengal test (RBT) 
and the buffered plate agglutination test (BPAT), as well 
as the ELISA and the FPA, are suitable screening tests 
(OIE 2004). Positive reactions may be retested using a 
suitable confirmatory strategy, if needed.

Rose Bengal plate agglutination test (RBPT): 
The RBPT is a simple, rapid and spot test and can be 
performed in field. The RBPT antigen was developed by 
U.S. Department of Agriculture and it was B. abortus 
antigen stained with Rose Bengal dye and buffered at 
pH 3.65 (Alton et al. 1988). The low pH prevents some 
agglutination by IgM and encourages agglutination by 
IgG1 thereby reducing non-specific interactions (Corbel 
1972, Corbel 1973, Allan et al. 1976). This test is 
internationally acknowledged as the choice for the 
screening of brucellosis. However, due to cross 
reactivity between these antigen with other bacterial 
species including Yersinia enterocolitica O:9 and E. coli 
serotype O:57 (Kittelberger et al. 1995) RBPT may 
suffer higher rates of false positive results than other 
serological tests. Still many workers reported RBPT to 
be a routine and reliable test and could not be replaced 
for the diagnosis of brucellosis (Mangalgi et al. 2012, 
Chachra et al. 2009).

Serum tube agglutination test (SAT): 
Historically, the SAT has been recognized as the 
principal serological test used for the diagnosis of 
brucellosis. IgM isotypes of antibody is the most active 
agglutinin at neutral pH (Rice and Boyes 1971, Corbel 
1972, Nielsen et al. 1984). Therefore, SAT is susceptible 
to false positive reaction by cross-reacting antibodies 
(Nielsen 2002). However, because the SAT may yield 
both false negative or false positive results (Corbel et al. 
1984), it is not useful for testing individual animal. The 
efficacy of test is useful only when it is used at herd 
level. Nicoletti (1967) also recognized that not every 
Brucella infected bovine show a diagnostically 
significant titre.

The presumptive diagnosis provided by the 
serological tests is usually accepted as indication of 
brucellosis; although it can only detect IgM and IgG2 
and fails to detect IgG1 (Rice and Boyes 1971). 
However, chronic carriers produce mainly IgG1 that 
block the agglutinating activities of IgG2 which may 
result in lower detection rates. Hafez et al. (2011) 
reported lower number of positive samples detected by 
SAT in comparison to RBT and ELISA.

Complement fixation test (CFT): The 
complement fixation test (CFT) is widely used for the 
diagnosis of brucellosis in cattle, sheep and goat. It 
detects mainly IgG1 antibodies. The test is somewhat 
complex and in mass testings a screening test such as 
the RBPT is often used to reduce the number of samples 
that need to be tested by CFT (Staak et al. 2001). CFT is 
not good for testing sera from animals vaccinated for 
brucellosis as it cannot differentiate vaccinated from 
infected ones (Diaz-Aparicio et al. 1996). Another 
major problem with CFT is its limited utility in buffalo 
serum samples. Nicoletti (1992) in his study concluded 
that CFT is of limited usefulness in the diagnosis of 
brucellosis in buffaloes due to false positive reactions. 
Guarino et al. (2001) also found CFT to be less effective 
test for the diagnosis of brucellosis in buffaloes as they 
showed many animals yielding negative results in CFT 
which otherwise were positive in ELISA. Kassymov 
and Zhumagalikyzy (2011) reported ELISA to be more 
effective than CFT for the diagnostic of brucellosis in 
cattle.

Enzyme linked immunosorbent assays (ELISA): 
ELISA offers excellent sensitivity and specificity whilst 
being robust, fairly simple to perform with a minimum 
of equipment and readily available from a number of 
commercial sources in kit form. Owing to these 
properties ELISA is extensively used in the diagnosis of 
brucellosis in every species of animals. The smooth 
lipopolysaccharide (sLPS) is commonly used as the 
antigen for ELISA (OIE 2004). Other antigen, such as a 
highly immunogenic periplasmic protein from B. 
abortus (Rossetti et al. 1996) was also used for 
brucellosis diagnosis in different host species but results 
were not so encouraging. Letesson et al. (1997) used 8 
proteins (OMP36, OMP25, OMP19, OMP16, OMP10, 
p17, p15 and p39) as antigen for serological diagnosis 
of brucellosis by ELISA. The antibody response against 
these proteins often delayed when compared to the 
antibody response to smooth LPS and limited to the 
animals that develop active brucellosis infection. The 
sensitivity and specificity of ELISA was found higher 
by using LPS as diagnostic antigen instead of OPS 
(Nielsen et al. 1996). Several antigens were tried but no 
alternative antigens that could match the sensitivity 
achieved with LPS have been found so far (Letesson et 
al. 1997). 

Monoclonal or polyclonal antiglobulin-enzyme 
conjugates may be used depending on availability and 
performance requirements. A MAb specific for the 
heavy chain of bovine IgG1 may provide some 
improvement in specificity at the possible cost of some 
loss of sensitivity (OIE 2004). Use of protein-G as 
conjugate also reduces this problem and increases the 
specificity of ELISA (Ficapal et al. 1995, Marin et al. 
1998, Kumar and Chand 2011). Renukaradhya et al. 
(2001) described the use of avidin-biotin ELISA for the 
diagnosis of brucellosis in cattle and buffalo. Milk-
ELISA was also tried and found effective diagnostic 
tool by many workers (Chand et al. 2004, Patel et al. 
2008).

Native hapten (NH) gel precipitation tests: In 
the case of recent vaccination with S19 vaccine, only 
the gel diffusion (GD) or radial immunodiffusion (RID) 
tests with native hapten antigen (Daz et al. 1979), FPA 
(Nielsen et al. 1996a) and the competitive ELISA 
(Nielsen et al. 1996b) appear to be useful for diagnosis, 
allowing differentiation of infection by Brucella abortus 
from S19 vaccination. However, only the gel diffusion 
test with Native Hapten (Daz et al. 1979) was able to 
discriminate at a given time after vaccination (Marin et 
al. 1999).

Fluorescence polarization assay (FPA): FPA is 
a homogenous immunoassay. Homogenous 
immunoassays are single step assays that require no 
repetitive washing steps to remove unbound reactants as 
with classical primary binding assays (Jenkins 1992). 
Many workers used FPA in different parts of the world 
in various laboratories and Nielsen et al. (1996a) are the 
pioneer in developing and using this assay for the 
diagnosis of brucellosis in animals. This test was used 
for diagnosing brucellosis in cattle (Nielsen et al. 
1996a), porcine (Nielsen et al. 1999), bison (Gall et al. 
2000), cervidae (Gall et al. 2001), humans (Lucerno et 
al. 2003), goats (Burriel et al. 2004), sheep (Minas et al. 
2005), cetaceans (Neimanis et al. 2008) and buffaloes 
(Kumar and Chand 2009). Lin and Nielsen (1997) 
labeled OPS extracted from B. abortus with fluorescein 
for investigating binding of O-chain to a specific murine 
monoclonal antibody YsT9. Nielsen et al. (1996) 
reported FPA to be a simple, low cost, easy and less 
time consuming assay and demonstrated that the 
sensitivity and specificity of FPA was comparable to 
complement fixation test (CFT), competitive ELISA and 
indirect ELISA. 

Miscellaneous tests: Srivastava and Chaudhary 
(2011) reported that Coombs test that detects incomplete 
antibodies and immunocapture-agglutination tests show 
good performances with higher sensitivity and 
specificity in the diagnosis of brucellosis.

Kassymov and Zhumagalikyzy (2011) reported 
a new variant of complement fixation test that is 
conglutination - conglutinating complex fixation test 
(CCFT), based on interaction of a complex antigen - 
antibody with conglutination blood serum (complement, 
conglutinin) and found it to be an effective method of 
diagnostics of brucellosis and other infectious diseases. 

Smits et al. (2003) reported Brucella IgM and 
IgG lateral flow and Abdoeland Smits (2007) reported 
latex agglutination assays and found them to be rapid 
and simple along with high sensitivity and specificity in 
culture confirmed cases. These tests are ideal for use as 
field tests in remote areas and as point of care tests in 
hospitals and health care centre.

Vaccination 

Currently there are 2 vaccines available that 
are effective enough and inexpensive. These are 
B.melitensis strain Rev.1 for small ruminants given at 
full dose (1 109 CFU) by the conjunctival route and B. 
abortus strain 19 for cattle given individually at full 
dose (10 1010 CFU) subcutaneously or at reduced dose 
(5 109 CFU) conjunctivally. Both vaccines can be 
hazardous to humans and also may induce abortion 
when vaccinating pregnant animals. At this stage there 
is inadequate information on the use of these vaccines in 
camels, yaks and buffaloes. When mass vaccination has 
to be applied, it should be carried out in 2 ways: 

Mass vaccinate all animals 
every two years, including males (in the case of 
sheep and goats). This is the simplest method and 
only requires the ability to locate 100% of 
flocks/herds and to vaccinate all animals, at the 
ideal window of opportunity to avoid vaccine 
induced abortions, i.e. when animals are lactating 
or at the end of the parturition season and fewest 
are pregnant. This procedure assumes that at the 
actual replacement rates, every 2 years about 
3040% of the population will be susceptible. 

Mass vaccination and individual 
identification of all animals in the first year and 
then identification and vaccination of the 
replacement animals only in subsequent years. 
The main advantage of which is minimizing 
vaccine induced abortions, is obviously more 
complex, involving identification of young 
replacement animals each year. Assuming that 
1025% of the total population needs to be 
replaced each year, this programme will take 410 
years before the whole population is fully 
vaccinated. Unfortunately, this option has often 
failed in developing countries with nomadic 
husbandry systems, as owners keep replacements 
year round and several visits may be needed to 
ensure 100% vaccination coverage. Once the 
prevalence of brucellosis is reduced to minimal 
levels by either of the above mass vaccination 
procedures and provided that the veterinary 
infrastructure and economic resources are 
available, eradication can be achieved through a 
programme based on the vaccination of young 
replacement animals combined with testing and 
slaughtering of infected adults. This programme 
will require individual animal identification and 
effective control of animal movements.

One practical eradication approach would 
involve no testing of mass vaccinated adult animals for 
2 years following the first mass vaccination, to avoid 
culling healthy but seropositive animals. The only 
interventions during these 2 first years would be 
vaccinating 100% of young replacements, ensuring 
individual identification of the whole population and 
establishing effective animal movement controls. The 
use of the NH based gel precipitation tests, followed by 
immediate culling of infected animals could be 
recommended as the most reasonable strategy to avoid 
the excessive culling of healthy but seropositive 
animals. Once the percentage of positives in these NH 
based tests is zero for at least two consecutive years, the 
testing schedule could be modified using OIE official 
tests - such as RBPT, iELISA and CFT - to reach and 
maintain brucellosis free status. Vaccination should 
cease only when the prevalence is zero for at least one 
entire generation, in order to avoid relapses. Premature 
cessation of vaccination has been a frequent error in 
many countries. As a general rule, vaccination should 
never be abandoned until the prevalence is zero, the 
situation is maintained for 812 years and the risk of 
transmission from infected epidemiologically related 
units is negligible (FAO 2009). 
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A type of fever characterized by fairly regular 
remissions or intermissions has been recognized along 
the Mediterranean littoral since the time of Hippocrates 
in 450 B.C. In 1861 J. A. Martson an assistant surgeon 
of the British Medical Department working in the 
Mediterranean, first described the symptoms of 
brucellosis in himself as gastric remittent fever 
(Martson 1861). Professor L. F. Benhard Bang, a Danish 
veterinary pathologist and bacteriologist (1897), with 
Stribolt isolated the small bacillus now known as 
Brucella abortus. The first case of human brucellosis 
was recognized in 1897 in a US army officer (Brown 
1977). Captain David Bruce (1887) a Scottish 
physician, reported small coccal organisms in the 
stained sections of spleen of a fatally infected soldier, 
and isolated and identified organism in culture from 
spleen tissue of four other British soldiers stationed at 
Malta (Bruce 1887). The organism derived its species 
name from Melita (honey), the roman name for the Isle 
of Malta. 

Brucellosis is endemically present in India, 
since its first report from Indian Veterinary Research 
Institute (IVRI), Mukteswar (Anonymous 1918). 
Polding (1942) isolated Brucella from cattle, buffalo, 
goat, horse and man. With B. abortus biotypes (1, 2, 3, 6 
and 9) in cattle and buffalo (Sen and Sharma 1975, 
Chand et al. 1988) and B. melitensis biotypes (1, 2, and 
3) in sheep and goats (Polding 1942, Sen and Sharma 
1975) and human beings (Hemashttar and Patil 1991, 
Sen and Sharma 1975, Agasthya et al. 2007), brucellosis 
have made its unshakable foot holding in India. 
Brucellosis has also been reported in pigs (Bhaskar et 
al. 1998) and canines (Pillai et al. 1991, Srinivasan et 
al. 1992).

Genus Brucella

Taxonomically, Brucella are classified as a-
Proteobacteria and subdivided into 6 species (Moreno 
2001). These 6 species under the genus Brucella 
comprise: Brucella melitensis, B. abortus, B. suis, B. 
ovis, B. canis and B. neotomae (Corbel and Morgan 
1984). Two new Brucella species, called B. pinnipedia 
and B. cetaceae, have been isolated from marine hosts 
(Ewalt et al. 1994, Ross et al. 1996). There exists 
multiple biotypes of Brucella that vary in terms of 
biochemical reactions, host specificity and 
pathogenicity (Young 1995). The subcommittee on 
taxonomy of Brucella had proposed that this genus 
could contain a single species, B. melitensis (Grimont 
1992, Moreno and Moriyon 2001). This proposal was 
based on DNA-DNA hybridization studies conducted on 
51 strains representing all known species and biovars 
(Verger et al. 1985). 

Brucellae are small, non-motile, non-
sporulating, non-toxigenic, non-fermenting, facultative, 
intracellular, gram-negative coccobacilli. Flagella, 
endospores and capsules are absent although capsule 
like structures have been reported in preparations treated 
with antiserum. They are partially acid-fast, as are not 
decolorized by 0.5% acetic acid in the modified Ziehl-
Neelsen (MZN) staining (Alton et al. 1988), 0.50.7 m in 
diameter and 0.61.5 m in length (Corbel and Morgan 
1984). 

Genome

Brucella genome has been sequenced and 
consists of 2 chromosomes (DelVecchio et al. 2002). 
Both chromosomes contain essential genes encoding for 
essential metabolic and replicative functions. Naturally 
occurring plasmids have not been found in Brucella. 
However, Brucella can maintain some plasmids 
introduced via electroporation or conjugative transfer 
(Rigby and Fraser 1989). Observations at the DNA level 
are becoming more helpful in further refining the 
classification of Brucella organisms beyond 
conventional methods. 

The complete genome of Brucella melitensis 
(DelVecchio et al. 2002), Brucella abortus (Sanchez et 
al. 2001) and Brucella suis (Paulsen et al. 2002) have 
been sequenced. The genome of Brucella abortus 
biotype 1 and 4 and Brucella suis biotype 1 are found 
quite similar to Brucella melitensis (Halling et al. 2005).

The genome of Brucella abortus biovar 1 is 3.3 
Mb and is composed of 2 circular chromosomes of 
2,124,242 bp (Chr I) and 1,162,780 bp (Chr II) (Halling 
et al. 2005). 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 G+C content of the 2 
chromosomes is nearly identical, consistent with the 
assertion that the assimilation and stabilization of a 
plasmid was an ancient event in brucellae (Halling et al. 
2005). Chromosome I of B. abortus biovar 1 consists of 
2200 genes, 2030 protein coding RNA, 47 structural 
RNA, 123 pseudo genes, 18 others and chromosome II 
is made up of 1156 genes, 1055 protein coding RNA, 17 
structural RNA, 84 pseudo genes, 7 others (Stothard et 
al. 2005). 

Brucellosis

Brucellosis is a contagious disease of animals 
and characterized by abortion in females and to a lesser 
extent orchitis and infection of accessory sex glands in 
males and infertility in both the sexes. It has zoonotic 
importance in terms of its transmissibility to human 
beings.

Clinical features and postmortem lesions

Various clinical signs have been described in 
infected animals, the main manifestation in B. abortus 
infection being reproduction failure in the form of 
abortion and birth of weak offspring which remains as 
carrier in herd. Cases of abortion in infected herd are 
less in chronic infection but infected animal continue to 
act as carrier posing threat to the herd (European 
Commission 2001).

Brucella infected animals generally develop 
granulomatous inflammatory responses, which are often 
located within lymphoid tissues and organs with a 
prominent reticuloendothelial component. The 
localization and persistence of brucellae within these 
tissues and organs follow in the wake of widespread 
distribution of the bacteria during a generalized stage of 
infection. Localization of brucellae within the female 
and male reproductive tracts accounts for the principal 
clinical symptoms of infection, viz. abortion and male 
infertility (Enright 1990). 

Invasion of gravid bovine uterus is marked by 
characteristic necrotic placentitis. Inflammation of 
placenta may be acute and wide spread, and lead to 
early death of fetus followed by abortion, or sub-acute 
or chronic leading to a late abortion or birth of a live, 
infected, perhaps weak calf associated often with 
retention of placenta. The cotyledons are congested or 
swollen and covered with yellowish or sticky brownish 
exudates which extend deep into the crypts. The inter-
cotyledonary areas are thickened, opaque, often look 
almost leathery and there is loss of normal blood red 
color appearance. Enlargement of spleen and liver is 
noticed in aborted fetus with increase in amount of fluid 
in body cavity. Films made from the exudates stained 
with a modified Ziehl-Neelsen method using acetic acid 
show large number of Brucella in clumps or distributed 
many inside epithelial cells which are often literally 
packed with organisms. The fetus varies from typical 
hairless (47 months) fetus up to one that is fully 
developed and shows no characteristic lesions. In case 
of lungs, pneumonia is there which is usually of a 
broncho-pneumonia type. Cobbler stone lesions on 
lungs are indicative of brucellosis (Stableforth and 
Galloway 1959).

In male animals, orchitis and epididymitis are 
the manifestations of chronic infection (Chand et al. 
2002). The acute inflammatory phase in the seminal 
vesicles is followed by a chronic stage with 
considerable fibrinoid induration. During orchitis the 
testicles gradually enlarge. Areas of dry necrosis 
develop and become encapsulated by fibrinous tissue 
which eventually contracts, often leaving the testicles 
smaller than normal. In other cases, it may soften with 
the production of a soft fluctuating lesion containing 
thin pus like pea soup. 

Epidemiology and zoonosis

Brucellosis is the most common zoonosis in 
the world, accounting for the annual occurrence of more 
than 500,000 cases (Pappas et al. 2006). Although 
brucellosis and its means of transmission were 
discovered over 100 years ago, still the disease remains 
a worldwide problem, predominantly so in developing 
countries. However, countries like North America, 
Northern and Central Europe, Canada, Japan, Australia, 
New Zealand, Southeast Asia and Oceania 
(FAO/OIE/WHO 1997) are reported to be free from the 
disease. The disease is endemic in Mediterranean region 
i.e. Middle East, Latin America and parts of Asia 
(Corbel 1997). Reported incidence of human brucellosis 
in endemic areas varies widely from <0.01 to >200 per 
100 000 population (Lpez-Merino 1989). In India 80% 
of the population live in approximately 575,000 villages 
and thousands of small towns (Mantur and Amarnath 
2008), have close contact with domestic or wild animal 
population owing to their occupation. Hence, human 
population stands at a greater risk of acquiring zoonotic 
diseases including brucellosis. The disease has an added 
importance in countries like India, where conditions are 
conducive for wide-spread human infection on account 
of unhygienic conditions and poverty. Species of main 
concern in India are B. melitensis and B. abortus. B. 
melitensis is the most virulent and common strain for 
man and it causes severe and prolonged disease with a 
risk of disability. B. abortus is the dominant species in 
cattle. Bovine brucellosis is widespread in India and 
appears to be on the increase in recent times, perhaps 
due to increased trade and rapid movement of livestock 
(Renukaradhya et al. 2002). Free grazing and movement 
with frequent mixing of flocks of sheep and goats also 
contribute to the wide distribution of brucellosis in these 
animals. Chahota et al. (2003) have reported severe 
outbreak of brucellosis in an organized dairy farm in 
Himachal Pradesh leading to abortions, retained 
placenta and still birth in cows. Serological evidences 
are suggestive of high endemicity of brucellosis in India 
with national average of as high as 5% in cattle, 3% in 
buffalo, 7.9% in sheep and 2.2% in goats 
(Renukaradhya 2002). In 2008, in Punjab the prevalence 
of disease in buffalo and cattle was 16.41% and 20.67%, 
respectively, and the overall apparent prevalence of 
brucellosis was 18.26% (Aulakh et al. 2008). Trangadia 
et al. (2010) recorded 22.18% (132/595) and 13.78% 
(82/595) sero-prevalance of bovine brucellosis in 4 
organized dairy farms located in western, southern, 
central and northern regions of India by ELISA and 
RBPT, respectively. Perusal of the literature indicated 
prevalence of brucellosis in western region (Gujarat 
state) ranging from 8.98 to 44.00% (Chauhan et al. 
2000), 17% in southern region (Isloor et al. 1998), 6.3% 
in central region (Madhya Pradesh state) (Mehra et al. 
2000) and 12.9% in northern region (Punjab state) 
(Dhand et al. 2005). Sero-prevalence of brucellosis was 
reported to be 6.5% in Jordan (Al-Majali et al. 2009), 
8.4% in Cameroon (Bayemi et al. 2009) and 32.9 to 
39.4% in Turkey (Sahin et al. 2008). The association of 
spread of brucellosis with unhygienic processing of 
milk, milk products and meat until it reaches to the final 
consumer makes it a zoonotically important disease. 
Colonization of organism in udder with its frequent 
excretion in milk for prolonged period has led to 
epidemics of brucellosis in human beings. 

In cattle and other members of family 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 but 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. However, artificial 
insemination can transmit the disease and semen must 
only be collected from animals known to be free of 
infection. The presence of brucellosis in wild animals, 
with a potential for continuous transfer to domestic 
animals and from them to humans is another 
epidemiological issue (Cutler et al. 2005). Further, 
transmission of Brucella infection and its prevalence in 
a region depends upon factors like food habits, methods 
of processing milk and milk products, social customs, 
husbandry practices, climatic conditions, socioeconomic 
status and environment hygiene. Environmental 
sanitation is particularly important in the context of air-
borne transmission. Brucellosis is almost invariably 
transmitted to man from infected domestic animals. 
However, Tikare et al. (2008) documented beyond 
doubt, the possibility of human to human transmission 
of Brucella infection. The disease has been recognized 
as one of the common laboratory- transmitted infections 
and was reported to occur in clinical, research and 
production laboratories (Bouza et al. 2005). Those with 
a professional risk of acquiring infection include 
livestock producers, abattoir workers, shepherds, 
farmers, veterinarians and laboratory personnel. 

Pathogenesis

After phagocytosis, brucellae probably reach 
the lymphnodes as parasites and then enter the blood 
and produce bacteraemia followed by the acute febrile 
phase of the disease. From the blood, the organisms are 
distributed throughout the reticuloendothelial system 
and become present in large numbers in the liver and 
spleen and localize in many other sites such as the 
joints, heart, kidneys and genital tract (Baldwin and 
Winter 1994). In human beings after a variable 
incubation period (14 weeks) non-specific, systemic 
symptoms like fever, malaise, arthralgia, headache and 
night sweat follow (Greenfield 2002). 

The mouse is often used as an animal model to 
investigate the pathogenesis of animal and human 
brucellosis (Ko and Splitter 2003). Bacterial ABC 
transporter systems are associated with nutrient uptake 
and the export of toxins and antibiotics and they may 
play an important role in gene expression (Ko and 
Splitter 2000). In Brucella spp., ABC transporter 
proteins have a potential pathogenic role during host 
infection (Rosinha et al. 2002). Hemagglutinins are 
responsible for adhesion and may define the specificity 
of bacterial adhesins during host infection it does not 
have an important role in the pathogenesis of Brucella 
melitensis (Perry et al. 2010).

The pathogenicity in human brucellosis is 
attributed to factors like LPS, adenine and guanine 
monophosphate, virB, 24 kDa protein and urease 
enzyme. Brucella is an unusual organism in several 
ways i.e. the classical virulence factors in a bacterium 
like exotoxins/endotoxins, pili, plasmids, flagella etc. 
are lacking in this organism. Survival strategy of 
Brucella in its host is attributed to its ability to inhibit 
fusion of lyzosome with phagosome thus degranulation 
and activation of the myelo-peroxidase-halide system, it 
also inhibits the production of tumor necrosis factor 
(Caron et al. 1994) and programmed cell death of the 
host cell (Detilleux et al. 1990a), thus escapes the host 
defense mechanisms, to survive and replicate within the 
host cells. Virulent Brucella organisms are capable of 
invading and residing in professional phagocytes 
(Baldwin and Winter 1994) such as macrophages, as 
well as non-phagocytic cells (Detilleux et al. 1990a, 
Detilleux et al. 1990b). In both phagocytic and non-
phagocytic cells, Brucella has the ability to replicate 
within membrane-bound compartments (Pizarro-Cerda 
et al. 1998). Inhibition of TNF-a by bacteria disrupts 
bactericidal effect of natural killer cells and 
macrophages (Gorvel et al. 2002). 

There are 2 types of smooth lipopolysaccharide 
(sLPS) surface antigens, designated A and M. A antigen 
predominates in B. abortus and B. suis, while M is the 
major antigen in B. melitensis. Numerous outer and 
inner membrane, cytoplasmic and periplasmic proteins 
have also been characterized. The sLPS from B. abortus 
is 100 times less potent than that of E. coli (Goldstein et 
al. 1992) and Salmonella (Freer et al. 1996) in inducing 
TNFa from macrophages as well as oxidative 
metabolism and lysozyme release by neutrophils. This 
feature of sLPS is supposed to contribute to the survival 
of B. abortus within phagocytic cells. In addition, 
Brucella sLPS is not susceptible to the actions of 
polycationic molecules, suggesting that smooth Brucella 
can resist the cationic bactericidal peptides of the 
phagocytes (Jensen et al. 1995). The sLPS also conferes 
anti-phagocytic properties to Brucella and does not 
activate the alternate pathway of the complement 
cascade (Hoffmann and Houle 1983). 

Immune response

Both humoral and cellular immune responses 
are involved in Brucella infection, though magnitude 
varies with virulence of organism and immune status of 
animal (FAO/WHO Expert Committee on Brucellosis 
1986). Serological response to the infection can be seen 
as early as 24 weeks. Persistent rise of antibody titre is 
noted if pregnant uterus is affected. Serological 
response starts with the production of IgM within 1 
week or 2, gradually IgG predominates which persists in 
chronic infections. This serological response may be 
transient or missing in young sexually immature 
animals (European Commission 2001). Antibodies 
directed toward specific antigens like the O-antigen, 
may enhance protection against brucellosis in some 
animal species. While protective immunity directed 
against Brucella depends on the induction of an 
effective and specific cell-mediated immune (CMI) 
response (Oliveira et al. 1994). Cell mediated immune 
response (CMIR) involves interaction of organism with 
macrophage and T-lymphocyte which decides fate of 
invading bacteria. Lymphocyte stimulation, macrophage 
inhibition, delayed type of hypersensitivity (DTH) and 
gamma interferon (g-IFN) production are used as 
correlates of CMIR. This cellular immune response 
could also be expected as early as few weeks. 

Diagnosis

The laboratory diagnosis of brucellosis is done 
to identify the animals which are infected, shedding the 
organism and spreading the disease. Attention is usually 
first drawn to the disease by an abortion and is 
confirmed by various direct and indirect methods of 
diagnosis. 

Culture: Highly specific and most conclusive 
diagnosis in any infectious disease is by isolation of the 
causative agent and so is in brucellosis. Culture and 
isolation is still unequivocally considered the gold 
standard in diagnosis of brucellosis (Alton et al. 1988). 

Milk, vaginal swabs, placentas or aborted 
fetuses are preferred for microscopy and culture in case 
of live animals, while primarily lymph nodes (especially 
head and mammary), spleen, udder, uterus, epididymes 
and testes are recommended from necropsied animals. 
Blood is also used for culture and provides definite 
proof of brucellosis but may not provide a positive 
result in all cases. Lysis centrifugation and blood clot 
culture techniques yielded encouraging results (Mantur 
and Mangalgi 2004, Mantur et al. 2007) in terms of 
sensitivity and rapidity. The modern automated blood 
culture systems have somewhat improved the speed of 
detection. Although, bone marrow cultures are 
considered gold standard in some studies (Mantur et al. 
2008). In such cases, bacteremia might also be 
maintained from other sources of the reticulo-
endothelial system (Mantur et al. 2008). Perhaps, this 
could be the reason for the discrepancy in the results of 
blood and bone marrow cultures reported in the 
literature. Selective media are recommended for 
bacteriological isolation and better results are obtained 
when 2 different media are included Farrell and 
modified Thayer-Martin. Differentiation of Brucella at 
species, biovar and strain level by bacteriological and/or 
by molecular techniques is usually carried out in 
reference laboratories.

PCR: PCR is a very sensitive technique. For 
the first time Feket et al. (1990) used PCR for the 
diagnosis of brucellosis. In 1992, he reported detection 
limit of their assay was 5 Brucella cells/100 mg of 
tissue. It has been demonstrated that the assay is specific 
and sensitive for brucellosis (Bricker et al. 1998). To 
diagnose and detect the presence of brucellosis, various 
genes of Brucella genome were explored and for this 
several PCR assays using primers from genes such as 
IS711 (Bricker and Halling 1994), IS6501 (Ouahrani et 
al. 1996), 16S rRNA sequence (etinkaya et al. 1999), 
16S23S rRNA spacer region (Rijpens et al. 1996), 31 
kDa outer membrane protein (Serpe et al. 1999), 43 kDa 
outer membrane protein (Fekete et al.1990), Omp-2 
outer membrane protein (Leal-Klevezas et al. 1995), 
omp-25 (Probert et al. 2004) and the heat shock protein 
(DnaJ, DnaK, HtrA and GroEL) (DaCosta et al. 1996) 
etc., were developed. 

PCR was applied to detect Brucella DNA in 
varieties of clinical samples including tissues (mainly 
aborted fetuses and associated maternal tissues), blood, 
milk and semen (Cortez et al. 2001, Hafez et al. 2011, 
Al-Garadia et al. 2011). PCR based tests are also more 
sensitive than traditional culture method (Amin et al. 
2001, Buyukcangaz et al. 2011). 

Real-time PCR was used for detection of 
Brucella, offering improvement in detection time and 
specificity through incorporation of hybridization 
probes (Probert et al. 2004, Doosti and Dehkordi 2011). 
The real-time PCR is also useful for quantifying the 
load of microorganisms in samples.

Few multiplex PCR assays have also been 
developed with an aim to detect presence of other 
bacteria along with Brucella within single reaction 
(Moshkelani et al. 2011). Multiplex PCR is a derived 
procedure where multiple DNA sequences can be 
detected in a single PCR reaction. Hamali and Joozani 
(2011) used multiplex PCR for detection of Brucella 
spp. and vaccine strains in bovine aborted fetuses. 

Brucellin skin test: The brucellin skin test, a 
cell-mediated immunity (CMI) based assay, is an 
alternative diagnostic test, which can be used for 
screening unvaccinated animals, provided that a purified 
(S-LPS free) and standardized antigen preparation is 
used (Blasco et al. 1994a, Blasco et al. 1994b). S-LPS 
(Blasco et al. 1994a, Blasco et al. 1994b) does not take 
part in DTH reactions (Jones et al. 1973) and may 
provoke antibody-mediated inflammatory reactions or 
induce antibodies that interfere with subsequent 
serological screening. Purified allergens would not offer 
practical advantages over complex protein mixtures 
(Blasco et al. 1994a, Blasco et al. 1994b). The brucellin 
skin test has a high sensitivity and in the absence of 
vaccination is considered one of the most specific 
diagnostic tests (Ebadi and Zowghi 1983, FAO/WHO 
1986, Alton et al. 1988, Blasco et al. 1994a, Blasco et 
al. 1994b, Garin-Bastuji et al. 1998). This test is of 
particular value for the interpretation of FPSR due to 
infection with cross-reacting bacteria (FPSR animals are 
negative in the skin test), especially in brucellosis-free 
areas. Despite its high sensitivity not all infected 
animals show positive skin test responses. Therefore, 
this test cannot be recommended either as the sole 
diagnostic test or fit for the purposes of international 
trade. The site and route of allergen inoculation are not 
important factors affecting its sensitivity (Fensterbank 
1985, Blasco et al. 1994a, Blasco et al. 1994b). Anergy 
induced by repeated skin testing, well known in bovine 
tuberculosis (Radunz and Lepper 1985), is not absolute 
in brucellosis (Blasco et al. 1994a, Blasco et al. 1994b).

Serological diagnosis

The diagnosis of brucellosis employing direct 
method is not always possible for a large number of 
animals, hence indirect diagnostic assays are frequently 
used (Blasco 1992). In absence of a positive culture of 
B. abortus a presumptive diagnosis is usually based on 
the presence of antibodies in serum, milk, whey, vaginal 
mucus or seminal plasma. On average, the agglutinins 
and complement fixation antibodies become positive 4 
weeks following experimental infection during fourth to 
sixth month of gestation and not until about 10 weeks if 
experimental infection occurs 2 month before or after 
insemination (Radostitis et al. 2000).

No single serological test is appropriate in each 
and all epidemiological situations, all have limitations 
especially when it comes to screening individual 
animals (Godfroid et al. 2002, Nielsen 2002). 
Complement fixation test (CFT), fluorescence 
polarization assay (FPA) and ELISA are considered 
more appropriate for international trade than serum tube 
agglutination test (SAT). For the control of brucellosis 
at the national or local level, the buffered Brucella 
antigen tests (BBATs), i.e. the Rose Bengal test (RBT) 
and the buffered plate agglutination test (BPAT), as well 
as the ELISA and the FPA, are suitable screening tests 
(OIE 2004). Positive reactions may be retested using a 
suitable confirmatory strategy, if needed.

Rose Bengal plate agglutination test (RBPT): 
The RBPT is a simple, rapid and spot test and can be 
performed in field. The RBPT antigen was developed by 
U.S. Department of Agriculture and it was B. abortus 
antigen stained with Rose Bengal dye and buffered at 
pH 3.65 (Alton et al. 1988). The low pH prevents some 
agglutination by IgM and encourages agglutination by 
IgG1 thereby reducing non-specific interactions (Corbel 
1972, Corbel 1973, Allan et al. 1976). This test is 
internationally acknowledged as the choice for the 
screening of brucellosis. However, due to cross 
reactivity between these antigen with other bacterial 
species including Yersinia enterocolitica O:9 and E. coli 
serotype O:57 (Kittelberger et al. 1995) RBPT may 
suffer higher rates of false positive results than other 
serological tests. Still many workers reported RBPT to 
be a routine and reliable test and could not be replaced 
for the diagnosis of brucellosis (Mangalgi et al. 2012, 
Chachra et al. 2009).

Serum tube agglutination test (SAT): 
Historically, the SAT has been recognized as the 
principal serological test used for the diagnosis of 
brucellosis. IgM isotypes of antibody is the most active 
agglutinin at neutral pH (Rice and Boyes 1971, Corbel 
1972, Nielsen et al. 1984). Therefore, SAT is susceptible 
to false positive reaction by cross-reacting antibodies 
(Nielsen 2002). However, because the SAT may yield 
both false negative or false positive results (Corbel et al. 
1984), it is not useful for testing individual animal. The 
efficacy of test is useful only when it is used at herd 
level. Nicoletti (1967) also recognized that not every 
Brucella infected bovine show a diagnostically 
significant titre.

The presumptive diagnosis provided by the 
serological tests is usually accepted as indication of 
brucellosis; although it can only detect IgM and IgG2 
and fails to detect IgG1 (Rice and Boyes 1971). 
However, chronic carriers produce mainly IgG1 that 
block the agglutinating activities of IgG2 which may 
result in lower detection rates. Hafez et al. (2011) 
reported lower number of positive samples detected by 
SAT in comparison to RBT and ELISA.

Complement fixation test (CFT): The 
complement fixation test (CFT) is widely used for the 
diagnosis of brucellosis in cattle, sheep and goat. It 
detects mainly IgG1 antibodies. The test is somewhat 
complex and in mass testings a screening test such as 
the RBPT is often used to reduce the number of samples 
that need to be tested by CFT (Staak et al. 2001). CFT is 
not good for testing sera from animals vaccinated for 
brucellosis as it cannot differentiate vaccinated from 
infected ones (Diaz-Aparicio et al. 1996). Another 
major problem with CFT is its limited utility in buffalo 
serum samples. Nicoletti (1992) in his study concluded 
that CFT is of limited usefulness in the diagnosis of 
brucellosis in buffaloes due to false positive reactions. 
Guarino et al. (2001) also found CFT to be less effective 
test for the diagnosis of brucellosis in buffaloes as they 
showed many animals yielding negative results in CFT 
which otherwise were positive in ELISA. Kassymov 
and Zhumagalikyzy (2011) reported ELISA to be more 
effective than CFT for the diagnostic of brucellosis in 
cattle.

Enzyme linked immunosorbent assays (ELISA): 
ELISA offers excellent sensitivity and specificity whilst 
being robust, fairly simple to perform with a minimum 
of equipment and readily available from a number of 
commercial sources in kit form. Owing to these 
properties ELISA is extensively used in the diagnosis of 
brucellosis in every species of animals. The smooth 
lipopolysaccharide (sLPS) is commonly used as the 
antigen for ELISA (OIE 2004). Other antigen, such as a 
highly immunogenic periplasmic protein from B. 
abortus (Rossetti et al. 1996) was also used for 
brucellosis diagnosis in different host species but results 
were not so encouraging. Letesson et al. (1997) used 8 
proteins (OMP36, OMP25, OMP19, OMP16, OMP10, 
p17, p15 and p39) as antigen for serological diagnosis 
of brucellosis by ELISA. The antibody response against 
these proteins often delayed when compared to the 
antibody response to smooth LPS and limited to the 
animals that develop active brucellosis infection. The 
sensitivity and specificity of ELISA was found higher 
by using LPS as diagnostic antigen instead of OPS 
(Nielsen et al. 1996). Several antigens were tried but no 
alternative antigens that could match the sensitivity 
achieved with LPS have been found so far (Letesson et 
al. 1997). 

Monoclonal or polyclonal antiglobulin-enzyme 
conjugates may be used depending on availability and 
performance requirements. A MAb specific for the 
heavy chain of bovine IgG1 may provide some 
improvement in specificity at the possible cost of some 
loss of sensitivity (OIE 2004). Use of protein-G as 
conjugate also reduces this problem and increases the 
specificity of ELISA (Ficapal et al. 1995, Marin et al. 
1998, Kumar and Chand 2011). Renukaradhya et al. 
(2001) described the use of avidin-biotin ELISA for the 
diagnosis of brucellosis in cattle and buffalo. Milk-
ELISA was also tried and found effective diagnostic 
tool by many workers (Chand et al. 2004, Patel et al. 
2008).

Native hapten (NH) gel precipitation tests: In 
the case of recent vaccination with S19 vaccine, only 
the gel diffusion (GD) or radial immunodiffusion (RID) 
tests with native hapten antigen (Daz et al. 1979), FPA 
(Nielsen et al. 1996a) and the competitive ELISA 
(Nielsen et al. 1996b) appear to be useful for diagnosis, 
allowing differentiation of infection by Brucella abortus 
from S19 vaccination. However, only the gel diffusion 
test with Native Hapten (Daz et al. 1979) was able to 
discriminate at a given time after vaccination (Marin et 
al. 1999).

Fluorescence polarization assay (FPA): FPA is 
a homogenous immunoassay. Homogenous 
immunoassays are single step assays that require no 
repetitive washing steps to remove unbound reactants as 
with classical primary binding assays (Jenkins 1992). 
Many workers used FPA in different parts of the world 
in various laboratories and Nielsen et al. (1996a) are the 
pioneer in developing and using this assay for the 
diagnosis of brucellosis in animals. This test was used 
for diagnosing brucellosis in cattle (Nielsen et al. 
1996a), porcine (Nielsen et al. 1999), bison (Gall et al. 
2000), cervidae (Gall et al. 2001), humans (Lucerno et 
al. 2003), goats (Burriel et al. 2004), sheep (Minas et al. 
2005), cetaceans (Neimanis et al. 2008) and buffaloes 
(Kumar and Chand 2009). Lin and Nielsen (1997) 
labeled OPS extracted from B. abortus with fluorescein 
for investigating binding of O-chain to a specific murine 
monoclonal antibody YsT9. Nielsen et al. (1996) 
reported FPA to be a simple, low cost, easy and less 
time consuming assay and demonstrated that the 
sensitivity and specificity of FPA was comparable to 
complement fixation test (CFT), competitive ELISA and 
indirect ELISA. 

Miscellaneous tests: Srivastava and Chaudhary 
(2011) reported that Coombs test that detects incomplete 
antibodies and immunocapture-agglutination tests show 
good performances with higher sensitivity and 
specificity in the diagnosis of brucellosis.

Kassymov and Zhumagalikyzy (2011) reported 
a new variant of complement fixation test that is 
conglutination - conglutinating complex fixation test 
(CCFT), based on interaction of a complex antigen - 
antibody with conglutination blood serum (complement, 
conglutinin) and found it to be an effective method of 
diagnostics of brucellosis and other infectious diseases. 

Smits et al. (2003) reported Brucella IgM and 
IgG lateral flow and Abdoeland Smits (2007) reported 
latex agglutination assays and found them to be rapid 
and simple along with high sensitivity and specificity in 
culture confirmed cases. These tests are ideal for use as 
field tests in remote areas and as point of care tests in 
hospitals and health care centre.

Vaccination 

Currently there are 2 vaccines available that 
are effective enough and inexpensive. These are 
B.melitensis strain Rev.1 for small ruminants given at 
full dose (1 109 CFU) by the conjunctival route and B. 
abortus strain 19 for cattle given individually at full 
dose (10 1010 CFU) subcutaneously or at reduced dose 
(5 109 CFU) conjunctivally. Both vaccines can be 
hazardous to humans and also may induce abortion 
when vaccinating pregnant animals. At this stage there 
is inadequate information on the use of these vaccines in 
camels, yaks and buffaloes. When mass vaccination has 
to be applied, it should be carried out in 2 ways: 

Mass vaccinate all animals 
every two years, including males (in the case of 
sheep and goats). This is the simplest method and 
only requires the ability to locate 100% of 
flocks/herds and to vaccinate all animals, at the 
ideal window of opportunity to avoid vaccine 
induced abortions, i.e. when animals are lactating 
or at the end of the parturition season and fewest 
are pregnant. This procedure assumes that at the 
actual replacement rates, every 2 years about 
3040% of the population will be susceptible. 

Mass vaccination and individual 
identification of all animals in the first year and 
then identification and vaccination of the 
replacement animals only in subsequent years. 
The main advantage of which is minimizing 
vaccine induced abortions, is obviously more 
complex, involving identification of young 
replacement animals each year. Assuming that 
1025% of the total population needs to be 
replaced each year, this programme will take 410 
years before the whole population is fully 
vaccinated. Unfortunately, this option has often 
failed in developing countries with nomadic 
husbandry systems, as owners keep replacements 
year round and several visits may be needed to 
ensure 100% vaccination coverage. Once the 
prevalence of brucellosis is reduced to minimal 
levels by either of the above mass vaccination 
procedures and provided that the veterinary 
infrastructure and economic resources are 
available, eradication can be achieved through a 
programme based on the vaccination of young 
replacement animals combined with testing and 
slaughtering of infected adults. This programme 
will require individual animal identification and 
effective control of animal movements.

One practical eradication approach would 
involve no testing of mass vaccinated adult animals for 
2 years following the first mass vaccination, to avoid 
culling healthy but seropositive animals. The only 
interventions during these 2 first years would be 
vaccinating 100% of young replacements, ensuring 
individual identification of the whole population and 
establishing effective animal movement controls. The 
use of the NH based gel precipitation tests, followed by 
immediate culling of infected animals could be 
recommended as the most reasonable strategy to avoid 
the excessive culling of healthy but seropositive 
animals. Once the percentage of positives in these NH 
based tests is zero for at least two consecutive years, the 
testing schedule could be modified using OIE official 
tests - such as RBPT, iELISA and CFT - to reach and 
maintain brucellosis free status. Vaccination should 
cease only when the prevalence is zero for at least one 
entire generation, in order to avoid relapses. Premature 
cessation of vaccination has been a frequent error in 
many countries. As a general rule, vaccination should 
never be abandoned until the prevalence is zero, the 
situation is maintained for 812 years and the risk of 
transmission from infected epidemiologically related 
units is negligible (FAO 2009). 
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A type of fever characterized by fairly regular 
remissions or intermissions has been recognized along 
the Mediterranean littoral since the time of Hippocrates 
in 450 B.C. In 1861 J. A. Martson an assistant surgeon 
of the British Medical Department working in the 
Mediterranean, first described the symptoms of 
brucellosis in himself as gastric remittent fever 
(Martson 1861). Professor L. F. Benhard Bang, a Danish 
veterinary pathologist and bacteriologist (1897), with 
Stribolt isolated the small bacillus now known as 
Brucella abortus. The first case of human brucellosis 
was recognized in 1897 in a US army officer (Brown 
1977). Captain David Bruce (1887) a Scottish 
physician, reported small coccal organisms in the 
stained sections of spleen of a fatally infected soldier, 
and isolated and identified organism in culture from 
spleen tissue of four other British soldiers stationed at 
Malta (Bruce 1887). The organism derived its species 
name from Melita (honey), the roman name for the Isle 
of Malta. 

Brucellosis is endemically present in India, 
since its first report from Indian Veterinary Research 
Institute (IVRI), Mukteswar (Anonymous 1918). 
Polding (1942) isolated Brucella from cattle, buffalo, 
goat, horse and man. With B. abortus biotypes (1, 2, 3, 6 
and 9) in cattle and buffalo (Sen and Sharma 1975, 
Chand et al. 1988) and B. melitensis biotypes (1, 2, and 
3) in sheep and goats (Polding 1942, Sen and Sharma 
1975) and human beings (Hemashttar and Patil 1991, 
Sen and Sharma 1975, Agasthya et al. 2007), brucellosis 
have made its unshakable foot holding in India. 
Brucellosis has also been reported in pigs (Bhaskar et 
al. 1998) and canines (Pillai et al. 1991, Srinivasan et 
al. 1992).

Genus Brucella

Taxonomically, Brucella are classified as a-
Proteobacteria and subdivided into 6 species (Moreno 
2001). These 6 species under the genus Brucella 
comprise: Brucella melitensis, B. abortus, B. suis, B. 
ovis, B. canis and B. neotomae (Corbel and Morgan 
1984). Two new Brucella species, called B. pinnipedia 
and B. cetaceae, have been isolated from marine hosts 
(Ewalt et al. 1994, Ross et al. 1996). There exists 
multiple biotypes of Brucella that vary in terms of 
biochemical reactions, host specificity and 
pathogenicity (Young 1995). The subcommittee on 
taxonomy of Brucella had proposed that this genus 
could contain a single species, B. melitensis (Grimont 
1992, Moreno and Moriyon 2001). This proposal was 
based on DNA-DNA hybridization studies conducted on 
51 strains representing all known species and biovars 
(Verger et al. 1985). 

Brucellae are small, non-motile, non-
sporulating, non-toxigenic, non-fermenting, facultative, 
intracellular, gram-negative coccobacilli. Flagella, 
endospores and capsules are absent although capsule 
like structures have been reported in preparations treated 
with antiserum. They are partially acid-fast, as are not 
decolorized by 0.5% acetic acid in the modified Ziehl-
Neelsen (MZN) staining (Alton et al. 1988), 0.50.7 m in 
diameter and 0.61.5 m in length (Corbel and Morgan 
1984). 

Genome

Brucella genome has been sequenced and 
consists of 2 chromosomes (DelVecchio et al. 2002). 
Both chromosomes contain essential genes encoding for 
essential metabolic and replicative functions. Naturally 
occurring plasmids have not been found in Brucella. 
However, Brucella can maintain some plasmids 
introduced via electroporation or conjugative transfer 
(Rigby and Fraser 1989). Observations at the DNA level 
are becoming more helpful in further refining the 
classification of Brucella organisms beyond 
conventional methods. 

The complete genome of Brucella melitensis 
(DelVecchio et al. 2002), Brucella abortus (Sanchez et 
al. 2001) and Brucella suis (Paulsen et al. 2002) have 
been sequenced. The genome of Brucella abortus 
biotype 1 and 4 and Brucella suis biotype 1 are found 
quite similar to Brucella melitensis (Halling et al. 2005).

The genome of Brucella abortus biovar 1 is 3.3 
Mb and is composed of 2 circular chromosomes of 
2,124,242 bp (Chr I) and 1,162,780 bp (Chr II) (Halling 
et al. 2005). 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 G+C content of the 2 
chromosomes is nearly identical, consistent with the 
assertion that the assimilation and stabilization of a 
plasmid was an ancient event in brucellae (Halling et al. 
2005). Chromosome I of B. abortus biovar 1 consists of 
2200 genes, 2030 protein coding RNA, 47 structural 
RNA, 123 pseudo genes, 18 others and chromosome II 
is made up of 1156 genes, 1055 protein coding RNA, 17 
structural RNA, 84 pseudo genes, 7 others (Stothard et 
al. 2005). 

Brucellosis

Brucellosis is a contagious disease of animals 
and characterized by abortion in females and to a lesser 
extent orchitis and infection of accessory sex glands in 
males and infertility in both the sexes. It has zoonotic 
importance in terms of its transmissibility to human 
beings.

Clinical features and postmortem lesions

Various clinical signs have been described in 
infected animals, the main manifestation in B. abortus 
infection being reproduction failure in the form of 
abortion and birth of weak offspring which remains as 
carrier in herd. Cases of abortion in infected herd are 
less in chronic infection but infected animal continue to 
act as carrier posing threat to the herd (European 
Commission 2001).

Brucella infected animals generally develop 
granulomatous inflammatory responses, which are often 
located within lymphoid tissues and organs with a 
prominent reticuloendothelial component. The 
localization and persistence of brucellae within these 
tissues and organs follow in the wake of widespread 
distribution of the bacteria during a generalized stage of 
infection. Localization of brucellae within the female 
and male reproductive tracts accounts for the principal 
clinical symptoms of infection, viz. abortion and male 
infertility (Enright 1990). 

Invasion of gravid bovine uterus is marked by 
characteristic necrotic placentitis. Inflammation of 
placenta may be acute and wide spread, and lead to 
early death of fetus followed by abortion, or sub-acute 
or chronic leading to a late abortion or birth of a live, 
infected, perhaps weak calf associated often with 
retention of placenta. The cotyledons are congested or 
swollen and covered with yellowish or sticky brownish 
exudates which extend deep into the crypts. The inter-
cotyledonary areas are thickened, opaque, often look 
almost leathery and there is loss of normal blood red 
color appearance. Enlargement of spleen and liver is 
noticed in aborted fetus with increase in amount of fluid 
in body cavity. Films made from the exudates stained 
with a modified Ziehl-Neelsen method using acetic acid 
show large number of Brucella in clumps or distributed 
many inside epithelial cells which are often literally 
packed with organisms. The fetus varies from typical 
hairless (47 months) fetus up to one that is fully 
developed and shows no characteristic lesions. In case 
of lungs, pneumonia is there which is usually of a 
broncho-pneumonia type. Cobbler stone lesions on 
lungs are indicative of brucellosis (Stableforth and 
Galloway 1959).

In male animals, orchitis and epididymitis are 
the manifestations of chronic infection (Chand et al. 
2002). The acute inflammatory phase in the seminal 
vesicles is followed by a chronic stage with 
considerable fibrinoid induration. During orchitis the 
testicles gradually enlarge. Areas of dry necrosis 
develop and become encapsulated by fibrinous tissue 
which eventually contracts, often leaving the testicles 
smaller than normal. In other cases, it may soften with 
the production of a soft fluctuating lesion containing 
thin pus like pea soup. 

Epidemiology and zoonosis

Brucellosis is the most common zoonosis in 
the world, accounting for the annual occurrence of more 
than 500,000 cases (Pappas et al. 2006). Although 
brucellosis and its means of transmission were 
discovered over 100 years ago, still the disease remains 
a worldwide problem, predominantly so in developing 
countries. However, countries like North America, 
Northern and Central Europe, Canada, Japan, Australia, 
New Zealand, Southeast Asia and Oceania 
(FAO/OIE/WHO 1997) are reported to be free from the 
disease. The disease is endemic in Mediterranean region 
i.e. Middle East, Latin America and parts of Asia 
(Corbel 1997). Reported incidence of human brucellosis 
in endemic areas varies widely from <0.01 to >200 per 
100 000 population (Lpez-Merino 1989). In India 80% 
of the population live in approximately 575,000 villages 
and thousands of small towns (Mantur and Amarnath 
2008), have close contact with domestic or wild animal 
population owing to their occupation. Hence, human 
population stands at a greater risk of acquiring zoonotic 
diseases including brucellosis. The disease has an added 
importance in countries like India, where conditions are 
conducive for wide-spread human infection on account 
of unhygienic conditions and poverty. Species of main 
concern in India are B. melitensis and B. abortus. B. 
melitensis is the most virulent and common strain for 
man and it causes severe and prolonged disease with a 
risk of disability. B. abortus is the dominant species in 
cattle. Bovine brucellosis is widespread in India and 
appears to be on the increase in recent times, perhaps 
due to increased trade and rapid movement of livestock 
(Renukaradhya et al. 2002). Free grazing and movement 
with frequent mixing of flocks of sheep and goats also 
contribute to the wide distribution of brucellosis in these 
animals. Chahota et al. (2003) have reported severe 
outbreak of brucellosis in an organized dairy farm in 
Himachal Pradesh leading to abortions, retained 
placenta and still birth in cows. Serological evidences 
are suggestive of high endemicity of brucellosis in India 
with national average of as high as 5% in cattle, 3% in 
buffalo, 7.9% in sheep and 2.2% in goats 
(Renukaradhya 2002). In 2008, in Punjab the prevalence 
of disease in buffalo and cattle was 16.41% and 20.67%, 
respectively, and the overall apparent prevalence of 
brucellosis was 18.26% (Aulakh et al. 2008). Trangadia 
et al. (2010) recorded 22.18% (132/595) and 13.78% 
(82/595) sero-prevalance of bovine brucellosis in 4 
organized dairy farms located in western, southern, 
central and northern regions of India by ELISA and 
RBPT, respectively. Perusal of the literature indicated 
prevalence of brucellosis in western region (Gujarat 
state) ranging from 8.98 to 44.00% (Chauhan et al. 
2000), 17% in southern region (Isloor et al. 1998), 6.3% 
in central region (Madhya Pradesh state) (Mehra et al. 
2000) and 12.9% in northern region (Punjab state) 
(Dhand et al. 2005). Sero-prevalence of brucellosis was 
reported to be 6.5% in Jordan (Al-Majali et al. 2009), 
8.4% in Cameroon (Bayemi et al. 2009) and 32.9 to 
39.4% in Turkey (Sahin et al. 2008). The association of 
spread of brucellosis with unhygienic processing of 
milk, milk products and meat until it reaches to the final 
consumer makes it a zoonotically important disease. 
Colonization of organism in udder with its frequent 
excretion in milk for prolonged period has led to 
epidemics of brucellosis in human beings. 

In cattle and other members of family 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 but 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. However, artificial 
insemination can transmit the disease and semen must 
only be collected from animals known to be free of 
infection. The presence of brucellosis in wild animals, 
with a potential for continuous transfer to domestic 
animals and from them to humans is another 
epidemiological issue (Cutler et al. 2005). Further, 
transmission of Brucella infection and its prevalence in 
a region depends upon factors like food habits, methods 
of processing milk and milk products, social customs, 
husbandry practices, climatic conditions, socioeconomic 
status and environment hygiene. Environmental 
sanitation is particularly important in the context of air-
borne transmission. Brucellosis is almost invariably 
transmitted to man from infected domestic animals. 
However, Tikare et al. (2008) documented beyond 
doubt, the possibility of human to human transmission 
of Brucella infection. The disease has been recognized 
as one of the common laboratory- transmitted infections 
and was reported to occur in clinical, research and 
production laboratories (Bouza et al. 2005). Those with 
a professional risk of acquiring infection include 
livestock producers, abattoir workers, shepherds, 
farmers, veterinarians and laboratory personnel. 

Pathogenesis

After phagocytosis, brucellae probably reach 
the lymphnodes as parasites and then enter the blood 
and produce bacteraemia followed by the acute febrile 
phase of the disease. From the blood, the organisms are 
distributed throughout the reticuloendothelial system 
and become present in large numbers in the liver and 
spleen and localize in many other sites such as the 
joints, heart, kidneys and genital tract (Baldwin and 
Winter 1994). In human beings after a variable 
incubation period (14 weeks) non-specific, systemic 
symptoms like fever, malaise, arthralgia, headache and 
night sweat follow (Greenfield 2002). 

The mouse is often used as an animal model to 
investigate the pathogenesis of animal and human 
brucellosis (Ko and Splitter 2003). Bacterial ABC 
transporter systems are associated with nutrient uptake 
and the export of toxins and antibiotics and they may 
play an important role in gene expression (Ko and 
Splitter 2000). In Brucella spp., ABC transporter 
proteins have a potential pathogenic role during host 
infection (Rosinha et al. 2002). Hemagglutinins are 
responsible for adhesion and may define the specificity 
of bacterial adhesins during host infection it does not 
have an important role in the pathogenesis of Brucella 
melitensis (Perry et al. 2010).

The pathogenicity in human brucellosis is 
attributed to factors like LPS, adenine and guanine 
monophosphate, virB, 24 kDa protein and urease 
enzyme. Brucella is an unusual organism in several 
ways i.e. the classical virulence factors in a bacterium 
like exotoxins/endotoxins, pili, plasmids, flagella etc. 
are lacking in this organism. Survival strategy of 
Brucella in its host is attributed to its ability to inhibit 
fusion of lyzosome with phagosome thus degranulation 
and activation of the myelo-peroxidase-halide system, it 
also inhibits the production of tumor necrosis factor 
(Caron et al. 1994) and programmed cell death of the 
host cell (Detilleux et al. 1990a), thus escapes the host 
defense mechanisms, to survive and replicate within the 
host cells. Virulent Brucella organisms are capable of 
invading and residing in professional phagocytes 
(Baldwin and Winter 1994) such as macrophages, as 
well as non-phagocytic cells (Detilleux et al. 1990a, 
Detilleux et al. 1990b). In both phagocytic and non-
phagocytic cells, Brucella has the ability to replicate 
within membrane-bound compartments (Pizarro-Cerda 
et al. 1998). Inhibition of TNF-a by bacteria disrupts 
bactericidal effect of natural killer cells and 
macrophages (Gorvel et al. 2002). 

There are 2 types of smooth lipopolysaccharide 
(sLPS) surface antigens, designated A and M. A antigen 
predominates in B. abortus and B. suis, while M is the 
major antigen in B. melitensis. Numerous outer and 
inner membrane, cytoplasmic and periplasmic proteins 
have also been characterized. The sLPS from B. abortus 
is 100 times less potent than that of E. coli (Goldstein et 
al. 1992) and Salmonella (Freer et al. 1996) in inducing 
TNFa from macrophages as well as oxidative 
metabolism and lysozyme release by neutrophils. This 
feature of sLPS is supposed to contribute to the survival 
of B. abortus within phagocytic cells. In addition, 
Brucella sLPS is not susceptible to the actions of 
polycationic molecules, suggesting that smooth Brucella 
can resist the cationic bactericidal peptides of the 
phagocytes (Jensen et al. 1995). The sLPS also conferes 
anti-phagocytic properties to Brucella and does not 
activate the alternate pathway of the complement 
cascade (Hoffmann and Houle 1983). 

Immune response

Both humoral and cellular immune responses 
are involved in Brucella infection, though magnitude 
varies with virulence of organism and immune status of 
animal (FAO/WHO Expert Committee on Brucellosis 
1986). Serological response to the infection can be seen 
as early as 24 weeks. Persistent rise of antibody titre is 
noted if pregnant uterus is affected. Serological 
response starts with the production of IgM within 1 
week or 2, gradually IgG predominates which persists in 
chronic infections. This serological response may be 
transient or missing in young sexually immature 
animals (European Commission 2001). Antibodies 
directed toward specific antigens like the O-antigen, 
may enhance protection against brucellosis in some 
animal species. While protective immunity directed 
against Brucella depends on the induction of an 
effective and specific cell-mediated immune (CMI) 
response (Oliveira et al. 1994). Cell mediated immune 
response (CMIR) involves interaction of organism with 
macrophage and T-lymphocyte which decides fate of 
invading bacteria. Lymphocyte stimulation, macrophage 
inhibition, delayed type of hypersensitivity (DTH) and 
gamma interferon (g-IFN) production are used as 
correlates of CMIR. This cellular immune response 
could also be expected as early as few weeks. 

Diagnosis

The laboratory diagnosis of brucellosis is done 
to identify the animals which are infected, shedding the 
organism and spreading the disease. Attention is usually 
first drawn to the disease by an abortion and is 
confirmed by various direct and indirect methods of 
diagnosis. 

Culture: Highly specific and most conclusive 
diagnosis in any infectious disease is by isolation of the 
causative agent and so is in brucellosis. Culture and 
isolation is still unequivocally considered the gold 
standard in diagnosis of brucellosis (Alton et al. 1988). 

Milk, vaginal swabs, placentas or aborted 
fetuses are preferred for microscopy and culture in case 
of live animals, while primarily lymph nodes (especially 
head and mammary), spleen, udder, uterus, epididymes 
and testes are recommended from necropsied animals. 
Blood is also used for culture and provides definite 
proof of brucellosis but may not provide a positive 
result in all cases. Lysis centrifugation and blood clot 
culture techniques yielded encouraging results (Mantur 
and Mangalgi 2004, Mantur et al. 2007) in terms of 
sensitivity and rapidity. The modern automated blood 
culture systems have somewhat improved the speed of 
detection. Although, bone marrow cultures are 
considered gold standard in some studies (Mantur et al. 
2008). In such cases, bacteremia might also be 
maintained from other sources of the reticulo-
endothelial system (Mantur et al. 2008). Perhaps, this 
could be the reason for the discrepancy in the results of 
blood and bone marrow cultures reported in the 
literature. Selective media are recommended for 
bacteriological isolation and better results are obtained 
when 2 different media are included Farrell and 
modified Thayer-Martin. Differentiation of Brucella at 
species, biovar and strain level by bacteriological and/or 
by molecular techniques is usually carried out in 
reference laboratories.

PCR: PCR is a very sensitive technique. For 
the first time Feket et al. (1990) used PCR for the 
diagnosis of brucellosis. In 1992, he reported detection 
limit of their assay was 5 Brucella cells/100 mg of 
tissue. It has been demonstrated that the assay is specific 
and sensitive for brucellosis (Bricker et al. 1998). To 
diagnose and detect the presence of brucellosis, various 
genes of Brucella genome were explored and for this 
several PCR assays using primers from genes such as 
IS711 (Bricker and Halling 1994), IS6501 (Ouahrani et 
al. 1996), 16S rRNA sequence (etinkaya et al. 1999), 
16S23S rRNA spacer region (Rijpens et al. 1996), 31 
kDa outer membrane protein (Serpe et al. 1999), 43 kDa 
outer membrane protein (Fekete et al.1990), Omp-2 
outer membrane protein (Leal-Klevezas et al. 1995), 
omp-25 (Probert et al. 2004) and the heat shock protein 
(DnaJ, DnaK, HtrA and GroEL) (DaCosta et al. 1996) 
etc., were developed. 

PCR was applied to detect Brucella DNA in 
varieties of clinical samples including tissues (mainly 
aborted fetuses and associated maternal tissues), blood, 
milk and semen (Cortez et al. 2001, Hafez et al. 2011, 
Al-Garadia et al. 2011). PCR based tests are also more 
sensitive than traditional culture method (Amin et al. 
2001, Buyukcangaz et al. 2011). 

Real-time PCR was used for detection of 
Brucella, offering improvement in detection time and 
specificity through incorporation of hybridization 
probes (Probert et al. 2004, Doosti and Dehkordi 2011). 
The real-time PCR is also useful for quantifying the 
load of microorganisms in samples.

Few multiplex PCR assays have also been 
developed with an aim to detect presence of other 
bacteria along with Brucella within single reaction 
(Moshkelani et al. 2011). Multiplex PCR is a derived 
procedure where multiple DNA sequences can be 
detected in a single PCR reaction. Hamali and Joozani 
(2011) used multiplex PCR for detection of Brucella 
spp. and vaccine strains in bovine aborted fetuses. 

Brucellin skin test: The brucellin skin test, a 
cell-mediated immunity (CMI) based assay, is an 
alternative diagnostic test, which can be used for 
screening unvaccinated animals, provided that a purified 
(S-LPS free) and standardized antigen preparation is 
used (Blasco et al. 1994a, Blasco et al. 1994b). S-LPS 
(Blasco et al. 1994a, Blasco et al. 1994b) does not take 
part in DTH reactions (Jones et al. 1973) and may 
provoke antibody-mediated inflammatory reactions or 
induce antibodies that interfere with subsequent 
serological screening. Purified allergens would not offer 
practical advantages over complex protein mixtures 
(Blasco et al. 1994a, Blasco et al. 1994b). The brucellin 
skin test has a high sensitivity and in the absence of 
vaccination is considered one of the most specific 
diagnostic tests (Ebadi and Zowghi 1983, FAO/WHO 
1986, Alton et al. 1988, Blasco et al. 1994a, Blasco et 
al. 1994b, Garin-Bastuji et al. 1998). This test is of 
particular value for the interpretation of FPSR due to 
infection with cross-reacting bacteria (FPSR animals are 
negative in the skin test), especially in brucellosis-free 
areas. Despite its high sensitivity not all infected 
animals show positive skin test responses. Therefore, 
this test cannot be recommended either as the sole 
diagnostic test or fit for the purposes of international 
trade. The site and route of allergen inoculation are not 
important factors affecting its sensitivity (Fensterbank 
1985, Blasco et al. 1994a, Blasco et al. 1994b). Anergy 
induced by repeated skin testing, well known in bovine 
tuberculosis (Radunz and Lepper 1985), is not absolute 
in brucellosis (Blasco et al. 1994a, Blasco et al. 1994b).

Serological diagnosis

The diagnosis of brucellosis employing direct 
method is not always possible for a large number of 
animals, hence indirect diagnostic assays are frequently 
used (Blasco 1992). In absence of a positive culture of 
B. abortus a presumptive diagnosis is usually based on 
the presence of antibodies in serum, milk, whey, vaginal 
mucus or seminal plasma. On average, the agglutinins 
and complement fixation antibodies become positive 4 
weeks following experimental infection during fourth to 
sixth month of gestation and not until about 10 weeks if 
experimental infection occurs 2 month before or after 
insemination (Radostitis et al. 2000).

No single serological test is appropriate in each 
and all epidemiological situations, all have limitations 
especially when it comes to screening individual 
animals (Godfroid et al. 2002, Nielsen 2002). 
Complement fixation test (CFT), fluorescence 
polarization assay (FPA) and ELISA are considered 
more appropriate for international trade than serum tube 
agglutination test (SAT). For the control of brucellosis 
at the national or local level, the buffered Brucella 
antigen tests (BBATs), i.e. the Rose Bengal test (RBT) 
and the buffered plate agglutination test (BPAT), as well 
as the ELISA and the FPA, are suitable screening tests 
(OIE 2004). Positive reactions may be retested using a 
suitable confirmatory strategy, if needed.

Rose Bengal plate agglutination test (RBPT): 
The RBPT is a simple, rapid and spot test and can be 
performed in field. The RBPT antigen was developed by 
U.S. Department of Agriculture and it was B. abortus 
antigen stained with Rose Bengal dye and buffered at 
pH 3.65 (Alton et al. 1988). The low pH prevents some 
agglutination by IgM and encourages agglutination by 
IgG1 thereby reducing non-specific interactions (Corbel 
1972, Corbel 1973, Allan et al. 1976). This test is 
internationally acknowledged as the choice for the 
screening of brucellosis. However, due to cross 
reactivity between these antigen with other bacterial 
species including Yersinia enterocolitica O:9 and E. coli 
serotype O:57 (Kittelberger et al. 1995) RBPT may 
suffer higher rates of false positive results than other 
serological tests. Still many workers reported RBPT to 
be a routine and reliable test and could not be replaced 
for the diagnosis of brucellosis (Mangalgi et al. 2012, 
Chachra et al. 2009).

Serum tube agglutination test (SAT): 
Historically, the SAT has been recognized as the 
principal serological test used for the diagnosis of 
brucellosis. IgM isotypes of antibody is the most active 
agglutinin at neutral pH (Rice and Boyes 1971, Corbel 
1972, Nielsen et al. 1984). Therefore, SAT is susceptible 
to false positive reaction by cross-reacting antibodies 
(Nielsen 2002). However, because the SAT may yield 
both false negative or false positive results (Corbel et al. 
1984), it is not useful for testing individual animal. The 
efficacy of test is useful only when it is used at herd 
level. Nicoletti (1967) also recognized that not every 
Brucella infected bovine show a diagnostically 
significant titre.

The presumptive diagnosis provided by the 
serological tests is usually accepted as indication of 
brucellosis; although it can only detect IgM and IgG2 
and fails to detect IgG1 (Rice and Boyes 1971). 
However, chronic carriers produce mainly IgG1 that 
block the agglutinating activities of IgG2 which may 
result in lower detection rates. Hafez et al. (2011) 
reported lower number of positive samples detected by 
SAT in comparison to RBT and ELISA.

Complement fixation test (CFT): The 
complement fixation test (CFT) is widely used for the 
diagnosis of brucellosis in cattle, sheep and goat. It 
detects mainly IgG1 antibodies. The test is somewhat 
complex and in mass testings a screening test such as 
the RBPT is often used to reduce the number of samples 
that need to be tested by CFT (Staak et al. 2001). CFT is 
not good for testing sera from animals vaccinated for 
brucellosis as it cannot differentiate vaccinated from 
infected ones (Diaz-Aparicio et al. 1996). Another 
major problem with CFT is its limited utility in buffalo 
serum samples. Nicoletti (1992) in his study concluded 
that CFT is of limited usefulness in the diagnosis of 
brucellosis in buffaloes due to false positive reactions. 
Guarino et al. (2001) also found CFT to be less effective 
test for the diagnosis of brucellosis in buffaloes as they 
showed many animals yielding negative results in CFT 
which otherwise were positive in ELISA. Kassymov 
and Zhumagalikyzy (2011) reported ELISA to be more 
effective than CFT for the diagnostic of brucellosis in 
cattle.

Enzyme linked immunosorbent assays (ELISA): 
ELISA offers excellent sensitivity and specificity whilst 
being robust, fairly simple to perform with a minimum 
of equipment and readily available from a number of 
commercial sources in kit form. Owing to these 
properties ELISA is extensively used in the diagnosis of 
brucellosis in every species of animals. The smooth 
lipopolysaccharide (sLPS) is commonly used as the 
antigen for ELISA (OIE 2004). Other antigen, such as a 
highly immunogenic periplasmic protein from B. 
abortus (Rossetti et al. 1996) was also used for 
brucellosis diagnosis in different host species but results 
were not so encouraging. Letesson et al. (1997) used 8 
proteins (OMP36, OMP25, OMP19, OMP16, OMP10, 
p17, p15 and p39) as antigen for serological diagnosis 
of brucellosis by ELISA. The antibody response against 
these proteins often delayed when compared to the 
antibody response to smooth LPS and limited to the 
animals that develop active brucellosis infection. The 
sensitivity and specificity of ELISA was found higher 
by using LPS as diagnostic antigen instead of OPS 
(Nielsen et al. 1996). Several antigens were tried but no 
alternative antigens that could match the sensitivity 
achieved with LPS have been found so far (Letesson et 
al. 1997). 

Monoclonal or polyclonal antiglobulin-enzyme 
conjugates may be used depending on availability and 
performance requirements. A MAb specific for the 
heavy chain of bovine IgG1 may provide some 
improvement in specificity at the possible cost of some 
loss of sensitivity (OIE 2004). Use of protein-G as 
conjugate also reduces this problem and increases the 
specificity of ELISA (Ficapal et al. 1995, Marin et al. 
1998, Kumar and Chand 2011). Renukaradhya et al. 
(2001) described the use of avidin-biotin ELISA for the 
diagnosis of brucellosis in cattle and buffalo. Milk-
ELISA was also tried and found effective diagnostic 
tool by many workers (Chand et al. 2004, Patel et al. 
2008).

Native hapten (NH) gel precipitation tests: In 
the case of recent vaccination with S19 vaccine, only 
the gel diffusion (GD) or radial immunodiffusion (RID) 
tests with native hapten antigen (Daz et al. 1979), FPA 
(Nielsen et al. 1996a) and the competitive ELISA 
(Nielsen et al. 1996b) appear to be useful for diagnosis, 
allowing differentiation of infection by Brucella abortus 
from S19 vaccination. However, only the gel diffusion 
test with Native Hapten (Daz et al. 1979) was able to 
discriminate at a given time after vaccination (Marin et 
al. 1999).

Fluorescence polarization assay (FPA): FPA is 
a homogenous immunoassay. Homogenous 
immunoassays are single step assays that require no 
repetitive washing steps to remove unbound reactants as 
with classical primary binding assays (Jenkins 1992). 
Many workers used FPA in different parts of the world 
in various laboratories and Nielsen et al. (1996a) are the 
pioneer in developing and using this assay for the 
diagnosis of brucellosis in animals. This test was used 
for diagnosing brucellosis in cattle (Nielsen et al. 
1996a), porcine (Nielsen et al. 1999), bison (Gall et al. 
2000), cervidae (Gall et al. 2001), humans (Lucerno et 
al. 2003), goats (Burriel et al. 2004), sheep (Minas et al. 
2005), cetaceans (Neimanis et al. 2008) and buffaloes 
(Kumar and Chand 2009). Lin and Nielsen (1997) 
labeled OPS extracted from B. abortus with fluorescein 
for investigating binding of O-chain to a specific murine 
monoclonal antibody YsT9. Nielsen et al. (1996) 
reported FPA to be a simple, low cost, easy and less 
time consuming assay and demonstrated that the 
sensitivity and specificity of FPA was comparable to 
complement fixation test (CFT), competitive ELISA and 
indirect ELISA. 

Miscellaneous tests: Srivastava and Chaudhary 
(2011) reported that Coombs test that detects incomplete 
antibodies and immunocapture-agglutination tests show 
good performances with higher sensitivity and 
specificity in the diagnosis of brucellosis.

Kassymov and Zhumagalikyzy (2011) reported 
a new variant of complement fixation test that is 
conglutination - conglutinating complex fixation test 
(CCFT), based on interaction of a complex antigen - 
antibody with conglutination blood serum (complement, 
conglutinin) and found it to be an effective method of 
diagnostics of brucellosis and other infectious diseases. 

Smits et al. (2003) reported Brucella IgM and 
IgG lateral flow and Abdoeland Smits (2007) reported 
latex agglutination assays and found them to be rapid 
and simple along with high sensitivity and specificity in 
culture confirmed cases. These tests are ideal for use as 
field tests in remote areas and as point of care tests in 
hospitals and health care centre.

Vaccination 

Currently there are 2 vaccines available that 
are effective enough and inexpensive. These are 
B.melitensis strain Rev.1 for small ruminants given at 
full dose (1 109 CFU) by the conjunctival route and B. 
abortus strain 19 for cattle given individually at full 
dose (10 1010 CFU) subcutaneously or at reduced dose 
(5 109 CFU) conjunctivally. Both vaccines can be 
hazardous to humans and also may induce abortion 
when vaccinating pregnant animals. At this stage there 
is inadequate information on the use of these vaccines in 
camels, yaks and buffaloes. When mass vaccination has 
to be applied, it should be carried out in 2 ways: 

Mass vaccinate all animals 
every two years, including males (in the case of 
sheep and goats). This is the simplest method and 
only requires the ability to locate 100% of 
flocks/herds and to vaccinate all animals, at the 
ideal window of opportunity to avoid vaccine 
induced abortions, i.e. when animals are lactating 
or at the end of the parturition season and fewest 
are pregnant. This procedure assumes that at the 
actual replacement rates, every 2 years about 
3040% of the population will be susceptible. 

Mass vaccination and individual 
identification of all animals in the first year and 
then identification and vaccination of the 
replacement animals only in subsequent years. 
The main advantage of which is minimizing 
vaccine induced abortions, is obviously more 
complex, involving identification of young 
replacement animals each year. Assuming that 
1025% of the total population needs to be 
replaced each year, this programme will take 410 
years before the whole population is fully 
vaccinated. Unfortunately, this option has often 
failed in developing countries with nomadic 
husbandry systems, as owners keep replacements 
year round and several visits may be needed to 
ensure 100% vaccination coverage. Once the 
prevalence of brucellosis is reduced to minimal 
levels by either of the above mass vaccination 
procedures and provided that the veterinary 
infrastructure and economic resources are 
available, eradication can be achieved through a 
programme based on the vaccination of young 
replacement animals combined with testing and 
slaughtering of infected adults. This programme 
will require individual animal identification and 
effective control of animal movements.

One practical eradication approach would 
involve no testing of mass vaccinated adult animals for 
2 years following the first mass vaccination, to avoid 
culling healthy but seropositive animals. The only 
interventions during these 2 first years would be 
vaccinating 100% of young replacements, ensuring 
individual identification of the whole population and 
establishing effective animal movement controls. The 
use of the NH based gel precipitation tests, followed by 
immediate culling of infected animals could be 
recommended as the most reasonable strategy to avoid 
the excessive culling of healthy but seropositive 
animals. Once the percentage of positives in these NH 
based tests is zero for at least two consecutive years, the 
testing schedule could be modified using OIE official 
tests - such as RBPT, iELISA and CFT - to reach and 
maintain brucellosis free status. Vaccination should 
cease only when the prevalence is zero for at least one 
entire generation, in order to avoid relapses. Premature 
cessation of vaccination has been a frequent error in 
many countries. As a general rule, vaccination should 
never be abandoned until the prevalence is zero, the 
situation is maintained for 812 years and the risk of 
transmission from infected epidemiologically related 
units is negligible (FAO 2009). 
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A type of fever characterized by fairly regular 
remissions or intermissions has been recognized along 
the Mediterranean littoral since the time of Hippocrates 
in 450 B.C. In 1861 J. A. Martson an assistant surgeon 
of the British Medical Department working in the 
Mediterranean, first described the symptoms of 
brucellosis in himself as gastric remittent fever 
(Martson 1861). Professor L. F. Benhard Bang, a Danish 
veterinary pathologist and bacteriologist (1897), with 
Stribolt isolated the small bacillus now known as 
Brucella abortus. The first case of human brucellosis 
was recognized in 1897 in a US army officer (Brown 
1977). Captain David Bruce (1887) a Scottish 
physician, reported small coccal organisms in the 
stained sections of spleen of a fatally infected soldier, 
and isolated and identified organism in culture from 
spleen tissue of four other British soldiers stationed at 
Malta (Bruce 1887). The organism derived its species 
name from Melita (honey), the roman name for the Isle 
of Malta. 

Brucellosis is endemically present in India, 
since its first report from Indian Veterinary Research 
Institute (IVRI), Mukteswar (Anonymous 1918). 
Polding (1942) isolated Brucella from cattle, buffalo, 
goat, horse and man. With B. abortus biotypes (1, 2, 3, 6 
and 9) in cattle and buffalo (Sen and Sharma 1975, 
Chand et al. 1988) and B. melitensis biotypes (1, 2, and 
3) in sheep and goats (Polding 1942, Sen and Sharma 
1975) and human beings (Hemashttar and Patil 1991, 
Sen and Sharma 1975, Agasthya et al. 2007), brucellosis 
have made its unshakable foot holding in India. 
Brucellosis has also been reported in pigs (Bhaskar et 
al. 1998) and canines (Pillai et al. 1991, Srinivasan et 
al. 1992).

Genus Brucella

Taxonomically, Brucella are classified as a-
Proteobacteria and subdivided into 6 species (Moreno 
2001). These 6 species under the genus Brucella 
comprise: Brucella melitensis, B. abortus, B. suis, B. 
ovis, B. canis and B. neotomae (Corbel and Morgan 
1984). Two new Brucella species, called B. pinnipedia 
and B. cetaceae, have been isolated from marine hosts 
(Ewalt et al. 1994, Ross et al. 1996). There exists 
multiple biotypes of Brucella that vary in terms of 
biochemical reactions, host specificity and 
pathogenicity (Young 1995). The subcommittee on 
taxonomy of Brucella had proposed that this genus 
could contain a single species, B. melitensis (Grimont 
1992, Moreno and Moriyon 2001). This proposal was 
based on DNA-DNA hybridization studies conducted on 
51 strains representing all known species and biovars 
(Verger et al. 1985). 

Brucellae are small, non-motile, non-
sporulating, non-toxigenic, non-fermenting, facultative, 
intracellular, gram-negative coccobacilli. Flagella, 
endospores and capsules are absent although capsule 
like structures have been reported in preparations treated 
with antiserum. They are partially acid-fast, as are not 
decolorized by 0.5% acetic acid in the modified Ziehl-
Neelsen (MZN) staining (Alton et al. 1988), 0.50.7 m in 
diameter and 0.61.5 m in length (Corbel and Morgan 
1984). 

Genome

Brucella genome has been sequenced and 
consists of 2 chromosomes (DelVecchio et al. 2002). 
Both chromosomes contain essential genes encoding for 
essential metabolic and replicative functions. Naturally 
occurring plasmids have not been found in Brucella. 
However, Brucella can maintain some plasmids 
introduced via electroporation or conjugative transfer 
(Rigby and Fraser 1989). Observations at the DNA level 
are becoming more helpful in further refining the 
classification of Brucella organisms beyond 
conventional methods. 

The complete genome of Brucella melitensis 
(DelVecchio et al. 2002), Brucella abortus (Sanchez et 
al. 2001) and Brucella suis (Paulsen et al. 2002) have 
been sequenced. The genome of Brucella abortus 
biotype 1 and 4 and Brucella suis biotype 1 are found 
quite similar to Brucella melitensis (Halling et al. 2005).

The genome of Brucella abortus biovar 1 is 3.3 
Mb and is composed of 2 circular chromosomes of 
2,124,242 bp (Chr I) and 1,162,780 bp (Chr II) (Halling 
et al. 2005). 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 G+C content of the 2 
chromosomes is nearly identical, consistent with the 
assertion that the assimilation and stabilization of a 
plasmid was an ancient event in brucellae (Halling et al. 
2005). Chromosome I of B. abortus biovar 1 consists of 
2200 genes, 2030 protein coding RNA, 47 structural 
RNA, 123 pseudo genes, 18 others and chromosome II 
is made up of 1156 genes, 1055 protein coding RNA, 17 
structural RNA, 84 pseudo genes, 7 others (Stothard et 
al. 2005). 

Brucellosis

Brucellosis is a contagious disease of animals 
and characterized by abortion in females and to a lesser 
extent orchitis and infection of accessory sex glands in 
males and infertility in both the sexes. It has zoonotic 
importance in terms of its transmissibility to human 
beings.

Clinical features and postmortem lesions

Various clinical signs have been described in 
infected animals, the main manifestation in B. abortus 
infection being reproduction failure in the form of 
abortion and birth of weak offspring which remains as 
carrier in herd. Cases of abortion in infected herd are 
less in chronic infection but infected animal continue to 
act as carrier posing threat to the herd (European 
Commission 2001).

Brucella infected animals generally develop 
granulomatous inflammatory responses, which are often 
located within lymphoid tissues and organs with a 
prominent reticuloendothelial component. The 
localization and persistence of brucellae within these 
tissues and organs follow in the wake of widespread 
distribution of the bacteria during a generalized stage of 
infection. Localization of brucellae within the female 
and male reproductive tracts accounts for the principal 
clinical symptoms of infection, viz. abortion and male 
infertility (Enright 1990). 

Invasion of gravid bovine uterus is marked by 
characteristic necrotic placentitis. Inflammation of 
placenta may be acute and wide spread, and lead to 
early death of fetus followed by abortion, or sub-acute 
or chronic leading to a late abortion or birth of a live, 
infected, perhaps weak calf associated often with 
retention of placenta. The cotyledons are congested or 
swollen and covered with yellowish or sticky brownish 
exudates which extend deep into the crypts. The inter-
cotyledonary areas are thickened, opaque, often look 
almost leathery and there is loss of normal blood red 
color appearance. Enlargement of spleen and liver is 
noticed in aborted fetus with increase in amount of fluid 
in body cavity. Films made from the exudates stained 
with a modified Ziehl-Neelsen method using acetic acid 
show large number of Brucella in clumps or distributed 
many inside epithelial cells which are often literally 
packed with organisms. The fetus varies from typical 
hairless (47 months) fetus up to one that is fully 
developed and shows no characteristic lesions. In case 
of lungs, pneumonia is there which is usually of a 
broncho-pneumonia type. Cobbler stone lesions on 
lungs are indicative of brucellosis (Stableforth and 
Galloway 1959).

In male animals, orchitis and epididymitis are 
the manifestations of chronic infection (Chand et al. 
2002). The acute inflammatory phase in the seminal 
vesicles is followed by a chronic stage with 
considerable fibrinoid induration. During orchitis the 
testicles gradually enlarge. Areas of dry necrosis 
develop and become encapsulated by fibrinous tissue 
which eventually contracts, often leaving the testicles 
smaller than normal. In other cases, it may soften with 
the production of a soft fluctuating lesion containing 
thin pus like pea soup. 

Epidemiology and zoonosis

Brucellosis is the most common zoonosis in 
the world, accounting for the annual occurrence of more 
than 500,000 cases (Pappas et al. 2006). Although 
brucellosis and its means of transmission were 
discovered over 100 years ago, still the disease remains 
a worldwide problem, predominantly so in developing 
countries. However, countries like North America, 
Northern and Central Europe, Canada, Japan, Australia, 
New Zealand, Southeast Asia and Oceania 
(FAO/OIE/WHO 1997) are reported to be free from the 
disease. The disease is endemic in Mediterranean region 
i.e. Middle East, Latin America and parts of Asia 
(Corbel 1997). Reported incidence of human brucellosis 
in endemic areas varies widely from <0.01 to >200 per 
100 000 population (Lpez-Merino 1989). In India 80% 
of the population live in approximately 575,000 villages 
and thousands of small towns (Mantur and Amarnath 
2008), have close contact with domestic or wild animal 
population owing to their occupation. Hence, human 
population stands at a greater risk of acquiring zoonotic 
diseases including brucellosis. The disease has an added 
importance in countries like India, where conditions are 
conducive for wide-spread human infection on account 
of unhygienic conditions and poverty. Species of main 
concern in India are B. melitensis and B. abortus. B. 
melitensis is the most virulent and common strain for 
man and it causes severe and prolonged disease with a 
risk of disability. B. abortus is the dominant species in 
cattle. Bovine brucellosis is widespread in India and 
appears to be on the increase in recent times, perhaps 
due to increased trade and rapid movement of livestock 
(Renukaradhya et al. 2002). Free grazing and movement 
with frequent mixing of flocks of sheep and goats also 
contribute to the wide distribution of brucellosis in these 
animals. Chahota et al. (2003) have reported severe 
outbreak of brucellosis in an organized dairy farm in 
Himachal Pradesh leading to abortions, retained 
placenta and still birth in cows. Serological evidences 
are suggestive of high endemicity of brucellosis in India 
with national average of as high as 5% in cattle, 3% in 
buffalo, 7.9% in sheep and 2.2% in goats 
(Renukaradhya 2002). In 2008, in Punjab the prevalence 
of disease in buffalo and cattle was 16.41% and 20.67%, 
respectively, and the overall apparent prevalence of 
brucellosis was 18.26% (Aulakh et al. 2008). Trangadia 
et al. (2010) recorded 22.18% (132/595) and 13.78% 
(82/595) sero-prevalance of bovine brucellosis in 4 
organized dairy farms located in western, southern, 
central and northern regions of India by ELISA and 
RBPT, respectively. Perusal of the literature indicated 
prevalence of brucellosis in western region (Gujarat 
state) ranging from 8.98 to 44.00% (Chauhan et al. 
2000), 17% in southern region (Isloor et al. 1998), 6.3% 
in central region (Madhya Pradesh state) (Mehra et al. 
2000) and 12.9% in northern region (Punjab state) 
(Dhand et al. 2005). Sero-prevalence of brucellosis was 
reported to be 6.5% in Jordan (Al-Majali et al. 2009), 
8.4% in Cameroon (Bayemi et al. 2009) and 32.9 to 
39.4% in Turkey (Sahin et al. 2008). The association of 
spread of brucellosis with unhygienic processing of 
milk, milk products and meat until it reaches to the final 
consumer makes it a zoonotically important disease. 
Colonization of organism in udder with its frequent 
excretion in milk for prolonged period has led to 
epidemics of brucellosis in human beings. 

In cattle and other members of family 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 but 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. However, artificial 
insemination can transmit the disease and semen must 
only be collected from animals known to be free of 
infection. The presence of brucellosis in wild animals, 
with a potential for continuous transfer to domestic 
animals and from them to humans is another 
epidemiological issue (Cutler et al. 2005). Further, 
transmission of Brucella infection and its prevalence in 
a region depends upon factors like food habits, methods 
of processing milk and milk products, social customs, 
husbandry practices, climatic conditions, socioeconomic 
status and environment hygiene. Environmental 
sanitation is particularly important in the context of air-
borne transmission. Brucellosis is almost invariably 
transmitted to man from infected domestic animals. 
However, Tikare et al. (2008) documented beyond 
doubt, the possibility of human to human transmission 
of Brucella infection. The disease has been recognized 
as one of the common laboratory- transmitted infections 
and was reported to occur in clinical, research and 
production laboratories (Bouza et al. 2005). Those with 
a professional risk of acquiring infection include 
livestock producers, abattoir workers, shepherds, 
farmers, veterinarians and laboratory personnel. 

Pathogenesis

After phagocytosis, brucellae probably reach 
the lymphnodes as parasites and then enter the blood 
and produce bacteraemia followed by the acute febrile 
phase of the disease. From the blood, the organisms are 
distributed throughout the reticuloendothelial system 
and become present in large numbers in the liver and 
spleen and localize in many other sites such as the 
joints, heart, kidneys and genital tract (Baldwin and 
Winter 1994). In human beings after a variable 
incubation period (14 weeks) non-specific, systemic 
symptoms like fever, malaise, arthralgia, headache and 
night sweat follow (Greenfield 2002). 

The mouse is often used as an animal model to 
investigate the pathogenesis of animal and human 
brucellosis (Ko and Splitter 2003). Bacterial ABC 
transporter systems are associated with nutrient uptake 
and the export of toxins and antibiotics and they may 
play an important role in gene expression (Ko and 
Splitter 2000). In Brucella spp., ABC transporter 
proteins have a potential pathogenic role during host 
infection (Rosinha et al. 2002). Hemagglutinins are 
responsible for adhesion and may define the specificity 
of bacterial adhesins during host infection it does not 
have an important role in the pathogenesis of Brucella 
melitensis (Perry et al. 2010).

The pathogenicity in human brucellosis is 
attributed to factors like LPS, adenine and guanine 
monophosphate, virB, 24 kDa protein and urease 
enzyme. Brucella is an unusual organism in several 
ways i.e. the classical virulence factors in a bacterium 
like exotoxins/endotoxins, pili, plasmids, flagella etc. 
are lacking in this organism. Survival strategy of 
Brucella in its host is attributed to its ability to inhibit 
fusion of lyzosome with phagosome thus degranulation 
and activation of the myelo-peroxidase-halide system, it 
also inhibits the production of tumor necrosis factor 
(Caron et al. 1994) and programmed cell death of the 
host cell (Detilleux et al. 1990a), thus escapes the host 
defense mechanisms, to survive and replicate within the 
host cells. Virulent Brucella organisms are capable of 
invading and residing in professional phagocytes 
(Baldwin and Winter 1994) such as macrophages, as 
well as non-phagocytic cells (Detilleux et al. 1990a, 
Detilleux et al. 1990b). In both phagocytic and non-
phagocytic cells, Brucella has the ability to replicate 
within membrane-bound compartments (Pizarro-Cerda 
et al. 1998). Inhibition of TNF-a by bacteria disrupts 
bactericidal effect of natural killer cells and 
macrophages (Gorvel et al. 2002). 

There are 2 types of smooth lipopolysaccharide 
(sLPS) surface antigens, designated A and M. A antigen 
predominates in B. abortus and B. suis, while M is the 
major antigen in B. melitensis. Numerous outer and 
inner membrane, cytoplasmic and periplasmic proteins 
have also been characterized. The sLPS from B. abortus 
is 100 times less potent than that of E. coli (Goldstein et 
al. 1992) and Salmonella (Freer et al. 1996) in inducing 
TNFa from macrophages as well as oxidative 
metabolism and lysozyme release by neutrophils. This 
feature of sLPS is supposed to contribute to the survival 
of B. abortus within phagocytic cells. In addition, 
Brucella sLPS is not susceptible to the actions of 
polycationic molecules, suggesting that smooth Brucella 
can resist the cationic bactericidal peptides of the 
phagocytes (Jensen et al. 1995). The sLPS also conferes 
anti-phagocytic properties to Brucella and does not 
activate the alternate pathway of the complement 
cascade (Hoffmann and Houle 1983). 

Immune response

Both humoral and cellular immune responses 
are involved in Brucella infection, though magnitude 
varies with virulence of organism and immune status of 
animal (FAO/WHO Expert Committee on Brucellosis 
1986). Serological response to the infection can be seen 
as early as 24 weeks. Persistent rise of antibody titre is 
noted if pregnant uterus is affected. Serological 
response starts with the production of IgM within 1 
week or 2, gradually IgG predominates which persists in 
chronic infections. This serological response may be 
transient or missing in young sexually immature 
animals (European Commission 2001). Antibodies 
directed toward specific antigens like the O-antigen, 
may enhance protection against brucellosis in some 
animal species. While protective immunity directed 
against Brucella depends on the induction of an 
effective and specific cell-mediated immune (CMI) 
response (Oliveira et al. 1994). Cell mediated immune 
response (CMIR) involves interaction of organism with 
macrophage and T-lymphocyte which decides fate of 
invading bacteria. Lymphocyte stimulation, macrophage 
inhibition, delayed type of hypersensitivity (DTH) and 
gamma interferon (g-IFN) production are used as 
correlates of CMIR. This cellular immune response 
could also be expected as early as few weeks. 

Diagnosis

The laboratory diagnosis of brucellosis is done 
to identify the animals which are infected, shedding the 
organism and spreading the disease. Attention is usually 
first drawn to the disease by an abortion and is 
confirmed by various direct and indirect methods of 
diagnosis. 

Culture: Highly specific and most conclusive 
diagnosis in any infectious disease is by isolation of the 
causative agent and so is in brucellosis. Culture and 
isolation is still unequivocally considered the gold 
standard in diagnosis of brucellosis (Alton et al. 1988). 

Milk, vaginal swabs, placentas or aborted 
fetuses are preferred for microscopy and culture in case 
of live animals, while primarily lymph nodes (especially 
head and mammary), spleen, udder, uterus, epididymes 
and testes are recommended from necropsied animals. 
Blood is also used for culture and provides definite 
proof of brucellosis but may not provide a positive 
result in all cases. Lysis centrifugation and blood clot 
culture techniques yielded encouraging results (Mantur 
and Mangalgi 2004, Mantur et al. 2007) in terms of 
sensitivity and rapidity. The modern automated blood 
culture systems have somewhat improved the speed of 
detection. Although, bone marrow cultures are 
considered gold standard in some studies (Mantur et al. 
2008). In such cases, bacteremia might also be 
maintained from other sources of the reticulo-
endothelial system (Mantur et al. 2008). Perhaps, this 
could be the reason for the discrepancy in the results of 
blood and bone marrow cultures reported in the 
literature. Selective media are recommended for 
bacteriological isolation and better results are obtained 
when 2 different media are included Farrell and 
modified Thayer-Martin. Differentiation of Brucella at 
species, biovar and strain level by bacteriological and/or 
by molecular techniques is usually carried out in 
reference laboratories.

PCR: PCR is a very sensitive technique. For 
the first time Feket et al. (1990) used PCR for the 
diagnosis of brucellosis. In 1992, he reported detection 
limit of their assay was 5 Brucella cells/100 mg of 
tissue. It has been demonstrated that the assay is specific 
and sensitive for brucellosis (Bricker et al. 1998). To 
diagnose and detect the presence of brucellosis, various 
genes of Brucella genome were explored and for this 
several PCR assays using primers from genes such as 
IS711 (Bricker and Halling 1994), IS6501 (Ouahrani et 
al. 1996), 16S rRNA sequence (etinkaya et al. 1999), 
16S23S rRNA spacer region (Rijpens et al. 1996), 31 
kDa outer membrane protein (Serpe et al. 1999), 43 kDa 
outer membrane protein (Fekete et al.1990), Omp-2 
outer membrane protein (Leal-Klevezas et al. 1995), 
omp-25 (Probert et al. 2004) and the heat shock protein 
(DnaJ, DnaK, HtrA and GroEL) (DaCosta et al. 1996) 
etc., were developed. 

PCR was applied to detect Brucella DNA in 
varieties of clinical samples including tissues (mainly 
aborted fetuses and associated maternal tissues), blood, 
milk and semen (Cortez et al. 2001, Hafez et al. 2011, 
Al-Garadia et al. 2011). PCR based tests are also more 
sensitive than traditional culture method (Amin et al. 
2001, Buyukcangaz et al. 2011). 

Real-time PCR was used for detection of 
Brucella, offering improvement in detection time and 
specificity through incorporation of hybridization 
probes (Probert et al. 2004, Doosti and Dehkordi 2011). 
The real-time PCR is also useful for quantifying the 
load of microorganisms in samples.

Few multiplex PCR assays have also been 
developed with an aim to detect presence of other 
bacteria along with Brucella within single reaction 
(Moshkelani et al. 2011). Multiplex PCR is a derived 
procedure where multiple DNA sequences can be 
detected in a single PCR reaction. Hamali and Joozani 
(2011) used multiplex PCR for detection of Brucella 
spp. and vaccine strains in bovine aborted fetuses. 

Brucellin skin test: The brucellin skin test, a 
cell-mediated immunity (CMI) based assay, is an 
alternative diagnostic test, which can be used for 
screening unvaccinated animals, provided that a purified 
(S-LPS free) and standardized antigen preparation is 
used (Blasco et al. 1994a, Blasco et al. 1994b). S-LPS 
(Blasco et al. 1994a, Blasco et al. 1994b) does not take 
part in DTH reactions (Jones et al. 1973) and may 
provoke antibody-mediated inflammatory reactions or 
induce antibodies that interfere with subsequent 
serological screening. Purified allergens would not offer 
practical advantages over complex protein mixtures 
(Blasco et al. 1994a, Blasco et al. 1994b). The brucellin 
skin test has a high sensitivity and in the absence of 
vaccination is considered one of the most specific 
diagnostic tests (Ebadi and Zowghi 1983, FAO/WHO 
1986, Alton et al. 1988, Blasco et al. 1994a, Blasco et 
al. 1994b, Garin-Bastuji et al. 1998). This test is of 
particular value for the interpretation of FPSR due to 
infection with cross-reacting bacteria (FPSR animals are 
negative in the skin test), especially in brucellosis-free 
areas. Despite its high sensitivity not all infected 
animals show positive skin test responses. Therefore, 
this test cannot be recommended either as the sole 
diagnostic test or fit for the purposes of international 
trade. The site and route of allergen inoculation are not 
important factors affecting its sensitivity (Fensterbank 
1985, Blasco et al. 1994a, Blasco et al. 1994b). Anergy 
induced by repeated skin testing, well known in bovine 
tuberculosis (Radunz and Lepper 1985), is not absolute 
in brucellosis (Blasco et al. 1994a, Blasco et al. 1994b).

Serological diagnosis

The diagnosis of brucellosis employing direct 
method is not always possible for a large number of 
animals, hence indirect diagnostic assays are frequently 
used (Blasco 1992). In absence of a positive culture of 
B. abortus a presumptive diagnosis is usually based on 
the presence of antibodies in serum, milk, whey, vaginal 
mucus or seminal plasma. On average, the agglutinins 
and complement fixation antibodies become positive 4 
weeks following experimental infection during fourth to 
sixth month of gestation and not until about 10 weeks if 
experimental infection occurs 2 month before or after 
insemination (Radostitis et al. 2000).

No single serological test is appropriate in each 
and all epidemiological situations, all have limitations 
especially when it comes to screening individual 
animals (Godfroid et al. 2002, Nielsen 2002). 
Complement fixation test (CFT), fluorescence 
polarization assay (FPA) and ELISA are considered 
more appropriate for international trade than serum tube 
agglutination test (SAT). For the control of brucellosis 
at the national or local level, the buffered Brucella 
antigen tests (BBATs), i.e. the Rose Bengal test (RBT) 
and the buffered plate agglutination test (BPAT), as well 
as the ELISA and the FPA, are suitable screening tests 
(OIE 2004). Positive reactions may be retested using a 
suitable confirmatory strategy, if needed.

Rose Bengal plate agglutination test (RBPT): 
The RBPT is a simple, rapid and spot test and can be 
performed in field. The RBPT antigen was developed by 
U.S. Department of Agriculture and it was B. abortus 
antigen stained with Rose Bengal dye and buffered at 
pH 3.65 (Alton et al. 1988). The low pH prevents some 
agglutination by IgM and encourages agglutination by 
IgG1 thereby reducing non-specific interactions (Corbel 
1972, Corbel 1973, Allan et al. 1976). This test is 
internationally acknowledged as the choice for the 
screening of brucellosis. However, due to cross 
reactivity between these antigen with other bacterial 
species including Yersinia enterocolitica O:9 and E. coli 
serotype O:57 (Kittelberger et al. 1995) RBPT may 
suffer higher rates of false positive results than other 
serological tests. Still many workers reported RBPT to 
be a routine and reliable test and could not be replaced 
for the diagnosis of brucellosis (Mangalgi et al. 2012, 
Chachra et al. 2009).

Serum tube agglutination test (SAT): 
Historically, the SAT has been recognized as the 
principal serological test used for the diagnosis of 
brucellosis. IgM isotypes of antibody is the most active 
agglutinin at neutral pH (Rice and Boyes 1971, Corbel 
1972, Nielsen et al. 1984). Therefore, SAT is susceptible 
to false positive reaction by cross-reacting antibodies 
(Nielsen 2002). However, because the SAT may yield 
both false negative or false positive results (Corbel et al. 
1984), it is not useful for testing individual animal. The 
efficacy of test is useful only when it is used at herd 
level. Nicoletti (1967) also recognized that not every 
Brucella infected bovine show a diagnostically 
significant titre.

The presumptive diagnosis provided by the 
serological tests is usually accepted as indication of 
brucellosis; although it can only detect IgM and IgG2 
and fails to detect IgG1 (Rice and Boyes 1971). 
However, chronic carriers produce mainly IgG1 that 
block the agglutinating activities of IgG2 which may 
result in lower detection rates. Hafez et al. (2011) 
reported lower number of positive samples detected by 
SAT in comparison to RBT and ELISA.

Complement fixation test (CFT): The 
complement fixation test (CFT) is widely used for the 
diagnosis of brucellosis in cattle, sheep and goat. It 
detects mainly IgG1 antibodies. The test is somewhat 
complex and in mass testings a screening test such as 
the RBPT is often used to reduce the number of samples 
that need to be tested by CFT (Staak et al. 2001). CFT is 
not good for testing sera from animals vaccinated for 
brucellosis as it cannot differentiate vaccinated from 
infected ones (Diaz-Aparicio et al. 1996). Another 
major problem with CFT is its limited utility in buffalo 
serum samples. Nicoletti (1992) in his study concluded 
that CFT is of limited usefulness in the diagnosis of 
brucellosis in buffaloes due to false positive reactions. 
Guarino et al. (2001) also found CFT to be less effective 
test for the diagnosis of brucellosis in buffaloes as they 
showed many animals yielding negative results in CFT 
which otherwise were positive in ELISA. Kassymov 
and Zhumagalikyzy (2011) reported ELISA to be more 
effective than CFT for the diagnostic of brucellosis in 
cattle.

Enzyme linked immunosorbent assays (ELISA): 
ELISA offers excellent sensitivity and specificity whilst 
being robust, fairly simple to perform with a minimum 
of equipment and readily available from a number of 
commercial sources in kit form. Owing to these 
properties ELISA is extensively used in the diagnosis of 
brucellosis in every species of animals. The smooth 
lipopolysaccharide (sLPS) is commonly used as the 
antigen for ELISA (OIE 2004). Other antigen, such as a 
highly immunogenic periplasmic protein from B. 
abortus (Rossetti et al. 1996) was also used for 
brucellosis diagnosis in different host species but results 
were not so encouraging. Letesson et al. (1997) used 8 
proteins (OMP36, OMP25, OMP19, OMP16, OMP10, 
p17, p15 and p39) as antigen for serological diagnosis 
of brucellosis by ELISA. The antibody response against 
these proteins often delayed when compared to the 
antibody response to smooth LPS and limited to the 
animals that develop active brucellosis infection. The 
sensitivity and specificity of ELISA was found higher 
by using LPS as diagnostic antigen instead of OPS 
(Nielsen et al. 1996). Several antigens were tried but no 
alternative antigens that could match the sensitivity 
achieved with LPS have been found so far (Letesson et 
al. 1997). 

Monoclonal or polyclonal antiglobulin-enzyme 
conjugates may be used depending on availability and 
performance requirements. A MAb specific for the 
heavy chain of bovine IgG1 may provide some 
improvement in specificity at the possible cost of some 
loss of sensitivity (OIE 2004). Use of protein-G as 
conjugate also reduces this problem and increases the 
specificity of ELISA (Ficapal et al. 1995, Marin et al. 
1998, Kumar and Chand 2011). Renukaradhya et al. 
(2001) described the use of avidin-biotin ELISA for the 
diagnosis of brucellosis in cattle and buffalo. Milk-
ELISA was also tried and found effective diagnostic 
tool by many workers (Chand et al. 2004, Patel et al. 
2008).

Native hapten (NH) gel precipitation tests: In 
the case of recent vaccination with S19 vaccine, only 
the gel diffusion (GD) or radial immunodiffusion (RID) 
tests with native hapten antigen (Daz et al. 1979), FPA 
(Nielsen et al. 1996a) and the competitive ELISA 
(Nielsen et al. 1996b) appear to be useful for diagnosis, 
allowing differentiation of infection by Brucella abortus 
from S19 vaccination. However, only the gel diffusion 
test with Native Hapten (Daz et al. 1979) was able to 
discriminate at a given time after vaccination (Marin et 
al. 1999).

Fluorescence polarization assay (FPA): FPA is 
a homogenous immunoassay. Homogenous 
immunoassays are single step assays that require no 
repetitive washing steps to remove unbound reactants as 
with classical primary binding assays (Jenkins 1992). 
Many workers used FPA in different parts of the world 
in various laboratories and Nielsen et al. (1996a) are the 
pioneer in developing and using this assay for the 
diagnosis of brucellosis in animals. This test was used 
for diagnosing brucellosis in cattle (Nielsen et al. 
1996a), porcine (Nielsen et al. 1999), bison (Gall et al. 
2000), cervidae (Gall et al. 2001), humans (Lucerno et 
al. 2003), goats (Burriel et al. 2004), sheep (Minas et al. 
2005), cetaceans (Neimanis et al. 2008) and buffaloes 
(Kumar and Chand 2009). Lin and Nielsen (1997) 
labeled OPS extracted from B. abortus with fluorescein 
for investigating binding of O-chain to a specific murine 
monoclonal antibody YsT9. Nielsen et al. (1996) 
reported FPA to be a simple, low cost, easy and less 
time consuming assay and demonstrated that the 
sensitivity and specificity of FPA was comparable to 
complement fixation test (CFT), competitive ELISA and 
indirect ELISA. 

Miscellaneous tests: Srivastava and Chaudhary 
(2011) reported that Coombs test that detects incomplete 
antibodies and immunocapture-agglutination tests show 
good performances with higher sensitivity and 
specificity in the diagnosis of brucellosis.

Kassymov and Zhumagalikyzy (2011) reported 
a new variant of complement fixation test that is 
conglutination - conglutinating complex fixation test 
(CCFT), based on interaction of a complex antigen - 
antibody with conglutination blood serum (complement, 
conglutinin) and found it to be an effective method of 
diagnostics of brucellosis and other infectious diseases. 

Smits et al. (2003) reported Brucella IgM and 
IgG lateral flow and Abdoeland Smits (2007) reported 
latex agglutination assays and found them to be rapid 
and simple along with high sensitivity and specificity in 
culture confirmed cases. These tests are ideal for use as 
field tests in remote areas and as point of care tests in 
hospitals and health care centre.

Vaccination 

Currently there are 2 vaccines available that 
are effective enough and inexpensive. These are 
B.melitensis strain Rev.1 for small ruminants given at 
full dose (1 109 CFU) by the conjunctival route and B. 
abortus strain 19 for cattle given individually at full 
dose (10 1010 CFU) subcutaneously or at reduced dose 
(5 109 CFU) conjunctivally. Both vaccines can be 
hazardous to humans and also may induce abortion 
when vaccinating pregnant animals. At this stage there 
is inadequate information on the use of these vaccines in 
camels, yaks and buffaloes. When mass vaccination has 
to be applied, it should be carried out in 2 ways: 

Mass vaccinate all animals 
every two years, including males (in the case of 
sheep and goats). This is the simplest method and 
only requires the ability to locate 100% of 
flocks/herds and to vaccinate all animals, at the 
ideal window of opportunity to avoid vaccine 
induced abortions, i.e. when animals are lactating 
or at the end of the parturition season and fewest 
are pregnant. This procedure assumes that at the 
actual replacement rates, every 2 years about 
3040% of the population will be susceptible. 

Mass vaccination and individual 
identification of all animals in the first year and 
then identification and vaccination of the 
replacement animals only in subsequent years. 
The main advantage of which is minimizing 
vaccine induced abortions, is obviously more 
complex, involving identification of young 
replacement animals each year. Assuming that 
1025% of the total population needs to be 
replaced each year, this programme will take 410 
years before the whole population is fully 
vaccinated. Unfortunately, this option has often 
failed in developing countries with nomadic 
husbandry systems, as owners keep replacements 
year round and several visits may be needed to 
ensure 100% vaccination coverage. Once the 
prevalence of brucellosis is reduced to minimal 
levels by either of the above mass vaccination 
procedures and provided that the veterinary 
infrastructure and economic resources are 
available, eradication can be achieved through a 
programme based on the vaccination of young 
replacement animals combined with testing and 
slaughtering of infected adults. This programme 
will require individual animal identification and 
effective control of animal movements.

One practical eradication approach would 
involve no testing of mass vaccinated adult animals for 
2 years following the first mass vaccination, to avoid 
culling healthy but seropositive animals. The only 
interventions during these 2 first years would be 
vaccinating 100% of young replacements, ensuring 
individual identification of the whole population and 
establishing effective animal movement controls. The 
use of the NH based gel precipitation tests, followed by 
immediate culling of infected animals could be 
recommended as the most reasonable strategy to avoid 
the excessive culling of healthy but seropositive 
animals. Once the percentage of positives in these NH 
based tests is zero for at least two consecutive years, the 
testing schedule could be modified using OIE official 
tests - such as RBPT, iELISA and CFT - to reach and 
maintain brucellosis free status. Vaccination should 
cease only when the prevalence is zero for at least one 
entire generation, in order to avoid relapses. Premature 
cessation of vaccination has been a frequent error in 
many countries. As a general rule, vaccination should 
never be abandoned until the prevalence is zero, the 
situation is maintained for 812 years and the risk of 
transmission from infected epidemiologically related 
units is negligible (FAO 2009). 
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A type of fever characterized by fairly regular 
remissions or intermissions has been recognized along 
the Mediterranean littoral since the time of Hippocrates 
in 450 B.C. In 1861 J. A. Martson an assistant surgeon 
of the British Medical Department working in the 
Mediterranean, first described the symptoms of 
brucellosis in himself as gastric remittent fever 
(Martson 1861). Professor L. F. Benhard Bang, a Danish 
veterinary pathologist and bacteriologist (1897), with 
Stribolt isolated the small bacillus now known as 
Brucella abortus. The first case of human brucellosis 
was recognized in 1897 in a US army officer (Brown 
1977). Captain David Bruce (1887) a Scottish 
physician, reported small coccal organisms in the 
stained sections of spleen of a fatally infected soldier, 
and isolated and identified organism in culture from 
spleen tissue of four other British soldiers stationed at 
Malta (Bruce 1887). The organism derived its species 
name from Melita (honey), the roman name for the Isle 
of Malta. 

Brucellosis is endemically present in India, 
since its first report from Indian Veterinary Research 
Institute (IVRI), Mukteswar (Anonymous 1918). 
Polding (1942) isolated Brucella from cattle, buffalo, 
goat, horse and man. With B. abortus biotypes (1, 2, 3, 6 
and 9) in cattle and buffalo (Sen and Sharma 1975, 
Chand et al. 1988) and B. melitensis biotypes (1, 2, and 
3) in sheep and goats (Polding 1942, Sen and Sharma 
1975) and human beings (Hemashttar and Patil 1991, 
Sen and Sharma 1975, Agasthya et al. 2007), brucellosis 
have made its unshakable foot holding in India. 
Brucellosis has also been reported in pigs (Bhaskar et 
al. 1998) and canines (Pillai et al. 1991, Srinivasan et 
al. 1992).

Genus Brucella

Taxonomically, Brucella are classified as a-
Proteobacteria and subdivided into 6 species (Moreno 
2001). These 6 species under the genus Brucella 
comprise: Brucella melitensis, B. abortus, B. suis, B. 
ovis, B. canis and B. neotomae (Corbel and Morgan 
1984). Two new Brucella species, called B. pinnipedia 
and B. cetaceae, have been isolated from marine hosts 
(Ewalt et al. 1994, Ross et al. 1996). There exists 
multiple biotypes of Brucella that vary in terms of 
biochemical reactions, host specificity and 
pathogenicity (Young 1995). The subcommittee on 
taxonomy of Brucella had proposed that this genus 
could contain a single species, B. melitensis (Grimont 
1992, Moreno and Moriyon 2001). This proposal was 
based on DNA-DNA hybridization studies conducted on 
51 strains representing all known species and biovars 
(Verger et al. 1985). 

Brucellae are small, non-motile, non-
sporulating, non-toxigenic, non-fermenting, facultative, 
intracellular, gram-negative coccobacilli. Flagella, 
endospores and capsules are absent although capsule 
like structures have been reported in preparations treated 
with antiserum. They are partially acid-fast, as are not 
decolorized by 0.5% acetic acid in the modified Ziehl-
Neelsen (MZN) staining (Alton et al. 1988), 0.50.7 m in 
diameter and 0.61.5 m in length (Corbel and Morgan 
1984). 

Genome

Brucella genome has been sequenced and 
consists of 2 chromosomes (DelVecchio et al. 2002). 
Both chromosomes contain essential genes encoding for 
essential metabolic and replicative functions. Naturally 
occurring plasmids have not been found in Brucella. 
However, Brucella can maintain some plasmids 
introduced via electroporation or conjugative transfer 
(Rigby and Fraser 1989). Observations at the DNA level 
are becoming more helpful in further refining the 
classification of Brucella organisms beyond 
conventional methods. 

The complete genome of Brucella melitensis 
(DelVecchio et al. 2002), Brucella abortus (Sanchez et 
al. 2001) and Brucella suis (Paulsen et al. 2002) have 
been sequenced. The genome of Brucella abortus 
biotype 1 and 4 and Brucella suis biotype 1 are found 
quite similar to Brucella melitensis (Halling et al. 2005).

The genome of Brucella abortus biovar 1 is 3.3 
Mb and is composed of 2 circular chromosomes of 
2,124,242 bp (Chr I) and 1,162,780 bp (Chr II) (Halling 
et al. 2005). 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 G+C content of the 2 
chromosomes is nearly identical, consistent with the 
assertion that the assimilation and stabilization of a 
plasmid was an ancient event in brucellae (Halling et al. 
2005). Chromosome I of B. abortus biovar 1 consists of 
2200 genes, 2030 protein coding RNA, 47 structural 
RNA, 123 pseudo genes, 18 others and chromosome II 
is made up of 1156 genes, 1055 protein coding RNA, 17 
structural RNA, 84 pseudo genes, 7 others (Stothard et 
al. 2005). 

Brucellosis

Brucellosis is a contagious disease of animals 
and characterized by abortion in females and to a lesser 
extent orchitis and infection of accessory sex glands in 
males and infertility in both the sexes. It has zoonotic 
importance in terms of its transmissibility to human 
beings.

Clinical features and postmortem lesions

Various clinical signs have been described in 
infected animals, the main manifestation in B. abortus 
infection being reproduction failure in the form of 
abortion and birth of weak offspring which remains as 
carrier in herd. Cases of abortion in infected herd are 
less in chronic infection but infected animal continue to 
act as carrier posing threat to the herd (European 
Commission 2001).

Brucella infected animals generally develop 
granulomatous inflammatory responses, which are often 
located within lymphoid tissues and organs with a 
prominent reticuloendothelial component. The 
localization and persistence of brucellae within these 
tissues and organs follow in the wake of widespread 
distribution of the bacteria during a generalized stage of 
infection. Localization of brucellae within the female 
and male reproductive tracts accounts for the principal 
clinical symptoms of infection, viz. abortion and male 
infertility (Enright 1990). 

Invasion of gravid bovine uterus is marked by 
characteristic necrotic placentitis. Inflammation of 
placenta may be acute and wide spread, and lead to 
early death of fetus followed by abortion, or sub-acute 
or chronic leading to a late abortion or birth of a live, 
infected, perhaps weak calf associated often with 
retention of placenta. The cotyledons are congested or 
swollen and covered with yellowish or sticky brownish 
exudates which extend deep into the crypts. The inter-
cotyledonary areas are thickened, opaque, often look 
almost leathery and there is loss of normal blood red 
color appearance. Enlargement of spleen and liver is 
noticed in aborted fetus with increase in amount of fluid 
in body cavity. Films made from the exudates stained 
with a modified Ziehl-Neelsen method using acetic acid 
show large number of Brucella in clumps or distributed 
many inside epithelial cells which are often literally 
packed with organisms. The fetus varies from typical 
hairless (47 months) fetus up to one that is fully 
developed and shows no characteristic lesions. In case 
of lungs, pneumonia is there which is usually of a 
broncho-pneumonia type. Cobbler stone lesions on 
lungs are indicative of brucellosis (Stableforth and 
Galloway 1959).

In male animals, orchitis and epididymitis are 
the manifestations of chronic infection (Chand et al. 
2002). The acute inflammatory phase in the seminal 
vesicles is followed by a chronic stage with 
considerable fibrinoid induration. During orchitis the 
testicles gradually enlarge. Areas of dry necrosis 
develop and become encapsulated by fibrinous tissue 
which eventually contracts, often leaving the testicles 
smaller than normal. In other cases, it may soften with 
the production of a soft fluctuating lesion containing 
thin pus like pea soup. 

Epidemiology and zoonosis

Brucellosis is the most common zoonosis in 
the world, accounting for the annual occurrence of more 
than 500,000 cases (Pappas et al. 2006). Although 
brucellosis and its means of transmission were 
discovered over 100 years ago, still the disease remains 
a worldwide problem, predominantly so in developing 
countries. However, countries like North America, 
Northern and Central Europe, Canada, Japan, Australia, 
New Zealand, Southeast Asia and Oceania 
(FAO/OIE/WHO 1997) are reported to be free from the 
disease. The disease is endemic in Mediterranean region 
i.e. Middle East, Latin America and parts of Asia 
(Corbel 1997). Reported incidence of human brucellosis 
in endemic areas varies widely from <0.01 to >200 per 
100 000 population (Lpez-Merino 1989). In India 80% 
of the population live in approximately 575,000 villages 
and thousands of small towns (Mantur and Amarnath 
2008), have close contact with domestic or wild animal 
population owing to their occupation. Hence, human 
population stands at a greater risk of acquiring zoonotic 
diseases including brucellosis. The disease has an added 
importance in countries like India, where conditions are 
conducive for wide-spread human infection on account 
of unhygienic conditions and poverty. Species of main 
concern in India are B. melitensis and B. abortus. B. 
melitensis is the most virulent and common strain for 
man and it causes severe and prolonged disease with a 
risk of disability. B. abortus is the dominant species in 
cattle. Bovine brucellosis is widespread in India and 
appears to be on the increase in recent times, perhaps 
due to increased trade and rapid movement of livestock 
(Renukaradhya et al. 2002). Free grazing and movement 
with frequent mixing of flocks of sheep and goats also 
contribute to the wide distribution of brucellosis in these 
animals. Chahota et al. (2003) have reported severe 
outbreak of brucellosis in an organized dairy farm in 
Himachal Pradesh leading to abortions, retained 
placenta and still birth in cows. Serological evidences 
are suggestive of high endemicity of brucellosis in India 
with national average of as high as 5% in cattle, 3% in 
buffalo, 7.9% in sheep and 2.2% in goats 
(Renukaradhya 2002). In 2008, in Punjab the prevalence 
of disease in buffalo and cattle was 16.41% and 20.67%, 
respectively, and the overall apparent prevalence of 
brucellosis was 18.26% (Aulakh et al. 2008). Trangadia 
et al. (2010) recorded 22.18% (132/595) and 13.78% 
(82/595) sero-prevalance of bovine brucellosis in 4 
organized dairy farms located in western, southern, 
central and northern regions of India by ELISA and 
RBPT, respectively. Perusal of the literature indicated 
prevalence of brucellosis in western region (Gujarat 
state) ranging from 8.98 to 44.00% (Chauhan et al. 
2000), 17% in southern region (Isloor et al. 1998), 6.3% 
in central region (Madhya Pradesh state) (Mehra et al. 
2000) and 12.9% in northern region (Punjab state) 
(Dhand et al. 2005). Sero-prevalence of brucellosis was 
reported to be 6.5% in Jordan (Al-Majali et al. 2009), 
8.4% in Cameroon (Bayemi et al. 2009) and 32.9 to 
39.4% in Turkey (Sahin et al. 2008). The association of 
spread of brucellosis with unhygienic processing of 
milk, milk products and meat until it reaches to the final 
consumer makes it a zoonotically important disease. 
Colonization of organism in udder with its frequent 
excretion in milk for prolonged period has led to 
epidemics of brucellosis in human beings. 

In cattle and other members of family 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 but 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. However, artificial 
insemination can transmit the disease and semen must 
only be collected from animals known to be free of 
infection. The presence of brucellosis in wild animals, 
with a potential for continuous transfer to domestic 
animals and from them to humans is another 
epidemiological issue (Cutler et al. 2005). Further, 
transmission of Brucella infection and its prevalence in 
a region depends upon factors like food habits, methods 
of processing milk and milk products, social customs, 
husbandry practices, climatic conditions, socioeconomic 
status and environment hygiene. Environmental 
sanitation is particularly important in the context of air-
borne transmission. Brucellosis is almost invariably 
transmitted to man from infected domestic animals. 
However, Tikare et al. (2008) documented beyond 
doubt, the possibility of human to human transmission 
of Brucella infection. The disease has been recognized 
as one of the common laboratory- transmitted infections 
and was reported to occur in clinical, research and 
production laboratories (Bouza et al. 2005). Those with 
a professional risk of acquiring infection include 
livestock producers, abattoir workers, shepherds, 
farmers, veterinarians and laboratory personnel. 

Pathogenesis

After phagocytosis, brucellae probably reach 
the lymphnodes as parasites and then enter the blood 
and produce bacteraemia followed by the acute febrile 
phase of the disease. From the blood, the organisms are 
distributed throughout the reticuloendothelial system 
and become present in large numbers in the liver and 
spleen and localize in many other sites such as the 
joints, heart, kidneys and genital tract (Baldwin and 
Winter 1994). In human beings after a variable 
incubation period (14 weeks) non-specific, systemic 
symptoms like fever, malaise, arthralgia, headache and 
night sweat follow (Greenfield 2002). 

The mouse is often used as an animal model to 
investigate the pathogenesis of animal and human 
brucellosis (Ko and Splitter 2003). Bacterial ABC 
transporter systems are associated with nutrient uptake 
and the export of toxins and antibiotics and they may 
play an important role in gene expression (Ko and 
Splitter 2000). In Brucella spp., ABC transporter 
proteins have a potential pathogenic role during host 
infection (Rosinha et al. 2002). Hemagglutinins are 
responsible for adhesion and may define the specificity 
of bacterial adhesins during host infection it does not 
have an important role in the pathogenesis of Brucella 
melitensis (Perry et al. 2010).

The pathogenicity in human brucellosis is 
attributed to factors like LPS, adenine and guanine 
monophosphate, virB, 24 kDa protein and urease 
enzyme. Brucella is an unusual organism in several 
ways i.e. the classical virulence factors in a bacterium 
like exotoxins/endotoxins, pili, plasmids, flagella etc. 
are lacking in this organism. Survival strategy of 
Brucella in its host is attributed to its ability to inhibit 
fusion of lyzosome with phagosome thus degranulation 
and activation of the myelo-peroxidase-halide system, it 
also inhibits the production of tumor necrosis factor 
(Caron et al. 1994) and programmed cell death of the 
host cell (Detilleux et al. 1990a), thus escapes the host 
defense mechanisms, to survive and replicate within the 
host cells. Virulent Brucella organisms are capable of 
invading and residing in professional phagocytes 
(Baldwin and Winter 1994) such as macrophages, as 
well as non-phagocytic cells (Detilleux et al. 1990a, 
Detilleux et al. 1990b). In both phagocytic and non-
phagocytic cells, Brucella has the ability to replicate 
within membrane-bound compartments (Pizarro-Cerda 
et al. 1998). Inhibition of TNF-a by bacteria disrupts 
bactericidal effect of natural killer cells and 
macrophages (Gorvel et al. 2002). 

There are 2 types of smooth lipopolysaccharide 
(sLPS) surface antigens, designated A and M. A antigen 
predominates in B. abortus and B. suis, while M is the 
major antigen in B. melitensis. Numerous outer and 
inner membrane, cytoplasmic and periplasmic proteins 
have also been characterized. The sLPS from B. abortus 
is 100 times less potent than that of E. coli (Goldstein et 
al. 1992) and Salmonella (Freer et al. 1996) in inducing 
TNFa from macrophages as well as oxidative 
metabolism and lysozyme release by neutrophils. This 
feature of sLPS is supposed to contribute to the survival 
of B. abortus within phagocytic cells. In addition, 
Brucella sLPS is not susceptible to the actions of 
polycationic molecules, suggesting that smooth Brucella 
can resist the cationic bactericidal peptides of the 
phagocytes (Jensen et al. 1995). The sLPS also conferes 
anti-phagocytic properties to Brucella and does not 
activate the alternate pathway of the complement 
cascade (Hoffmann and Houle 1983). 

Immune response

Both humoral and cellular immune responses 
are involved in Brucella infection, though magnitude 
varies with virulence of organism and immune status of 
animal (FAO/WHO Expert Committee on Brucellosis 
1986). Serological response to the infection can be seen 
as early as 24 weeks. Persistent rise of antibody titre is 
noted if pregnant uterus is affected. Serological 
response starts with the production of IgM within 1 
week or 2, gradually IgG predominates which persists in 
chronic infections. This serological response may be 
transient or missing in young sexually immature 
animals (European Commission 2001). Antibodies 
directed toward specific antigens like the O-antigen, 
may enhance protection against brucellosis in some 
animal species. While protective immunity directed 
against Brucella depends on the induction of an 
effective and specific cell-mediated immune (CMI) 
response (Oliveira et al. 1994). Cell mediated immune 
response (CMIR) involves interaction of organism with 
macrophage and T-lymphocyte which decides fate of 
invading bacteria. Lymphocyte stimulation, macrophage 
inhibition, delayed type of hypersensitivity (DTH) and 
gamma interferon (g-IFN) production are used as 
correlates of CMIR. This cellular immune response 
could also be expected as early as few weeks. 

Diagnosis

The laboratory diagnosis of brucellosis is done 
to identify the animals which are infected, shedding the 
organism and spreading the disease. Attention is usually 
first drawn to the disease by an abortion and is 
confirmed by various direct and indirect methods of 
diagnosis. 

Culture: Highly specific and most conclusive 
diagnosis in any infectious disease is by isolation of the 
causative agent and so is in brucellosis. Culture and 
isolation is still unequivocally considered the gold 
standard in diagnosis of brucellosis (Alton et al. 1988). 

Milk, vaginal swabs, placentas or aborted 
fetuses are preferred for microscopy and culture in case 
of live animals, while primarily lymph nodes (especially 
head and mammary), spleen, udder, uterus, epididymes 
and testes are recommended from necropsied animals. 
Blood is also used for culture and provides definite 
proof of brucellosis but may not provide a positive 
result in all cases. Lysis centrifugation and blood clot 
culture techniques yielded encouraging results (Mantur 
and Mangalgi 2004, Mantur et al. 2007) in terms of 
sensitivity and rapidity. The modern automated blood 
culture systems have somewhat improved the speed of 
detection. Although, bone marrow cultures are 
considered gold standard in some studies (Mantur et al. 
2008). In such cases, bacteremia might also be 
maintained from other sources of the reticulo-
endothelial system (Mantur et al. 2008). Perhaps, this 
could be the reason for the discrepancy in the results of 
blood and bone marrow cultures reported in the 
literature. Selective media are recommended for 
bacteriological isolation and better results are obtained 
when 2 different media are included Farrell and 
modified Thayer-Martin. Differentiation of Brucella at 
species, biovar and strain level by bacteriological and/or 
by molecular techniques is usually carried out in 
reference laboratories.

PCR: PCR is a very sensitive technique. For 
the first time Feket et al. (1990) used PCR for the 
diagnosis of brucellosis. In 1992, he reported detection 
limit of their assay was 5 Brucella cells/100 mg of 
tissue. It has been demonstrated that the assay is specific 
and sensitive for brucellosis (Bricker et al. 1998). To 
diagnose and detect the presence of brucellosis, various 
genes of Brucella genome were explored and for this 
several PCR assays using primers from genes such as 
IS711 (Bricker and Halling 1994), IS6501 (Ouahrani et 
al. 1996), 16S rRNA sequence (etinkaya et al. 1999), 
16S23S rRNA spacer region (Rijpens et al. 1996), 31 
kDa outer membrane protein (Serpe et al. 1999), 43 kDa 
outer membrane protein (Fekete et al.1990), Omp-2 
outer membrane protein (Leal-Klevezas et al. 1995), 
omp-25 (Probert et al. 2004) and the heat shock protein 
(DnaJ, DnaK, HtrA and GroEL) (DaCosta et al. 1996) 
etc., were developed. 

PCR was applied to detect Brucella DNA in 
varieties of clinical samples including tissues (mainly 
aborted fetuses and associated maternal tissues), blood, 
milk and semen (Cortez et al. 2001, Hafez et al. 2011, 
Al-Garadia et al. 2011). PCR based tests are also more 
sensitive than traditional culture method (Amin et al. 
2001, Buyukcangaz et al. 2011). 

Real-time PCR was used for detection of 
Brucella, offering improvement in detection time and 
specificity through incorporation of hybridization 
probes (Probert et al. 2004, Doosti and Dehkordi 2011). 
The real-time PCR is also useful for quantifying the 
load of microorganisms in samples.

Few multiplex PCR assays have also been 
developed with an aim to detect presence of other 
bacteria along with Brucella within single reaction 
(Moshkelani et al. 2011). Multiplex PCR is a derived 
procedure where multiple DNA sequences can be 
detected in a single PCR reaction. Hamali and Joozani 
(2011) used multiplex PCR for detection of Brucella 
spp. and vaccine strains in bovine aborted fetuses. 

Brucellin skin test: The brucellin skin test, a 
cell-mediated immunity (CMI) based assay, is an 
alternative diagnostic test, which can be used for 
screening unvaccinated animals, provided that a purified 
(S-LPS free) and standardized antigen preparation is 
used (Blasco et al. 1994a, Blasco et al. 1994b). S-LPS 
(Blasco et al. 1994a, Blasco et al. 1994b) does not take 
part in DTH reactions (Jones et al. 1973) and may 
provoke antibody-mediated inflammatory reactions or 
induce antibodies that interfere with subsequent 
serological screening. Purified allergens would not offer 
practical advantages over complex protein mixtures 
(Blasco et al. 1994a, Blasco et al. 1994b). The brucellin 
skin test has a high sensitivity and in the absence of 
vaccination is considered one of the most specific 
diagnostic tests (Ebadi and Zowghi 1983, FAO/WHO 
1986, Alton et al. 1988, Blasco et al. 1994a, Blasco et 
al. 1994b, Garin-Bastuji et al. 1998). This test is of 
particular value for the interpretation of FPSR due to 
infection with cross-reacting bacteria (FPSR animals are 
negative in the skin test), especially in brucellosis-free 
areas. Despite its high sensitivity not all infected 
animals show positive skin test responses. Therefore, 
this test cannot be recommended either as the sole 
diagnostic test or fit for the purposes of international 
trade. The site and route of allergen inoculation are not 
important factors affecting its sensitivity (Fensterbank 
1985, Blasco et al. 1994a, Blasco et al. 1994b). Anergy 
induced by repeated skin testing, well known in bovine 
tuberculosis (Radunz and Lepper 1985), is not absolute 
in brucellosis (Blasco et al. 1994a, Blasco et al. 1994b).

Serological diagnosis

The diagnosis of brucellosis employing direct 
method is not always possible for a large number of 
animals, hence indirect diagnostic assays are frequently 
used (Blasco 1992). In absence of a positive culture of 
B. abortus a presumptive diagnosis is usually based on 
the presence of antibodies in serum, milk, whey, vaginal 
mucus or seminal plasma. On average, the agglutinins 
and complement fixation antibodies become positive 4 
weeks following experimental infection during fourth to 
sixth month of gestation and not until about 10 weeks if 
experimental infection occurs 2 month before or after 
insemination (Radostitis et al. 2000).

No single serological test is appropriate in each 
and all epidemiological situations, all have limitations 
especially when it comes to screening individual 
animals (Godfroid et al. 2002, Nielsen 2002). 
Complement fixation test (CFT), fluorescence 
polarization assay (FPA) and ELISA are considered 
more appropriate for international trade than serum tube 
agglutination test (SAT). For the control of brucellosis 
at the national or local level, the buffered Brucella 
antigen tests (BBATs), i.e. the Rose Bengal test (RBT) 
and the buffered plate agglutination test (BPAT), as well 
as the ELISA and the FPA, are suitable screening tests 
(OIE 2004). Positive reactions may be retested using a 
suitable confirmatory strategy, if needed.

Rose Bengal plate agglutination test (RBPT): 
The RBPT is a simple, rapid and spot test and can be 
performed in field. The RBPT antigen was developed by 
U.S. Department of Agriculture and it was B. abortus 
antigen stained with Rose Bengal dye and buffered at 
pH 3.65 (Alton et al. 1988). The low pH prevents some 
agglutination by IgM and encourages agglutination by 
IgG1 thereby reducing non-specific interactions (Corbel 
1972, Corbel 1973, Allan et al. 1976). This test is 
internationally acknowledged as the choice for the 
screening of brucellosis. However, due to cross 
reactivity between these antigen with other bacterial 
species including Yersinia enterocolitica O:9 and E. coli 
serotype O:57 (Kittelberger et al. 1995) RBPT may 
suffer higher rates of false positive results than other 
serological tests. Still many workers reported RBPT to 
be a routine and reliable test and could not be replaced 
for the diagnosis of brucellosis (Mangalgi et al. 2012, 
Chachra et al. 2009).

Serum tube agglutination test (SAT): 
Historically, the SAT has been recognized as the 
principal serological test used for the diagnosis of 
brucellosis. IgM isotypes of antibody is the most active 
agglutinin at neutral pH (Rice and Boyes 1971, Corbel 
1972, Nielsen et al. 1984). Therefore, SAT is susceptible 
to false positive reaction by cross-reacting antibodies 
(Nielsen 2002). However, because the SAT may yield 
both false negative or false positive results (Corbel et al. 
1984), it is not useful for testing individual animal. The 
efficacy of test is useful only when it is used at herd 
level. Nicoletti (1967) also recognized that not every 
Brucella infected bovine show a diagnostically 
significant titre.

The presumptive diagnosis provided by the 
serological tests is usually accepted as indication of 
brucellosis; although it can only detect IgM and IgG2 
and fails to detect IgG1 (Rice and Boyes 1971). 
However, chronic carriers produce mainly IgG1 that 
block the agglutinating activities of IgG2 which may 
result in lower detection rates. Hafez et al. (2011) 
reported lower number of positive samples detected by 
SAT in comparison to RBT and ELISA.

Complement fixation test (CFT): The 
complement fixation test (CFT) is widely used for the 
diagnosis of brucellosis in cattle, sheep and goat. It 
detects mainly IgG1 antibodies. The test is somewhat 
complex and in mass testings a screening test such as 
the RBPT is often used to reduce the number of samples 
that need to be tested by CFT (Staak et al. 2001). CFT is 
not good for testing sera from animals vaccinated for 
brucellosis as it cannot differentiate vaccinated from 
infected ones (Diaz-Aparicio et al. 1996). Another 
major problem with CFT is its limited utility in buffalo 
serum samples. Nicoletti (1992) in his study concluded 
that CFT is of limited usefulness in the diagnosis of 
brucellosis in buffaloes due to false positive reactions. 
Guarino et al. (2001) also found CFT to be less effective 
test for the diagnosis of brucellosis in buffaloes as they 
showed many animals yielding negative results in CFT 
which otherwise were positive in ELISA. Kassymov 
and Zhumagalikyzy (2011) reported ELISA to be more 
effective than CFT for the diagnostic of brucellosis in 
cattle.

Enzyme linked immunosorbent assays (ELISA): 
ELISA offers excellent sensitivity and specificity whilst 
being robust, fairly simple to perform with a minimum 
of equipment and readily available from a number of 
commercial sources in kit form. Owing to these 
properties ELISA is extensively used in the diagnosis of 
brucellosis in every species of animals. The smooth 
lipopolysaccharide (sLPS) is commonly used as the 
antigen for ELISA (OIE 2004). Other antigen, such as a 
highly immunogenic periplasmic protein from B. 
abortus (Rossetti et al. 1996) was also used for 
brucellosis diagnosis in different host species but results 
were not so encouraging. Letesson et al. (1997) used 8 
proteins (OMP36, OMP25, OMP19, OMP16, OMP10, 
p17, p15 and p39) as antigen for serological diagnosis 
of brucellosis by ELISA. The antibody response against 
these proteins often delayed when compared to the 
antibody response to smooth LPS and limited to the 
animals that develop active brucellosis infection. The 
sensitivity and specificity of ELISA was found higher 
by using LPS as diagnostic antigen instead of OPS 
(Nielsen et al. 1996). Several antigens were tried but no 
alternative antigens that could match the sensitivity 
achieved with LPS have been found so far (Letesson et 
al. 1997). 

Monoclonal or polyclonal antiglobulin-enzyme 
conjugates may be used depending on availability and 
performance requirements. A MAb specific for the 
heavy chain of bovine IgG1 may provide some 
improvement in specificity at the possible cost of some 
loss of sensitivity (OIE 2004). Use of protein-G as 
conjugate also reduces this problem and increases the 
specificity of ELISA (Ficapal et al. 1995, Marin et al. 
1998, Kumar and Chand 2011). Renukaradhya et al. 
(2001) described the use of avidin-biotin ELISA for the 
diagnosis of brucellosis in cattle and buffalo. Milk-
ELISA was also tried and found effective diagnostic 
tool by many workers (Chand et al. 2004, Patel et al. 
2008).

Native hapten (NH) gel precipitation tests: In 
the case of recent vaccination with S19 vaccine, only 
the gel diffusion (GD) or radial immunodiffusion (RID) 
tests with native hapten antigen (Daz et al. 1979), FPA 
(Nielsen et al. 1996a) and the competitive ELISA 
(Nielsen et al. 1996b) appear to be useful for diagnosis, 
allowing differentiation of infection by Brucella abortus 
from S19 vaccination. However, only the gel diffusion 
test with Native Hapten (Daz et al. 1979) was able to 
discriminate at a given time after vaccination (Marin et 
al. 1999).

Fluorescence polarization assay (FPA): FPA is 
a homogenous immunoassay. Homogenous 
immunoassays are single step assays that require no 
repetitive washing steps to remove unbound reactants as 
with classical primary binding assays (Jenkins 1992). 
Many workers used FPA in different parts of the world 
in various laboratories and Nielsen et al. (1996a) are the 
pioneer in developing and using this assay for the 
diagnosis of brucellosis in animals. This test was used 
for diagnosing brucellosis in cattle (Nielsen et al. 
1996a), porcine (Nielsen et al. 1999), bison (Gall et al. 
2000), cervidae (Gall et al. 2001), humans (Lucerno et 
al. 2003), goats (Burriel et al. 2004), sheep (Minas et al. 
2005), cetaceans (Neimanis et al. 2008) and buffaloes 
(Kumar and Chand 2009). Lin and Nielsen (1997) 
labeled OPS extracted from B. abortus with fluorescein 
for investigating binding of O-chain to a specific murine 
monoclonal antibody YsT9. Nielsen et al. (1996) 
reported FPA to be a simple, low cost, easy and less 
time consuming assay and demonstrated that the 
sensitivity and specificity of FPA was comparable to 
complement fixation test (CFT), competitive ELISA and 
indirect ELISA. 

Miscellaneous tests: Srivastava and Chaudhary 
(2011) reported that Coombs test that detects incomplete 
antibodies and immunocapture-agglutination tests show 
good performances with higher sensitivity and 
specificity in the diagnosis of brucellosis.

Kassymov and Zhumagalikyzy (2011) reported 
a new variant of complement fixation test that is 
conglutination - conglutinating complex fixation test 
(CCFT), based on interaction of a complex antigen - 
antibody with conglutination blood serum (complement, 
conglutinin) and found it to be an effective method of 
diagnostics of brucellosis and other infectious diseases. 

Smits et al. (2003) reported Brucella IgM and 
IgG lateral flow and Abdoeland Smits (2007) reported 
latex agglutination assays and found them to be rapid 
and simple along with high sensitivity and specificity in 
culture confirmed cases. These tests are ideal for use as 
field tests in remote areas and as point of care tests in 
hospitals and health care centre.

Vaccination 

Currently there are 2 vaccines available that 
are effective enough and inexpensive. These are 
B.melitensis strain Rev.1 for small ruminants given at 
full dose (1 109 CFU) by the conjunctival route and B. 
abortus strain 19 for cattle given individually at full 
dose (10 1010 CFU) subcutaneously or at reduced dose 
(5 109 CFU) conjunctivally. Both vaccines can be 
hazardous to humans and also may induce abortion 
when vaccinating pregnant animals. At this stage there 
is inadequate information on the use of these vaccines in 
camels, yaks and buffaloes. When mass vaccination has 
to be applied, it should be carried out in 2 ways: 

Mass vaccinate all animals 
every two years, including males (in the case of 
sheep and goats). This is the simplest method and 
only requires the ability to locate 100% of 
flocks/herds and to vaccinate all animals, at the 
ideal window of opportunity to avoid vaccine 
induced abortions, i.e. when animals are lactating 
or at the end of the parturition season and fewest 
are pregnant. This procedure assumes that at the 
actual replacement rates, every 2 years about 
3040% of the population will be susceptible. 

Mass vaccination and individual 
identification of all animals in the first year and 
then identification and vaccination of the 
replacement animals only in subsequent years. 
The main advantage of which is minimizing 
vaccine induced abortions, is obviously more 
complex, involving identification of young 
replacement animals each year. Assuming that 
1025% of the total population needs to be 
replaced each year, this programme will take 410 
years before the whole population is fully 
vaccinated. Unfortunately, this option has often 
failed in developing countries with nomadic 
husbandry systems, as owners keep replacements 
year round and several visits may be needed to 
ensure 100% vaccination coverage. Once the 
prevalence of brucellosis is reduced to minimal 
levels by either of the above mass vaccination 
procedures and provided that the veterinary 
infrastructure and economic resources are 
available, eradication can be achieved through a 
programme based on the vaccination of young 
replacement animals combined with testing and 
slaughtering of infected adults. This programme 
will require individual animal identification and 
effective control of animal movements.

One practical eradication approach would 
involve no testing of mass vaccinated adult animals for 
2 years following the first mass vaccination, to avoid 
culling healthy but seropositive animals. The only 
interventions during these 2 first years would be 
vaccinating 100% of young replacements, ensuring 
individual identification of the whole population and 
establishing effective animal movement controls. The 
use of the NH based gel precipitation tests, followed by 
immediate culling of infected animals could be 
recommended as the most reasonable strategy to avoid 
the excessive culling of healthy but seropositive 
animals. Once the percentage of positives in these NH 
based tests is zero for at least two consecutive years, the 
testing schedule could be modified using OIE official 
tests - such as RBPT, iELISA and CFT - to reach and 
maintain brucellosis free status. Vaccination should 
cease only when the prevalence is zero for at least one 
entire generation, in order to avoid relapses. Premature 
cessation of vaccination has been a frequent error in 
many countries. As a general rule, vaccination should 
never be abandoned until the prevalence is zero, the 
situation is maintained for 812 years and the risk of 
transmission from infected epidemiologically related 
units is negligible (FAO 2009). 
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A type of fever characterized by fairly regular 
remissions or intermissions has been recognized along 
the Mediterranean littoral since the time of Hippocrates 
in 450 B.C. In 1861 J. A. Martson an assistant surgeon 
of the British Medical Department working in the 
Mediterranean, first described the symptoms of 
brucellosis in himself as gastric remittent fever 
(Martson 1861). Professor L. F. Benhard Bang, a Danish 
veterinary pathologist and bacteriologist (1897), with 
Stribolt isolated the small bacillus now known as 
Brucella abortus. The first case of human brucellosis 
was recognized in 1897 in a US army officer (Brown 
1977). Captain David Bruce (1887) a Scottish 
physician, reported small coccal organisms in the 
stained sections of spleen of a fatally infected soldier, 
and isolated and identified organism in culture from 
spleen tissue of four other British soldiers stationed at 
Malta (Bruce 1887). The organism derived its species 
name from Melita (honey), the roman name for the Isle 
of Malta. 

Brucellosis is endemically present in India, 
since its first report from Indian Veterinary Research 
Institute (IVRI), Mukteswar (Anonymous 1918). 
Polding (1942) isolated Brucella from cattle, buffalo, 
goat, horse and man. With B. abortus biotypes (1, 2, 3, 6 
and 9) in cattle and buffalo (Sen and Sharma 1975, 
Chand et al. 1988) and B. melitensis biotypes (1, 2, and 
3) in sheep and goats (Polding 1942, Sen and Sharma 
1975) and human beings (Hemashttar and Patil 1991, 
Sen and Sharma 1975, Agasthya et al. 2007), brucellosis 
have made its unshakable foot holding in India. 
Brucellosis has also been reported in pigs (Bhaskar et 
al. 1998) and canines (Pillai et al. 1991, Srinivasan et 
al. 1992).

Genus Brucella

Taxonomically, Brucella are classified as a-
Proteobacteria and subdivided into 6 species (Moreno 
2001). These 6 species under the genus Brucella 
comprise: Brucella melitensis, B. abortus, B. suis, B. 
ovis, B. canis and B. neotomae (Corbel and Morgan 
1984). Two new Brucella species, called B. pinnipedia 
and B. cetaceae, have been isolated from marine hosts 
(Ewalt et al. 1994, Ross et al. 1996). There exists 
multiple biotypes of Brucella that vary in terms of 
biochemical reactions, host specificity and 
pathogenicity (Young 1995). The subcommittee on 
taxonomy of Brucella had proposed that this genus 
could contain a single species, B. melitensis (Grimont 
1992, Moreno and Moriyon 2001). This proposal was 
based on DNA-DNA hybridization studies conducted on 
51 strains representing all known species and biovars 
(Verger et al. 1985). 

Brucellae are small, non-motile, non-
sporulating, non-toxigenic, non-fermenting, facultative, 
intracellular, gram-negative coccobacilli. Flagella, 
endospores and capsules are absent although capsule 
like structures have been reported in preparations treated 
with antiserum. They are partially acid-fast, as are not 
decolorized by 0.5% acetic acid in the modified Ziehl-
Neelsen (MZN) staining (Alton et al. 1988), 0.50.7 m in 
diameter and 0.61.5 m in length (Corbel and Morgan 
1984). 

Genome

Brucella genome has been sequenced and 
consists of 2 chromosomes (DelVecchio et al. 2002). 
Both chromosomes contain essential genes encoding for 
essential metabolic and replicative functions. Naturally 
occurring plasmids have not been found in Brucella. 
However, Brucella can maintain some plasmids 
introduced via electroporation or conjugative transfer 
(Rigby and Fraser 1989). Observations at the DNA level 
are becoming more helpful in further refining the 
classification of Brucella organisms beyond 
conventional methods. 

The complete genome of Brucella melitensis 
(DelVecchio et al. 2002), Brucella abortus (Sanchez et 
al. 2001) and Brucella suis (Paulsen et al. 2002) have 
been sequenced. The genome of Brucella abortus 
biotype 1 and 4 and Brucella suis biotype 1 are found 
quite similar to Brucella melitensis (Halling et al. 2005).

The genome of Brucella abortus biovar 1 is 3.3 
Mb and is composed of 2 circular chromosomes of 
2,124,242 bp (Chr I) and 1,162,780 bp (Chr II) (Halling 
et al. 2005). 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 G+C content of the 2 
chromosomes is nearly identical, consistent with the 
assertion that the assimilation and stabilization of a 
plasmid was an ancient event in brucellae (Halling et al. 
2005). Chromosome I of B. abortus biovar 1 consists of 
2200 genes, 2030 protein coding RNA, 47 structural 
RNA, 123 pseudo genes, 18 others and chromosome II 
is made up of 1156 genes, 1055 protein coding RNA, 17 
structural RNA, 84 pseudo genes, 7 others (Stothard et 
al. 2005). 

Brucellosis

Brucellosis is a contagious disease of animals 
and characterized by abortion in females and to a lesser 
extent orchitis and infection of accessory sex glands in 
males and infertility in both the sexes. It has zoonotic 
importance in terms of its transmissibility to human 
beings.

Clinical features and postmortem lesions

Various clinical signs have been described in 
infected animals, the main manifestation in B. abortus 
infection being reproduction failure in the form of 
abortion and birth of weak offspring which remains as 
carrier in herd. Cases of abortion in infected herd are 
less in chronic infection but infected animal continue to 
act as carrier posing threat to the herd (European 
Commission 2001).

Brucella infected animals generally develop 
granulomatous inflammatory responses, which are often 
located within lymphoid tissues and organs with a 
prominent reticuloendothelial component. The 
localization and persistence of brucellae within these 
tissues and organs follow in the wake of widespread 
distribution of the bacteria during a generalized stage of 
infection. Localization of brucellae within the female 
and male reproductive tracts accounts for the principal 
clinical symptoms of infection, viz. abortion and male 
infertility (Enright 1990). 

Invasion of gravid bovine uterus is marked by 
characteristic necrotic placentitis. Inflammation of 
placenta may be acute and wide spread, and lead to 
early death of fetus followed by abortion, or sub-acute 
or chronic leading to a late abortion or birth of a live, 
infected, perhaps weak calf associated often with 
retention of placenta. The cotyledons are congested or 
swollen and covered with yellowish or sticky brownish 
exudates which extend deep into the crypts. The inter-
cotyledonary areas are thickened, opaque, often look 
almost leathery and there is loss of normal blood red 
color appearance. Enlargement of spleen and liver is 
noticed in aborted fetus with increase in amount of fluid 
in body cavity. Films made from the exudates stained 
with a modified Ziehl-Neelsen method using acetic acid 
show large number of Brucella in clumps or distributed 
many inside epithelial cells which are often literally 
packed with organisms. The fetus varies from typical 
hairless (47 months) fetus up to one that is fully 
developed and shows no characteristic lesions. In case 
of lungs, pneumonia is there which is usually of a 
broncho-pneumonia type. Cobbler stone lesions on 
lungs are indicative of brucellosis (Stableforth and 
Galloway 1959).

In male animals, orchitis and epididymitis are 
the manifestations of chronic infection (Chand et al. 
2002). The acute inflammatory phase in the seminal 
vesicles is followed by a chronic stage with 
considerable fibrinoid induration. During orchitis the 
testicles gradually enlarge. Areas of dry necrosis 
develop and become encapsulated by fibrinous tissue 
which eventually contracts, often leaving the testicles 
smaller than normal. In other cases, it may soften with 
the production of a soft fluctuating lesion containing 
thin pus like pea soup. 

Epidemiology and zoonosis

Brucellosis is the most common zoonosis in 
the world, accounting for the annual occurrence of more 
than 500,000 cases (Pappas et al. 2006). Although 
brucellosis and its means of transmission were 
discovered over 100 years ago, still the disease remains 
a worldwide problem, predominantly so in developing 
countries. However, countries like North America, 
Northern and Central Europe, Canada, Japan, Australia, 
New Zealand, Southeast Asia and Oceania 
(FAO/OIE/WHO 1997) are reported to be free from the 
disease. The disease is endemic in Mediterranean region 
i.e. Middle East, Latin America and parts of Asia 
(Corbel 1997). Reported incidence of human brucellosis 
in endemic areas varies widely from <0.01 to >200 per 
100 000 population (Lpez-Merino 1989). In India 80% 
of the population live in approximately 575,000 villages 
and thousands of small towns (Mantur and Amarnath 
2008), have close contact with domestic or wild animal 
population owing to their occupation. Hence, human 
population stands at a greater risk of acquiring zoonotic 
diseases including brucellosis. The disease has an added 
importance in countries like India, where conditions are 
conducive for wide-spread human infection on account 
of unhygienic conditions and poverty. Species of main 
concern in India are B. melitensis and B. abortus. B. 
melitensis is the most virulent and common strain for 
man and it causes severe and prolonged disease with a 
risk of disability. B. abortus is the dominant species in 
cattle. Bovine brucellosis is widespread in India and 
appears to be on the increase in recent times, perhaps 
due to increased trade and rapid movement of livestock 
(Renukaradhya et al. 2002). Free grazing and movement 
with frequent mixing of flocks of sheep and goats also 
contribute to the wide distribution of brucellosis in these 
animals. Chahota et al. (2003) have reported severe 
outbreak of brucellosis in an organized dairy farm in 
Himachal Pradesh leading to abortions, retained 
placenta and still birth in cows. Serological evidences 
are suggestive of high endemicity of brucellosis in India 
with national average of as high as 5% in cattle, 3% in 
buffalo, 7.9% in sheep and 2.2% in goats 
(Renukaradhya 2002). In 2008, in Punjab the prevalence 
of disease in buffalo and cattle was 16.41% and 20.67%, 
respectively, and the overall apparent prevalence of 
brucellosis was 18.26% (Aulakh et al. 2008). Trangadia 
et al. (2010) recorded 22.18% (132/595) and 13.78% 
(82/595) sero-prevalance of bovine brucellosis in 4 
organized dairy farms located in western, southern, 
central and northern regions of India by ELISA and 
RBPT, respectively. Perusal of the literature indicated 
prevalence of brucellosis in western region (Gujarat 
state) ranging from 8.98 to 44.00% (Chauhan et al. 
2000), 17% in southern region (Isloor et al. 1998), 6.3% 
in central region (Madhya Pradesh state) (Mehra et al. 
2000) and 12.9% in northern region (Punjab state) 
(Dhand et al. 2005). Sero-prevalence of brucellosis was 
reported to be 6.5% in Jordan (Al-Majali et al. 2009), 
8.4% in Cameroon (Bayemi et al. 2009) and 32.9 to 
39.4% in Turkey (Sahin et al. 2008). The association of 
spread of brucellosis with unhygienic processing of 
milk, milk products and meat until it reaches to the final 
consumer makes it a zoonotically important disease. 
Colonization of organism in udder with its frequent 
excretion in milk for prolonged period has led to 
epidemics of brucellosis in human beings. 

In cattle and other members of family 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 but 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. However, artificial 
insemination can transmit the disease and semen must 
only be collected from animals known to be free of 
infection. The presence of brucellosis in wild animals, 
with a potential for continuous transfer to domestic 
animals and from them to humans is another 
epidemiological issue (Cutler et al. 2005). Further, 
transmission of Brucella infection and its prevalence in 
a region depends upon factors like food habits, methods 
of processing milk and milk products, social customs, 
husbandry practices, climatic conditions, socioeconomic 
status and environment hygiene. Environmental 
sanitation is particularly important in the context of air-
borne transmission. Brucellosis is almost invariably 
transmitted to man from infected domestic animals. 
However, Tikare et al. (2008) documented beyond 
doubt, the possibility of human to human transmission 
of Brucella infection. The disease has been recognized 
as one of the common laboratory- transmitted infections 
and was reported to occur in clinical, research and 
production laboratories (Bouza et al. 2005). Those with 
a professional risk of acquiring infection include 
livestock producers, abattoir workers, shepherds, 
farmers, veterinarians and laboratory personnel. 

Pathogenesis

After phagocytosis, brucellae probably reach 
the lymphnodes as parasites and then enter the blood 
and produce bacteraemia followed by the acute febrile 
phase of the disease. From the blood, the organisms are 
distributed throughout the reticuloendothelial system 
and become present in large numbers in the liver and 
spleen and localize in many other sites such as the 
joints, heart, kidneys and genital tract (Baldwin and 
Winter 1994). In human beings after a variable 
incubation period (14 weeks) non-specific, systemic 
symptoms like fever, malaise, arthralgia, headache and 
night sweat follow (Greenfield 2002). 

The mouse is often used as an animal model to 
investigate the pathogenesis of animal and human 
brucellosis (Ko and Splitter 2003). Bacterial ABC 
transporter systems are associated with nutrient uptake 
and the export of toxins and antibiotics and they may 
play an important role in gene expression (Ko and 
Splitter 2000). In Brucella spp., ABC transporter 
proteins have a potential pathogenic role during host 
infection (Rosinha et al. 2002). Hemagglutinins are 
responsible for adhesion and may define the specificity 
of bacterial adhesins during host infection it does not 
have an important role in the pathogenesis of Brucella 
melitensis (Perry et al. 2010).

The pathogenicity in human brucellosis is 
attributed to factors like LPS, adenine and guanine 
monophosphate, virB, 24 kDa protein and urease 
enzyme. Brucella is an unusual organism in several 
ways i.e. the classical virulence factors in a bacterium 
like exotoxins/endotoxins, pili, plasmids, flagella etc. 
are lacking in this organism. Survival strategy of 
Brucella in its host is attributed to its ability to inhibit 
fusion of lyzosome with phagosome thus degranulation 
and activation of the myelo-peroxidase-halide system, it 
also inhibits the production of tumor necrosis factor 
(Caron et al. 1994) and programmed cell death of the 
host cell (Detilleux et al. 1990a), thus escapes the host 
defense mechanisms, to survive and replicate within the 
host cells. Virulent Brucella organisms are capable of 
invading and residing in professional phagocytes 
(Baldwin and Winter 1994) such as macrophages, as 
well as non-phagocytic cells (Detilleux et al. 1990a, 
Detilleux et al. 1990b). In both phagocytic and non-
phagocytic cells, Brucella has the ability to replicate 
within membrane-bound compartments (Pizarro-Cerda 
et al. 1998). Inhibition of TNF-a by bacteria disrupts 
bactericidal effect of natural killer cells and 
macrophages (Gorvel et al. 2002). 

There are 2 types of smooth lipopolysaccharide 
(sLPS) surface antigens, designated A and M. A antigen 
predominates in B. abortus and B. suis, while M is the 
major antigen in B. melitensis. Numerous outer and 
inner membrane, cytoplasmic and periplasmic proteins 
have also been characterized. The sLPS from B. abortus 
is 100 times less potent than that of E. coli (Goldstein et 
al. 1992) and Salmonella (Freer et al. 1996) in inducing 
TNFa from macrophages as well as oxidative 
metabolism and lysozyme release by neutrophils. This 
feature of sLPS is supposed to contribute to the survival 
of B. abortus within phagocytic cells. In addition, 
Brucella sLPS is not susceptible to the actions of 
polycationic molecules, suggesting that smooth Brucella 
can resist the cationic bactericidal peptides of the 
phagocytes (Jensen et al. 1995). The sLPS also conferes 
anti-phagocytic properties to Brucella and does not 
activate the alternate pathway of the complement 
cascade (Hoffmann and Houle 1983). 

Immune response

Both humoral and cellular immune responses 
are involved in Brucella infection, though magnitude 
varies with virulence of organism and immune status of 
animal (FAO/WHO Expert Committee on Brucellosis 
1986). Serological response to the infection can be seen 
as early as 24 weeks. Persistent rise of antibody titre is 
noted if pregnant uterus is affected. Serological 
response starts with the production of IgM within 1 
week or 2, gradually IgG predominates which persists in 
chronic infections. This serological response may be 
transient or missing in young sexually immature 
animals (European Commission 2001). Antibodies 
directed toward specific antigens like the O-antigen, 
may enhance protection against brucellosis in some 
animal species. While protective immunity directed 
against Brucella depends on the induction of an 
effective and specific cell-mediated immune (CMI) 
response (Oliveira et al. 1994). Cell mediated immune 
response (CMIR) involves interaction of organism with 
macrophage and T-lymphocyte which decides fate of 
invading bacteria. Lymphocyte stimulation, macrophage 
inhibition, delayed type of hypersensitivity (DTH) and 
gamma interferon (g-IFN) production are used as 
correlates of CMIR. This cellular immune response 
could also be expected as early as few weeks. 

Diagnosis

The laboratory diagnosis of brucellosis is done 
to identify the animals which are infected, shedding the 
organism and spreading the disease. Attention is usually 
first drawn to the disease by an abortion and is 
confirmed by various direct and indirect methods of 
diagnosis. 

Culture: Highly specific and most conclusive 
diagnosis in any infectious disease is by isolation of the 
causative agent and so is in brucellosis. Culture and 
isolation is still unequivocally considered the gold 
standard in diagnosis of brucellosis (Alton et al. 1988). 

Milk, vaginal swabs, placentas or aborted 
fetuses are preferred for microscopy and culture in case 
of live animals, while primarily lymph nodes (especially 
head and mammary), spleen, udder, uterus, epididymes 
and testes are recommended from necropsied animals. 
Blood is also used for culture and provides definite 
proof of brucellosis but may not provide a positive 
result in all cases. Lysis centrifugation and blood clot 
culture techniques yielded encouraging results (Mantur 
and Mangalgi 2004, Mantur et al. 2007) in terms of 
sensitivity and rapidity. The modern automated blood 
culture systems have somewhat improved the speed of 
detection. Although, bone marrow cultures are 
considered gold standard in some studies (Mantur et al. 
2008). In such cases, bacteremia might also be 
maintained from other sources of the reticulo-
endothelial system (Mantur et al. 2008). Perhaps, this 
could be the reason for the discrepancy in the results of 
blood and bone marrow cultures reported in the 
literature. Selective media are recommended for 
bacteriological isolation and better results are obtained 
when 2 different media are included Farrell and 
modified Thayer-Martin. Differentiation of Brucella at 
species, biovar and strain level by bacteriological and/or 
by molecular techniques is usually carried out in 
reference laboratories.

PCR: PCR is a very sensitive technique. For 
the first time Feket et al. (1990) used PCR for the 
diagnosis of brucellosis. In 1992, he reported detection 
limit of their assay was 5 Brucella cells/100 mg of 
tissue. It has been demonstrated that the assay is specific 
and sensitive for brucellosis (Bricker et al. 1998). To 
diagnose and detect the presence of brucellosis, various 
genes of Brucella genome were explored and for this 
several PCR assays using primers from genes such as 
IS711 (Bricker and Halling 1994), IS6501 (Ouahrani et 
al. 1996), 16S rRNA sequence (etinkaya et al. 1999), 
16S23S rRNA spacer region (Rijpens et al. 1996), 31 
kDa outer membrane protein (Serpe et al. 1999), 43 kDa 
outer membrane protein (Fekete et al.1990), Omp-2 
outer membrane protein (Leal-Klevezas et al. 1995), 
omp-25 (Probert et al. 2004) and the heat shock protein 
(DnaJ, DnaK, HtrA and GroEL) (DaCosta et al. 1996) 
etc., were developed. 

PCR was applied to detect Brucella DNA in 
varieties of clinical samples including tissues (mainly 
aborted fetuses and associated maternal tissues), blood, 
milk and semen (Cortez et al. 2001, Hafez et al. 2011, 
Al-Garadia et al. 2011). PCR based tests are also more 
sensitive than traditional culture method (Amin et al. 
2001, Buyukcangaz et al. 2011). 

Real-time PCR was used for detection of 
Brucella, offering improvement in detection time and 
specificity through incorporation of hybridization 
probes (Probert et al. 2004, Doosti and Dehkordi 2011). 
The real-time PCR is also useful for quantifying the 
load of microorganisms in samples.

Few multiplex PCR assays have also been 
developed with an aim to detect presence of other 
bacteria along with Brucella within single reaction 
(Moshkelani et al. 2011). Multiplex PCR is a derived 
procedure where multiple DNA sequences can be 
detected in a single PCR reaction. Hamali and Joozani 
(2011) used multiplex PCR for detection of Brucella 
spp. and vaccine strains in bovine aborted fetuses. 

Brucellin skin test: The brucellin skin test, a 
cell-mediated immunity (CMI) based assay, is an 
alternative diagnostic test, which can be used for 
screening unvaccinated animals, provided that a purified 
(S-LPS free) and standardized antigen preparation is 
used (Blasco et al. 1994a, Blasco et al. 1994b). S-LPS 
(Blasco et al. 1994a, Blasco et al. 1994b) does not take 
part in DTH reactions (Jones et al. 1973) and may 
provoke antibody-mediated inflammatory reactions or 
induce antibodies that interfere with subsequent 
serological screening. Purified allergens would not offer 
practical advantages over complex protein mixtures 
(Blasco et al. 1994a, Blasco et al. 1994b). The brucellin 
skin test has a high sensitivity and in the absence of 
vaccination is considered one of the most specific 
diagnostic tests (Ebadi and Zowghi 1983, FAO/WHO 
1986, Alton et al. 1988, Blasco et al. 1994a, Blasco et 
al. 1994b, Garin-Bastuji et al. 1998). This test is of 
particular value for the interpretation of FPSR due to 
infection with cross-reacting bacteria (FPSR animals are 
negative in the skin test), especially in brucellosis-free 
areas. Despite its high sensitivity not all infected 
animals show positive skin test responses. Therefore, 
this test cannot be recommended either as the sole 
diagnostic test or fit for the purposes of international 
trade. The site and route of allergen inoculation are not 
important factors affecting its sensitivity (Fensterbank 
1985, Blasco et al. 1994a, Blasco et al. 1994b). Anergy 
induced by repeated skin testing, well known in bovine 
tuberculosis (Radunz and Lepper 1985), is not absolute 
in brucellosis (Blasco et al. 1994a, Blasco et al. 1994b).

Serological diagnosis

The diagnosis of brucellosis employing direct 
method is not always possible for a large number of 
animals, hence indirect diagnostic assays are frequently 
used (Blasco 1992). In absence of a positive culture of 
B. abortus a presumptive diagnosis is usually based on 
the presence of antibodies in serum, milk, whey, vaginal 
mucus or seminal plasma. On average, the agglutinins 
and complement fixation antibodies become positive 4 
weeks following experimental infection during fourth to 
sixth month of gestation and not until about 10 weeks if 
experimental infection occurs 2 month before or after 
insemination (Radostitis et al. 2000).

No single serological test is appropriate in each 
and all epidemiological situations, all have limitations 
especially when it comes to screening individual 
animals (Godfroid et al. 2002, Nielsen 2002). 
Complement fixation test (CFT), fluorescence 
polarization assay (FPA) and ELISA are considered 
more appropriate for international trade than serum tube 
agglutination test (SAT). For the control of brucellosis 
at the national or local level, the buffered Brucella 
antigen tests (BBATs), i.e. the Rose Bengal test (RBT) 
and the buffered plate agglutination test (BPAT), as well 
as the ELISA and the FPA, are suitable screening tests 
(OIE 2004). Positive reactions may be retested using a 
suitable confirmatory strategy, if needed.

Rose Bengal plate agglutination test (RBPT): 
The RBPT is a simple, rapid and spot test and can be 
performed in field. The RBPT antigen was developed by 
U.S. Department of Agriculture and it was B. abortus 
antigen stained with Rose Bengal dye and buffered at 
pH 3.65 (Alton et al. 1988). The low pH prevents some 
agglutination by IgM and encourages agglutination by 
IgG1 thereby reducing non-specific interactions (Corbel 
1972, Corbel 1973, Allan et al. 1976). This test is 
internationally acknowledged as the choice for the 
screening of brucellosis. However, due to cross 
reactivity between these antigen with other bacterial 
species including Yersinia enterocolitica O:9 and E. coli 
serotype O:57 (Kittelberger et al. 1995) RBPT may 
suffer higher rates of false positive results than other 
serological tests. Still many workers reported RBPT to 
be a routine and reliable test and could not be replaced 
for the diagnosis of brucellosis (Mangalgi et al. 2012, 
Chachra et al. 2009).

Serum tube agglutination test (SAT): 
Historically, the SAT has been recognized as the 
principal serological test used for the diagnosis of 
brucellosis. IgM isotypes of antibody is the most active 
agglutinin at neutral pH (Rice and Boyes 1971, Corbel 
1972, Nielsen et al. 1984). Therefore, SAT is susceptible 
to false positive reaction by cross-reacting antibodies 
(Nielsen 2002). However, because the SAT may yield 
both false negative or false positive results (Corbel et al. 
1984), it is not useful for testing individual animal. The 
efficacy of test is useful only when it is used at herd 
level. Nicoletti (1967) also recognized that not every 
Brucella infected bovine show a diagnostically 
significant titre.

The presumptive diagnosis provided by the 
serological tests is usually accepted as indication of 
brucellosis; although it can only detect IgM and IgG2 
and fails to detect IgG1 (Rice and Boyes 1971). 
However, chronic carriers produce mainly IgG1 that 
block the agglutinating activities of IgG2 which may 
result in lower detection rates. Hafez et al. (2011) 
reported lower number of positive samples detected by 
SAT in comparison to RBT and ELISA.

Complement fixation test (CFT): The 
complement fixation test (CFT) is widely used for the 
diagnosis of brucellosis in cattle, sheep and goat. It 
detects mainly IgG1 antibodies. The test is somewhat 
complex and in mass testings a screening test such as 
the RBPT is often used to reduce the number of samples 
that need to be tested by CFT (Staak et al. 2001). CFT is 
not good for testing sera from animals vaccinated for 
brucellosis as it cannot differentiate vaccinated from 
infected ones (Diaz-Aparicio et al. 1996). Another 
major problem with CFT is its limited utility in buffalo 
serum samples. Nicoletti (1992) in his study concluded 
that CFT is of limited usefulness in the diagnosis of 
brucellosis in buffaloes due to false positive reactions. 
Guarino et al. (2001) also found CFT to be less effective 
test for the diagnosis of brucellosis in buffaloes as they 
showed many animals yielding negative results in CFT 
which otherwise were positive in ELISA. Kassymov 
and Zhumagalikyzy (2011) reported ELISA to be more 
effective than CFT for the diagnostic of brucellosis in 
cattle.

Enzyme linked immunosorbent assays (ELISA): 
ELISA offers excellent sensitivity and specificity whilst 
being robust, fairly simple to perform with a minimum 
of equipment and readily available from a number of 
commercial sources in kit form. Owing to these 
properties ELISA is extensively used in the diagnosis of 
brucellosis in every species of animals. The smooth 
lipopolysaccharide (sLPS) is commonly used as the 
antigen for ELISA (OIE 2004). Other antigen, such as a 
highly immunogenic periplasmic protein from B. 
abortus (Rossetti et al. 1996) was also used for 
brucellosis diagnosis in different host species but results 
were not so encouraging. Letesson et al. (1997) used 8 
proteins (OMP36, OMP25, OMP19, OMP16, OMP10, 
p17, p15 and p39) as antigen for serological diagnosis 
of brucellosis by ELISA. The antibody response against 
these proteins often delayed when compared to the 
antibody response to smooth LPS and limited to the 
animals that develop active brucellosis infection. The 
sensitivity and specificity of ELISA was found higher 
by using LPS as diagnostic antigen instead of OPS 
(Nielsen et al. 1996). Several antigens were tried but no 
alternative antigens that could match the sensitivity 
achieved with LPS have been found so far (Letesson et 
al. 1997). 

Monoclonal or polyclonal antiglobulin-enzyme 
conjugates may be used depending on availability and 
performance requirements. A MAb specific for the 
heavy chain of bovine IgG1 may provide some 
improvement in specificity at the possible cost of some 
loss of sensitivity (OIE 2004). Use of protein-G as 
conjugate also reduces this problem and increases the 
specificity of ELISA (Ficapal et al. 1995, Marin et al. 
1998, Kumar and Chand 2011). Renukaradhya et al. 
(2001) described the use of avidin-biotin ELISA for the 
diagnosis of brucellosis in cattle and buffalo. Milk-
ELISA was also tried and found effective diagnostic 
tool by many workers (Chand et al. 2004, Patel et al. 
2008).

Native hapten (NH) gel precipitation tests: In 
the case of recent vaccination with S19 vaccine, only 
the gel diffusion (GD) or radial immunodiffusion (RID) 
tests with native hapten antigen (Daz et al. 1979), FPA 
(Nielsen et al. 1996a) and the competitive ELISA 
(Nielsen et al. 1996b) appear to be useful for diagnosis, 
allowing differentiation of infection by Brucella abortus 
from S19 vaccination. However, only the gel diffusion 
test with Native Hapten (Daz et al. 1979) was able to 
discriminate at a given time after vaccination (Marin et 
al. 1999).

Fluorescence polarization assay (FPA): FPA is 
a homogenous immunoassay. Homogenous 
immunoassays are single step assays that require no 
repetitive washing steps to remove unbound reactants as 
with classical primary binding assays (Jenkins 1992). 
Many workers used FPA in different parts of the world 
in various laboratories and Nielsen et al. (1996a) are the 
pioneer in developing and using this assay for the 
diagnosis of brucellosis in animals. This test was used 
for diagnosing brucellosis in cattle (Nielsen et al. 
1996a), porcine (Nielsen et al. 1999), bison (Gall et al. 
2000), cervidae (Gall et al. 2001), humans (Lucerno et 
al. 2003), goats (Burriel et al. 2004), sheep (Minas et al. 
2005), cetaceans (Neimanis et al. 2008) and buffaloes 
(Kumar and Chand 2009). Lin and Nielsen (1997) 
labeled OPS extracted from B. abortus with fluorescein 
for investigating binding of O-chain to a specific murine 
monoclonal antibody YsT9. Nielsen et al. (1996) 
reported FPA to be a simple, low cost, easy and less 
time consuming assay and demonstrated that the 
sensitivity and specificity of FPA was comparable to 
complement fixation test (CFT), competitive ELISA and 
indirect ELISA. 

Miscellaneous tests: Srivastava and Chaudhary 
(2011) reported that Coombs test that detects incomplete 
antibodies and immunocapture-agglutination tests show 
good performances with higher sensitivity and 
specificity in the diagnosis of brucellosis.

Kassymov and Zhumagalikyzy (2011) reported 
a new variant of complement fixation test that is 
conglutination - conglutinating complex fixation test 
(CCFT), based on interaction of a complex antigen - 
antibody with conglutination blood serum (complement, 
conglutinin) and found it to be an effective method of 
diagnostics of brucellosis and other infectious diseases. 

Smits et al. (2003) reported Brucella IgM and 
IgG lateral flow and Abdoeland Smits (2007) reported 
latex agglutination assays and found them to be rapid 
and simple along with high sensitivity and specificity in 
culture confirmed cases. These tests are ideal for use as 
field tests in remote areas and as point of care tests in 
hospitals and health care centre.

Vaccination 

Currently there are 2 vaccines available that 
are effective enough and inexpensive. These are 
B.melitensis strain Rev.1 for small ruminants given at 
full dose (1 109 CFU) by the conjunctival route and B. 
abortus strain 19 for cattle given individually at full 
dose (10 1010 CFU) subcutaneously or at reduced dose 
(5 109 CFU) conjunctivally. Both vaccines can be 
hazardous to humans and also may induce abortion 
when vaccinating pregnant animals. At this stage there 
is inadequate information on the use of these vaccines in 
camels, yaks and buffaloes. When mass vaccination has 
to be applied, it should be carried out in 2 ways: 

Mass vaccinate all animals 
every two years, including males (in the case of 
sheep and goats). This is the simplest method and 
only requires the ability to locate 100% of 
flocks/herds and to vaccinate all animals, at the 
ideal window of opportunity to avoid vaccine 
induced abortions, i.e. when animals are lactating 
or at the end of the parturition season and fewest 
are pregnant. This procedure assumes that at the 
actual replacement rates, every 2 years about 
3040% of the population will be susceptible. 

Mass vaccination and individual 
identification of all animals in the first year and 
then identification and vaccination of the 
replacement animals only in subsequent years. 
The main advantage of which is minimizing 
vaccine induced abortions, is obviously more 
complex, involving identification of young 
replacement animals each year. Assuming that 
1025% of the total population needs to be 
replaced each year, this programme will take 410 
years before the whole population is fully 
vaccinated. Unfortunately, this option has often 
failed in developing countries with nomadic 
husbandry systems, as owners keep replacements 
year round and several visits may be needed to 
ensure 100% vaccination coverage. Once the 
prevalence of brucellosis is reduced to minimal 
levels by either of the above mass vaccination 
procedures and provided that the veterinary 
infrastructure and economic resources are 
available, eradication can be achieved through a 
programme based on the vaccination of young 
replacement animals combined with testing and 
slaughtering of infected adults. This programme 
will require individual animal identification and 
effective control of animal movements.

One practical eradication approach would 
involve no testing of mass vaccinated adult animals for 
2 years following the first mass vaccination, to avoid 
culling healthy but seropositive animals. The only 
interventions during these 2 first years would be 
vaccinating 100% of young replacements, ensuring 
individual identification of the whole population and 
establishing effective animal movement controls. The 
use of the NH based gel precipitation tests, followed by 
immediate culling of infected animals could be 
recommended as the most reasonable strategy to avoid 
the excessive culling of healthy but seropositive 
animals. Once the percentage of positives in these NH 
based tests is zero for at least two consecutive years, the 
testing schedule could be modified using OIE official 
tests - such as RBPT, iELISA and CFT - to reach and 
maintain brucellosis free status. Vaccination should 
cease only when the prevalence is zero for at least one 
entire generation, in order to avoid relapses. Premature 
cessation of vaccination has been a frequent error in 
many countries. As a general rule, vaccination should 
never be abandoned until the prevalence is zero, the 
situation is maintained for 812 years and the risk of 
transmission from infected epidemiologically related 
units is negligible (FAO 2009). 
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A type of fever characterized by fairly regular 
remissions or intermissions has been recognized along 
the Mediterranean littoral since the time of Hippocrates 
in 450 B.C. In 1861 J. A. Martson an assistant surgeon 
of the British Medical Department working in the 
Mediterranean, first described the symptoms of 
brucellosis in himself as gastric remittent fever 
(Martson 1861). Professor L. F. Benhard Bang, a Danish 
veterinary pathologist and bacteriologist (1897), with 
Stribolt isolated the small bacillus now known as 
Brucella abortus. The first case of human brucellosis 
was recognized in 1897 in a US army officer (Brown 
1977). Captain David Bruce (1887) a Scottish 
physician, reported small coccal organisms in the 
stained sections of spleen of a fatally infected soldier, 
and isolated and identified organism in culture from 
spleen tissue of four other British soldiers stationed at 
Malta (Bruce 1887). The organism derived its species 
name from Melita (honey), the roman name for the Isle 
of Malta. 

Brucellosis is endemically present in India, 
since its first report from Indian Veterinary Research 
Institute (IVRI), Mukteswar (Anonymous 1918). 
Polding (1942) isolated Brucella from cattle, buffalo, 
goat, horse and man. With B. abortus biotypes (1, 2, 3, 6 
and 9) in cattle and buffalo (Sen and Sharma 1975, 
Chand et al. 1988) and B. melitensis biotypes (1, 2, and 
3) in sheep and goats (Polding 1942, Sen and Sharma 
1975) and human beings (Hemashttar and Patil 1991, 
Sen and Sharma 1975, Agasthya et al. 2007), brucellosis 
have made its unshakable foot holding in India. 
Brucellosis has also been reported in pigs (Bhaskar et 
al. 1998) and canines (Pillai et al. 1991, Srinivasan et 
al. 1992).

Genus Brucella

Taxonomically, Brucella are classified as a-
Proteobacteria and subdivided into 6 species (Moreno 
2001). These 6 species under the genus Brucella 
comprise: Brucella melitensis, B. abortus, B. suis, B. 
ovis, B. canis and B. neotomae (Corbel and Morgan 
1984). Two new Brucella species, called B. pinnipedia 
and B. cetaceae, have been isolated from marine hosts 
(Ewalt et al. 1994, Ross et al. 1996). There exists 
multiple biotypes of Brucella that vary in terms of 
biochemical reactions, host specificity and 
pathogenicity (Young 1995). The subcommittee on 
taxonomy of Brucella had proposed that this genus 
could contain a single species, B. melitensis (Grimont 
1992, Moreno and Moriyon 2001). This proposal was 
based on DNA-DNA hybridization studies conducted on 
51 strains representing all known species and biovars 
(Verger et al. 1985). 

Brucellae are small, non-motile, non-
sporulating, non-toxigenic, non-fermenting, facultative, 
intracellular, gram-negative coccobacilli. Flagella, 
endospores and capsules are absent although capsule 
like structures have been reported in preparations treated 
with antiserum. They are partially acid-fast, as are not 
decolorized by 0.5% acetic acid in the modified Ziehl-
Neelsen (MZN) staining (Alton et al. 1988), 0.50.7 m in 
diameter and 0.61.5 m in length (Corbel and Morgan 
1984). 

Genome

Brucella genome has been sequenced and 
consists of 2 chromosomes (DelVecchio et al. 2002). 
Both chromosomes contain essential genes encoding for 
essential metabolic and replicative functions. Naturally 
occurring plasmids have not been found in Brucella. 
However, Brucella can maintain some plasmids 
introduced via electroporation or conjugative transfer 
(Rigby and Fraser 1989). Observations at the DNA level 
are becoming more helpful in further refining the 
classification of Brucella organisms beyond 
conventional methods. 

The complete genome of Brucella melitensis 
(DelVecchio et al. 2002), Brucella abortus (Sanchez et 
al. 2001) and Brucella suis (Paulsen et al. 2002) have 
been sequenced. The genome of Brucella abortus 
biotype 1 and 4 and Brucella suis biotype 1 are found 
quite similar to Brucella melitensis (Halling et al. 2005).

The genome of Brucella abortus biovar 1 is 3.3 
Mb and is composed of 2 circular chromosomes of 
2,124,242 bp (Chr I) and 1,162,780 bp (Chr II) (Halling 
et al. 2005). 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 G+C content of the 2 
chromosomes is nearly identical, consistent with the 
assertion that the assimilation and stabilization of a 
plasmid was an ancient event in brucellae (Halling et al. 
2005). Chromosome I of B. abortus biovar 1 consists of 
2200 genes, 2030 protein coding RNA, 47 structural 
RNA, 123 pseudo genes, 18 others and chromosome II 
is made up of 1156 genes, 1055 protein coding RNA, 17 
structural RNA, 84 pseudo genes, 7 others (Stothard et 
al. 2005). 

Brucellosis

Brucellosis is a contagious disease of animals 
and characterized by abortion in females and to a lesser 
extent orchitis and infection of accessory sex glands in 
males and infertility in both the sexes. It has zoonotic 
importance in terms of its transmissibility to human 
beings.

Clinical features and postmortem lesions

Various clinical signs have been described in 
infected animals, the main manifestation in B. abortus 
infection being reproduction failure in the form of 
abortion and birth of weak offspring which remains as 
carrier in herd. Cases of abortion in infected herd are 
less in chronic infection but infected animal continue to 
act as carrier posing threat to the herd (European 
Commission 2001).

Brucella infected animals generally develop 
granulomatous inflammatory responses, which are often 
located within lymphoid tissues and organs with a 
prominent reticuloendothelial component. The 
localization and persistence of brucellae within these 
tissues and organs follow in the wake of widespread 
distribution of the bacteria during a generalized stage of 
infection. Localization of brucellae within the female 
and male reproductive tracts accounts for the principal 
clinical symptoms of infection, viz. abortion and male 
infertility (Enright 1990). 

Invasion of gravid bovine uterus is marked by 
characteristic necrotic placentitis. Inflammation of 
placenta may be acute and wide spread, and lead to 
early death of fetus followed by abortion, or sub-acute 
or chronic leading to a late abortion or birth of a live, 
infected, perhaps weak calf associated often with 
retention of placenta. The cotyledons are congested or 
swollen and covered with yellowish or sticky brownish 
exudates which extend deep into the crypts. The inter-
cotyledonary areas are thickened, opaque, often look 
almost leathery and there is loss of normal blood red 
color appearance. Enlargement of spleen and liver is 
noticed in aborted fetus with increase in amount of fluid 
in body cavity. Films made from the exudates stained 
with a modified Ziehl-Neelsen method using acetic acid 
show large number of Brucella in clumps or distributed 
many inside epithelial cells which are often literally 
packed with organisms. The fetus varies from typical 
hairless (47 months) fetus up to one that is fully 
developed and shows no characteristic lesions. In case 
of lungs, pneumonia is there which is usually of a 
broncho-pneumonia type. Cobbler stone lesions on 
lungs are indicative of brucellosis (Stableforth and 
Galloway 1959).

In male animals, orchitis and epididymitis are 
the manifestations of chronic infection (Chand et al. 
2002). The acute inflammatory phase in the seminal 
vesicles is followed by a chronic stage with 
considerable fibrinoid induration. During orchitis the 
testicles gradually enlarge. Areas of dry necrosis 
develop and become encapsulated by fibrinous tissue 
which eventually contracts, often leaving the testicles 
smaller than normal. In other cases, it may soften with 
the production of a soft fluctuating lesion containing 
thin pus like pea soup. 

Epidemiology and zoonosis

Brucellosis is the most common zoonosis in 
the world, accounting for the annual occurrence of more 
than 500,000 cases (Pappas et al. 2006). Although 
brucellosis and its means of transmission were 
discovered over 100 years ago, still the disease remains 
a worldwide problem, predominantly so in developing 
countries. However, countries like North America, 
Northern and Central Europe, Canada, Japan, Australia, 
New Zealand, Southeast Asia and Oceania 
(FAO/OIE/WHO 1997) are reported to be free from the 
disease. The disease is endemic in Mediterranean region 
i.e. Middle East, Latin America and parts of Asia 
(Corbel 1997). Reported incidence of human brucellosis 
in endemic areas varies widely from <0.01 to >200 per 
100 000 population (Lpez-Merino 1989). In India 80% 
of the population live in approximately 575,000 villages 
and thousands of small towns (Mantur and Amarnath 
2008), have close contact with domestic or wild animal 
population owing to their occupation. Hence, human 
population stands at a greater risk of acquiring zoonotic 
diseases including brucellosis. The disease has an added 
importance in countries like India, where conditions are 
conducive for wide-spread human infection on account 
of unhygienic conditions and poverty. Species of main 
concern in India are B. melitensis and B. abortus. B. 
melitensis is the most virulent and common strain for 
man and it causes severe and prolonged disease with a 
risk of disability. B. abortus is the dominant species in 
cattle. Bovine brucellosis is widespread in India and 
appears to be on the increase in recent times, perhaps 
due to increased trade and rapid movement of livestock 
(Renukaradhya et al. 2002). Free grazing and movement 
with frequent mixing of flocks of sheep and goats also 
contribute to the wide distribution of brucellosis in these 
animals. Chahota et al. (2003) have reported severe 
outbreak of brucellosis in an organized dairy farm in 
Himachal Pradesh leading to abortions, retained 
placenta and still birth in cows. Serological evidences 
are suggestive of high endemicity of brucellosis in India 
with national average of as high as 5% in cattle, 3% in 
buffalo, 7.9% in sheep and 2.2% in goats 
(Renukaradhya 2002). In 2008, in Punjab the prevalence 
of disease in buffalo and cattle was 16.41% and 20.67%, 
respectively, and the overall apparent prevalence of 
brucellosis was 18.26% (Aulakh et al. 2008). Trangadia 
et al. (2010) recorded 22.18% (132/595) and 13.78% 
(82/595) sero-prevalance of bovine brucellosis in 4 
organized dairy farms located in western, southern, 
central and northern regions of India by ELISA and 
RBPT, respectively. Perusal of the literature indicated 
prevalence of brucellosis in western region (Gujarat 
state) ranging from 8.98 to 44.00% (Chauhan et al. 
2000), 17% in southern region (Isloor et al. 1998), 6.3% 
in central region (Madhya Pradesh state) (Mehra et al. 
2000) and 12.9% in northern region (Punjab state) 
(Dhand et al. 2005). Sero-prevalence of brucellosis was 
reported to be 6.5% in Jordan (Al-Majali et al. 2009), 
8.4% in Cameroon (Bayemi et al. 2009) and 32.9 to 
39.4% in Turkey (Sahin et al. 2008). The association of 
spread of brucellosis with unhygienic processing of 
milk, milk products and meat until it reaches to the final 
consumer makes it a zoonotically important disease. 
Colonization of organism in udder with its frequent 
excretion in milk for prolonged period has led to 
epidemics of brucellosis in human beings. 

In cattle and other members of family 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 but 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. However, artificial 
insemination can transmit the disease and semen must 
only be collected from animals known to be free of 
infection. The presence of brucellosis in wild animals, 
with a potential for continuous transfer to domestic 
animals and from them to humans is another 
epidemiological issue (Cutler et al. 2005). Further, 
transmission of Brucella infection and its prevalence in 
a region depends upon factors like food habits, methods 
of processing milk and milk products, social customs, 
husbandry practices, climatic conditions, socioeconomic 
status and environment hygiene. Environmental 
sanitation is particularly important in the context of air-
borne transmission. Brucellosis is almost invariably 
transmitted to man from infected domestic animals. 
However, Tikare et al. (2008) documented beyond 
doubt, the possibility of human to human transmission 
of Brucella infection. The disease has been recognized 
as one of the common laboratory- transmitted infections 
and was reported to occur in clinical, research and 
production laboratories (Bouza et al. 2005). Those with 
a professional risk of acquiring infection include 
livestock producers, abattoir workers, shepherds, 
farmers, veterinarians and laboratory personnel. 

Pathogenesis

After phagocytosis, brucellae probably reach 
the lymphnodes as parasites and then enter the blood 
and produce bacteraemia followed by the acute febrile 
phase of the disease. From the blood, the organisms are 
distributed throughout the reticuloendothelial system 
and become present in large numbers in the liver and 
spleen and localize in many other sites such as the 
joints, heart, kidneys and genital tract (Baldwin and 
Winter 1994). In human beings after a variable 
incubation period (14 weeks) non-specific, systemic 
symptoms like fever, malaise, arthralgia, headache and 
night sweat follow (Greenfield 2002). 

The mouse is often used as an animal model to 
investigate the pathogenesis of animal and human 
brucellosis (Ko and Splitter 2003). Bacterial ABC 
transporter systems are associated with nutrient uptake 
and the export of toxins and antibiotics and they may 
play an important role in gene expression (Ko and 
Splitter 2000). In Brucella spp., ABC transporter 
proteins have a potential pathogenic role during host 
infection (Rosinha et al. 2002). Hemagglutinins are 
responsible for adhesion and may define the specificity 
of bacterial adhesins during host infection it does not 
have an important role in the pathogenesis of Brucella 
melitensis (Perry et al. 2010).

The pathogenicity in human brucellosis is 
attributed to factors like LPS, adenine and guanine 
monophosphate, virB, 24 kDa protein and urease 
enzyme. Brucella is an unusual organism in several 
ways i.e. the classical virulence factors in a bacterium 
like exotoxins/endotoxins, pili, plasmids, flagella etc. 
are lacking in this organism. Survival strategy of 
Brucella in its host is attributed to its ability to inhibit 
fusion of lyzosome with phagosome thus degranulation 
and activation of the myelo-peroxidase-halide system, it 
also inhibits the production of tumor necrosis factor 
(Caron et al. 1994) and programmed cell death of the 
host cell (Detilleux et al. 1990a), thus escapes the host 
defense mechanisms, to survive and replicate within the 
host cells. Virulent Brucella organisms are capable of 
invading and residing in professional phagocytes 
(Baldwin and Winter 1994) such as macrophages, as 
well as non-phagocytic cells (Detilleux et al. 1990a, 
Detilleux et al. 1990b). In both phagocytic and non-
phagocytic cells, Brucella has the ability to replicate 
within membrane-bound compartments (Pizarro-Cerda 
et al. 1998). Inhibition of TNF-a by bacteria disrupts 
bactericidal effect of natural killer cells and 
macrophages (Gorvel et al. 2002). 

There are 2 types of smooth lipopolysaccharide 
(sLPS) surface antigens, designated A and M. A antigen 
predominates in B. abortus and B. suis, while M is the 
major antigen in B. melitensis. Numerous outer and 
inner membrane, cytoplasmic and periplasmic proteins 
have also been characterized. The sLPS from B. abortus 
is 100 times less potent than that of E. coli (Goldstein et 
al. 1992) and Salmonella (Freer et al. 1996) in inducing 
TNFa from macrophages as well as oxidative 
metabolism and lysozyme release by neutrophils. This 
feature of sLPS is supposed to contribute to the survival 
of B. abortus within phagocytic cells. In addition, 
Brucella sLPS is not susceptible to the actions of 
polycationic molecules, suggesting that smooth Brucella 
can resist the cationic bactericidal peptides of the 
phagocytes (Jensen et al. 1995). The sLPS also conferes 
anti-phagocytic properties to Brucella and does not 
activate the alternate pathway of the complement 
cascade (Hoffmann and Houle 1983). 

Immune response

Both humoral and cellular immune responses 
are involved in Brucella infection, though magnitude 
varies with virulence of organism and immune status of 
animal (FAO/WHO Expert Committee on Brucellosis 
1986). Serological response to the infection can be seen 
as early as 24 weeks. Persistent rise of antibody titre is 
noted if pregnant uterus is affected. Serological 
response starts with the production of IgM within 1 
week or 2, gradually IgG predominates which persists in 
chronic infections. This serological response may be 
transient or missing in young sexually immature 
animals (European Commission 2001). Antibodies 
directed toward specific antigens like the O-antigen, 
may enhance protection against brucellosis in some 
animal species. While protective immunity directed 
against Brucella depends on the induction of an 
effective and specific cell-mediated immune (CMI) 
response (Oliveira et al. 1994). Cell mediated immune 
response (CMIR) involves interaction of organism with 
macrophage and T-lymphocyte which decides fate of 
invading bacteria. Lymphocyte stimulation, macrophage 
inhibition, delayed type of hypersensitivity (DTH) and 
gamma interferon (g-IFN) production are used as 
correlates of CMIR. This cellular immune response 
could also be expected as early as few weeks. 

Diagnosis

The laboratory diagnosis of brucellosis is done 
to identify the animals which are infected, shedding the 
organism and spreading the disease. Attention is usually 
first drawn to the disease by an abortion and is 
confirmed by various direct and indirect methods of 
diagnosis. 

Culture: Highly specific and most conclusive 
diagnosis in any infectious disease is by isolation of the 
causative agent and so is in brucellosis. Culture and 
isolation is still unequivocally considered the gold 
standard in diagnosis of brucellosis (Alton et al. 1988). 

Milk, vaginal swabs, placentas or aborted 
fetuses are preferred for microscopy and culture in case 
of live animals, while primarily lymph nodes (especially 
head and mammary), spleen, udder, uterus, epididymes 
and testes are recommended from necropsied animals. 
Blood is also used for culture and provides definite 
proof of brucellosis but may not provide a positive 
result in all cases. Lysis centrifugation and blood clot 
culture techniques yielded encouraging results (Mantur 
and Mangalgi 2004, Mantur et al. 2007) in terms of 
sensitivity and rapidity. The modern automated blood 
culture systems have somewhat improved the speed of 
detection. Although, bone marrow cultures are 
considered gold standard in some studies (Mantur et al. 
2008). In such cases, bacteremia might also be 
maintained from other sources of the reticulo-
endothelial system (Mantur et al. 2008). Perhaps, this 
could be the reason for the discrepancy in the results of 
blood and bone marrow cultures reported in the 
literature. Selective media are recommended for 
bacteriological isolation and better results are obtained 
when 2 different media are included Farrell and 
modified Thayer-Martin. Differentiation of Brucella at 
species, biovar and strain level by bacteriological and/or 
by molecular techniques is usually carried out in 
reference laboratories.

PCR: PCR is a very sensitive technique. For 
the first time Feket et al. (1990) used PCR for the 
diagnosis of brucellosis. In 1992, he reported detection 
limit of their assay was 5 Brucella cells/100 mg of 
tissue. It has been demonstrated that the assay is specific 
and sensitive for brucellosis (Bricker et al. 1998). To 
diagnose and detect the presence of brucellosis, various 
genes of Brucella genome were explored and for this 
several PCR assays using primers from genes such as 
IS711 (Bricker and Halling 1994), IS6501 (Ouahrani et 
al. 1996), 16S rRNA sequence (etinkaya et al. 1999), 
16S23S rRNA spacer region (Rijpens et al. 1996), 31 
kDa outer membrane protein (Serpe et al. 1999), 43 kDa 
outer membrane protein (Fekete et al.1990), Omp-2 
outer membrane protein (Leal-Klevezas et al. 1995), 
omp-25 (Probert et al. 2004) and the heat shock protein 
(DnaJ, DnaK, HtrA and GroEL) (DaCosta et al. 1996) 
etc., were developed. 

PCR was applied to detect Brucella DNA in 
varieties of clinical samples including tissues (mainly 
aborted fetuses and associated maternal tissues), blood, 
milk and semen (Cortez et al. 2001, Hafez et al. 2011, 
Al-Garadia et al. 2011). PCR based tests are also more 
sensitive than traditional culture method (Amin et al. 
2001, Buyukcangaz et al. 2011). 

Real-time PCR was used for detection of 
Brucella, offering improvement in detection time and 
specificity through incorporation of hybridization 
probes (Probert et al. 2004, Doosti and Dehkordi 2011). 
The real-time PCR is also useful for quantifying the 
load of microorganisms in samples.

Few multiplex PCR assays have also been 
developed with an aim to detect presence of other 
bacteria along with Brucella within single reaction 
(Moshkelani et al. 2011). Multiplex PCR is a derived 
procedure where multiple DNA sequences can be 
detected in a single PCR reaction. Hamali and Joozani 
(2011) used multiplex PCR for detection of Brucella 
spp. and vaccine strains in bovine aborted fetuses. 

Brucellin skin test: The brucellin skin test, a 
cell-mediated immunity (CMI) based assay, is an 
alternative diagnostic test, which can be used for 
screening unvaccinated animals, provided that a purified 
(S-LPS free) and standardized antigen preparation is 
used (Blasco et al. 1994a, Blasco et al. 1994b). S-LPS 
(Blasco et al. 1994a, Blasco et al. 1994b) does not take 
part in DTH reactions (Jones et al. 1973) and may 
provoke antibody-mediated inflammatory reactions or 
induce antibodies that interfere with subsequent 
serological screening. Purified allergens would not offer 
practical advantages over complex protein mixtures 
(Blasco et al. 1994a, Blasco et al. 1994b). The brucellin 
skin test has a high sensitivity and in the absence of 
vaccination is considered one of the most specific 
diagnostic tests (Ebadi and Zowghi 1983, FAO/WHO 
1986, Alton et al. 1988, Blasco et al. 1994a, Blasco et 
al. 1994b, Garin-Bastuji et al. 1998). This test is of 
particular value for the interpretation of FPSR due to 
infection with cross-reacting bacteria (FPSR animals are 
negative in the skin test), especially in brucellosis-free 
areas. Despite its high sensitivity not all infected 
animals show positive skin test responses. Therefore, 
this test cannot be recommended either as the sole 
diagnostic test or fit for the purposes of international 
trade. The site and route of allergen inoculation are not 
important factors affecting its sensitivity (Fensterbank 
1985, Blasco et al. 1994a, Blasco et al. 1994b). Anergy 
induced by repeated skin testing, well known in bovine 
tuberculosis (Radunz and Lepper 1985), is not absolute 
in brucellosis (Blasco et al. 1994a, Blasco et al. 1994b).

Serological diagnosis

The diagnosis of brucellosis employing direct 
method is not always possible for a large number of 
animals, hence indirect diagnostic assays are frequently 
used (Blasco 1992). In absence of a positive culture of 
B. abortus a presumptive diagnosis is usually based on 
the presence of antibodies in serum, milk, whey, vaginal 
mucus or seminal plasma. On average, the agglutinins 
and complement fixation antibodies become positive 4 
weeks following experimental infection during fourth to 
sixth month of gestation and not until about 10 weeks if 
experimental infection occurs 2 month before or after 
insemination (Radostitis et al. 2000).

No single serological test is appropriate in each 
and all epidemiological situations, all have limitations 
especially when it comes to screening individual 
animals (Godfroid et al. 2002, Nielsen 2002). 
Complement fixation test (CFT), fluorescence 
polarization assay (FPA) and ELISA are considered 
more appropriate for international trade than serum tube 
agglutination test (SAT). For the control of brucellosis 
at the national or local level, the buffered Brucella 
antigen tests (BBATs), i.e. the Rose Bengal test (RBT) 
and the buffered plate agglutination test (BPAT), as well 
as the ELISA and the FPA, are suitable screening tests 
(OIE 2004). Positive reactions may be retested using a 
suitable confirmatory strategy, if needed.

Rose Bengal plate agglutination test (RBPT): 
The RBPT is a simple, rapid and spot test and can be 
performed in field. The RBPT antigen was developed by 
U.S. Department of Agriculture and it was B. abortus 
antigen stained with Rose Bengal dye and buffered at 
pH 3.65 (Alton et al. 1988). The low pH prevents some 
agglutination by IgM and encourages agglutination by 
IgG1 thereby reducing non-specific interactions (Corbel 
1972, Corbel 1973, Allan et al. 1976). This test is 
internationally acknowledged as the choice for the 
screening of brucellosis. However, due to cross 
reactivity between these antigen with other bacterial 
species including Yersinia enterocolitica O:9 and E. coli 
serotype O:57 (Kittelberger et al. 1995) RBPT may 
suffer higher rates of false positive results than other 
serological tests. Still many workers reported RBPT to 
be a routine and reliable test and could not be replaced 
for the diagnosis of brucellosis (Mangalgi et al. 2012, 
Chachra et al. 2009).

Serum tube agglutination test (SAT): 
Historically, the SAT has been recognized as the 
principal serological test used for the diagnosis of 
brucellosis. IgM isotypes of antibody is the most active 
agglutinin at neutral pH (Rice and Boyes 1971, Corbel 
1972, Nielsen et al. 1984). Therefore, SAT is susceptible 
to false positive reaction by cross-reacting antibodies 
(Nielsen 2002). However, because the SAT may yield 
both false negative or false positive results (Corbel et al. 
1984), it is not useful for testing individual animal. The 
efficacy of test is useful only when it is used at herd 
level. Nicoletti (1967) also recognized that not every 
Brucella infected bovine show a diagnostically 
significant titre.

The presumptive diagnosis provided by the 
serological tests is usually accepted as indication of 
brucellosis; although it can only detect IgM and IgG2 
and fails to detect IgG1 (Rice and Boyes 1971). 
However, chronic carriers produce mainly IgG1 that 
block the agglutinating activities of IgG2 which may 
result in lower detection rates. Hafez et al. (2011) 
reported lower number of positive samples detected by 
SAT in comparison to RBT and ELISA.

Complement fixation test (CFT): The 
complement fixation test (CFT) is widely used for the 
diagnosis of brucellosis in cattle, sheep and goat. It 
detects mainly IgG1 antibodies. The test is somewhat 
complex and in mass testings a screening test such as 
the RBPT is often used to reduce the number of samples 
that need to be tested by CFT (Staak et al. 2001). CFT is 
not good for testing sera from animals vaccinated for 
brucellosis as it cannot differentiate vaccinated from 
infected ones (Diaz-Aparicio et al. 1996). Another 
major problem with CFT is its limited utility in buffalo 
serum samples. Nicoletti (1992) in his study concluded 
that CFT is of limited usefulness in the diagnosis of 
brucellosis in buffaloes due to false positive reactions. 
Guarino et al. (2001) also found CFT to be less effective 
test for the diagnosis of brucellosis in buffaloes as they 
showed many animals yielding negative results in CFT 
which otherwise were positive in ELISA. Kassymov 
and Zhumagalikyzy (2011) reported ELISA to be more 
effective than CFT for the diagnostic of brucellosis in 
cattle.

Enzyme linked immunosorbent assays (ELISA): 
ELISA offers excellent sensitivity and specificity whilst 
being robust, fairly simple to perform with a minimum 
of equipment and readily available from a number of 
commercial sources in kit form. Owing to these 
properties ELISA is extensively used in the diagnosis of 
brucellosis in every species of animals. The smooth 
lipopolysaccharide (sLPS) is commonly used as the 
antigen for ELISA (OIE 2004). Other antigen, such as a 
highly immunogenic periplasmic protein from B. 
abortus (Rossetti et al. 1996) was also used for 
brucellosis diagnosis in different host species but results 
were not so encouraging. Letesson et al. (1997) used 8 
proteins (OMP36, OMP25, OMP19, OMP16, OMP10, 
p17, p15 and p39) as antigen for serological diagnosis 
of brucellosis by ELISA. The antibody response against 
these proteins often delayed when compared to the 
antibody response to smooth LPS and limited to the 
animals that develop active brucellosis infection. The 
sensitivity and specificity of ELISA was found higher 
by using LPS as diagnostic antigen instead of OPS 
(Nielsen et al. 1996). Several antigens were tried but no 
alternative antigens that could match the sensitivity 
achieved with LPS have been found so far (Letesson et 
al. 1997). 

Monoclonal or polyclonal antiglobulin-enzyme 
conjugates may be used depending on availability and 
performance requirements. A MAb specific for the 
heavy chain of bovine IgG1 may provide some 
improvement in specificity at the possible cost of some 
loss of sensitivity (OIE 2004). Use of protein-G as 
conjugate also reduces this problem and increases the 
specificity of ELISA (Ficapal et al. 1995, Marin et al. 
1998, Kumar and Chand 2011). Renukaradhya et al. 
(2001) described the use of avidin-biotin ELISA for the 
diagnosis of brucellosis in cattle and buffalo. Milk-
ELISA was also tried and found effective diagnostic 
tool by many workers (Chand et al. 2004, Patel et al. 
2008).

Native hapten (NH) gel precipitation tests: In 
the case of recent vaccination with S19 vaccine, only 
the gel diffusion (GD) or radial immunodiffusion (RID) 
tests with native hapten antigen (Daz et al. 1979), FPA 
(Nielsen et al. 1996a) and the competitive ELISA 
(Nielsen et al. 1996b) appear to be useful for diagnosis, 
allowing differentiation of infection by Brucella abortus 
from S19 vaccination. However, only the gel diffusion 
test with Native Hapten (Daz et al. 1979) was able to 
discriminate at a given time after vaccination (Marin et 
al. 1999).

Fluorescence polarization assay (FPA): FPA is 
a homogenous immunoassay. Homogenous 
immunoassays are single step assays that require no 
repetitive washing steps to remove unbound reactants as 
with classical primary binding assays (Jenkins 1992). 
Many workers used FPA in different parts of the world 
in various laboratories and Nielsen et al. (1996a) are the 
pioneer in developing and using this assay for the 
diagnosis of brucellosis in animals. This test was used 
for diagnosing brucellosis in cattle (Nielsen et al. 
1996a), porcine (Nielsen et al. 1999), bison (Gall et al. 
2000), cervidae (Gall et al. 2001), humans (Lucerno et 
al. 2003), goats (Burriel et al. 2004), sheep (Minas et al. 
2005), cetaceans (Neimanis et al. 2008) and buffaloes 
(Kumar and Chand 2009). Lin and Nielsen (1997) 
labeled OPS extracted from B. abortus with fluorescein 
for investigating binding of O-chain to a specific murine 
monoclonal antibody YsT9. Nielsen et al. (1996) 
reported FPA to be a simple, low cost, easy and less 
time consuming assay and demonstrated that the 
sensitivity and specificity of FPA was comparable to 
complement fixation test (CFT), competitive ELISA and 
indirect ELISA. 

Miscellaneous tests: Srivastava and Chaudhary 
(2011) reported that Coombs test that detects incomplete 
antibodies and immunocapture-agglutination tests show 
good performances with higher sensitivity and 
specificity in the diagnosis of brucellosis.

Kassymov and Zhumagalikyzy (2011) reported 
a new variant of complement fixation test that is 
conglutination - conglutinating complex fixation test 
(CCFT), based on interaction of a complex antigen - 
antibody with conglutination blood serum (complement, 
conglutinin) and found it to be an effective method of 
diagnostics of brucellosis and other infectious diseases. 

Smits et al. (2003) reported Brucella IgM and 
IgG lateral flow and Abdoeland Smits (2007) reported 
latex agglutination assays and found them to be rapid 
and simple along with high sensitivity and specificity in 
culture confirmed cases. These tests are ideal for use as 
field tests in remote areas and as point of care tests in 
hospitals and health care centre.

Vaccination 

Currently there are 2 vaccines available that 
are effective enough and inexpensive. These are 
B.melitensis strain Rev.1 for small ruminants given at 
full dose (1 109 CFU) by the conjunctival route and B. 
abortus strain 19 for cattle given individually at full 
dose (10 1010 CFU) subcutaneously or at reduced dose 
(5 109 CFU) conjunctivally. Both vaccines can be 
hazardous to humans and also may induce abortion 
when vaccinating pregnant animals. At this stage there 
is inadequate information on the use of these vaccines in 
camels, yaks and buffaloes. When mass vaccination has 
to be applied, it should be carried out in 2 ways: 

Mass vaccinate all animals 
every two years, including males (in the case of 
sheep and goats). This is the simplest method and 
only requires the ability to locate 100% of 
flocks/herds and to vaccinate all animals, at the 
ideal window of opportunity to avoid vaccine 
induced abortions, i.e. when animals are lactating 
or at the end of the parturition season and fewest 
are pregnant. This procedure assumes that at the 
actual replacement rates, every 2 years about 
3040% of the population will be susceptible. 

Mass vaccination and individual 
identification of all animals in the first year and 
then identification and vaccination of the 
replacement animals only in subsequent years. 
The main advantage of which is minimizing 
vaccine induced abortions, is obviously more 
complex, involving identification of young 
replacement animals each year. Assuming that 
1025% of the total population needs to be 
replaced each year, this programme will take 410 
years before the whole population is fully 
vaccinated. Unfortunately, this option has often 
failed in developing countries with nomadic 
husbandry systems, as owners keep replacements 
year round and several visits may be needed to 
ensure 100% vaccination coverage. Once the 
prevalence of brucellosis is reduced to minimal 
levels by either of the above mass vaccination 
procedures and provided that the veterinary 
infrastructure and economic resources are 
available, eradication can be achieved through a 
programme based on the vaccination of young 
replacement animals combined with testing and 
slaughtering of infected adults. This programme 
will require individual animal identification and 
effective control of animal movements.

One practical eradication approach would 
involve no testing of mass vaccinated adult animals for 
2 years following the first mass vaccination, to avoid 
culling healthy but seropositive animals. The only 
interventions during these 2 first years would be 
vaccinating 100% of young replacements, ensuring 
individual identification of the whole population and 
establishing effective animal movement controls. The 
use of the NH based gel precipitation tests, followed by 
immediate culling of infected animals could be 
recommended as the most reasonable strategy to avoid 
the excessive culling of healthy but seropositive 
animals. Once the percentage of positives in these NH 
based tests is zero for at least two consecutive years, the 
testing schedule could be modified using OIE official 
tests - such as RBPT, iELISA and CFT - to reach and 
maintain brucellosis free status. Vaccination should 
cease only when the prevalence is zero for at least one 
entire generation, in order to avoid relapses. Premature 
cessation of vaccination has been a frequent error in 
many countries. As a general rule, vaccination should 
never be abandoned until the prevalence is zero, the 
situation is maintained for 812 years and the risk of 
transmission from infected epidemiologically related 
units is negligible (FAO 2009). 
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A type of fever characterized by fairly regular 
remissions or intermissions has been recognized along 
the Mediterranean littoral since the time of Hippocrates 
in 450 B.C. In 1861 J. A. Martson an assistant surgeon 
of the British Medical Department working in the 
Mediterranean, first described the symptoms of 
brucellosis in himself as gastric remittent fever 
(Martson 1861). Professor L. F. Benhard Bang, a Danish 
veterinary pathologist and bacteriologist (1897), with 
Stribolt isolated the small bacillus now known as 
Brucella abortus. The first case of human brucellosis 
was recognized in 1897 in a US army officer (Brown 
1977). Captain David Bruce (1887) a Scottish 
physician, reported small coccal organisms in the 
stained sections of spleen of a fatally infected soldier, 
and isolated and identified organism in culture from 
spleen tissue of four other British soldiers stationed at 
Malta (Bruce 1887). The organism derived its species 
name from Melita (honey), the roman name for the Isle 
of Malta. 

Brucellosis is endemically present in India, 
since its first report from Indian Veterinary Research 
Institute (IVRI), Mukteswar (Anonymous 1918). 
Polding (1942) isolated Brucella from cattle, buffalo, 
goat, horse and man. With B. abortus biotypes (1, 2, 3, 6 
and 9) in cattle and buffalo (Sen and Sharma 1975, 
Chand et al. 1988) and B. melitensis biotypes (1, 2, and 
3) in sheep and goats (Polding 1942, Sen and Sharma 
1975) and human beings (Hemashttar and Patil 1991, 
Sen and Sharma 1975, Agasthya et al. 2007), brucellosis 
have made its unshakable foot holding in India. 
Brucellosis has also been reported in pigs (Bhaskar et 
al. 1998) and canines (Pillai et al. 1991, Srinivasan et 
al. 1992).

Genus Brucella

Taxonomically, Brucella are classified as a-
Proteobacteria and subdivided into 6 species (Moreno 
2001). These 6 species under the genus Brucella 
comprise: Brucella melitensis, B. abortus, B. suis, B. 
ovis, B. canis and B. neotomae (Corbel and Morgan 
1984). Two new Brucella species, called B. pinnipedia 
and B. cetaceae, have been isolated from marine hosts 
(Ewalt et al. 1994, Ross et al. 1996). There exists 
multiple biotypes of Brucella that vary in terms of 
biochemical reactions, host specificity and 
pathogenicity (Young 1995). The subcommittee on 
taxonomy of Brucella had proposed that this genus 
could contain a single species, B. melitensis (Grimont 
1992, Moreno and Moriyon 2001). This proposal was 
based on DNA-DNA hybridization studies conducted on 
51 strains representing all known species and biovars 
(Verger et al. 1985). 

Brucellae are small, non-motile, non-
sporulating, non-toxigenic, non-fermenting, facultative, 
intracellular, gram-negative coccobacilli. Flagella, 
endospores and capsules are absent although capsule 
like structures have been reported in preparations treated 
with antiserum. They are partially acid-fast, as are not 
decolorized by 0.5% acetic acid in the modified Ziehl-
Neelsen (MZN) staining (Alton et al. 1988), 0.50.7 m in 
diameter and 0.61.5 m in length (Corbel and Morgan 
1984). 

Genome

Brucella genome has been sequenced and 
consists of 2 chromosomes (DelVecchio et al. 2002). 
Both chromosomes contain essential genes encoding for 
essential metabolic and replicative functions. Naturally 
occurring plasmids have not been found in Brucella. 
However, Brucella can maintain some plasmids 
introduced via electroporation or conjugative transfer 
(Rigby and Fraser 1989). Observations at the DNA level 
are becoming more helpful in further refining the 
classification of Brucella organisms beyond 
conventional methods. 

The complete genome of Brucella melitensis 
(DelVecchio et al. 2002), Brucella abortus (Sanchez et 
al. 2001) and Brucella suis (Paulsen et al. 2002) have 
been sequenced. The genome of Brucella abortus 
biotype 1 and 4 and Brucella suis biotype 1 are found 
quite similar to Brucella melitensis (Halling et al. 2005).

The genome of Brucella abortus biovar 1 is 3.3 
Mb and is composed of 2 circular chromosomes of 
2,124,242 bp (Chr I) and 1,162,780 bp (Chr II) (Halling 
et al. 2005). 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 G+C content of the 2 
chromosomes is nearly identical, consistent with the 
assertion that the assimilation and stabilization of a 
plasmid was an ancient event in brucellae (Halling et al. 
2005). Chromosome I of B. abortus biovar 1 consists of 
2200 genes, 2030 protein coding RNA, 47 structural 
RNA, 123 pseudo genes, 18 others and chromosome II 
is made up of 1156 genes, 1055 protein coding RNA, 17 
structural RNA, 84 pseudo genes, 7 others (Stothard et 
al. 2005). 

Brucellosis

Brucellosis is a contagious disease of animals 
and characterized by abortion in females and to a lesser 
extent orchitis and infection of accessory sex glands in 
males and infertility in both the sexes. It has zoonotic 
importance in terms of its transmissibility to human 
beings.

Clinical features and postmortem lesions

Various clinical signs have been described in 
infected animals, the main manifestation in B. abortus 
infection being reproduction failure in the form of 
abortion and birth of weak offspring which remains as 
carrier in herd. Cases of abortion in infected herd are 
less in chronic infection but infected animal continue to 
act as carrier posing threat to the herd (European 
Commission 2001).

Brucella infected animals generally develop 
granulomatous inflammatory responses, which are often 
located within lymphoid tissues and organs with a 
prominent reticuloendothelial component. The 
localization and persistence of brucellae within these 
tissues and organs follow in the wake of widespread 
distribution of the bacteria during a generalized stage of 
infection. Localization of brucellae within the female 
and male reproductive tracts accounts for the principal 
clinical symptoms of infection, viz. abortion and male 
infertility (Enright 1990). 

Invasion of gravid bovine uterus is marked by 
characteristic necrotic placentitis. Inflammation of 
placenta may be acute and wide spread, and lead to 
early death of fetus followed by abortion, or sub-acute 
or chronic leading to a late abortion or birth of a live, 
infected, perhaps weak calf associated often with 
retention of placenta. The cotyledons are congested or 
swollen and covered with yellowish or sticky brownish 
exudates which extend deep into the crypts. The inter-
cotyledonary areas are thickened, opaque, often look 
almost leathery and there is loss of normal blood red 
color appearance. Enlargement of spleen and liver is 
noticed in aborted fetus with increase in amount of fluid 
in body cavity. Films made from the exudates stained 
with a modified Ziehl-Neelsen method using acetic acid 
show large number of Brucella in clumps or distributed 
many inside epithelial cells which are often literally 
packed with organisms. The fetus varies from typical 
hairless (47 months) fetus up to one that is fully 
developed and shows no characteristic lesions. In case 
of lungs, pneumonia is there which is usually of a 
broncho-pneumonia type. Cobbler stone lesions on 
lungs are indicative of brucellosis (Stableforth and 
Galloway 1959).

In male animals, orchitis and epididymitis are 
the manifestations of chronic infection (Chand et al. 
2002). The acute inflammatory phase in the seminal 
vesicles is followed by a chronic stage with 
considerable fibrinoid induration. During orchitis the 
testicles gradually enlarge. Areas of dry necrosis 
develop and become encapsulated by fibrinous tissue 
which eventually contracts, often leaving the testicles 
smaller than normal. In other cases, it may soften with 
the production of a soft fluctuating lesion containing 
thin pus like pea soup. 

Epidemiology and zoonosis

Brucellosis is the most common zoonosis in 
the world, accounting for the annual occurrence of more 
than 500,000 cases (Pappas et al. 2006). Although 
brucellosis and its means of transmission were 
discovered over 100 years ago, still the disease remains 
a worldwide problem, predominantly so in developing 
countries. However, countries like North America, 
Northern and Central Europe, Canada, Japan, Australia, 
New Zealand, Southeast Asia and Oceania 
(FAO/OIE/WHO 1997) are reported to be free from the 
disease. The disease is endemic in Mediterranean region 
i.e. Middle East, Latin America and parts of Asia 
(Corbel 1997). Reported incidence of human brucellosis 
in endemic areas varies widely from <0.01 to >200 per 
100 000 population (Lpez-Merino 1989). In India 80% 
of the population live in approximately 575,000 villages 
and thousands of small towns (Mantur and Amarnath 
2008), have close contact with domestic or wild animal 
population owing to their occupation. Hence, human 
population stands at a greater risk of acquiring zoonotic 
diseases including brucellosis. The disease has an added 
importance in countries like India, where conditions are 
conducive for wide-spread human infection on account 
of unhygienic conditions and poverty. Species of main 
concern in India are B. melitensis and B. abortus. B. 
melitensis is the most virulent and common strain for 
man and it causes severe and prolonged disease with a 
risk of disability. B. abortus is the dominant species in 
cattle. Bovine brucellosis is widespread in India and 
appears to be on the increase in recent times, perhaps 
due to increased trade and rapid movement of livestock 
(Renukaradhya et al. 2002). Free grazing and movement 
with frequent mixing of flocks of sheep and goats also 
contribute to the wide distribution of brucellosis in these 
animals. Chahota et al. (2003) have reported severe 
outbreak of brucellosis in an organized dairy farm in 
Himachal Pradesh leading to abortions, retained 
placenta and still birth in cows. Serological evidences 
are suggestive of high endemicity of brucellosis in India 
with national average of as high as 5% in cattle, 3% in 
buffalo, 7.9% in sheep and 2.2% in goats 
(Renukaradhya 2002). In 2008, in Punjab the prevalence 
of disease in buffalo and cattle was 16.41% and 20.67%, 
respectively, and the overall apparent prevalence of 
brucellosis was 18.26% (Aulakh et al. 2008). Trangadia 
et al. (2010) recorded 22.18% (132/595) and 13.78% 
(82/595) sero-prevalance of bovine brucellosis in 4 
organized dairy farms located in western, southern, 
central and northern regions of India by ELISA and 
RBPT, respectively. Perusal of the literature indicated 
prevalence of brucellosis in western region (Gujarat 
state) ranging from 8.98 to 44.00% (Chauhan et al. 
2000), 17% in southern region (Isloor et al. 1998), 6.3% 
in central region (Madhya Pradesh state) (Mehra et al. 
2000) and 12.9% in northern region (Punjab state) 
(Dhand et al. 2005). Sero-prevalence of brucellosis was 
reported to be 6.5% in Jordan (Al-Majali et al. 2009), 
8.4% in Cameroon (Bayemi et al. 2009) and 32.9 to 
39.4% in Turkey (Sahin et al. 2008). The association of 
spread of brucellosis with unhygienic processing of 
milk, milk products and meat until it reaches to the final 
consumer makes it a zoonotically important disease. 
Colonization of organism in udder with its frequent 
excretion in milk for prolonged period has led to 
epidemics of brucellosis in human beings. 

In cattle and other members of family 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 but 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. However, artificial 
insemination can transmit the disease and semen must 
only be collected from animals known to be free of 
infection. The presence of brucellosis in wild animals, 
with a potential for continuous transfer to domestic 
animals and from them to humans is another 
epidemiological issue (Cutler et al. 2005). Further, 
transmission of Brucella infection and its prevalence in 
a region depends upon factors like food habits, methods 
of processing milk and milk products, social customs, 
husbandry practices, climatic conditions, socioeconomic 
status and environment hygiene. Environmental 
sanitation is particularly important in the context of air-
borne transmission. Brucellosis is almost invariably 
transmitted to man from infected domestic animals. 
However, Tikare et al. (2008) documented beyond 
doubt, the possibility of human to human transmission 
of Brucella infection. The disease has been recognized 
as one of the common laboratory- transmitted infections 
and was reported to occur in clinical, research and 
production laboratories (Bouza et al. 2005). Those with 
a professional risk of acquiring infection include 
livestock producers, abattoir workers, shepherds, 
farmers, veterinarians and laboratory personnel. 

Pathogenesis

After phagocytosis, brucellae probably reach 
the lymphnodes as parasites and then enter the blood 
and produce bacteraemia followed by the acute febrile 
phase of the disease. From the blood, the organisms are 
distributed throughout the reticuloendothelial system 
and become present in large numbers in the liver and 
spleen and localize in many other sites such as the 
joints, heart, kidneys and genital tract (Baldwin and 
Winter 1994). In human beings after a variable 
incubation period (14 weeks) non-specific, systemic 
symptoms like fever, malaise, arthralgia, headache and 
night sweat follow (Greenfield 2002). 

The mouse is often used as an animal model to 
investigate the pathogenesis of animal and human 
brucellosis (Ko and Splitter 2003). Bacterial ABC 
transporter systems are associated with nutrient uptake 
and the export of toxins and antibiotics and they may 
play an important role in gene expression (Ko and 
Splitter 2000). In Brucella spp., ABC transporter 
proteins have a potential pathogenic role during host 
infection (Rosinha et al. 2002). Hemagglutinins are 
responsible for adhesion and may define the specificity 
of bacterial adhesins during host infection it does not 
have an important role in the pathogenesis of Brucella 
melitensis (Perry et al. 2010).

The pathogenicity in human brucellosis is 
attributed to factors like LPS, adenine and guanine 
monophosphate, virB, 24 kDa protein and urease 
enzyme. Brucella is an unusual organism in several 
ways i.e. the classical virulence factors in a bacterium 
like exotoxins/endotoxins, pili, plasmids, flagella etc. 
are lacking in this organism. Survival strategy of 
Brucella in its host is attributed to its ability to inhibit 
fusion of lyzosome with phagosome thus degranulation 
and activation of the myelo-peroxidase-halide system, it 
also inhibits the production of tumor necrosis factor 
(Caron et al. 1994) and programmed cell death of the 
host cell (Detilleux et al. 1990a), thus escapes the host 
defense mechanisms, to survive and replicate within the 
host cells. Virulent Brucella organisms are capable of 
invading and residing in professional phagocytes 
(Baldwin and Winter 1994) such as macrophages, as 
well as non-phagocytic cells (Detilleux et al. 1990a, 
Detilleux et al. 1990b). In both phagocytic and non-
phagocytic cells, Brucella has the ability to replicate 
within membrane-bound compartments (Pizarro-Cerda 
et al. 1998). Inhibition of TNF-a by bacteria disrupts 
bactericidal effect of natural killer cells and 
macrophages (Gorvel et al. 2002). 

There are 2 types of smooth lipopolysaccharide 
(sLPS) surface antigens, designated A and M. A antigen 
predominates in B. abortus and B. suis, while M is the 
major antigen in B. melitensis. Numerous outer and 
inner membrane, cytoplasmic and periplasmic proteins 
have also been characterized. The sLPS from B. abortus 
is 100 times less potent than that of E. coli (Goldstein et 
al. 1992) and Salmonella (Freer et al. 1996) in inducing 
TNFa from macrophages as well as oxidative 
metabolism and lysozyme release by neutrophils. This 
feature of sLPS is supposed to contribute to the survival 
of B. abortus within phagocytic cells. In addition, 
Brucella sLPS is not susceptible to the actions of 
polycationic molecules, suggesting that smooth Brucella 
can resist the cationic bactericidal peptides of the 
phagocytes (Jensen et al. 1995). The sLPS also conferes 
anti-phagocytic properties to Brucella and does not 
activate the alternate pathway of the complement 
cascade (Hoffmann and Houle 1983). 

Immune response

Both humoral and cellular immune responses 
are involved in Brucella infection, though magnitude 
varies with virulence of organism and immune status of 
animal (FAO/WHO Expert Committee on Brucellosis 
1986). Serological response to the infection can be seen 
as early as 24 weeks. Persistent rise of antibody titre is 
noted if pregnant uterus is affected. Serological 
response starts with the production of IgM within 1 
week or 2, gradually IgG predominates which persists in 
chronic infections. This serological response may be 
transient or missing in young sexually immature 
animals (European Commission 2001). Antibodies 
directed toward specific antigens like the O-antigen, 
may enhance protection against brucellosis in some 
animal species. While protective immunity directed 
against Brucella depends on the induction of an 
effective and specific cell-mediated immune (CMI) 
response (Oliveira et al. 1994). Cell mediated immune 
response (CMIR) involves interaction of organism with 
macrophage and T-lymphocyte which decides fate of 
invading bacteria. Lymphocyte stimulation, macrophage 
inhibition, delayed type of hypersensitivity (DTH) and 
gamma interferon (g-IFN) production are used as 
correlates of CMIR. This cellular immune response 
could also be expected as early as few weeks. 

Diagnosis

The laboratory diagnosis of brucellosis is done 
to identify the animals which are infected, shedding the 
organism and spreading the disease. Attention is usually 
first drawn to the disease by an abortion and is 
confirmed by various direct and indirect methods of 
diagnosis. 

Culture: Highly specific and most conclusive 
diagnosis in any infectious disease is by isolation of the 
causative agent and so is in brucellosis. Culture and 
isolation is still unequivocally considered the gold 
standard in diagnosis of brucellosis (Alton et al. 1988). 

Milk, vaginal swabs, placentas or aborted 
fetuses are preferred for microscopy and culture in case 
of live animals, while primarily lymph nodes (especially 
head and mammary), spleen, udder, uterus, epididymes 
and testes are recommended from necropsied animals. 
Blood is also used for culture and provides definite 
proof of brucellosis but may not provide a positive 
result in all cases. Lysis centrifugation and blood clot 
culture techniques yielded encouraging results (Mantur 
and Mangalgi 2004, Mantur et al. 2007) in terms of 
sensitivity and rapidity. The modern automated blood 
culture systems have somewhat improved the speed of 
detection. Although, bone marrow cultures are 
considered gold standard in some studies (Mantur et al. 
2008). In such cases, bacteremia might also be 
maintained from other sources of the reticulo-
endothelial system (Mantur et al. 2008). Perhaps, this 
could be the reason for the discrepancy in the results of 
blood and bone marrow cultures reported in the 
literature. Selective media are recommended for 
bacteriological isolation and better results are obtained 
when 2 different media are included Farrell and 
modified Thayer-Martin. Differentiation of Brucella at 
species, biovar and strain level by bacteriological and/or 
by molecular techniques is usually carried out in 
reference laboratories.

PCR: PCR is a very sensitive technique. For 
the first time Feket et al. (1990) used PCR for the 
diagnosis of brucellosis. In 1992, he reported detection 
limit of their assay was 5 Brucella cells/100 mg of 
tissue. It has been demonstrated that the assay is specific 
and sensitive for brucellosis (Bricker et al. 1998). To 
diagnose and detect the presence of brucellosis, various 
genes of Brucella genome were explored and for this 
several PCR assays using primers from genes such as 
IS711 (Bricker and Halling 1994), IS6501 (Ouahrani et 
al. 1996), 16S rRNA sequence (etinkaya et al. 1999), 
16S23S rRNA spacer region (Rijpens et al. 1996), 31 
kDa outer membrane protein (Serpe et al. 1999), 43 kDa 
outer membrane protein (Fekete et al.1990), Omp-2 
outer membrane protein (Leal-Klevezas et al. 1995), 
omp-25 (Probert et al. 2004) and the heat shock protein 
(DnaJ, DnaK, HtrA and GroEL) (DaCosta et al. 1996) 
etc., were developed. 

PCR was applied to detect Brucella DNA in 
varieties of clinical samples including tissues (mainly 
aborted fetuses and associated maternal tissues), blood, 
milk and semen (Cortez et al. 2001, Hafez et al. 2011, 
Al-Garadia et al. 2011). PCR based tests are also more 
sensitive than traditional culture method (Amin et al. 
2001, Buyukcangaz et al. 2011). 

Real-time PCR was used for detection of 
Brucella, offering improvement in detection time and 
specificity through incorporation of hybridization 
probes (Probert et al. 2004, Doosti and Dehkordi 2011). 
The real-time PCR is also useful for quantifying the 
load of microorganisms in samples.

Few multiplex PCR assays have also been 
developed with an aim to detect presence of other 
bacteria along with Brucella within single reaction 
(Moshkelani et al. 2011). Multiplex PCR is a derived 
procedure where multiple DNA sequences can be 
detected in a single PCR reaction. Hamali and Joozani 
(2011) used multiplex PCR for detection of Brucella 
spp. and vaccine strains in bovine aborted fetuses. 

Brucellin skin test: The brucellin skin test, a 
cell-mediated immunity (CMI) based assay, is an 
alternative diagnostic test, which can be used for 
screening unvaccinated animals, provided that a purified 
(S-LPS free) and standardized antigen preparation is 
used (Blasco et al. 1994a, Blasco et al. 1994b). S-LPS 
(Blasco et al. 1994a, Blasco et al. 1994b) does not take 
part in DTH reactions (Jones et al. 1973) and may 
provoke antibody-mediated inflammatory reactions or 
induce antibodies that interfere with subsequent 
serological screening. Purified allergens would not offer 
practical advantages over complex protein mixtures 
(Blasco et al. 1994a, Blasco et al. 1994b). The brucellin 
skin test has a high sensitivity and in the absence of 
vaccination is considered one of the most specific 
diagnostic tests (Ebadi and Zowghi 1983, FAO/WHO 
1986, Alton et al. 1988, Blasco et al. 1994a, Blasco et 
al. 1994b, Garin-Bastuji et al. 1998). This test is of 
particular value for the interpretation of FPSR due to 
infection with cross-reacting bacteria (FPSR animals are 
negative in the skin test), especially in brucellosis-free 
areas. Despite its high sensitivity not all infected 
animals show positive skin test responses. Therefore, 
this test cannot be recommended either as the sole 
diagnostic test or fit for the purposes of international 
trade. The site and route of allergen inoculation are not 
important factors affecting its sensitivity (Fensterbank 
1985, Blasco et al. 1994a, Blasco et al. 1994b). Anergy 
induced by repeated skin testing, well known in bovine 
tuberculosis (Radunz and Lepper 1985), is not absolute 
in brucellosis (Blasco et al. 1994a, Blasco et al. 1994b).

Serological diagnosis

The diagnosis of brucellosis employing direct 
method is not always possible for a large number of 
animals, hence indirect diagnostic assays are frequently 
used (Blasco 1992). In absence of a positive culture of 
B. abortus a presumptive diagnosis is usually based on 
the presence of antibodies in serum, milk, whey, vaginal 
mucus or seminal plasma. On average, the agglutinins 
and complement fixation antibodies become positive 4 
weeks following experimental infection during fourth to 
sixth month of gestation and not until about 10 weeks if 
experimental infection occurs 2 month before or after 
insemination (Radostitis et al. 2000).

No single serological test is appropriate in each 
and all epidemiological situations, all have limitations 
especially when it comes to screening individual 
animals (Godfroid et al. 2002, Nielsen 2002). 
Complement fixation test (CFT), fluorescence 
polarization assay (FPA) and ELISA are considered 
more appropriate for international trade than serum tube 
agglutination test (SAT). For the control of brucellosis 
at the national or local level, the buffered Brucella 
antigen tests (BBATs), i.e. the Rose Bengal test (RBT) 
and the buffered plate agglutination test (BPAT), as well 
as the ELISA and the FPA, are suitable screening tests 
(OIE 2004). Positive reactions may be retested using a 
suitable confirmatory strategy, if needed.

Rose Bengal plate agglutination test (RBPT): 
The RBPT is a simple, rapid and spot test and can be 
performed in field. The RBPT antigen was developed by 
U.S. Department of Agriculture and it was B. abortus 
antigen stained with Rose Bengal dye and buffered at 
pH 3.65 (Alton et al. 1988). The low pH prevents some 
agglutination by IgM and encourages agglutination by 
IgG1 thereby reducing non-specific interactions (Corbel 
1972, Corbel 1973, Allan et al. 1976). This test is 
internationally acknowledged as the choice for the 
screening of brucellosis. However, due to cross 
reactivity between these antigen with other bacterial 
species including Yersinia enterocolitica O:9 and E. coli 
serotype O:57 (Kittelberger et al. 1995) RBPT may 
suffer higher rates of false positive results than other 
serological tests. Still many workers reported RBPT to 
be a routine and reliable test and could not be replaced 
for the diagnosis of brucellosis (Mangalgi et al. 2012, 
Chachra et al. 2009).

Serum tube agglutination test (SAT): 
Historically, the SAT has been recognized as the 
principal serological test used for the diagnosis of 
brucellosis. IgM isotypes of antibody is the most active 
agglutinin at neutral pH (Rice and Boyes 1971, Corbel 
1972, Nielsen et al. 1984). Therefore, SAT is susceptible 
to false positive reaction by cross-reacting antibodies 
(Nielsen 2002). However, because the SAT may yield 
both false negative or false positive results (Corbel et al. 
1984), it is not useful for testing individual animal. The 
efficacy of test is useful only when it is used at herd 
level. Nicoletti (1967) also recognized that not every 
Brucella infected bovine show a diagnostically 
significant titre.

The presumptive diagnosis provided by the 
serological tests is usually accepted as indication of 
brucellosis; although it can only detect IgM and IgG2 
and fails to detect IgG1 (Rice and Boyes 1971). 
However, chronic carriers produce mainly IgG1 that 
block the agglutinating activities of IgG2 which may 
result in lower detection rates. Hafez et al. (2011) 
reported lower number of positive samples detected by 
SAT in comparison to RBT and ELISA.

Complement fixation test (CFT): The 
complement fixation test (CFT) is widely used for the 
diagnosis of brucellosis in cattle, sheep and goat. It 
detects mainly IgG1 antibodies. The test is somewhat 
complex and in mass testings a screening test such as 
the RBPT is often used to reduce the number of samples 
that need to be tested by CFT (Staak et al. 2001). CFT is 
not good for testing sera from animals vaccinated for 
brucellosis as it cannot differentiate vaccinated from 
infected ones (Diaz-Aparicio et al. 1996). Another 
major problem with CFT is its limited utility in buffalo 
serum samples. Nicoletti (1992) in his study concluded 
that CFT is of limited usefulness in the diagnosis of 
brucellosis in buffaloes due to false positive reactions. 
Guarino et al. (2001) also found CFT to be less effective 
test for the diagnosis of brucellosis in buffaloes as they 
showed many animals yielding negative results in CFT 
which otherwise were positive in ELISA. Kassymov 
and Zhumagalikyzy (2011) reported ELISA to be more 
effective than CFT for the diagnostic of brucellosis in 
cattle.

Enzyme linked immunosorbent assays (ELISA): 
ELISA offers excellent sensitivity and specificity whilst 
being robust, fairly simple to perform with a minimum 
of equipment and readily available from a number of 
commercial sources in kit form. Owing to these 
properties ELISA is extensively used in the diagnosis of 
brucellosis in every species of animals. The smooth 
lipopolysaccharide (sLPS) is commonly used as the 
antigen for ELISA (OIE 2004). Other antigen, such as a 
highly immunogenic periplasmic protein from B. 
abortus (Rossetti et al. 1996) was also used for 
brucellosis diagnosis in different host species but results 
were not so encouraging. Letesson et al. (1997) used 8 
proteins (OMP36, OMP25, OMP19, OMP16, OMP10, 
p17, p15 and p39) as antigen for serological diagnosis 
of brucellosis by ELISA. The antibody response against 
these proteins often delayed when compared to the 
antibody response to smooth LPS and limited to the 
animals that develop active brucellosis infection. The 
sensitivity and specificity of ELISA was found higher 
by using LPS as diagnostic antigen instead of OPS 
(Nielsen et al. 1996). Several antigens were tried but no 
alternative antigens that could match the sensitivity 
achieved with LPS have been found so far (Letesson et 
al. 1997). 

Monoclonal or polyclonal antiglobulin-enzyme 
conjugates may be used depending on availability and 
performance requirements. A MAb specific for the 
heavy chain of bovine IgG1 may provide some 
improvement in specificity at the possible cost of some 
loss of sensitivity (OIE 2004). Use of protein-G as 
conjugate also reduces this problem and increases the 
specificity of ELISA (Ficapal et al. 1995, Marin et al. 
1998, Kumar and Chand 2011). Renukaradhya et al. 
(2001) described the use of avidin-biotin ELISA for the 
diagnosis of brucellosis in cattle and buffalo. Milk-
ELISA was also tried and found effective diagnostic 
tool by many workers (Chand et al. 2004, Patel et al. 
2008).

Native hapten (NH) gel precipitation tests: In 
the case of recent vaccination with S19 vaccine, only 
the gel diffusion (GD) or radial immunodiffusion (RID) 
tests with native hapten antigen (Daz et al. 1979), FPA 
(Nielsen et al. 1996a) and the competitive ELISA 
(Nielsen et al. 1996b) appear to be useful for diagnosis, 
allowing differentiation of infection by Brucella abortus 
from S19 vaccination. However, only the gel diffusion 
test with Native Hapten (Daz et al. 1979) was able to 
discriminate at a given time after vaccination (Marin et 
al. 1999).

Fluorescence polarization assay (FPA): FPA is 
a homogenous immunoassay. Homogenous 
immunoassays are single step assays that require no 
repetitive washing steps to remove unbound reactants as 
with classical primary binding assays (Jenkins 1992). 
Many workers used FPA in different parts of the world 
in various laboratories and Nielsen et al. (1996a) are the 
pioneer in developing and using this assay for the 
diagnosis of brucellosis in animals. This test was used 
for diagnosing brucellosis in cattle (Nielsen et al. 
1996a), porcine (Nielsen et al. 1999), bison (Gall et al. 
2000), cervidae (Gall et al. 2001), humans (Lucerno et 
al. 2003), goats (Burriel et al. 2004), sheep (Minas et al. 
2005), cetaceans (Neimanis et al. 2008) and buffaloes 
(Kumar and Chand 2009). Lin and Nielsen (1997) 
labeled OPS extracted from B. abortus with fluorescein 
for investigating binding of O-chain to a specific murine 
monoclonal antibody YsT9. Nielsen et al. (1996) 
reported FPA to be a simple, low cost, easy and less 
time consuming assay and demonstrated that the 
sensitivity and specificity of FPA was comparable to 
complement fixation test (CFT), competitive ELISA and 
indirect ELISA. 

Miscellaneous tests: Srivastava and Chaudhary 
(2011) reported that Coombs test that detects incomplete 
antibodies and immunocapture-agglutination tests show 
good performances with higher sensitivity and 
specificity in the diagnosis of brucellosis.

Kassymov and Zhumagalikyzy (2011) reported 
a new variant of complement fixation test that is 
conglutination - conglutinating complex fixation test 
(CCFT), based on interaction of a complex antigen - 
antibody with conglutination blood serum (complement, 
conglutinin) and found it to be an effective method of 
diagnostics of brucellosis and other infectious diseases. 

Smits et al. (2003) reported Brucella IgM and 
IgG lateral flow and Abdoeland Smits (2007) reported 
latex agglutination assays and found them to be rapid 
and simple along with high sensitivity and specificity in 
culture confirmed cases. These tests are ideal for use as 
field tests in remote areas and as point of care tests in 
hospitals and health care centre.

Vaccination 

Currently there are 2 vaccines available that 
are effective enough and inexpensive. These are 
B.melitensis strain Rev.1 for small ruminants given at 
full dose (1 109 CFU) by the conjunctival route and B. 
abortus strain 19 for cattle given individually at full 
dose (10 1010 CFU) subcutaneously or at reduced dose 
(5 109 CFU) conjunctivally. Both vaccines can be 
hazardous to humans and also may induce abortion 
when vaccinating pregnant animals. At this stage there 
is inadequate information on the use of these vaccines in 
camels, yaks and buffaloes. When mass vaccination has 
to be applied, it should be carried out in 2 ways: 

Mass vaccinate all animals 
every two years, including males (in the case of 
sheep and goats). This is the simplest method and 
only requires the ability to locate 100% of 
flocks/herds and to vaccinate all animals, at the 
ideal window of opportunity to avoid vaccine 
induced abortions, i.e. when animals are lactating 
or at the end of the parturition season and fewest 
are pregnant. This procedure assumes that at the 
actual replacement rates, every 2 years about 
3040% of the population will be susceptible. 

Mass vaccination and individual 
identification of all animals in the first year and 
then identification and vaccination of the 
replacement animals only in subsequent years. 
The main advantage of which is minimizing 
vaccine induced abortions, is obviously more 
complex, involving identification of young 
replacement animals each year. Assuming that 
1025% of the total population needs to be 
replaced each year, this programme will take 410 
years before the whole population is fully 
vaccinated. Unfortunately, this option has often 
failed in developing countries with nomadic 
husbandry systems, as owners keep replacements 
year round and several visits may be needed to 
ensure 100% vaccination coverage. Once the 
prevalence of brucellosis is reduced to minimal 
levels by either of the above mass vaccination 
procedures and provided that the veterinary 
infrastructure and economic resources are 
available, eradication can be achieved through a 
programme based on the vaccination of young 
replacement animals combined with testing and 
slaughtering of infected adults. This programme 
will require individual animal identification and 
effective control of animal movements.

One practical eradication approach would 
involve no testing of mass vaccinated adult animals for 
2 years following the first mass vaccination, to avoid 
culling healthy but seropositive animals. The only 
interventions during these 2 first years would be 
vaccinating 100% of young replacements, ensuring 
individual identification of the whole population and 
establishing effective animal movement controls. The 
use of the NH based gel precipitation tests, followed by 
immediate culling of infected animals could be 
recommended as the most reasonable strategy to avoid 
the excessive culling of healthy but seropositive 
animals. Once the percentage of positives in these NH 
based tests is zero for at least two consecutive years, the 
testing schedule could be modified using OIE official 
tests - such as RBPT, iELISA and CFT - to reach and 
maintain brucellosis free status. Vaccination should 
cease only when the prevalence is zero for at least one 
entire generation, in order to avoid relapses. Premature 
cessation of vaccination has been a frequent error in 
many countries. As a general rule, vaccination should 
never be abandoned until the prevalence is zero, the 
situation is maintained for 812 years and the risk of 
transmission from infected epidemiologically related 
units is negligible (FAO 2009). 
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Table 1. Tests used for diagnosis of brucellosis
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2-mercaptoethanol test (2 ME) Saravi et al. (1995) and Stemshorn et al. (1985)
Agar gel immunodiffusion test (AGID) Lord et al. (1989)
Allergic skin test (AST) Pouillot et al. (1997) and Saegerman et al. (1999)
Blood fluorescence polarization assay (bld FPA) Nielsen et al. (2002)
Buffered antigen plate agglutination test (BPAT) Fosgate et al. (2002) and Saravi et al. (1995)
Bulk milk tank fluorescence polarisation assay (bmFPA) Gall et al. (2002)
Card test Fosgate et al. (2002) and Stemshorn et al. (1985)
Competitive enzyme-linked immunosorbent assay (CELISA) Fosgate et al. (2003) and McGiven et al. (2003) 
Complement fixation test (CFT) Kassymov and Zhumagalikyzy (2011) and Nielsen et al. (2001)
Fluorescence immunoassay (FIA) Hall et al. (1984) and Hall and Confer (1987)
Fluorescence polarization assay (FPA) Kumar and Chand (2009) and McGiven et al. (2003)
Haemolysis-in-gel test (HIGT) Dohoo et al. (1986) and Ruckerbauer et al. (1984)
Indirect enzyme-linked immunosorbent assay Kumar and Chand (2011) and Patel et al. (2008)
Indirect haemolysis test (IHLT) Sutherland (1984) and Sutherland and MacKenzie (1983)
Milk complement fixation test (mCFT) Hunter and Allen (1972)
Milk indirect enzyme-linked immunosorbent assay (mIELISA) Gall et al. (2002) and Nielsen et al. (2002)
Milk fluorescence polarisation assay (mFPA) Gall et al. (2002) and Nielsen et al. (2002)
Milk ring test (MRT) Nielsen and Gall (2001) and Vanzini et al. (2001)
Particle concentration fluorescence immunoassay (PCFIA) Greenlee et al. (1994) and Nielsen et al. (1998) 
Plate agglutination test (PAT) Fosgate et al. (2002) and Ruckerbauer et al. (1984) 
Polymerase chain reaction (PCR) Al-Garadia et al. (2011) and Hafez et al. (2011) 
Radial immunodiffusion (RID) Diaz et al. (1979) and Jones et al. (1980)
Rivanol test (RIV) Dajer et al. (1999) and Nicoletti and Tanya (1993)
Rose Bengal plate agglutination test (RBPT) Mangalgi et al. (2012) and Vahora et al. (2011)

Tube agglutination test (TAT) Fosgate et al. (2002) and McGiven et al. (2003)



A type of fever characterized by fairly regular 
remissions or intermissions has been recognized along 
the Mediterranean littoral since the time of Hippocrates 
in 450 B.C. In 1861 J. A. Martson an assistant surgeon 
of the British Medical Department working in the 
Mediterranean, first described the symptoms of 
brucellosis in himself as gastric remittent fever 
(Martson 1861). Professor L. F. Benhard Bang, a Danish 
veterinary pathologist and bacteriologist (1897), with 
Stribolt isolated the small bacillus now known as 
Brucella abortus. The first case of human brucellosis 
was recognized in 1897 in a US army officer (Brown 
1977). Captain David Bruce (1887) a Scottish 
physician, reported small coccal organisms in the 
stained sections of spleen of a fatally infected soldier, 
and isolated and identified organism in culture from 
spleen tissue of four other British soldiers stationed at 
Malta (Bruce 1887). The organism derived its species 
name from Melita (honey), the roman name for the Isle 
of Malta. 

Brucellosis is endemically present in India, 
since its first report from Indian Veterinary Research 
Institute (IVRI), Mukteswar (Anonymous 1918). 
Polding (1942) isolated Brucella from cattle, buffalo, 
goat, horse and man. With B. abortus biotypes (1, 2, 3, 6 
and 9) in cattle and buffalo (Sen and Sharma 1975, 
Chand et al. 1988) and B. melitensis biotypes (1, 2, and 
3) in sheep and goats (Polding 1942, Sen and Sharma 
1975) and human beings (Hemashttar and Patil 1991, 
Sen and Sharma 1975, Agasthya et al. 2007), brucellosis 
have made its unshakable foot holding in India. 
Brucellosis has also been reported in pigs (Bhaskar et 
al. 1998) and canines (Pillai et al. 1991, Srinivasan et 
al. 1992).

Genus Brucella

Taxonomically, Brucella are classified as a-
Proteobacteria and subdivided into 6 species (Moreno 
2001). These 6 species under the genus Brucella 
comprise: Brucella melitensis, B. abortus, B. suis, B. 
ovis, B. canis and B. neotomae (Corbel and Morgan 
1984). Two new Brucella species, called B. pinnipedia 
and B. cetaceae, have been isolated from marine hosts 
(Ewalt et al. 1994, Ross et al. 1996). There exists 
multiple biotypes of Brucella that vary in terms of 
biochemical reactions, host specificity and 
pathogenicity (Young 1995). The subcommittee on 
taxonomy of Brucella had proposed that this genus 
could contain a single species, B. melitensis (Grimont 
1992, Moreno and Moriyon 2001). This proposal was 
based on DNA-DNA hybridization studies conducted on 
51 strains representing all known species and biovars 
(Verger et al. 1985). 

Brucellae are small, non-motile, non-
sporulating, non-toxigenic, non-fermenting, facultative, 
intracellular, gram-negative coccobacilli. Flagella, 
endospores and capsules are absent although capsule 
like structures have been reported in preparations treated 
with antiserum. They are partially acid-fast, as are not 
decolorized by 0.5% acetic acid in the modified Ziehl-
Neelsen (MZN) staining (Alton et al. 1988), 0.50.7 m in 
diameter and 0.61.5 m in length (Corbel and Morgan 
1984). 

Genome

Brucella genome has been sequenced and 
consists of 2 chromosomes (DelVecchio et al. 2002). 
Both chromosomes contain essential genes encoding for 
essential metabolic and replicative functions. Naturally 
occurring plasmids have not been found in Brucella. 
However, Brucella can maintain some plasmids 
introduced via electroporation or conjugative transfer 
(Rigby and Fraser 1989). Observations at the DNA level 
are becoming more helpful in further refining the 
classification of Brucella organisms beyond 
conventional methods. 

The complete genome of Brucella melitensis 
(DelVecchio et al. 2002), Brucella abortus (Sanchez et 
al. 2001) and Brucella suis (Paulsen et al. 2002) have 
been sequenced. The genome of Brucella abortus 
biotype 1 and 4 and Brucella suis biotype 1 are found 
quite similar to Brucella melitensis (Halling et al. 2005).

The genome of Brucella abortus biovar 1 is 3.3 
Mb and is composed of 2 circular chromosomes of 
2,124,242 bp (Chr I) and 1,162,780 bp (Chr II) (Halling 
et al. 2005). 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 G+C content of the 2 
chromosomes is nearly identical, consistent with the 
assertion that the assimilation and stabilization of a 
plasmid was an ancient event in brucellae (Halling et al. 
2005). Chromosome I of B. abortus biovar 1 consists of 
2200 genes, 2030 protein coding RNA, 47 structural 
RNA, 123 pseudo genes, 18 others and chromosome II 
is made up of 1156 genes, 1055 protein coding RNA, 17 
structural RNA, 84 pseudo genes, 7 others (Stothard et 
al. 2005). 

Brucellosis

Brucellosis is a contagious disease of animals 
and characterized by abortion in females and to a lesser 
extent orchitis and infection of accessory sex glands in 
males and infertility in both the sexes. It has zoonotic 
importance in terms of its transmissibility to human 
beings.

Clinical features and postmortem lesions

Various clinical signs have been described in 
infected animals, the main manifestation in B. abortus 
infection being reproduction failure in the form of 
abortion and birth of weak offspring which remains as 
carrier in herd. Cases of abortion in infected herd are 
less in chronic infection but infected animal continue to 
act as carrier posing threat to the herd (European 
Commission 2001).

Brucella infected animals generally develop 
granulomatous inflammatory responses, which are often 
located within lymphoid tissues and organs with a 
prominent reticuloendothelial component. The 
localization and persistence of brucellae within these 
tissues and organs follow in the wake of widespread 
distribution of the bacteria during a generalized stage of 
infection. Localization of brucellae within the female 
and male reproductive tracts accounts for the principal 
clinical symptoms of infection, viz. abortion and male 
infertility (Enright 1990). 

Invasion of gravid bovine uterus is marked by 
characteristic necrotic placentitis. Inflammation of 
placenta may be acute and wide spread, and lead to 
early death of fetus followed by abortion, or sub-acute 
or chronic leading to a late abortion or birth of a live, 
infected, perhaps weak calf associated often with 
retention of placenta. The cotyledons are congested or 
swollen and covered with yellowish or sticky brownish 
exudates which extend deep into the crypts. The inter-
cotyledonary areas are thickened, opaque, often look 
almost leathery and there is loss of normal blood red 
color appearance. Enlargement of spleen and liver is 
noticed in aborted fetus with increase in amount of fluid 
in body cavity. Films made from the exudates stained 
with a modified Ziehl-Neelsen method using acetic acid 
show large number of Brucella in clumps or distributed 
many inside epithelial cells which are often literally 
packed with organisms. The fetus varies from typical 
hairless (47 months) fetus up to one that is fully 
developed and shows no characteristic lesions. In case 
of lungs, pneumonia is there which is usually of a 
broncho-pneumonia type. Cobbler stone lesions on 
lungs are indicative of brucellosis (Stableforth and 
Galloway 1959).

In male animals, orchitis and epididymitis are 
the manifestations of chronic infection (Chand et al. 
2002). The acute inflammatory phase in the seminal 
vesicles is followed by a chronic stage with 
considerable fibrinoid induration. During orchitis the 
testicles gradually enlarge. Areas of dry necrosis 
develop and become encapsulated by fibrinous tissue 
which eventually contracts, often leaving the testicles 
smaller than normal. In other cases, it may soften with 
the production of a soft fluctuating lesion containing 
thin pus like pea soup. 

Epidemiology and zoonosis

Brucellosis is the most common zoonosis in 
the world, accounting for the annual occurrence of more 
than 500,000 cases (Pappas et al. 2006). Although 
brucellosis and its means of transmission were 
discovered over 100 years ago, still the disease remains 
a worldwide problem, predominantly so in developing 
countries. However, countries like North America, 
Northern and Central Europe, Canada, Japan, Australia, 
New Zealand, Southeast Asia and Oceania 
(FAO/OIE/WHO 1997) are reported to be free from the 
disease. The disease is endemic in Mediterranean region 
i.e. Middle East, Latin America and parts of Asia 
(Corbel 1997). Reported incidence of human brucellosis 
in endemic areas varies widely from <0.01 to >200 per 
100 000 population (Lpez-Merino 1989). In India 80% 
of the population live in approximately 575,000 villages 
and thousands of small towns (Mantur and Amarnath 
2008), have close contact with domestic or wild animal 
population owing to their occupation. Hence, human 
population stands at a greater risk of acquiring zoonotic 
diseases including brucellosis. The disease has an added 
importance in countries like India, where conditions are 
conducive for wide-spread human infection on account 
of unhygienic conditions and poverty. Species of main 
concern in India are B. melitensis and B. abortus. B. 
melitensis is the most virulent and common strain for 
man and it causes severe and prolonged disease with a 
risk of disability. B. abortus is the dominant species in 
cattle. Bovine brucellosis is widespread in India and 
appears to be on the increase in recent times, perhaps 
due to increased trade and rapid movement of livestock 
(Renukaradhya et al. 2002). Free grazing and movement 
with frequent mixing of flocks of sheep and goats also 
contribute to the wide distribution of brucellosis in these 
animals. Chahota et al. (2003) have reported severe 
outbreak of brucellosis in an organized dairy farm in 
Himachal Pradesh leading to abortions, retained 
placenta and still birth in cows. Serological evidences 
are suggestive of high endemicity of brucellosis in India 
with national average of as high as 5% in cattle, 3% in 
buffalo, 7.9% in sheep and 2.2% in goats 
(Renukaradhya 2002). In 2008, in Punjab the prevalence 
of disease in buffalo and cattle was 16.41% and 20.67%, 
respectively, and the overall apparent prevalence of 
brucellosis was 18.26% (Aulakh et al. 2008). Trangadia 
et al. (2010) recorded 22.18% (132/595) and 13.78% 
(82/595) sero-prevalance of bovine brucellosis in 4 
organized dairy farms located in western, southern, 
central and northern regions of India by ELISA and 
RBPT, respectively. Perusal of the literature indicated 
prevalence of brucellosis in western region (Gujarat 
state) ranging from 8.98 to 44.00% (Chauhan et al. 
2000), 17% in southern region (Isloor et al. 1998), 6.3% 
in central region (Madhya Pradesh state) (Mehra et al. 
2000) and 12.9% in northern region (Punjab state) 
(Dhand et al. 2005). Sero-prevalence of brucellosis was 
reported to be 6.5% in Jordan (Al-Majali et al. 2009), 
8.4% in Cameroon (Bayemi et al. 2009) and 32.9 to 
39.4% in Turkey (Sahin et al. 2008). The association of 
spread of brucellosis with unhygienic processing of 
milk, milk products and meat until it reaches to the final 
consumer makes it a zoonotically important disease. 
Colonization of organism in udder with its frequent 
excretion in milk for prolonged period has led to 
epidemics of brucellosis in human beings. 

In cattle and other members of family 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 but 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. However, artificial 
insemination can transmit the disease and semen must 
only be collected from animals known to be free of 
infection. The presence of brucellosis in wild animals, 
with a potential for continuous transfer to domestic 
animals and from them to humans is another 
epidemiological issue (Cutler et al. 2005). Further, 
transmission of Brucella infection and its prevalence in 
a region depends upon factors like food habits, methods 
of processing milk and milk products, social customs, 
husbandry practices, climatic conditions, socioeconomic 
status and environment hygiene. Environmental 
sanitation is particularly important in the context of air-
borne transmission. Brucellosis is almost invariably 
transmitted to man from infected domestic animals. 
However, Tikare et al. (2008) documented beyond 
doubt, the possibility of human to human transmission 
of Brucella infection. The disease has been recognized 
as one of the common laboratory- transmitted infections 
and was reported to occur in clinical, research and 
production laboratories (Bouza et al. 2005). Those with 
a professional risk of acquiring infection include 
livestock producers, abattoir workers, shepherds, 
farmers, veterinarians and laboratory personnel. 

Pathogenesis

After phagocytosis, brucellae probably reach 
the lymphnodes as parasites and then enter the blood 
and produce bacteraemia followed by the acute febrile 
phase of the disease. From the blood, the organisms are 
distributed throughout the reticuloendothelial system 
and become present in large numbers in the liver and 
spleen and localize in many other sites such as the 
joints, heart, kidneys and genital tract (Baldwin and 
Winter 1994). In human beings after a variable 
incubation period (14 weeks) non-specific, systemic 
symptoms like fever, malaise, arthralgia, headache and 
night sweat follow (Greenfield 2002). 

The mouse is often used as an animal model to 
investigate the pathogenesis of animal and human 
brucellosis (Ko and Splitter 2003). Bacterial ABC 
transporter systems are associated with nutrient uptake 
and the export of toxins and antibiotics and they may 
play an important role in gene expression (Ko and 
Splitter 2000). In Brucella spp., ABC transporter 
proteins have a potential pathogenic role during host 
infection (Rosinha et al. 2002). Hemagglutinins are 
responsible for adhesion and may define the specificity 
of bacterial adhesins during host infection it does not 
have an important role in the pathogenesis of Brucella 
melitensis (Perry et al. 2010).

The pathogenicity in human brucellosis is 
attributed to factors like LPS, adenine and guanine 
monophosphate, virB, 24 kDa protein and urease 
enzyme. Brucella is an unusual organism in several 
ways i.e. the classical virulence factors in a bacterium 
like exotoxins/endotoxins, pili, plasmids, flagella etc. 
are lacking in this organism. Survival strategy of 
Brucella in its host is attributed to its ability to inhibit 
fusion of lyzosome with phagosome thus degranulation 
and activation of the myelo-peroxidase-halide system, it 
also inhibits the production of tumor necrosis factor 
(Caron et al. 1994) and programmed cell death of the 
host cell (Detilleux et al. 1990a), thus escapes the host 
defense mechanisms, to survive and replicate within the 
host cells. Virulent Brucella organisms are capable of 
invading and residing in professional phagocytes 
(Baldwin and Winter 1994) such as macrophages, as 
well as non-phagocytic cells (Detilleux et al. 1990a, 
Detilleux et al. 1990b). In both phagocytic and non-
phagocytic cells, Brucella has the ability to replicate 
within membrane-bound compartments (Pizarro-Cerda 
et al. 1998). Inhibition of TNF-a by bacteria disrupts 
bactericidal effect of natural killer cells and 
macrophages (Gorvel et al. 2002). 

There are 2 types of smooth lipopolysaccharide 
(sLPS) surface antigens, designated A and M. A antigen 
predominates in B. abortus and B. suis, while M is the 
major antigen in B. melitensis. Numerous outer and 
inner membrane, cytoplasmic and periplasmic proteins 
have also been characterized. The sLPS from B. abortus 
is 100 times less potent than that of E. coli (Goldstein et 
al. 1992) and Salmonella (Freer et al. 1996) in inducing 
TNFa from macrophages as well as oxidative 
metabolism and lysozyme release by neutrophils. This 
feature of sLPS is supposed to contribute to the survival 
of B. abortus within phagocytic cells. In addition, 
Brucella sLPS is not susceptible to the actions of 
polycationic molecules, suggesting that smooth Brucella 
can resist the cationic bactericidal peptides of the 
phagocytes (Jensen et al. 1995). The sLPS also conferes 
anti-phagocytic properties to Brucella and does not 
activate the alternate pathway of the complement 
cascade (Hoffmann and Houle 1983). 

Immune response

Both humoral and cellular immune responses 
are involved in Brucella infection, though magnitude 
varies with virulence of organism and immune status of 
animal (FAO/WHO Expert Committee on Brucellosis 
1986). Serological response to the infection can be seen 
as early as 24 weeks. Persistent rise of antibody titre is 
noted if pregnant uterus is affected. Serological 
response starts with the production of IgM within 1 
week or 2, gradually IgG predominates which persists in 
chronic infections. This serological response may be 
transient or missing in young sexually immature 
animals (European Commission 2001). Antibodies 
directed toward specific antigens like the O-antigen, 
may enhance protection against brucellosis in some 
animal species. While protective immunity directed 
against Brucella depends on the induction of an 
effective and specific cell-mediated immune (CMI) 
response (Oliveira et al. 1994). Cell mediated immune 
response (CMIR) involves interaction of organism with 
macrophage and T-lymphocyte which decides fate of 
invading bacteria. Lymphocyte stimulation, macrophage 
inhibition, delayed type of hypersensitivity (DTH) and 
gamma interferon (g-IFN) production are used as 
correlates of CMIR. This cellular immune response 
could also be expected as early as few weeks. 

Diagnosis

The laboratory diagnosis of brucellosis is done 
to identify the animals which are infected, shedding the 
organism and spreading the disease. Attention is usually 
first drawn to the disease by an abortion and is 
confirmed by various direct and indirect methods of 
diagnosis. 

Culture: Highly specific and most conclusive 
diagnosis in any infectious disease is by isolation of the 
causative agent and so is in brucellosis. Culture and 
isolation is still unequivocally considered the gold 
standard in diagnosis of brucellosis (Alton et al. 1988). 

Milk, vaginal swabs, placentas or aborted 
fetuses are preferred for microscopy and culture in case 
of live animals, while primarily lymph nodes (especially 
head and mammary), spleen, udder, uterus, epididymes 
and testes are recommended from necropsied animals. 
Blood is also used for culture and provides definite 
proof of brucellosis but may not provide a positive 
result in all cases. Lysis centrifugation and blood clot 
culture techniques yielded encouraging results (Mantur 
and Mangalgi 2004, Mantur et al. 2007) in terms of 
sensitivity and rapidity. The modern automated blood 
culture systems have somewhat improved the speed of 
detection. Although, bone marrow cultures are 
considered gold standard in some studies (Mantur et al. 
2008). In such cases, bacteremia might also be 
maintained from other sources of the reticulo-
endothelial system (Mantur et al. 2008). Perhaps, this 
could be the reason for the discrepancy in the results of 
blood and bone marrow cultures reported in the 
literature. Selective media are recommended for 
bacteriological isolation and better results are obtained 
when 2 different media are included Farrell and 
modified Thayer-Martin. Differentiation of Brucella at 
species, biovar and strain level by bacteriological and/or 
by molecular techniques is usually carried out in 
reference laboratories.

PCR: PCR is a very sensitive technique. For 
the first time Feket et al. (1990) used PCR for the 
diagnosis of brucellosis. In 1992, he reported detection 
limit of their assay was 5 Brucella cells/100 mg of 
tissue. It has been demonstrated that the assay is specific 
and sensitive for brucellosis (Bricker et al. 1998). To 
diagnose and detect the presence of brucellosis, various 
genes of Brucella genome were explored and for this 
several PCR assays using primers from genes such as 
IS711 (Bricker and Halling 1994), IS6501 (Ouahrani et 
al. 1996), 16S rRNA sequence (etinkaya et al. 1999), 
16S23S rRNA spacer region (Rijpens et al. 1996), 31 
kDa outer membrane protein (Serpe et al. 1999), 43 kDa 
outer membrane protein (Fekete et al.1990), Omp-2 
outer membrane protein (Leal-Klevezas et al. 1995), 
omp-25 (Probert et al. 2004) and the heat shock protein 
(DnaJ, DnaK, HtrA and GroEL) (DaCosta et al. 1996) 
etc., were developed. 

PCR was applied to detect Brucella DNA in 
varieties of clinical samples including tissues (mainly 
aborted fetuses and associated maternal tissues), blood, 
milk and semen (Cortez et al. 2001, Hafez et al. 2011, 
Al-Garadia et al. 2011). PCR based tests are also more 
sensitive than traditional culture method (Amin et al. 
2001, Buyukcangaz et al. 2011). 

Real-time PCR was used for detection of 
Brucella, offering improvement in detection time and 
specificity through incorporation of hybridization 
probes (Probert et al. 2004, Doosti and Dehkordi 2011). 
The real-time PCR is also useful for quantifying the 
load of microorganisms in samples.

Few multiplex PCR assays have also been 
developed with an aim to detect presence of other 
bacteria along with Brucella within single reaction 
(Moshkelani et al. 2011). Multiplex PCR is a derived 
procedure where multiple DNA sequences can be 
detected in a single PCR reaction. Hamali and Joozani 
(2011) used multiplex PCR for detection of Brucella 
spp. and vaccine strains in bovine aborted fetuses. 

Brucellin skin test: The brucellin skin test, a 
cell-mediated immunity (CMI) based assay, is an 
alternative diagnostic test, which can be used for 
screening unvaccinated animals, provided that a purified 
(S-LPS free) and standardized antigen preparation is 
used (Blasco et al. 1994a, Blasco et al. 1994b). S-LPS 
(Blasco et al. 1994a, Blasco et al. 1994b) does not take 
part in DTH reactions (Jones et al. 1973) and may 
provoke antibody-mediated inflammatory reactions or 
induce antibodies that interfere with subsequent 
serological screening. Purified allergens would not offer 
practical advantages over complex protein mixtures 
(Blasco et al. 1994a, Blasco et al. 1994b). The brucellin 
skin test has a high sensitivity and in the absence of 
vaccination is considered one of the most specific 
diagnostic tests (Ebadi and Zowghi 1983, FAO/WHO 
1986, Alton et al. 1988, Blasco et al. 1994a, Blasco et 
al. 1994b, Garin-Bastuji et al. 1998). This test is of 
particular value for the interpretation of FPSR due to 
infection with cross-reacting bacteria (FPSR animals are 
negative in the skin test), especially in brucellosis-free 
areas. Despite its high sensitivity not all infected 
animals show positive skin test responses. Therefore, 
this test cannot be recommended either as the sole 
diagnostic test or fit for the purposes of international 
trade. The site and route of allergen inoculation are not 
important factors affecting its sensitivity (Fensterbank 
1985, Blasco et al. 1994a, Blasco et al. 1994b). Anergy 
induced by repeated skin testing, well known in bovine 
tuberculosis (Radunz and Lepper 1985), is not absolute 
in brucellosis (Blasco et al. 1994a, Blasco et al. 1994b).

Serological diagnosis

The diagnosis of brucellosis employing direct 
method is not always possible for a large number of 
animals, hence indirect diagnostic assays are frequently 
used (Blasco 1992). In absence of a positive culture of 
B. abortus a presumptive diagnosis is usually based on 
the presence of antibodies in serum, milk, whey, vaginal 
mucus or seminal plasma. On average, the agglutinins 
and complement fixation antibodies become positive 4 
weeks following experimental infection during fourth to 
sixth month of gestation and not until about 10 weeks if 
experimental infection occurs 2 month before or after 
insemination (Radostitis et al. 2000).

No single serological test is appropriate in each 
and all epidemiological situations, all have limitations 
especially when it comes to screening individual 
animals (Godfroid et al. 2002, Nielsen 2002). 
Complement fixation test (CFT), fluorescence 
polarization assay (FPA) and ELISA are considered 
more appropriate for international trade than serum tube 
agglutination test (SAT). For the control of brucellosis 
at the national or local level, the buffered Brucella 
antigen tests (BBATs), i.e. the Rose Bengal test (RBT) 
and the buffered plate agglutination test (BPAT), as well 
as the ELISA and the FPA, are suitable screening tests 
(OIE 2004). Positive reactions may be retested using a 
suitable confirmatory strategy, if needed.

Rose Bengal plate agglutination test (RBPT): 
The RBPT is a simple, rapid and spot test and can be 
performed in field. The RBPT antigen was developed by 
U.S. Department of Agriculture and it was B. abortus 
antigen stained with Rose Bengal dye and buffered at 
pH 3.65 (Alton et al. 1988). The low pH prevents some 
agglutination by IgM and encourages agglutination by 
IgG1 thereby reducing non-specific interactions (Corbel 
1972, Corbel 1973, Allan et al. 1976). This test is 
internationally acknowledged as the choice for the 
screening of brucellosis. However, due to cross 
reactivity between these antigen with other bacterial 
species including Yersinia enterocolitica O:9 and E. coli 
serotype O:57 (Kittelberger et al. 1995) RBPT may 
suffer higher rates of false positive results than other 
serological tests. Still many workers reported RBPT to 
be a routine and reliable test and could not be replaced 
for the diagnosis of brucellosis (Mangalgi et al. 2012, 
Chachra et al. 2009).

Serum tube agglutination test (SAT): 
Historically, the SAT has been recognized as the 
principal serological test used for the diagnosis of 
brucellosis. IgM isotypes of antibody is the most active 
agglutinin at neutral pH (Rice and Boyes 1971, Corbel 
1972, Nielsen et al. 1984). Therefore, SAT is susceptible 
to false positive reaction by cross-reacting antibodies 
(Nielsen 2002). However, because the SAT may yield 
both false negative or false positive results (Corbel et al. 
1984), it is not useful for testing individual animal. The 
efficacy of test is useful only when it is used at herd 
level. Nicoletti (1967) also recognized that not every 
Brucella infected bovine show a diagnostically 
significant titre.

The presumptive diagnosis provided by the 
serological tests is usually accepted as indication of 
brucellosis; although it can only detect IgM and IgG2 
and fails to detect IgG1 (Rice and Boyes 1971). 
However, chronic carriers produce mainly IgG1 that 
block the agglutinating activities of IgG2 which may 
result in lower detection rates. Hafez et al. (2011) 
reported lower number of positive samples detected by 
SAT in comparison to RBT and ELISA.

Complement fixation test (CFT): The 
complement fixation test (CFT) is widely used for the 
diagnosis of brucellosis in cattle, sheep and goat. It 
detects mainly IgG1 antibodies. The test is somewhat 
complex and in mass testings a screening test such as 
the RBPT is often used to reduce the number of samples 
that need to be tested by CFT (Staak et al. 2001). CFT is 
not good for testing sera from animals vaccinated for 
brucellosis as it cannot differentiate vaccinated from 
infected ones (Diaz-Aparicio et al. 1996). Another 
major problem with CFT is its limited utility in buffalo 
serum samples. Nicoletti (1992) in his study concluded 
that CFT is of limited usefulness in the diagnosis of 
brucellosis in buffaloes due to false positive reactions. 
Guarino et al. (2001) also found CFT to be less effective 
test for the diagnosis of brucellosis in buffaloes as they 
showed many animals yielding negative results in CFT 
which otherwise were positive in ELISA. Kassymov 
and Zhumagalikyzy (2011) reported ELISA to be more 
effective than CFT for the diagnostic of brucellosis in 
cattle.

Enzyme linked immunosorbent assays (ELISA): 
ELISA offers excellent sensitivity and specificity whilst 
being robust, fairly simple to perform with a minimum 
of equipment and readily available from a number of 
commercial sources in kit form. Owing to these 
properties ELISA is extensively used in the diagnosis of 
brucellosis in every species of animals. The smooth 
lipopolysaccharide (sLPS) is commonly used as the 
antigen for ELISA (OIE 2004). Other antigen, such as a 
highly immunogenic periplasmic protein from B. 
abortus (Rossetti et al. 1996) was also used for 
brucellosis diagnosis in different host species but results 
were not so encouraging. Letesson et al. (1997) used 8 
proteins (OMP36, OMP25, OMP19, OMP16, OMP10, 
p17, p15 and p39) as antigen for serological diagnosis 
of brucellosis by ELISA. The antibody response against 
these proteins often delayed when compared to the 
antibody response to smooth LPS and limited to the 
animals that develop active brucellosis infection. The 
sensitivity and specificity of ELISA was found higher 
by using LPS as diagnostic antigen instead of OPS 
(Nielsen et al. 1996). Several antigens were tried but no 
alternative antigens that could match the sensitivity 
achieved with LPS have been found so far (Letesson et 
al. 1997). 

Monoclonal or polyclonal antiglobulin-enzyme 
conjugates may be used depending on availability and 
performance requirements. A MAb specific for the 
heavy chain of bovine IgG1 may provide some 
improvement in specificity at the possible cost of some 
loss of sensitivity (OIE 2004). Use of protein-G as 
conjugate also reduces this problem and increases the 
specificity of ELISA (Ficapal et al. 1995, Marin et al. 
1998, Kumar and Chand 2011). Renukaradhya et al. 
(2001) described the use of avidin-biotin ELISA for the 
diagnosis of brucellosis in cattle and buffalo. Milk-
ELISA was also tried and found effective diagnostic 
tool by many workers (Chand et al. 2004, Patel et al. 
2008).

Native hapten (NH) gel precipitation tests: In 
the case of recent vaccination with S19 vaccine, only 
the gel diffusion (GD) or radial immunodiffusion (RID) 
tests with native hapten antigen (Daz et al. 1979), FPA 
(Nielsen et al. 1996a) and the competitive ELISA 
(Nielsen et al. 1996b) appear to be useful for diagnosis, 
allowing differentiation of infection by Brucella abortus 
from S19 vaccination. However, only the gel diffusion 
test with Native Hapten (Daz et al. 1979) was able to 
discriminate at a given time after vaccination (Marin et 
al. 1999).

Fluorescence polarization assay (FPA): FPA is 
a homogenous immunoassay. Homogenous 
immunoassays are single step assays that require no 
repetitive washing steps to remove unbound reactants as 
with classical primary binding assays (Jenkins 1992). 
Many workers used FPA in different parts of the world 
in various laboratories and Nielsen et al. (1996a) are the 
pioneer in developing and using this assay for the 
diagnosis of brucellosis in animals. This test was used 
for diagnosing brucellosis in cattle (Nielsen et al. 
1996a), porcine (Nielsen et al. 1999), bison (Gall et al. 
2000), cervidae (Gall et al. 2001), humans (Lucerno et 
al. 2003), goats (Burriel et al. 2004), sheep (Minas et al. 
2005), cetaceans (Neimanis et al. 2008) and buffaloes 
(Kumar and Chand 2009). Lin and Nielsen (1997) 
labeled OPS extracted from B. abortus with fluorescein 
for investigating binding of O-chain to a specific murine 
monoclonal antibody YsT9. Nielsen et al. (1996) 
reported FPA to be a simple, low cost, easy and less 
time consuming assay and demonstrated that the 
sensitivity and specificity of FPA was comparable to 
complement fixation test (CFT), competitive ELISA and 
indirect ELISA. 

Miscellaneous tests: Srivastava and Chaudhary 
(2011) reported that Coombs test that detects incomplete 
antibodies and immunocapture-agglutination tests show 
good performances with higher sensitivity and 
specificity in the diagnosis of brucellosis.

Kassymov and Zhumagalikyzy (2011) reported 
a new variant of complement fixation test that is 
conglutination - conglutinating complex fixation test 
(CCFT), based on interaction of a complex antigen - 
antibody with conglutination blood serum (complement, 
conglutinin) and found it to be an effective method of 
diagnostics of brucellosis and other infectious diseases. 

Smits et al. (2003) reported Brucella IgM and 
IgG lateral flow and Abdoeland Smits (2007) reported 
latex agglutination assays and found them to be rapid 
and simple along with high sensitivity and specificity in 
culture confirmed cases. These tests are ideal for use as 
field tests in remote areas and as point of care tests in 
hospitals and health care centre.

Vaccination 

Currently there are 2 vaccines available that 
are effective enough and inexpensive. These are 
B.melitensis strain Rev.1 for small ruminants given at 
full dose (1 109 CFU) by the conjunctival route and B. 
abortus strain 19 for cattle given individually at full 
dose (10 1010 CFU) subcutaneously or at reduced dose 
(5 109 CFU) conjunctivally. Both vaccines can be 
hazardous to humans and also may induce abortion 
when vaccinating pregnant animals. At this stage there 
is inadequate information on the use of these vaccines in 
camels, yaks and buffaloes. When mass vaccination has 
to be applied, it should be carried out in 2 ways: 

Mass vaccinate all animals 
every two years, including males (in the case of 
sheep and goats). This is the simplest method and 
only requires the ability to locate 100% of 
flocks/herds and to vaccinate all animals, at the 
ideal window of opportunity to avoid vaccine 
induced abortions, i.e. when animals are lactating 
or at the end of the parturition season and fewest 
are pregnant. This procedure assumes that at the 
actual replacement rates, every 2 years about 
3040% of the population will be susceptible. 

Mass vaccination and individual 
identification of all animals in the first year and 
then identification and vaccination of the 
replacement animals only in subsequent years. 
The main advantage of which is minimizing 
vaccine induced abortions, is obviously more 
complex, involving identification of young 
replacement animals each year. Assuming that 
1025% of the total population needs to be 
replaced each year, this programme will take 410 
years before the whole population is fully 
vaccinated. Unfortunately, this option has often 
failed in developing countries with nomadic 
husbandry systems, as owners keep replacements 
year round and several visits may be needed to 
ensure 100% vaccination coverage. Once the 
prevalence of brucellosis is reduced to minimal 
levels by either of the above mass vaccination 
procedures and provided that the veterinary 
infrastructure and economic resources are 
available, eradication can be achieved through a 
programme based on the vaccination of young 
replacement animals combined with testing and 
slaughtering of infected adults. This programme 
will require individual animal identification and 
effective control of animal movements.

One practical eradication approach would 
involve no testing of mass vaccinated adult animals for 
2 years following the first mass vaccination, to avoid 
culling healthy but seropositive animals. The only 
interventions during these 2 first years would be 
vaccinating 100% of young replacements, ensuring 
individual identification of the whole population and 
establishing effective animal movement controls. The 
use of the NH based gel precipitation tests, followed by 
immediate culling of infected animals could be 
recommended as the most reasonable strategy to avoid 
the excessive culling of healthy but seropositive 
animals. Once the percentage of positives in these NH 
based tests is zero for at least two consecutive years, the 
testing schedule could be modified using OIE official 
tests - such as RBPT, iELISA and CFT - to reach and 
maintain brucellosis free status. Vaccination should 
cease only when the prevalence is zero for at least one 
entire generation, in order to avoid relapses. Premature 
cessation of vaccination has been a frequent error in 
many countries. As a general rule, vaccination should 
never be abandoned until the prevalence is zero, the 
situation is maintained for 812 years and the risk of 
transmission from infected epidemiologically related 
units is negligible (FAO 2009). 
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A type of fever characterized by fairly regular 
remissions or intermissions has been recognized along 
the Mediterranean littoral since the time of Hippocrates 
in 450 B.C. In 1861 J. A. Martson an assistant surgeon 
of the British Medical Department working in the 
Mediterranean, first described the symptoms of 
brucellosis in himself as gastric remittent fever 
(Martson 1861). Professor L. F. Benhard Bang, a Danish 
veterinary pathologist and bacteriologist (1897), with 
Stribolt isolated the small bacillus now known as 
Brucella abortus. The first case of human brucellosis 
was recognized in 1897 in a US army officer (Brown 
1977). Captain David Bruce (1887) a Scottish 
physician, reported small coccal organisms in the 
stained sections of spleen of a fatally infected soldier, 
and isolated and identified organism in culture from 
spleen tissue of four other British soldiers stationed at 
Malta (Bruce 1887). The organism derived its species 
name from Melita (honey), the roman name for the Isle 
of Malta. 

Brucellosis is endemically present in India, 
since its first report from Indian Veterinary Research 
Institute (IVRI), Mukteswar (Anonymous 1918). 
Polding (1942) isolated Brucella from cattle, buffalo, 
goat, horse and man. With B. abortus biotypes (1, 2, 3, 6 
and 9) in cattle and buffalo (Sen and Sharma 1975, 
Chand et al. 1988) and B. melitensis biotypes (1, 2, and 
3) in sheep and goats (Polding 1942, Sen and Sharma 
1975) and human beings (Hemashttar and Patil 1991, 
Sen and Sharma 1975, Agasthya et al. 2007), brucellosis 
have made its unshakable foot holding in India. 
Brucellosis has also been reported in pigs (Bhaskar et 
al. 1998) and canines (Pillai et al. 1991, Srinivasan et 
al. 1992).

Genus Brucella

Taxonomically, Brucella are classified as a-
Proteobacteria and subdivided into 6 species (Moreno 
2001). These 6 species under the genus Brucella 
comprise: Brucella melitensis, B. abortus, B. suis, B. 
ovis, B. canis and B. neotomae (Corbel and Morgan 
1984). Two new Brucella species, called B. pinnipedia 
and B. cetaceae, have been isolated from marine hosts 
(Ewalt et al. 1994, Ross et al. 1996). There exists 
multiple biotypes of Brucella that vary in terms of 
biochemical reactions, host specificity and 
pathogenicity (Young 1995). The subcommittee on 
taxonomy of Brucella had proposed that this genus 
could contain a single species, B. melitensis (Grimont 
1992, Moreno and Moriyon 2001). This proposal was 
based on DNA-DNA hybridization studies conducted on 
51 strains representing all known species and biovars 
(Verger et al. 1985). 

Brucellae are small, non-motile, non-
sporulating, non-toxigenic, non-fermenting, facultative, 
intracellular, gram-negative coccobacilli. Flagella, 
endospores and capsules are absent although capsule 
like structures have been reported in preparations treated 
with antiserum. They are partially acid-fast, as are not 
decolorized by 0.5% acetic acid in the modified Ziehl-
Neelsen (MZN) staining (Alton et al. 1988), 0.50.7 m in 
diameter and 0.61.5 m in length (Corbel and Morgan 
1984). 

Genome

Brucella genome has been sequenced and 
consists of 2 chromosomes (DelVecchio et al. 2002). 
Both chromosomes contain essential genes encoding for 
essential metabolic and replicative functions. Naturally 
occurring plasmids have not been found in Brucella. 
However, Brucella can maintain some plasmids 
introduced via electroporation or conjugative transfer 
(Rigby and Fraser 1989). Observations at the DNA level 
are becoming more helpful in further refining the 
classification of Brucella organisms beyond 
conventional methods. 

The complete genome of Brucella melitensis 
(DelVecchio et al. 2002), Brucella abortus (Sanchez et 
al. 2001) and Brucella suis (Paulsen et al. 2002) have 
been sequenced. The genome of Brucella abortus 
biotype 1 and 4 and Brucella suis biotype 1 are found 
quite similar to Brucella melitensis (Halling et al. 2005).

The genome of Brucella abortus biovar 1 is 3.3 
Mb and is composed of 2 circular chromosomes of 
2,124,242 bp (Chr I) and 1,162,780 bp (Chr II) (Halling 
et al. 2005). 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 G+C content of the 2 
chromosomes is nearly identical, consistent with the 
assertion that the assimilation and stabilization of a 
plasmid was an ancient event in brucellae (Halling et al. 
2005). Chromosome I of B. abortus biovar 1 consists of 
2200 genes, 2030 protein coding RNA, 47 structural 
RNA, 123 pseudo genes, 18 others and chromosome II 
is made up of 1156 genes, 1055 protein coding RNA, 17 
structural RNA, 84 pseudo genes, 7 others (Stothard et 
al. 2005). 

Brucellosis

Brucellosis is a contagious disease of animals 
and characterized by abortion in females and to a lesser 
extent orchitis and infection of accessory sex glands in 
males and infertility in both the sexes. It has zoonotic 
importance in terms of its transmissibility to human 
beings.

Clinical features and postmortem lesions

Various clinical signs have been described in 
infected animals, the main manifestation in B. abortus 
infection being reproduction failure in the form of 
abortion and birth of weak offspring which remains as 
carrier in herd. Cases of abortion in infected herd are 
less in chronic infection but infected animal continue to 
act as carrier posing threat to the herd (European 
Commission 2001).

Brucella infected animals generally develop 
granulomatous inflammatory responses, which are often 
located within lymphoid tissues and organs with a 
prominent reticuloendothelial component. The 
localization and persistence of brucellae within these 
tissues and organs follow in the wake of widespread 
distribution of the bacteria during a generalized stage of 
infection. Localization of brucellae within the female 
and male reproductive tracts accounts for the principal 
clinical symptoms of infection, viz. abortion and male 
infertility (Enright 1990). 

Invasion of gravid bovine uterus is marked by 
characteristic necrotic placentitis. Inflammation of 
placenta may be acute and wide spread, and lead to 
early death of fetus followed by abortion, or sub-acute 
or chronic leading to a late abortion or birth of a live, 
infected, perhaps weak calf associated often with 
retention of placenta. The cotyledons are congested or 
swollen and covered with yellowish or sticky brownish 
exudates which extend deep into the crypts. The inter-
cotyledonary areas are thickened, opaque, often look 
almost leathery and there is loss of normal blood red 
color appearance. Enlargement of spleen and liver is 
noticed in aborted fetus with increase in amount of fluid 
in body cavity. Films made from the exudates stained 
with a modified Ziehl-Neelsen method using acetic acid 
show large number of Brucella in clumps or distributed 
many inside epithelial cells which are often literally 
packed with organisms. The fetus varies from typical 
hairless (47 months) fetus up to one that is fully 
developed and shows no characteristic lesions. In case 
of lungs, pneumonia is there which is usually of a 
broncho-pneumonia type. Cobbler stone lesions on 
lungs are indicative of brucellosis (Stableforth and 
Galloway 1959).

In male animals, orchitis and epididymitis are 
the manifestations of chronic infection (Chand et al. 
2002). The acute inflammatory phase in the seminal 
vesicles is followed by a chronic stage with 
considerable fibrinoid induration. During orchitis the 
testicles gradually enlarge. Areas of dry necrosis 
develop and become encapsulated by fibrinous tissue 
which eventually contracts, often leaving the testicles 
smaller than normal. In other cases, it may soften with 
the production of a soft fluctuating lesion containing 
thin pus like pea soup. 

Epidemiology and zoonosis

Brucellosis is the most common zoonosis in 
the world, accounting for the annual occurrence of more 
than 500,000 cases (Pappas et al. 2006). Although 
brucellosis and its means of transmission were 
discovered over 100 years ago, still the disease remains 
a worldwide problem, predominantly so in developing 
countries. However, countries like North America, 
Northern and Central Europe, Canada, Japan, Australia, 
New Zealand, Southeast Asia and Oceania 
(FAO/OIE/WHO 1997) are reported to be free from the 
disease. The disease is endemic in Mediterranean region 
i.e. Middle East, Latin America and parts of Asia 
(Corbel 1997). Reported incidence of human brucellosis 
in endemic areas varies widely from <0.01 to >200 per 
100 000 population (Lpez-Merino 1989). In India 80% 
of the population live in approximately 575,000 villages 
and thousands of small towns (Mantur and Amarnath 
2008), have close contact with domestic or wild animal 
population owing to their occupation. Hence, human 
population stands at a greater risk of acquiring zoonotic 
diseases including brucellosis. The disease has an added 
importance in countries like India, where conditions are 
conducive for wide-spread human infection on account 
of unhygienic conditions and poverty. Species of main 
concern in India are B. melitensis and B. abortus. B. 
melitensis is the most virulent and common strain for 
man and it causes severe and prolonged disease with a 
risk of disability. B. abortus is the dominant species in 
cattle. Bovine brucellosis is widespread in India and 
appears to be on the increase in recent times, perhaps 
due to increased trade and rapid movement of livestock 
(Renukaradhya et al. 2002). Free grazing and movement 
with frequent mixing of flocks of sheep and goats also 
contribute to the wide distribution of brucellosis in these 
animals. Chahota et al. (2003) have reported severe 
outbreak of brucellosis in an organized dairy farm in 
Himachal Pradesh leading to abortions, retained 
placenta and still birth in cows. Serological evidences 
are suggestive of high endemicity of brucellosis in India 
with national average of as high as 5% in cattle, 3% in 
buffalo, 7.9% in sheep and 2.2% in goats 
(Renukaradhya 2002). In 2008, in Punjab the prevalence 
of disease in buffalo and cattle was 16.41% and 20.67%, 
respectively, and the overall apparent prevalence of 
brucellosis was 18.26% (Aulakh et al. 2008). Trangadia 
et al. (2010) recorded 22.18% (132/595) and 13.78% 
(82/595) sero-prevalance of bovine brucellosis in 4 
organized dairy farms located in western, southern, 
central and northern regions of India by ELISA and 
RBPT, respectively. Perusal of the literature indicated 
prevalence of brucellosis in western region (Gujarat 
state) ranging from 8.98 to 44.00% (Chauhan et al. 
2000), 17% in southern region (Isloor et al. 1998), 6.3% 
in central region (Madhya Pradesh state) (Mehra et al. 
2000) and 12.9% in northern region (Punjab state) 
(Dhand et al. 2005). Sero-prevalence of brucellosis was 
reported to be 6.5% in Jordan (Al-Majali et al. 2009), 
8.4% in Cameroon (Bayemi et al. 2009) and 32.9 to 
39.4% in Turkey (Sahin et al. 2008). The association of 
spread of brucellosis with unhygienic processing of 
milk, milk products and meat until it reaches to the final 
consumer makes it a zoonotically important disease. 
Colonization of organism in udder with its frequent 
excretion in milk for prolonged period has led to 
epidemics of brucellosis in human beings. 

In cattle and other members of family 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 but 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. However, artificial 
insemination can transmit the disease and semen must 
only be collected from animals known to be free of 
infection. The presence of brucellosis in wild animals, 
with a potential for continuous transfer to domestic 
animals and from them to humans is another 
epidemiological issue (Cutler et al. 2005). Further, 
transmission of Brucella infection and its prevalence in 
a region depends upon factors like food habits, methods 
of processing milk and milk products, social customs, 
husbandry practices, climatic conditions, socioeconomic 
status and environment hygiene. Environmental 
sanitation is particularly important in the context of air-
borne transmission. Brucellosis is almost invariably 
transmitted to man from infected domestic animals. 
However, Tikare et al. (2008) documented beyond 
doubt, the possibility of human to human transmission 
of Brucella infection. The disease has been recognized 
as one of the common laboratory- transmitted infections 
and was reported to occur in clinical, research and 
production laboratories (Bouza et al. 2005). Those with 
a professional risk of acquiring infection include 
livestock producers, abattoir workers, shepherds, 
farmers, veterinarians and laboratory personnel. 

Pathogenesis

After phagocytosis, brucellae probably reach 
the lymphnodes as parasites and then enter the blood 
and produce bacteraemia followed by the acute febrile 
phase of the disease. From the blood, the organisms are 
distributed throughout the reticuloendothelial system 
and become present in large numbers in the liver and 
spleen and localize in many other sites such as the 
joints, heart, kidneys and genital tract (Baldwin and 
Winter 1994). In human beings after a variable 
incubation period (14 weeks) non-specific, systemic 
symptoms like fever, malaise, arthralgia, headache and 
night sweat follow (Greenfield 2002). 

The mouse is often used as an animal model to 
investigate the pathogenesis of animal and human 
brucellosis (Ko and Splitter 2003). Bacterial ABC 
transporter systems are associated with nutrient uptake 
and the export of toxins and antibiotics and they may 
play an important role in gene expression (Ko and 
Splitter 2000). In Brucella spp., ABC transporter 
proteins have a potential pathogenic role during host 
infection (Rosinha et al. 2002). Hemagglutinins are 
responsible for adhesion and may define the specificity 
of bacterial adhesins during host infection it does not 
have an important role in the pathogenesis of Brucella 
melitensis (Perry et al. 2010).

The pathogenicity in human brucellosis is 
attributed to factors like LPS, adenine and guanine 
monophosphate, virB, 24 kDa protein and urease 
enzyme. Brucella is an unusual organism in several 
ways i.e. the classical virulence factors in a bacterium 
like exotoxins/endotoxins, pili, plasmids, flagella etc. 
are lacking in this organism. Survival strategy of 
Brucella in its host is attributed to its ability to inhibit 
fusion of lyzosome with phagosome thus degranulation 
and activation of the myelo-peroxidase-halide system, it 
also inhibits the production of tumor necrosis factor 
(Caron et al. 1994) and programmed cell death of the 
host cell (Detilleux et al. 1990a), thus escapes the host 
defense mechanisms, to survive and replicate within the 
host cells. Virulent Brucella organisms are capable of 
invading and residing in professional phagocytes 
(Baldwin and Winter 1994) such as macrophages, as 
well as non-phagocytic cells (Detilleux et al. 1990a, 
Detilleux et al. 1990b). In both phagocytic and non-
phagocytic cells, Brucella has the ability to replicate 
within membrane-bound compartments (Pizarro-Cerda 
et al. 1998). Inhibition of TNF-a by bacteria disrupts 
bactericidal effect of natural killer cells and 
macrophages (Gorvel et al. 2002). 

There are 2 types of smooth lipopolysaccharide 
(sLPS) surface antigens, designated A and M. A antigen 
predominates in B. abortus and B. suis, while M is the 
major antigen in B. melitensis. Numerous outer and 
inner membrane, cytoplasmic and periplasmic proteins 
have also been characterized. The sLPS from B. abortus 
is 100 times less potent than that of E. coli (Goldstein et 
al. 1992) and Salmonella (Freer et al. 1996) in inducing 
TNFa from macrophages as well as oxidative 
metabolism and lysozyme release by neutrophils. This 
feature of sLPS is supposed to contribute to the survival 
of B. abortus within phagocytic cells. In addition, 
Brucella sLPS is not susceptible to the actions of 
polycationic molecules, suggesting that smooth Brucella 
can resist the cationic bactericidal peptides of the 
phagocytes (Jensen et al. 1995). The sLPS also conferes 
anti-phagocytic properties to Brucella and does not 
activate the alternate pathway of the complement 
cascade (Hoffmann and Houle 1983). 

Immune response

Both humoral and cellular immune responses 
are involved in Brucella infection, though magnitude 
varies with virulence of organism and immune status of 
animal (FAO/WHO Expert Committee on Brucellosis 
1986). Serological response to the infection can be seen 
as early as 24 weeks. Persistent rise of antibody titre is 
noted if pregnant uterus is affected. Serological 
response starts with the production of IgM within 1 
week or 2, gradually IgG predominates which persists in 
chronic infections. This serological response may be 
transient or missing in young sexually immature 
animals (European Commission 2001). Antibodies 
directed toward specific antigens like the O-antigen, 
may enhance protection against brucellosis in some 
animal species. While protective immunity directed 
against Brucella depends on the induction of an 
effective and specific cell-mediated immune (CMI) 
response (Oliveira et al. 1994). Cell mediated immune 
response (CMIR) involves interaction of organism with 
macrophage and T-lymphocyte which decides fate of 
invading bacteria. Lymphocyte stimulation, macrophage 
inhibition, delayed type of hypersensitivity (DTH) and 
gamma interferon (g-IFN) production are used as 
correlates of CMIR. This cellular immune response 
could also be expected as early as few weeks. 

Diagnosis

The laboratory diagnosis of brucellosis is done 
to identify the animals which are infected, shedding the 
organism and spreading the disease. Attention is usually 
first drawn to the disease by an abortion and is 
confirmed by various direct and indirect methods of 
diagnosis. 

Culture: Highly specific and most conclusive 
diagnosis in any infectious disease is by isolation of the 
causative agent and so is in brucellosis. Culture and 
isolation is still unequivocally considered the gold 
standard in diagnosis of brucellosis (Alton et al. 1988). 

Milk, vaginal swabs, placentas or aborted 
fetuses are preferred for microscopy and culture in case 
of live animals, while primarily lymph nodes (especially 
head and mammary), spleen, udder, uterus, epididymes 
and testes are recommended from necropsied animals. 
Blood is also used for culture and provides definite 
proof of brucellosis but may not provide a positive 
result in all cases. Lysis centrifugation and blood clot 
culture techniques yielded encouraging results (Mantur 
and Mangalgi 2004, Mantur et al. 2007) in terms of 
sensitivity and rapidity. The modern automated blood 
culture systems have somewhat improved the speed of 
detection. Although, bone marrow cultures are 
considered gold standard in some studies (Mantur et al. 
2008). In such cases, bacteremia might also be 
maintained from other sources of the reticulo-
endothelial system (Mantur et al. 2008). Perhaps, this 
could be the reason for the discrepancy in the results of 
blood and bone marrow cultures reported in the 
literature. Selective media are recommended for 
bacteriological isolation and better results are obtained 
when 2 different media are included Farrell and 
modified Thayer-Martin. Differentiation of Brucella at 
species, biovar and strain level by bacteriological and/or 
by molecular techniques is usually carried out in 
reference laboratories.

PCR: PCR is a very sensitive technique. For 
the first time Feket et al. (1990) used PCR for the 
diagnosis of brucellosis. In 1992, he reported detection 
limit of their assay was 5 Brucella cells/100 mg of 
tissue. It has been demonstrated that the assay is specific 
and sensitive for brucellosis (Bricker et al. 1998). To 
diagnose and detect the presence of brucellosis, various 
genes of Brucella genome were explored and for this 
several PCR assays using primers from genes such as 
IS711 (Bricker and Halling 1994), IS6501 (Ouahrani et 
al. 1996), 16S rRNA sequence (etinkaya et al. 1999), 
16S23S rRNA spacer region (Rijpens et al. 1996), 31 
kDa outer membrane protein (Serpe et al. 1999), 43 kDa 
outer membrane protein (Fekete et al.1990), Omp-2 
outer membrane protein (Leal-Klevezas et al. 1995), 
omp-25 (Probert et al. 2004) and the heat shock protein 
(DnaJ, DnaK, HtrA and GroEL) (DaCosta et al. 1996) 
etc., were developed. 

PCR was applied to detect Brucella DNA in 
varieties of clinical samples including tissues (mainly 
aborted fetuses and associated maternal tissues), blood, 
milk and semen (Cortez et al. 2001, Hafez et al. 2011, 
Al-Garadia et al. 2011). PCR based tests are also more 
sensitive than traditional culture method (Amin et al. 
2001, Buyukcangaz et al. 2011). 

Real-time PCR was used for detection of 
Brucella, offering improvement in detection time and 
specificity through incorporation of hybridization 
probes (Probert et al. 2004, Doosti and Dehkordi 2011). 
The real-time PCR is also useful for quantifying the 
load of microorganisms in samples.

Few multiplex PCR assays have also been 
developed with an aim to detect presence of other 
bacteria along with Brucella within single reaction 
(Moshkelani et al. 2011). Multiplex PCR is a derived 
procedure where multiple DNA sequences can be 
detected in a single PCR reaction. Hamali and Joozani 
(2011) used multiplex PCR for detection of Brucella 
spp. and vaccine strains in bovine aborted fetuses. 

Brucellin skin test: The brucellin skin test, a 
cell-mediated immunity (CMI) based assay, is an 
alternative diagnostic test, which can be used for 
screening unvaccinated animals, provided that a purified 
(S-LPS free) and standardized antigen preparation is 
used (Blasco et al. 1994a, Blasco et al. 1994b). S-LPS 
(Blasco et al. 1994a, Blasco et al. 1994b) does not take 
part in DTH reactions (Jones et al. 1973) and may 
provoke antibody-mediated inflammatory reactions or 
induce antibodies that interfere with subsequent 
serological screening. Purified allergens would not offer 
practical advantages over complex protein mixtures 
(Blasco et al. 1994a, Blasco et al. 1994b). The brucellin 
skin test has a high sensitivity and in the absence of 
vaccination is considered one of the most specific 
diagnostic tests (Ebadi and Zowghi 1983, FAO/WHO 
1986, Alton et al. 1988, Blasco et al. 1994a, Blasco et 
al. 1994b, Garin-Bastuji et al. 1998). This test is of 
particular value for the interpretation of FPSR due to 
infection with cross-reacting bacteria (FPSR animals are 
negative in the skin test), especially in brucellosis-free 
areas. Despite its high sensitivity not all infected 
animals show positive skin test responses. Therefore, 
this test cannot be recommended either as the sole 
diagnostic test or fit for the purposes of international 
trade. The site and route of allergen inoculation are not 
important factors affecting its sensitivity (Fensterbank 
1985, Blasco et al. 1994a, Blasco et al. 1994b). Anergy 
induced by repeated skin testing, well known in bovine 
tuberculosis (Radunz and Lepper 1985), is not absolute 
in brucellosis (Blasco et al. 1994a, Blasco et al. 1994b).

Serological diagnosis

The diagnosis of brucellosis employing direct 
method is not always possible for a large number of 
animals, hence indirect diagnostic assays are frequently 
used (Blasco 1992). In absence of a positive culture of 
B. abortus a presumptive diagnosis is usually based on 
the presence of antibodies in serum, milk, whey, vaginal 
mucus or seminal plasma. On average, the agglutinins 
and complement fixation antibodies become positive 4 
weeks following experimental infection during fourth to 
sixth month of gestation and not until about 10 weeks if 
experimental infection occurs 2 month before or after 
insemination (Radostitis et al. 2000).

No single serological test is appropriate in each 
and all epidemiological situations, all have limitations 
especially when it comes to screening individual 
animals (Godfroid et al. 2002, Nielsen 2002). 
Complement fixation test (CFT), fluorescence 
polarization assay (FPA) and ELISA are considered 
more appropriate for international trade than serum tube 
agglutination test (SAT). For the control of brucellosis 
at the national or local level, the buffered Brucella 
antigen tests (BBATs), i.e. the Rose Bengal test (RBT) 
and the buffered plate agglutination test (BPAT), as well 
as the ELISA and the FPA, are suitable screening tests 
(OIE 2004). Positive reactions may be retested using a 
suitable confirmatory strategy, if needed.

Rose Bengal plate agglutination test (RBPT): 
The RBPT is a simple, rapid and spot test and can be 
performed in field. The RBPT antigen was developed by 
U.S. Department of Agriculture and it was B. abortus 
antigen stained with Rose Bengal dye and buffered at 
pH 3.65 (Alton et al. 1988). The low pH prevents some 
agglutination by IgM and encourages agglutination by 
IgG1 thereby reducing non-specific interactions (Corbel 
1972, Corbel 1973, Allan et al. 1976). This test is 
internationally acknowledged as the choice for the 
screening of brucellosis. However, due to cross 
reactivity between these antigen with other bacterial 
species including Yersinia enterocolitica O:9 and E. coli 
serotype O:57 (Kittelberger et al. 1995) RBPT may 
suffer higher rates of false positive results than other 
serological tests. Still many workers reported RBPT to 
be a routine and reliable test and could not be replaced 
for the diagnosis of brucellosis (Mangalgi et al. 2012, 
Chachra et al. 2009).

Serum tube agglutination test (SAT): 
Historically, the SAT has been recognized as the 
principal serological test used for the diagnosis of 
brucellosis. IgM isotypes of antibody is the most active 
agglutinin at neutral pH (Rice and Boyes 1971, Corbel 
1972, Nielsen et al. 1984). Therefore, SAT is susceptible 
to false positive reaction by cross-reacting antibodies 
(Nielsen 2002). However, because the SAT may yield 
both false negative or false positive results (Corbel et al. 
1984), it is not useful for testing individual animal. The 
efficacy of test is useful only when it is used at herd 
level. Nicoletti (1967) also recognized that not every 
Brucella infected bovine show a diagnostically 
significant titre.

The presumptive diagnosis provided by the 
serological tests is usually accepted as indication of 
brucellosis; although it can only detect IgM and IgG2 
and fails to detect IgG1 (Rice and Boyes 1971). 
However, chronic carriers produce mainly IgG1 that 
block the agglutinating activities of IgG2 which may 
result in lower detection rates. Hafez et al. (2011) 
reported lower number of positive samples detected by 
SAT in comparison to RBT and ELISA.

Complement fixation test (CFT): The 
complement fixation test (CFT) is widely used for the 
diagnosis of brucellosis in cattle, sheep and goat. It 
detects mainly IgG1 antibodies. The test is somewhat 
complex and in mass testings a screening test such as 
the RBPT is often used to reduce the number of samples 
that need to be tested by CFT (Staak et al. 2001). CFT is 
not good for testing sera from animals vaccinated for 
brucellosis as it cannot differentiate vaccinated from 
infected ones (Diaz-Aparicio et al. 1996). Another 
major problem with CFT is its limited utility in buffalo 
serum samples. Nicoletti (1992) in his study concluded 
that CFT is of limited usefulness in the diagnosis of 
brucellosis in buffaloes due to false positive reactions. 
Guarino et al. (2001) also found CFT to be less effective 
test for the diagnosis of brucellosis in buffaloes as they 
showed many animals yielding negative results in CFT 
which otherwise were positive in ELISA. Kassymov 
and Zhumagalikyzy (2011) reported ELISA to be more 
effective than CFT for the diagnostic of brucellosis in 
cattle.

Enzyme linked immunosorbent assays (ELISA): 
ELISA offers excellent sensitivity and specificity whilst 
being robust, fairly simple to perform with a minimum 
of equipment and readily available from a number of 
commercial sources in kit form. Owing to these 
properties ELISA is extensively used in the diagnosis of 
brucellosis in every species of animals. The smooth 
lipopolysaccharide (sLPS) is commonly used as the 
antigen for ELISA (OIE 2004). Other antigen, such as a 
highly immunogenic periplasmic protein from B. 
abortus (Rossetti et al. 1996) was also used for 
brucellosis diagnosis in different host species but results 
were not so encouraging. Letesson et al. (1997) used 8 
proteins (OMP36, OMP25, OMP19, OMP16, OMP10, 
p17, p15 and p39) as antigen for serological diagnosis 
of brucellosis by ELISA. The antibody response against 
these proteins often delayed when compared to the 
antibody response to smooth LPS and limited to the 
animals that develop active brucellosis infection. The 
sensitivity and specificity of ELISA was found higher 
by using LPS as diagnostic antigen instead of OPS 
(Nielsen et al. 1996). Several antigens were tried but no 
alternative antigens that could match the sensitivity 
achieved with LPS have been found so far (Letesson et 
al. 1997). 

Monoclonal or polyclonal antiglobulin-enzyme 
conjugates may be used depending on availability and 
performance requirements. A MAb specific for the 
heavy chain of bovine IgG1 may provide some 
improvement in specificity at the possible cost of some 
loss of sensitivity (OIE 2004). Use of protein-G as 
conjugate also reduces this problem and increases the 
specificity of ELISA (Ficapal et al. 1995, Marin et al. 
1998, Kumar and Chand 2011). Renukaradhya et al. 
(2001) described the use of avidin-biotin ELISA for the 
diagnosis of brucellosis in cattle and buffalo. Milk-
ELISA was also tried and found effective diagnostic 
tool by many workers (Chand et al. 2004, Patel et al. 
2008).

Native hapten (NH) gel precipitation tests: In 
the case of recent vaccination with S19 vaccine, only 
the gel diffusion (GD) or radial immunodiffusion (RID) 
tests with native hapten antigen (Daz et al. 1979), FPA 
(Nielsen et al. 1996a) and the competitive ELISA 
(Nielsen et al. 1996b) appear to be useful for diagnosis, 
allowing differentiation of infection by Brucella abortus 
from S19 vaccination. However, only the gel diffusion 
test with Native Hapten (Daz et al. 1979) was able to 
discriminate at a given time after vaccination (Marin et 
al. 1999).

Fluorescence polarization assay (FPA): FPA is 
a homogenous immunoassay. Homogenous 
immunoassays are single step assays that require no 
repetitive washing steps to remove unbound reactants as 
with classical primary binding assays (Jenkins 1992). 
Many workers used FPA in different parts of the world 
in various laboratories and Nielsen et al. (1996a) are the 
pioneer in developing and using this assay for the 
diagnosis of brucellosis in animals. This test was used 
for diagnosing brucellosis in cattle (Nielsen et al. 
1996a), porcine (Nielsen et al. 1999), bison (Gall et al. 
2000), cervidae (Gall et al. 2001), humans (Lucerno et 
al. 2003), goats (Burriel et al. 2004), sheep (Minas et al. 
2005), cetaceans (Neimanis et al. 2008) and buffaloes 
(Kumar and Chand 2009). Lin and Nielsen (1997) 
labeled OPS extracted from B. abortus with fluorescein 
for investigating binding of O-chain to a specific murine 
monoclonal antibody YsT9. Nielsen et al. (1996) 
reported FPA to be a simple, low cost, easy and less 
time consuming assay and demonstrated that the 
sensitivity and specificity of FPA was comparable to 
complement fixation test (CFT), competitive ELISA and 
indirect ELISA. 

Miscellaneous tests: Srivastava and Chaudhary 
(2011) reported that Coombs test that detects incomplete 
antibodies and immunocapture-agglutination tests show 
good performances with higher sensitivity and 
specificity in the diagnosis of brucellosis.

Kassymov and Zhumagalikyzy (2011) reported 
a new variant of complement fixation test that is 
conglutination - conglutinating complex fixation test 
(CCFT), based on interaction of a complex antigen - 
antibody with conglutination blood serum (complement, 
conglutinin) and found it to be an effective method of 
diagnostics of brucellosis and other infectious diseases. 

Smits et al. (2003) reported Brucella IgM and 
IgG lateral flow and Abdoeland Smits (2007) reported 
latex agglutination assays and found them to be rapid 
and simple along with high sensitivity and specificity in 
culture confirmed cases. These tests are ideal for use as 
field tests in remote areas and as point of care tests in 
hospitals and health care centre.

Vaccination 

Currently there are 2 vaccines available that 
are effective enough and inexpensive. These are 
B.melitensis strain Rev.1 for small ruminants given at 
full dose (1 109 CFU) by the conjunctival route and B. 
abortus strain 19 for cattle given individually at full 
dose (10 1010 CFU) subcutaneously or at reduced dose 
(5 109 CFU) conjunctivally. Both vaccines can be 
hazardous to humans and also may induce abortion 
when vaccinating pregnant animals. At this stage there 
is inadequate information on the use of these vaccines in 
camels, yaks and buffaloes. When mass vaccination has 
to be applied, it should be carried out in 2 ways: 

Mass vaccinate all animals 
every two years, including males (in the case of 
sheep and goats). This is the simplest method and 
only requires the ability to locate 100% of 
flocks/herds and to vaccinate all animals, at the 
ideal window of opportunity to avoid vaccine 
induced abortions, i.e. when animals are lactating 
or at the end of the parturition season and fewest 
are pregnant. This procedure assumes that at the 
actual replacement rates, every 2 years about 
3040% of the population will be susceptible. 

Mass vaccination and individual 
identification of all animals in the first year and 
then identification and vaccination of the 
replacement animals only in subsequent years. 
The main advantage of which is minimizing 
vaccine induced abortions, is obviously more 
complex, involving identification of young 
replacement animals each year. Assuming that 
1025% of the total population needs to be 
replaced each year, this programme will take 410 
years before the whole population is fully 
vaccinated. Unfortunately, this option has often 
failed in developing countries with nomadic 
husbandry systems, as owners keep replacements 
year round and several visits may be needed to 
ensure 100% vaccination coverage. Once the 
prevalence of brucellosis is reduced to minimal 
levels by either of the above mass vaccination 
procedures and provided that the veterinary 
infrastructure and economic resources are 
available, eradication can be achieved through a 
programme based on the vaccination of young 
replacement animals combined with testing and 
slaughtering of infected adults. This programme 
will require individual animal identification and 
effective control of animal movements.

One practical eradication approach would 
involve no testing of mass vaccinated adult animals for 
2 years following the first mass vaccination, to avoid 
culling healthy but seropositive animals. The only 
interventions during these 2 first years would be 
vaccinating 100% of young replacements, ensuring 
individual identification of the whole population and 
establishing effective animal movement controls. The 
use of the NH based gel precipitation tests, followed by 
immediate culling of infected animals could be 
recommended as the most reasonable strategy to avoid 
the excessive culling of healthy but seropositive 
animals. Once the percentage of positives in these NH 
based tests is zero for at least two consecutive years, the 
testing schedule could be modified using OIE official 
tests - such as RBPT, iELISA and CFT - to reach and 
maintain brucellosis free status. Vaccination should 
cease only when the prevalence is zero for at least one 
entire generation, in order to avoid relapses. Premature 
cessation of vaccination has been a frequent error in 
many countries. As a general rule, vaccination should 
never be abandoned until the prevalence is zero, the 
situation is maintained for 812 years and the risk of 
transmission from infected epidemiologically related 
units is negligible (FAO 2009). 
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A type of fever characterized by fairly regular 
remissions or intermissions has been recognized along 
the Mediterranean littoral since the time of Hippocrates 
in 450 B.C. In 1861 J. A. Martson an assistant surgeon 
of the British Medical Department working in the 
Mediterranean, first described the symptoms of 
brucellosis in himself as gastric remittent fever 
(Martson 1861). Professor L. F. Benhard Bang, a Danish 
veterinary pathologist and bacteriologist (1897), with 
Stribolt isolated the small bacillus now known as 
Brucella abortus. The first case of human brucellosis 
was recognized in 1897 in a US army officer (Brown 
1977). Captain David Bruce (1887) a Scottish 
physician, reported small coccal organisms in the 
stained sections of spleen of a fatally infected soldier, 
and isolated and identified organism in culture from 
spleen tissue of four other British soldiers stationed at 
Malta (Bruce 1887). The organism derived its species 
name from Melita (honey), the roman name for the Isle 
of Malta. 

Brucellosis is endemically present in India, 
since its first report from Indian Veterinary Research 
Institute (IVRI), Mukteswar (Anonymous 1918). 
Polding (1942) isolated Brucella from cattle, buffalo, 
goat, horse and man. With B. abortus biotypes (1, 2, 3, 6 
and 9) in cattle and buffalo (Sen and Sharma 1975, 
Chand et al. 1988) and B. melitensis biotypes (1, 2, and 
3) in sheep and goats (Polding 1942, Sen and Sharma 
1975) and human beings (Hemashttar and Patil 1991, 
Sen and Sharma 1975, Agasthya et al. 2007), brucellosis 
have made its unshakable foot holding in India. 
Brucellosis has also been reported in pigs (Bhaskar et 
al. 1998) and canines (Pillai et al. 1991, Srinivasan et 
al. 1992).

Genus Brucella

Taxonomically, Brucella are classified as a-
Proteobacteria and subdivided into 6 species (Moreno 
2001). These 6 species under the genus Brucella 
comprise: Brucella melitensis, B. abortus, B. suis, B. 
ovis, B. canis and B. neotomae (Corbel and Morgan 
1984). Two new Brucella species, called B. pinnipedia 
and B. cetaceae, have been isolated from marine hosts 
(Ewalt et al. 1994, Ross et al. 1996). There exists 
multiple biotypes of Brucella that vary in terms of 
biochemical reactions, host specificity and 
pathogenicity (Young 1995). The subcommittee on 
taxonomy of Brucella had proposed that this genus 
could contain a single species, B. melitensis (Grimont 
1992, Moreno and Moriyon 2001). This proposal was 
based on DNA-DNA hybridization studies conducted on 
51 strains representing all known species and biovars 
(Verger et al. 1985). 

Brucellae are small, non-motile, non-
sporulating, non-toxigenic, non-fermenting, facultative, 
intracellular, gram-negative coccobacilli. Flagella, 
endospores and capsules are absent although capsule 
like structures have been reported in preparations treated 
with antiserum. They are partially acid-fast, as are not 
decolorized by 0.5% acetic acid in the modified Ziehl-
Neelsen (MZN) staining (Alton et al. 1988), 0.50.7 m in 
diameter and 0.61.5 m in length (Corbel and Morgan 
1984). 

Genome

Brucella genome has been sequenced and 
consists of 2 chromosomes (DelVecchio et al. 2002). 
Both chromosomes contain essential genes encoding for 
essential metabolic and replicative functions. Naturally 
occurring plasmids have not been found in Brucella. 
However, Brucella can maintain some plasmids 
introduced via electroporation or conjugative transfer 
(Rigby and Fraser 1989). Observations at the DNA level 
are becoming more helpful in further refining the 
classification of Brucella organisms beyond 
conventional methods. 

The complete genome of Brucella melitensis 
(DelVecchio et al. 2002), Brucella abortus (Sanchez et 
al. 2001) and Brucella suis (Paulsen et al. 2002) have 
been sequenced. The genome of Brucella abortus 
biotype 1 and 4 and Brucella suis biotype 1 are found 
quite similar to Brucella melitensis (Halling et al. 2005).

The genome of Brucella abortus biovar 1 is 3.3 
Mb and is composed of 2 circular chromosomes of 
2,124,242 bp (Chr I) and 1,162,780 bp (Chr II) (Halling 
et al. 2005). 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 G+C content of the 2 
chromosomes is nearly identical, consistent with the 
assertion that the assimilation and stabilization of a 
plasmid was an ancient event in brucellae (Halling et al. 
2005). Chromosome I of B. abortus biovar 1 consists of 
2200 genes, 2030 protein coding RNA, 47 structural 
RNA, 123 pseudo genes, 18 others and chromosome II 
is made up of 1156 genes, 1055 protein coding RNA, 17 
structural RNA, 84 pseudo genes, 7 others (Stothard et 
al. 2005). 

Brucellosis

Brucellosis is a contagious disease of animals 
and characterized by abortion in females and to a lesser 
extent orchitis and infection of accessory sex glands in 
males and infertility in both the sexes. It has zoonotic 
importance in terms of its transmissibility to human 
beings.

Clinical features and postmortem lesions

Various clinical signs have been described in 
infected animals, the main manifestation in B. abortus 
infection being reproduction failure in the form of 
abortion and birth of weak offspring which remains as 
carrier in herd. Cases of abortion in infected herd are 
less in chronic infection but infected animal continue to 
act as carrier posing threat to the herd (European 
Commission 2001).

Brucella infected animals generally develop 
granulomatous inflammatory responses, which are often 
located within lymphoid tissues and organs with a 
prominent reticuloendothelial component. The 
localization and persistence of brucellae within these 
tissues and organs follow in the wake of widespread 
distribution of the bacteria during a generalized stage of 
infection. Localization of brucellae within the female 
and male reproductive tracts accounts for the principal 
clinical symptoms of infection, viz. abortion and male 
infertility (Enright 1990). 

Invasion of gravid bovine uterus is marked by 
characteristic necrotic placentitis. Inflammation of 
placenta may be acute and wide spread, and lead to 
early death of fetus followed by abortion, or sub-acute 
or chronic leading to a late abortion or birth of a live, 
infected, perhaps weak calf associated often with 
retention of placenta. The cotyledons are congested or 
swollen and covered with yellowish or sticky brownish 
exudates which extend deep into the crypts. The inter-
cotyledonary areas are thickened, opaque, often look 
almost leathery and there is loss of normal blood red 
color appearance. Enlargement of spleen and liver is 
noticed in aborted fetus with increase in amount of fluid 
in body cavity. Films made from the exudates stained 
with a modified Ziehl-Neelsen method using acetic acid 
show large number of Brucella in clumps or distributed 
many inside epithelial cells which are often literally 
packed with organisms. The fetus varies from typical 
hairless (47 months) fetus up to one that is fully 
developed and shows no characteristic lesions. In case 
of lungs, pneumonia is there which is usually of a 
broncho-pneumonia type. Cobbler stone lesions on 
lungs are indicative of brucellosis (Stableforth and 
Galloway 1959).

In male animals, orchitis and epididymitis are 
the manifestations of chronic infection (Chand et al. 
2002). The acute inflammatory phase in the seminal 
vesicles is followed by a chronic stage with 
considerable fibrinoid induration. During orchitis the 
testicles gradually enlarge. Areas of dry necrosis 
develop and become encapsulated by fibrinous tissue 
which eventually contracts, often leaving the testicles 
smaller than normal. In other cases, it may soften with 
the production of a soft fluctuating lesion containing 
thin pus like pea soup. 

Epidemiology and zoonosis

Brucellosis is the most common zoonosis in 
the world, accounting for the annual occurrence of more 
than 500,000 cases (Pappas et al. 2006). Although 
brucellosis and its means of transmission were 
discovered over 100 years ago, still the disease remains 
a worldwide problem, predominantly so in developing 
countries. However, countries like North America, 
Northern and Central Europe, Canada, Japan, Australia, 
New Zealand, Southeast Asia and Oceania 
(FAO/OIE/WHO 1997) are reported to be free from the 
disease. The disease is endemic in Mediterranean region 
i.e. Middle East, Latin America and parts of Asia 
(Corbel 1997). Reported incidence of human brucellosis 
in endemic areas varies widely from <0.01 to >200 per 
100 000 population (Lpez-Merino 1989). In India 80% 
of the population live in approximately 575,000 villages 
and thousands of small towns (Mantur and Amarnath 
2008), have close contact with domestic or wild animal 
population owing to their occupation. Hence, human 
population stands at a greater risk of acquiring zoonotic 
diseases including brucellosis. The disease has an added 
importance in countries like India, where conditions are 
conducive for wide-spread human infection on account 
of unhygienic conditions and poverty. Species of main 
concern in India are B. melitensis and B. abortus. B. 
melitensis is the most virulent and common strain for 
man and it causes severe and prolonged disease with a 
risk of disability. B. abortus is the dominant species in 
cattle. Bovine brucellosis is widespread in India and 
appears to be on the increase in recent times, perhaps 
due to increased trade and rapid movement of livestock 
(Renukaradhya et al. 2002). Free grazing and movement 
with frequent mixing of flocks of sheep and goats also 
contribute to the wide distribution of brucellosis in these 
animals. Chahota et al. (2003) have reported severe 
outbreak of brucellosis in an organized dairy farm in 
Himachal Pradesh leading to abortions, retained 
placenta and still birth in cows. Serological evidences 
are suggestive of high endemicity of brucellosis in India 
with national average of as high as 5% in cattle, 3% in 
buffalo, 7.9% in sheep and 2.2% in goats 
(Renukaradhya 2002). In 2008, in Punjab the prevalence 
of disease in buffalo and cattle was 16.41% and 20.67%, 
respectively, and the overall apparent prevalence of 
brucellosis was 18.26% (Aulakh et al. 2008). Trangadia 
et al. (2010) recorded 22.18% (132/595) and 13.78% 
(82/595) sero-prevalance of bovine brucellosis in 4 
organized dairy farms located in western, southern, 
central and northern regions of India by ELISA and 
RBPT, respectively. Perusal of the literature indicated 
prevalence of brucellosis in western region (Gujarat 
state) ranging from 8.98 to 44.00% (Chauhan et al. 
2000), 17% in southern region (Isloor et al. 1998), 6.3% 
in central region (Madhya Pradesh state) (Mehra et al. 
2000) and 12.9% in northern region (Punjab state) 
(Dhand et al. 2005). Sero-prevalence of brucellosis was 
reported to be 6.5% in Jordan (Al-Majali et al. 2009), 
8.4% in Cameroon (Bayemi et al. 2009) and 32.9 to 
39.4% in Turkey (Sahin et al. 2008). The association of 
spread of brucellosis with unhygienic processing of 
milk, milk products and meat until it reaches to the final 
consumer makes it a zoonotically important disease. 
Colonization of organism in udder with its frequent 
excretion in milk for prolonged period has led to 
epidemics of brucellosis in human beings. 

In cattle and other members of family 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 but 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. However, artificial 
insemination can transmit the disease and semen must 
only be collected from animals known to be free of 
infection. The presence of brucellosis in wild animals, 
with a potential for continuous transfer to domestic 
animals and from them to humans is another 
epidemiological issue (Cutler et al. 2005). Further, 
transmission of Brucella infection and its prevalence in 
a region depends upon factors like food habits, methods 
of processing milk and milk products, social customs, 
husbandry practices, climatic conditions, socioeconomic 
status and environment hygiene. Environmental 
sanitation is particularly important in the context of air-
borne transmission. Brucellosis is almost invariably 
transmitted to man from infected domestic animals. 
However, Tikare et al. (2008) documented beyond 
doubt, the possibility of human to human transmission 
of Brucella infection. The disease has been recognized 
as one of the common laboratory- transmitted infections 
and was reported to occur in clinical, research and 
production laboratories (Bouza et al. 2005). Those with 
a professional risk of acquiring infection include 
livestock producers, abattoir workers, shepherds, 
farmers, veterinarians and laboratory personnel. 

Pathogenesis

After phagocytosis, brucellae probably reach 
the lymphnodes as parasites and then enter the blood 
and produce bacteraemia followed by the acute febrile 
phase of the disease. From the blood, the organisms are 
distributed throughout the reticuloendothelial system 
and become present in large numbers in the liver and 
spleen and localize in many other sites such as the 
joints, heart, kidneys and genital tract (Baldwin and 
Winter 1994). In human beings after a variable 
incubation period (14 weeks) non-specific, systemic 
symptoms like fever, malaise, arthralgia, headache and 
night sweat follow (Greenfield 2002). 

The mouse is often used as an animal model to 
investigate the pathogenesis of animal and human 
brucellosis (Ko and Splitter 2003). Bacterial ABC 
transporter systems are associated with nutrient uptake 
and the export of toxins and antibiotics and they may 
play an important role in gene expression (Ko and 
Splitter 2000). In Brucella spp., ABC transporter 
proteins have a potential pathogenic role during host 
infection (Rosinha et al. 2002). Hemagglutinins are 
responsible for adhesion and may define the specificity 
of bacterial adhesins during host infection it does not 
have an important role in the pathogenesis of Brucella 
melitensis (Perry et al. 2010).

The pathogenicity in human brucellosis is 
attributed to factors like LPS, adenine and guanine 
monophosphate, virB, 24 kDa protein and urease 
enzyme. Brucella is an unusual organism in several 
ways i.e. the classical virulence factors in a bacterium 
like exotoxins/endotoxins, pili, plasmids, flagella etc. 
are lacking in this organism. Survival strategy of 
Brucella in its host is attributed to its ability to inhibit 
fusion of lyzosome with phagosome thus degranulation 
and activation of the myelo-peroxidase-halide system, it 
also inhibits the production of tumor necrosis factor 
(Caron et al. 1994) and programmed cell death of the 
host cell (Detilleux et al. 1990a), thus escapes the host 
defense mechanisms, to survive and replicate within the 
host cells. Virulent Brucella organisms are capable of 
invading and residing in professional phagocytes 
(Baldwin and Winter 1994) such as macrophages, as 
well as non-phagocytic cells (Detilleux et al. 1990a, 
Detilleux et al. 1990b). In both phagocytic and non-
phagocytic cells, Brucella has the ability to replicate 
within membrane-bound compartments (Pizarro-Cerda 
et al. 1998). Inhibition of TNF-a by bacteria disrupts 
bactericidal effect of natural killer cells and 
macrophages (Gorvel et al. 2002). 

There are 2 types of smooth lipopolysaccharide 
(sLPS) surface antigens, designated A and M. A antigen 
predominates in B. abortus and B. suis, while M is the 
major antigen in B. melitensis. Numerous outer and 
inner membrane, cytoplasmic and periplasmic proteins 
have also been characterized. The sLPS from B. abortus 
is 100 times less potent than that of E. coli (Goldstein et 
al. 1992) and Salmonella (Freer et al. 1996) in inducing 
TNFa from macrophages as well as oxidative 
metabolism and lysozyme release by neutrophils. This 
feature of sLPS is supposed to contribute to the survival 
of B. abortus within phagocytic cells. In addition, 
Brucella sLPS is not susceptible to the actions of 
polycationic molecules, suggesting that smooth Brucella 
can resist the cationic bactericidal peptides of the 
phagocytes (Jensen et al. 1995). The sLPS also conferes 
anti-phagocytic properties to Brucella and does not 
activate the alternate pathway of the complement 
cascade (Hoffmann and Houle 1983). 

Immune response

Both humoral and cellular immune responses 
are involved in Brucella infection, though magnitude 
varies with virulence of organism and immune status of 
animal (FAO/WHO Expert Committee on Brucellosis 
1986). Serological response to the infection can be seen 
as early as 24 weeks. Persistent rise of antibody titre is 
noted if pregnant uterus is affected. Serological 
response starts with the production of IgM within 1 
week or 2, gradually IgG predominates which persists in 
chronic infections. This serological response may be 
transient or missing in young sexually immature 
animals (European Commission 2001). Antibodies 
directed toward specific antigens like the O-antigen, 
may enhance protection against brucellosis in some 
animal species. While protective immunity directed 
against Brucella depends on the induction of an 
effective and specific cell-mediated immune (CMI) 
response (Oliveira et al. 1994). Cell mediated immune 
response (CMIR) involves interaction of organism with 
macrophage and T-lymphocyte which decides fate of 
invading bacteria. Lymphocyte stimulation, macrophage 
inhibition, delayed type of hypersensitivity (DTH) and 
gamma interferon (g-IFN) production are used as 
correlates of CMIR. This cellular immune response 
could also be expected as early as few weeks. 

Diagnosis

The laboratory diagnosis of brucellosis is done 
to identify the animals which are infected, shedding the 
organism and spreading the disease. Attention is usually 
first drawn to the disease by an abortion and is 
confirmed by various direct and indirect methods of 
diagnosis. 

Culture: Highly specific and most conclusive 
diagnosis in any infectious disease is by isolation of the 
causative agent and so is in brucellosis. Culture and 
isolation is still unequivocally considered the gold 
standard in diagnosis of brucellosis (Alton et al. 1988). 

Milk, vaginal swabs, placentas or aborted 
fetuses are preferred for microscopy and culture in case 
of live animals, while primarily lymph nodes (especially 
head and mammary), spleen, udder, uterus, epididymes 
and testes are recommended from necropsied animals. 
Blood is also used for culture and provides definite 
proof of brucellosis but may not provide a positive 
result in all cases. Lysis centrifugation and blood clot 
culture techniques yielded encouraging results (Mantur 
and Mangalgi 2004, Mantur et al. 2007) in terms of 
sensitivity and rapidity. The modern automated blood 
culture systems have somewhat improved the speed of 
detection. Although, bone marrow cultures are 
considered gold standard in some studies (Mantur et al. 
2008). In such cases, bacteremia might also be 
maintained from other sources of the reticulo-
endothelial system (Mantur et al. 2008). Perhaps, this 
could be the reason for the discrepancy in the results of 
blood and bone marrow cultures reported in the 
literature. Selective media are recommended for 
bacteriological isolation and better results are obtained 
when 2 different media are included Farrell and 
modified Thayer-Martin. Differentiation of Brucella at 
species, biovar and strain level by bacteriological and/or 
by molecular techniques is usually carried out in 
reference laboratories.

PCR: PCR is a very sensitive technique. For 
the first time Feket et al. (1990) used PCR for the 
diagnosis of brucellosis. In 1992, he reported detection 
limit of their assay was 5 Brucella cells/100 mg of 
tissue. It has been demonstrated that the assay is specific 
and sensitive for brucellosis (Bricker et al. 1998). To 
diagnose and detect the presence of brucellosis, various 
genes of Brucella genome were explored and for this 
several PCR assays using primers from genes such as 
IS711 (Bricker and Halling 1994), IS6501 (Ouahrani et 
al. 1996), 16S rRNA sequence (etinkaya et al. 1999), 
16S23S rRNA spacer region (Rijpens et al. 1996), 31 
kDa outer membrane protein (Serpe et al. 1999), 43 kDa 
outer membrane protein (Fekete et al.1990), Omp-2 
outer membrane protein (Leal-Klevezas et al. 1995), 
omp-25 (Probert et al. 2004) and the heat shock protein 
(DnaJ, DnaK, HtrA and GroEL) (DaCosta et al. 1996) 
etc., were developed. 

PCR was applied to detect Brucella DNA in 
varieties of clinical samples including tissues (mainly 
aborted fetuses and associated maternal tissues), blood, 
milk and semen (Cortez et al. 2001, Hafez et al. 2011, 
Al-Garadia et al. 2011). PCR based tests are also more 
sensitive than traditional culture method (Amin et al. 
2001, Buyukcangaz et al. 2011). 

Real-time PCR was used for detection of 
Brucella, offering improvement in detection time and 
specificity through incorporation of hybridization 
probes (Probert et al. 2004, Doosti and Dehkordi 2011). 
The real-time PCR is also useful for quantifying the 
load of microorganisms in samples.

Few multiplex PCR assays have also been 
developed with an aim to detect presence of other 
bacteria along with Brucella within single reaction 
(Moshkelani et al. 2011). Multiplex PCR is a derived 
procedure where multiple DNA sequences can be 
detected in a single PCR reaction. Hamali and Joozani 
(2011) used multiplex PCR for detection of Brucella 
spp. and vaccine strains in bovine aborted fetuses. 

Brucellin skin test: The brucellin skin test, a 
cell-mediated immunity (CMI) based assay, is an 
alternative diagnostic test, which can be used for 
screening unvaccinated animals, provided that a purified 
(S-LPS free) and standardized antigen preparation is 
used (Blasco et al. 1994a, Blasco et al. 1994b). S-LPS 
(Blasco et al. 1994a, Blasco et al. 1994b) does not take 
part in DTH reactions (Jones et al. 1973) and may 
provoke antibody-mediated inflammatory reactions or 
induce antibodies that interfere with subsequent 
serological screening. Purified allergens would not offer 
practical advantages over complex protein mixtures 
(Blasco et al. 1994a, Blasco et al. 1994b). The brucellin 
skin test has a high sensitivity and in the absence of 
vaccination is considered one of the most specific 
diagnostic tests (Ebadi and Zowghi 1983, FAO/WHO 
1986, Alton et al. 1988, Blasco et al. 1994a, Blasco et 
al. 1994b, Garin-Bastuji et al. 1998). This test is of 
particular value for the interpretation of FPSR due to 
infection with cross-reacting bacteria (FPSR animals are 
negative in the skin test), especially in brucellosis-free 
areas. Despite its high sensitivity not all infected 
animals show positive skin test responses. Therefore, 
this test cannot be recommended either as the sole 
diagnostic test or fit for the purposes of international 
trade. The site and route of allergen inoculation are not 
important factors affecting its sensitivity (Fensterbank 
1985, Blasco et al. 1994a, Blasco et al. 1994b). Anergy 
induced by repeated skin testing, well known in bovine 
tuberculosis (Radunz and Lepper 1985), is not absolute 
in brucellosis (Blasco et al. 1994a, Blasco et al. 1994b).

Serological diagnosis

The diagnosis of brucellosis employing direct 
method is not always possible for a large number of 
animals, hence indirect diagnostic assays are frequently 
used (Blasco 1992). In absence of a positive culture of 
B. abortus a presumptive diagnosis is usually based on 
the presence of antibodies in serum, milk, whey, vaginal 
mucus or seminal plasma. On average, the agglutinins 
and complement fixation antibodies become positive 4 
weeks following experimental infection during fourth to 
sixth month of gestation and not until about 10 weeks if 
experimental infection occurs 2 month before or after 
insemination (Radostitis et al. 2000).

No single serological test is appropriate in each 
and all epidemiological situations, all have limitations 
especially when it comes to screening individual 
animals (Godfroid et al. 2002, Nielsen 2002). 
Complement fixation test (CFT), fluorescence 
polarization assay (FPA) and ELISA are considered 
more appropriate for international trade than serum tube 
agglutination test (SAT). For the control of brucellosis 
at the national or local level, the buffered Brucella 
antigen tests (BBATs), i.e. the Rose Bengal test (RBT) 
and the buffered plate agglutination test (BPAT), as well 
as the ELISA and the FPA, are suitable screening tests 
(OIE 2004). Positive reactions may be retested using a 
suitable confirmatory strategy, if needed.

Rose Bengal plate agglutination test (RBPT): 
The RBPT is a simple, rapid and spot test and can be 
performed in field. The RBPT antigen was developed by 
U.S. Department of Agriculture and it was B. abortus 
antigen stained with Rose Bengal dye and buffered at 
pH 3.65 (Alton et al. 1988). The low pH prevents some 
agglutination by IgM and encourages agglutination by 
IgG1 thereby reducing non-specific interactions (Corbel 
1972, Corbel 1973, Allan et al. 1976). This test is 
internationally acknowledged as the choice for the 
screening of brucellosis. However, due to cross 
reactivity between these antigen with other bacterial 
species including Yersinia enterocolitica O:9 and E. coli 
serotype O:57 (Kittelberger et al. 1995) RBPT may 
suffer higher rates of false positive results than other 
serological tests. Still many workers reported RBPT to 
be a routine and reliable test and could not be replaced 
for the diagnosis of brucellosis (Mangalgi et al. 2012, 
Chachra et al. 2009).

Serum tube agglutination test (SAT): 
Historically, the SAT has been recognized as the 
principal serological test used for the diagnosis of 
brucellosis. IgM isotypes of antibody is the most active 
agglutinin at neutral pH (Rice and Boyes 1971, Corbel 
1972, Nielsen et al. 1984). Therefore, SAT is susceptible 
to false positive reaction by cross-reacting antibodies 
(Nielsen 2002). However, because the SAT may yield 
both false negative or false positive results (Corbel et al. 
1984), it is not useful for testing individual animal. The 
efficacy of test is useful only when it is used at herd 
level. Nicoletti (1967) also recognized that not every 
Brucella infected bovine show a diagnostically 
significant titre.

The presumptive diagnosis provided by the 
serological tests is usually accepted as indication of 
brucellosis; although it can only detect IgM and IgG2 
and fails to detect IgG1 (Rice and Boyes 1971). 
However, chronic carriers produce mainly IgG1 that 
block the agglutinating activities of IgG2 which may 
result in lower detection rates. Hafez et al. (2011) 
reported lower number of positive samples detected by 
SAT in comparison to RBT and ELISA.

Complement fixation test (CFT): The 
complement fixation test (CFT) is widely used for the 
diagnosis of brucellosis in cattle, sheep and goat. It 
detects mainly IgG1 antibodies. The test is somewhat 
complex and in mass testings a screening test such as 
the RBPT is often used to reduce the number of samples 
that need to be tested by CFT (Staak et al. 2001). CFT is 
not good for testing sera from animals vaccinated for 
brucellosis as it cannot differentiate vaccinated from 
infected ones (Diaz-Aparicio et al. 1996). Another 
major problem with CFT is its limited utility in buffalo 
serum samples. Nicoletti (1992) in his study concluded 
that CFT is of limited usefulness in the diagnosis of 
brucellosis in buffaloes due to false positive reactions. 
Guarino et al. (2001) also found CFT to be less effective 
test for the diagnosis of brucellosis in buffaloes as they 
showed many animals yielding negative results in CFT 
which otherwise were positive in ELISA. Kassymov 
and Zhumagalikyzy (2011) reported ELISA to be more 
effective than CFT for the diagnostic of brucellosis in 
cattle.

Enzyme linked immunosorbent assays (ELISA): 
ELISA offers excellent sensitivity and specificity whilst 
being robust, fairly simple to perform with a minimum 
of equipment and readily available from a number of 
commercial sources in kit form. Owing to these 
properties ELISA is extensively used in the diagnosis of 
brucellosis in every species of animals. The smooth 
lipopolysaccharide (sLPS) is commonly used as the 
antigen for ELISA (OIE 2004). Other antigen, such as a 
highly immunogenic periplasmic protein from B. 
abortus (Rossetti et al. 1996) was also used for 
brucellosis diagnosis in different host species but results 
were not so encouraging. Letesson et al. (1997) used 8 
proteins (OMP36, OMP25, OMP19, OMP16, OMP10, 
p17, p15 and p39) as antigen for serological diagnosis 
of brucellosis by ELISA. The antibody response against 
these proteins often delayed when compared to the 
antibody response to smooth LPS and limited to the 
animals that develop active brucellosis infection. The 
sensitivity and specificity of ELISA was found higher 
by using LPS as diagnostic antigen instead of OPS 
(Nielsen et al. 1996). Several antigens were tried but no 
alternative antigens that could match the sensitivity 
achieved with LPS have been found so far (Letesson et 
al. 1997). 

Monoclonal or polyclonal antiglobulin-enzyme 
conjugates may be used depending on availability and 
performance requirements. A MAb specific for the 
heavy chain of bovine IgG1 may provide some 
improvement in specificity at the possible cost of some 
loss of sensitivity (OIE 2004). Use of protein-G as 
conjugate also reduces this problem and increases the 
specificity of ELISA (Ficapal et al. 1995, Marin et al. 
1998, Kumar and Chand 2011). Renukaradhya et al. 
(2001) described the use of avidin-biotin ELISA for the 
diagnosis of brucellosis in cattle and buffalo. Milk-
ELISA was also tried and found effective diagnostic 
tool by many workers (Chand et al. 2004, Patel et al. 
2008).

Native hapten (NH) gel precipitation tests: In 
the case of recent vaccination with S19 vaccine, only 
the gel diffusion (GD) or radial immunodiffusion (RID) 
tests with native hapten antigen (Daz et al. 1979), FPA 
(Nielsen et al. 1996a) and the competitive ELISA 
(Nielsen et al. 1996b) appear to be useful for diagnosis, 
allowing differentiation of infection by Brucella abortus 
from S19 vaccination. However, only the gel diffusion 
test with Native Hapten (Daz et al. 1979) was able to 
discriminate at a given time after vaccination (Marin et 
al. 1999).

Fluorescence polarization assay (FPA): FPA is 
a homogenous immunoassay. Homogenous 
immunoassays are single step assays that require no 
repetitive washing steps to remove unbound reactants as 
with classical primary binding assays (Jenkins 1992). 
Many workers used FPA in different parts of the world 
in various laboratories and Nielsen et al. (1996a) are the 
pioneer in developing and using this assay for the 
diagnosis of brucellosis in animals. This test was used 
for diagnosing brucellosis in cattle (Nielsen et al. 
1996a), porcine (Nielsen et al. 1999), bison (Gall et al. 
2000), cervidae (Gall et al. 2001), humans (Lucerno et 
al. 2003), goats (Burriel et al. 2004), sheep (Minas et al. 
2005), cetaceans (Neimanis et al. 2008) and buffaloes 
(Kumar and Chand 2009). Lin and Nielsen (1997) 
labeled OPS extracted from B. abortus with fluorescein 
for investigating binding of O-chain to a specific murine 
monoclonal antibody YsT9. Nielsen et al. (1996) 
reported FPA to be a simple, low cost, easy and less 
time consuming assay and demonstrated that the 
sensitivity and specificity of FPA was comparable to 
complement fixation test (CFT), competitive ELISA and 
indirect ELISA. 

Miscellaneous tests: Srivastava and Chaudhary 
(2011) reported that Coombs test that detects incomplete 
antibodies and immunocapture-agglutination tests show 
good performances with higher sensitivity and 
specificity in the diagnosis of brucellosis.

Kassymov and Zhumagalikyzy (2011) reported 
a new variant of complement fixation test that is 
conglutination - conglutinating complex fixation test 
(CCFT), based on interaction of a complex antigen - 
antibody with conglutination blood serum (complement, 
conglutinin) and found it to be an effective method of 
diagnostics of brucellosis and other infectious diseases. 

Smits et al. (2003) reported Brucella IgM and 
IgG lateral flow and Abdoeland Smits (2007) reported 
latex agglutination assays and found them to be rapid 
and simple along with high sensitivity and specificity in 
culture confirmed cases. These tests are ideal for use as 
field tests in remote areas and as point of care tests in 
hospitals and health care centre.

Vaccination 

Currently there are 2 vaccines available that 
are effective enough and inexpensive. These are 
B.melitensis strain Rev.1 for small ruminants given at 
full dose (1 109 CFU) by the conjunctival route and B. 
abortus strain 19 for cattle given individually at full 
dose (10 1010 CFU) subcutaneously or at reduced dose 
(5 109 CFU) conjunctivally. Both vaccines can be 
hazardous to humans and also may induce abortion 
when vaccinating pregnant animals. At this stage there 
is inadequate information on the use of these vaccines in 
camels, yaks and buffaloes. When mass vaccination has 
to be applied, it should be carried out in 2 ways: 

Mass vaccinate all animals 
every two years, including males (in the case of 
sheep and goats). This is the simplest method and 
only requires the ability to locate 100% of 
flocks/herds and to vaccinate all animals, at the 
ideal window of opportunity to avoid vaccine 
induced abortions, i.e. when animals are lactating 
or at the end of the parturition season and fewest 
are pregnant. This procedure assumes that at the 
actual replacement rates, every 2 years about 
3040% of the population will be susceptible. 

Mass vaccination and individual 
identification of all animals in the first year and 
then identification and vaccination of the 
replacement animals only in subsequent years. 
The main advantage of which is minimizing 
vaccine induced abortions, is obviously more 
complex, involving identification of young 
replacement animals each year. Assuming that 
1025% of the total population needs to be 
replaced each year, this programme will take 410 
years before the whole population is fully 
vaccinated. Unfortunately, this option has often 
failed in developing countries with nomadic 
husbandry systems, as owners keep replacements 
year round and several visits may be needed to 
ensure 100% vaccination coverage. Once the 
prevalence of brucellosis is reduced to minimal 
levels by either of the above mass vaccination 
procedures and provided that the veterinary 
infrastructure and economic resources are 
available, eradication can be achieved through a 
programme based on the vaccination of young 
replacement animals combined with testing and 
slaughtering of infected adults. This programme 
will require individual animal identification and 
effective control of animal movements.

One practical eradication approach would 
involve no testing of mass vaccinated adult animals for 
2 years following the first mass vaccination, to avoid 
culling healthy but seropositive animals. The only 
interventions during these 2 first years would be 
vaccinating 100% of young replacements, ensuring 
individual identification of the whole population and 
establishing effective animal movement controls. The 
use of the NH based gel precipitation tests, followed by 
immediate culling of infected animals could be 
recommended as the most reasonable strategy to avoid 
the excessive culling of healthy but seropositive 
animals. Once the percentage of positives in these NH 
based tests is zero for at least two consecutive years, the 
testing schedule could be modified using OIE official 
tests - such as RBPT, iELISA and CFT - to reach and 
maintain brucellosis free status. Vaccination should 
cease only when the prevalence is zero for at least one 
entire generation, in order to avoid relapses. Premature 
cessation of vaccination has been a frequent error in 
many countries. As a general rule, vaccination should 
never be abandoned until the prevalence is zero, the 
situation is maintained for 812 years and the risk of 
transmission from infected epidemiologically related 
units is negligible (FAO 2009). 
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A type of fever characterized by fairly regular 
remissions or intermissions has been recognized along 
the Mediterranean littoral since the time of Hippocrates 
in 450 B.C. In 1861 J. A. Martson an assistant surgeon 
of the British Medical Department working in the 
Mediterranean, first described the symptoms of 
brucellosis in himself as gastric remittent fever 
(Martson 1861). Professor L. F. Benhard Bang, a Danish 
veterinary pathologist and bacteriologist (1897), with 
Stribolt isolated the small bacillus now known as 
Brucella abortus. The first case of human brucellosis 
was recognized in 1897 in a US army officer (Brown 
1977). Captain David Bruce (1887) a Scottish 
physician, reported small coccal organisms in the 
stained sections of spleen of a fatally infected soldier, 
and isolated and identified organism in culture from 
spleen tissue of four other British soldiers stationed at 
Malta (Bruce 1887). The organism derived its species 
name from Melita (honey), the roman name for the Isle 
of Malta. 

Brucellosis is endemically present in India, 
since its first report from Indian Veterinary Research 
Institute (IVRI), Mukteswar (Anonymous 1918). 
Polding (1942) isolated Brucella from cattle, buffalo, 
goat, horse and man. With B. abortus biotypes (1, 2, 3, 6 
and 9) in cattle and buffalo (Sen and Sharma 1975, 
Chand et al. 1988) and B. melitensis biotypes (1, 2, and 
3) in sheep and goats (Polding 1942, Sen and Sharma 
1975) and human beings (Hemashttar and Patil 1991, 
Sen and Sharma 1975, Agasthya et al. 2007), brucellosis 
have made its unshakable foot holding in India. 
Brucellosis has also been reported in pigs (Bhaskar et 
al. 1998) and canines (Pillai et al. 1991, Srinivasan et 
al. 1992).

Genus Brucella

Taxonomically, Brucella are classified as a-
Proteobacteria and subdivided into 6 species (Moreno 
2001). These 6 species under the genus Brucella 
comprise: Brucella melitensis, B. abortus, B. suis, B. 
ovis, B. canis and B. neotomae (Corbel and Morgan 
1984). Two new Brucella species, called B. pinnipedia 
and B. cetaceae, have been isolated from marine hosts 
(Ewalt et al. 1994, Ross et al. 1996). There exists 
multiple biotypes of Brucella that vary in terms of 
biochemical reactions, host specificity and 
pathogenicity (Young 1995). The subcommittee on 
taxonomy of Brucella had proposed that this genus 
could contain a single species, B. melitensis (Grimont 
1992, Moreno and Moriyon 2001). This proposal was 
based on DNA-DNA hybridization studies conducted on 
51 strains representing all known species and biovars 
(Verger et al. 1985). 

Brucellae are small, non-motile, non-
sporulating, non-toxigenic, non-fermenting, facultative, 
intracellular, gram-negative coccobacilli. Flagella, 
endospores and capsules are absent although capsule 
like structures have been reported in preparations treated 
with antiserum. They are partially acid-fast, as are not 
decolorized by 0.5% acetic acid in the modified Ziehl-
Neelsen (MZN) staining (Alton et al. 1988), 0.50.7 m in 
diameter and 0.61.5 m in length (Corbel and Morgan 
1984). 

Genome

Brucella genome has been sequenced and 
consists of 2 chromosomes (DelVecchio et al. 2002). 
Both chromosomes contain essential genes encoding for 
essential metabolic and replicative functions. Naturally 
occurring plasmids have not been found in Brucella. 
However, Brucella can maintain some plasmids 
introduced via electroporation or conjugative transfer 
(Rigby and Fraser 1989). Observations at the DNA level 
are becoming more helpful in further refining the 
classification of Brucella organisms beyond 
conventional methods. 

The complete genome of Brucella melitensis 
(DelVecchio et al. 2002), Brucella abortus (Sanchez et 
al. 2001) and Brucella suis (Paulsen et al. 2002) have 
been sequenced. The genome of Brucella abortus 
biotype 1 and 4 and Brucella suis biotype 1 are found 
quite similar to Brucella melitensis (Halling et al. 2005).

The genome of Brucella abortus biovar 1 is 3.3 
Mb and is composed of 2 circular chromosomes of 
2,124,242 bp (Chr I) and 1,162,780 bp (Chr II) (Halling 
et al. 2005). 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 G+C content of the 2 
chromosomes is nearly identical, consistent with the 
assertion that the assimilation and stabilization of a 
plasmid was an ancient event in brucellae (Halling et al. 
2005). Chromosome I of B. abortus biovar 1 consists of 
2200 genes, 2030 protein coding RNA, 47 structural 
RNA, 123 pseudo genes, 18 others and chromosome II 
is made up of 1156 genes, 1055 protein coding RNA, 17 
structural RNA, 84 pseudo genes, 7 others (Stothard et 
al. 2005). 

Brucellosis

Brucellosis is a contagious disease of animals 
and characterized by abortion in females and to a lesser 
extent orchitis and infection of accessory sex glands in 
males and infertility in both the sexes. It has zoonotic 
importance in terms of its transmissibility to human 
beings.

Clinical features and postmortem lesions

Various clinical signs have been described in 
infected animals, the main manifestation in B. abortus 
infection being reproduction failure in the form of 
abortion and birth of weak offspring which remains as 
carrier in herd. Cases of abortion in infected herd are 
less in chronic infection but infected animal continue to 
act as carrier posing threat to the herd (European 
Commission 2001).

Brucella infected animals generally develop 
granulomatous inflammatory responses, which are often 
located within lymphoid tissues and organs with a 
prominent reticuloendothelial component. The 
localization and persistence of brucellae within these 
tissues and organs follow in the wake of widespread 
distribution of the bacteria during a generalized stage of 
infection. Localization of brucellae within the female 
and male reproductive tracts accounts for the principal 
clinical symptoms of infection, viz. abortion and male 
infertility (Enright 1990). 

Invasion of gravid bovine uterus is marked by 
characteristic necrotic placentitis. Inflammation of 
placenta may be acute and wide spread, and lead to 
early death of fetus followed by abortion, or sub-acute 
or chronic leading to a late abortion or birth of a live, 
infected, perhaps weak calf associated often with 
retention of placenta. The cotyledons are congested or 
swollen and covered with yellowish or sticky brownish 
exudates which extend deep into the crypts. The inter-
cotyledonary areas are thickened, opaque, often look 
almost leathery and there is loss of normal blood red 
color appearance. Enlargement of spleen and liver is 
noticed in aborted fetus with increase in amount of fluid 
in body cavity. Films made from the exudates stained 
with a modified Ziehl-Neelsen method using acetic acid 
show large number of Brucella in clumps or distributed 
many inside epithelial cells which are often literally 
packed with organisms. The fetus varies from typical 
hairless (47 months) fetus up to one that is fully 
developed and shows no characteristic lesions. In case 
of lungs, pneumonia is there which is usually of a 
broncho-pneumonia type. Cobbler stone lesions on 
lungs are indicative of brucellosis (Stableforth and 
Galloway 1959).

In male animals, orchitis and epididymitis are 
the manifestations of chronic infection (Chand et al. 
2002). The acute inflammatory phase in the seminal 
vesicles is followed by a chronic stage with 
considerable fibrinoid induration. During orchitis the 
testicles gradually enlarge. Areas of dry necrosis 
develop and become encapsulated by fibrinous tissue 
which eventually contracts, often leaving the testicles 
smaller than normal. In other cases, it may soften with 
the production of a soft fluctuating lesion containing 
thin pus like pea soup. 

Epidemiology and zoonosis

Brucellosis is the most common zoonosis in 
the world, accounting for the annual occurrence of more 
than 500,000 cases (Pappas et al. 2006). Although 
brucellosis and its means of transmission were 
discovered over 100 years ago, still the disease remains 
a worldwide problem, predominantly so in developing 
countries. However, countries like North America, 
Northern and Central Europe, Canada, Japan, Australia, 
New Zealand, Southeast Asia and Oceania 
(FAO/OIE/WHO 1997) are reported to be free from the 
disease. The disease is endemic in Mediterranean region 
i.e. Middle East, Latin America and parts of Asia 
(Corbel 1997). Reported incidence of human brucellosis 
in endemic areas varies widely from <0.01 to >200 per 
100 000 population (Lpez-Merino 1989). In India 80% 
of the population live in approximately 575,000 villages 
and thousands of small towns (Mantur and Amarnath 
2008), have close contact with domestic or wild animal 
population owing to their occupation. Hence, human 
population stands at a greater risk of acquiring zoonotic 
diseases including brucellosis. The disease has an added 
importance in countries like India, where conditions are 
conducive for wide-spread human infection on account 
of unhygienic conditions and poverty. Species of main 
concern in India are B. melitensis and B. abortus. B. 
melitensis is the most virulent and common strain for 
man and it causes severe and prolonged disease with a 
risk of disability. B. abortus is the dominant species in 
cattle. Bovine brucellosis is widespread in India and 
appears to be on the increase in recent times, perhaps 
due to increased trade and rapid movement of livestock 
(Renukaradhya et al. 2002). Free grazing and movement 
with frequent mixing of flocks of sheep and goats also 
contribute to the wide distribution of brucellosis in these 
animals. Chahota et al. (2003) have reported severe 
outbreak of brucellosis in an organized dairy farm in 
Himachal Pradesh leading to abortions, retained 
placenta and still birth in cows. Serological evidences 
are suggestive of high endemicity of brucellosis in India 
with national average of as high as 5% in cattle, 3% in 
buffalo, 7.9% in sheep and 2.2% in goats 
(Renukaradhya 2002). In 2008, in Punjab the prevalence 
of disease in buffalo and cattle was 16.41% and 20.67%, 
respectively, and the overall apparent prevalence of 
brucellosis was 18.26% (Aulakh et al. 2008). Trangadia 
et al. (2010) recorded 22.18% (132/595) and 13.78% 
(82/595) sero-prevalance of bovine brucellosis in 4 
organized dairy farms located in western, southern, 
central and northern regions of India by ELISA and 
RBPT, respectively. Perusal of the literature indicated 
prevalence of brucellosis in western region (Gujarat 
state) ranging from 8.98 to 44.00% (Chauhan et al. 
2000), 17% in southern region (Isloor et al. 1998), 6.3% 
in central region (Madhya Pradesh state) (Mehra et al. 
2000) and 12.9% in northern region (Punjab state) 
(Dhand et al. 2005). Sero-prevalence of brucellosis was 
reported to be 6.5% in Jordan (Al-Majali et al. 2009), 
8.4% in Cameroon (Bayemi et al. 2009) and 32.9 to 
39.4% in Turkey (Sahin et al. 2008). The association of 
spread of brucellosis with unhygienic processing of 
milk, milk products and meat until it reaches to the final 
consumer makes it a zoonotically important disease. 
Colonization of organism in udder with its frequent 
excretion in milk for prolonged period has led to 
epidemics of brucellosis in human beings. 

In cattle and other members of family 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 but 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. However, artificial 
insemination can transmit the disease and semen must 
only be collected from animals known to be free of 
infection. The presence of brucellosis in wild animals, 
with a potential for continuous transfer to domestic 
animals and from them to humans is another 
epidemiological issue (Cutler et al. 2005). Further, 
transmission of Brucella infection and its prevalence in 
a region depends upon factors like food habits, methods 
of processing milk and milk products, social customs, 
husbandry practices, climatic conditions, socioeconomic 
status and environment hygiene. Environmental 
sanitation is particularly important in the context of air-
borne transmission. Brucellosis is almost invariably 
transmitted to man from infected domestic animals. 
However, Tikare et al. (2008) documented beyond 
doubt, the possibility of human to human transmission 
of Brucella infection. The disease has been recognized 
as one of the common laboratory- transmitted infections 
and was reported to occur in clinical, research and 
production laboratories (Bouza et al. 2005). Those with 
a professional risk of acquiring infection include 
livestock producers, abattoir workers, shepherds, 
farmers, veterinarians and laboratory personnel. 

Pathogenesis

After phagocytosis, brucellae probably reach 
the lymphnodes as parasites and then enter the blood 
and produce bacteraemia followed by the acute febrile 
phase of the disease. From the blood, the organisms are 
distributed throughout the reticuloendothelial system 
and become present in large numbers in the liver and 
spleen and localize in many other sites such as the 
joints, heart, kidneys and genital tract (Baldwin and 
Winter 1994). In human beings after a variable 
incubation period (14 weeks) non-specific, systemic 
symptoms like fever, malaise, arthralgia, headache and 
night sweat follow (Greenfield 2002). 

The mouse is often used as an animal model to 
investigate the pathogenesis of animal and human 
brucellosis (Ko and Splitter 2003). Bacterial ABC 
transporter systems are associated with nutrient uptake 
and the export of toxins and antibiotics and they may 
play an important role in gene expression (Ko and 
Splitter 2000). In Brucella spp., ABC transporter 
proteins have a potential pathogenic role during host 
infection (Rosinha et al. 2002). Hemagglutinins are 
responsible for adhesion and may define the specificity 
of bacterial adhesins during host infection it does not 
have an important role in the pathogenesis of Brucella 
melitensis (Perry et al. 2010).

The pathogenicity in human brucellosis is 
attributed to factors like LPS, adenine and guanine 
monophosphate, virB, 24 kDa protein and urease 
enzyme. Brucella is an unusual organism in several 
ways i.e. the classical virulence factors in a bacterium 
like exotoxins/endotoxins, pili, plasmids, flagella etc. 
are lacking in this organism. Survival strategy of 
Brucella in its host is attributed to its ability to inhibit 
fusion of lyzosome with phagosome thus degranulation 
and activation of the myelo-peroxidase-halide system, it 
also inhibits the production of tumor necrosis factor 
(Caron et al. 1994) and programmed cell death of the 
host cell (Detilleux et al. 1990a), thus escapes the host 
defense mechanisms, to survive and replicate within the 
host cells. Virulent Brucella organisms are capable of 
invading and residing in professional phagocytes 
(Baldwin and Winter 1994) such as macrophages, as 
well as non-phagocytic cells (Detilleux et al. 1990a, 
Detilleux et al. 1990b). In both phagocytic and non-
phagocytic cells, Brucella has the ability to replicate 
within membrane-bound compartments (Pizarro-Cerda 
et al. 1998). Inhibition of TNF-a by bacteria disrupts 
bactericidal effect of natural killer cells and 
macrophages (Gorvel et al. 2002). 

There are 2 types of smooth lipopolysaccharide 
(sLPS) surface antigens, designated A and M. A antigen 
predominates in B. abortus and B. suis, while M is the 
major antigen in B. melitensis. Numerous outer and 
inner membrane, cytoplasmic and periplasmic proteins 
have also been characterized. The sLPS from B. abortus 
is 100 times less potent than that of E. coli (Goldstein et 
al. 1992) and Salmonella (Freer et al. 1996) in inducing 
TNFa from macrophages as well as oxidative 
metabolism and lysozyme release by neutrophils. This 
feature of sLPS is supposed to contribute to the survival 
of B. abortus within phagocytic cells. In addition, 
Brucella sLPS is not susceptible to the actions of 
polycationic molecules, suggesting that smooth Brucella 
can resist the cationic bactericidal peptides of the 
phagocytes (Jensen et al. 1995). The sLPS also conferes 
anti-phagocytic properties to Brucella and does not 
activate the alternate pathway of the complement 
cascade (Hoffmann and Houle 1983). 

Immune response

Both humoral and cellular immune responses 
are involved in Brucella infection, though magnitude 
varies with virulence of organism and immune status of 
animal (FAO/WHO Expert Committee on Brucellosis 
1986). Serological response to the infection can be seen 
as early as 24 weeks. Persistent rise of antibody titre is 
noted if pregnant uterus is affected. Serological 
response starts with the production of IgM within 1 
week or 2, gradually IgG predominates which persists in 
chronic infections. This serological response may be 
transient or missing in young sexually immature 
animals (European Commission 2001). Antibodies 
directed toward specific antigens like the O-antigen, 
may enhance protection against brucellosis in some 
animal species. While protective immunity directed 
against Brucella depends on the induction of an 
effective and specific cell-mediated immune (CMI) 
response (Oliveira et al. 1994). Cell mediated immune 
response (CMIR) involves interaction of organism with 
macrophage and T-lymphocyte which decides fate of 
invading bacteria. Lymphocyte stimulation, macrophage 
inhibition, delayed type of hypersensitivity (DTH) and 
gamma interferon (g-IFN) production are used as 
correlates of CMIR. This cellular immune response 
could also be expected as early as few weeks. 

Diagnosis

The laboratory diagnosis of brucellosis is done 
to identify the animals which are infected, shedding the 
organism and spreading the disease. Attention is usually 
first drawn to the disease by an abortion and is 
confirmed by various direct and indirect methods of 
diagnosis. 

Culture: Highly specific and most conclusive 
diagnosis in any infectious disease is by isolation of the 
causative agent and so is in brucellosis. Culture and 
isolation is still unequivocally considered the gold 
standard in diagnosis of brucellosis (Alton et al. 1988). 

Milk, vaginal swabs, placentas or aborted 
fetuses are preferred for microscopy and culture in case 
of live animals, while primarily lymph nodes (especially 
head and mammary), spleen, udder, uterus, epididymes 
and testes are recommended from necropsied animals. 
Blood is also used for culture and provides definite 
proof of brucellosis but may not provide a positive 
result in all cases. Lysis centrifugation and blood clot 
culture techniques yielded encouraging results (Mantur 
and Mangalgi 2004, Mantur et al. 2007) in terms of 
sensitivity and rapidity. The modern automated blood 
culture systems have somewhat improved the speed of 
detection. Although, bone marrow cultures are 
considered gold standard in some studies (Mantur et al. 
2008). In such cases, bacteremia might also be 
maintained from other sources of the reticulo-
endothelial system (Mantur et al. 2008). Perhaps, this 
could be the reason for the discrepancy in the results of 
blood and bone marrow cultures reported in the 
literature. Selective media are recommended for 
bacteriological isolation and better results are obtained 
when 2 different media are included Farrell and 
modified Thayer-Martin. Differentiation of Brucella at 
species, biovar and strain level by bacteriological and/or 
by molecular techniques is usually carried out in 
reference laboratories.

PCR: PCR is a very sensitive technique. For 
the first time Feket et al. (1990) used PCR for the 
diagnosis of brucellosis. In 1992, he reported detection 
limit of their assay was 5 Brucella cells/100 mg of 
tissue. It has been demonstrated that the assay is specific 
and sensitive for brucellosis (Bricker et al. 1998). To 
diagnose and detect the presence of brucellosis, various 
genes of Brucella genome were explored and for this 
several PCR assays using primers from genes such as 
IS711 (Bricker and Halling 1994), IS6501 (Ouahrani et 
al. 1996), 16S rRNA sequence (etinkaya et al. 1999), 
16S23S rRNA spacer region (Rijpens et al. 1996), 31 
kDa outer membrane protein (Serpe et al. 1999), 43 kDa 
outer membrane protein (Fekete et al.1990), Omp-2 
outer membrane protein (Leal-Klevezas et al. 1995), 
omp-25 (Probert et al. 2004) and the heat shock protein 
(DnaJ, DnaK, HtrA and GroEL) (DaCosta et al. 1996) 
etc., were developed. 

PCR was applied to detect Brucella DNA in 
varieties of clinical samples including tissues (mainly 
aborted fetuses and associated maternal tissues), blood, 
milk and semen (Cortez et al. 2001, Hafez et al. 2011, 
Al-Garadia et al. 2011). PCR based tests are also more 
sensitive than traditional culture method (Amin et al. 
2001, Buyukcangaz et al. 2011). 

Real-time PCR was used for detection of 
Brucella, offering improvement in detection time and 
specificity through incorporation of hybridization 
probes (Probert et al. 2004, Doosti and Dehkordi 2011). 
The real-time PCR is also useful for quantifying the 
load of microorganisms in samples.

Few multiplex PCR assays have also been 
developed with an aim to detect presence of other 
bacteria along with Brucella within single reaction 
(Moshkelani et al. 2011). Multiplex PCR is a derived 
procedure where multiple DNA sequences can be 
detected in a single PCR reaction. Hamali and Joozani 
(2011) used multiplex PCR for detection of Brucella 
spp. and vaccine strains in bovine aborted fetuses. 

Brucellin skin test: The brucellin skin test, a 
cell-mediated immunity (CMI) based assay, is an 
alternative diagnostic test, which can be used for 
screening unvaccinated animals, provided that a purified 
(S-LPS free) and standardized antigen preparation is 
used (Blasco et al. 1994a, Blasco et al. 1994b). S-LPS 
(Blasco et al. 1994a, Blasco et al. 1994b) does not take 
part in DTH reactions (Jones et al. 1973) and may 
provoke antibody-mediated inflammatory reactions or 
induce antibodies that interfere with subsequent 
serological screening. Purified allergens would not offer 
practical advantages over complex protein mixtures 
(Blasco et al. 1994a, Blasco et al. 1994b). The brucellin 
skin test has a high sensitivity and in the absence of 
vaccination is considered one of the most specific 
diagnostic tests (Ebadi and Zowghi 1983, FAO/WHO 
1986, Alton et al. 1988, Blasco et al. 1994a, Blasco et 
al. 1994b, Garin-Bastuji et al. 1998). This test is of 
particular value for the interpretation of FPSR due to 
infection with cross-reacting bacteria (FPSR animals are 
negative in the skin test), especially in brucellosis-free 
areas. Despite its high sensitivity not all infected 
animals show positive skin test responses. Therefore, 
this test cannot be recommended either as the sole 
diagnostic test or fit for the purposes of international 
trade. The site and route of allergen inoculation are not 
important factors affecting its sensitivity (Fensterbank 
1985, Blasco et al. 1994a, Blasco et al. 1994b). Anergy 
induced by repeated skin testing, well known in bovine 
tuberculosis (Radunz and Lepper 1985), is not absolute 
in brucellosis (Blasco et al. 1994a, Blasco et al. 1994b).

Serological diagnosis

The diagnosis of brucellosis employing direct 
method is not always possible for a large number of 
animals, hence indirect diagnostic assays are frequently 
used (Blasco 1992). In absence of a positive culture of 
B. abortus a presumptive diagnosis is usually based on 
the presence of antibodies in serum, milk, whey, vaginal 
mucus or seminal plasma. On average, the agglutinins 
and complement fixation antibodies become positive 4 
weeks following experimental infection during fourth to 
sixth month of gestation and not until about 10 weeks if 
experimental infection occurs 2 month before or after 
insemination (Radostitis et al. 2000).

No single serological test is appropriate in each 
and all epidemiological situations, all have limitations 
especially when it comes to screening individual 
animals (Godfroid et al. 2002, Nielsen 2002). 
Complement fixation test (CFT), fluorescence 
polarization assay (FPA) and ELISA are considered 
more appropriate for international trade than serum tube 
agglutination test (SAT). For the control of brucellosis 
at the national or local level, the buffered Brucella 
antigen tests (BBATs), i.e. the Rose Bengal test (RBT) 
and the buffered plate agglutination test (BPAT), as well 
as the ELISA and the FPA, are suitable screening tests 
(OIE 2004). Positive reactions may be retested using a 
suitable confirmatory strategy, if needed.

Rose Bengal plate agglutination test (RBPT): 
The RBPT is a simple, rapid and spot test and can be 
performed in field. The RBPT antigen was developed by 
U.S. Department of Agriculture and it was B. abortus 
antigen stained with Rose Bengal dye and buffered at 
pH 3.65 (Alton et al. 1988). The low pH prevents some 
agglutination by IgM and encourages agglutination by 
IgG1 thereby reducing non-specific interactions (Corbel 
1972, Corbel 1973, Allan et al. 1976). This test is 
internationally acknowledged as the choice for the 
screening of brucellosis. However, due to cross 
reactivity between these antigen with other bacterial 
species including Yersinia enterocolitica O:9 and E. coli 
serotype O:57 (Kittelberger et al. 1995) RBPT may 
suffer higher rates of false positive results than other 
serological tests. Still many workers reported RBPT to 
be a routine and reliable test and could not be replaced 
for the diagnosis of brucellosis (Mangalgi et al. 2012, 
Chachra et al. 2009).

Serum tube agglutination test (SAT): 
Historically, the SAT has been recognized as the 
principal serological test used for the diagnosis of 
brucellosis. IgM isotypes of antibody is the most active 
agglutinin at neutral pH (Rice and Boyes 1971, Corbel 
1972, Nielsen et al. 1984). Therefore, SAT is susceptible 
to false positive reaction by cross-reacting antibodies 
(Nielsen 2002). However, because the SAT may yield 
both false negative or false positive results (Corbel et al. 
1984), it is not useful for testing individual animal. The 
efficacy of test is useful only when it is used at herd 
level. Nicoletti (1967) also recognized that not every 
Brucella infected bovine show a diagnostically 
significant titre.

The presumptive diagnosis provided by the 
serological tests is usually accepted as indication of 
brucellosis; although it can only detect IgM and IgG2 
and fails to detect IgG1 (Rice and Boyes 1971). 
However, chronic carriers produce mainly IgG1 that 
block the agglutinating activities of IgG2 which may 
result in lower detection rates. Hafez et al. (2011) 
reported lower number of positive samples detected by 
SAT in comparison to RBT and ELISA.

Complement fixation test (CFT): The 
complement fixation test (CFT) is widely used for the 
diagnosis of brucellosis in cattle, sheep and goat. It 
detects mainly IgG1 antibodies. The test is somewhat 
complex and in mass testings a screening test such as 
the RBPT is often used to reduce the number of samples 
that need to be tested by CFT (Staak et al. 2001). CFT is 
not good for testing sera from animals vaccinated for 
brucellosis as it cannot differentiate vaccinated from 
infected ones (Diaz-Aparicio et al. 1996). Another 
major problem with CFT is its limited utility in buffalo 
serum samples. Nicoletti (1992) in his study concluded 
that CFT is of limited usefulness in the diagnosis of 
brucellosis in buffaloes due to false positive reactions. 
Guarino et al. (2001) also found CFT to be less effective 
test for the diagnosis of brucellosis in buffaloes as they 
showed many animals yielding negative results in CFT 
which otherwise were positive in ELISA. Kassymov 
and Zhumagalikyzy (2011) reported ELISA to be more 
effective than CFT for the diagnostic of brucellosis in 
cattle.

Enzyme linked immunosorbent assays (ELISA): 
ELISA offers excellent sensitivity and specificity whilst 
being robust, fairly simple to perform with a minimum 
of equipment and readily available from a number of 
commercial sources in kit form. Owing to these 
properties ELISA is extensively used in the diagnosis of 
brucellosis in every species of animals. The smooth 
lipopolysaccharide (sLPS) is commonly used as the 
antigen for ELISA (OIE 2004). Other antigen, such as a 
highly immunogenic periplasmic protein from B. 
abortus (Rossetti et al. 1996) was also used for 
brucellosis diagnosis in different host species but results 
were not so encouraging. Letesson et al. (1997) used 8 
proteins (OMP36, OMP25, OMP19, OMP16, OMP10, 
p17, p15 and p39) as antigen for serological diagnosis 
of brucellosis by ELISA. The antibody response against 
these proteins often delayed when compared to the 
antibody response to smooth LPS and limited to the 
animals that develop active brucellosis infection. The 
sensitivity and specificity of ELISA was found higher 
by using LPS as diagnostic antigen instead of OPS 
(Nielsen et al. 1996). Several antigens were tried but no 
alternative antigens that could match the sensitivity 
achieved with LPS have been found so far (Letesson et 
al. 1997). 

Monoclonal or polyclonal antiglobulin-enzyme 
conjugates may be used depending on availability and 
performance requirements. A MAb specific for the 
heavy chain of bovine IgG1 may provide some 
improvement in specificity at the possible cost of some 
loss of sensitivity (OIE 2004). Use of protein-G as 
conjugate also reduces this problem and increases the 
specificity of ELISA (Ficapal et al. 1995, Marin et al. 
1998, Kumar and Chand 2011). Renukaradhya et al. 
(2001) described the use of avidin-biotin ELISA for the 
diagnosis of brucellosis in cattle and buffalo. Milk-
ELISA was also tried and found effective diagnostic 
tool by many workers (Chand et al. 2004, Patel et al. 
2008).

Native hapten (NH) gel precipitation tests: In 
the case of recent vaccination with S19 vaccine, only 
the gel diffusion (GD) or radial immunodiffusion (RID) 
tests with native hapten antigen (Daz et al. 1979), FPA 
(Nielsen et al. 1996a) and the competitive ELISA 
(Nielsen et al. 1996b) appear to be useful for diagnosis, 
allowing differentiation of infection by Brucella abortus 
from S19 vaccination. However, only the gel diffusion 
test with Native Hapten (Daz et al. 1979) was able to 
discriminate at a given time after vaccination (Marin et 
al. 1999).

Fluorescence polarization assay (FPA): FPA is 
a homogenous immunoassay. Homogenous 
immunoassays are single step assays that require no 
repetitive washing steps to remove unbound reactants as 
with classical primary binding assays (Jenkins 1992). 
Many workers used FPA in different parts of the world 
in various laboratories and Nielsen et al. (1996a) are the 
pioneer in developing and using this assay for the 
diagnosis of brucellosis in animals. This test was used 
for diagnosing brucellosis in cattle (Nielsen et al. 
1996a), porcine (Nielsen et al. 1999), bison (Gall et al. 
2000), cervidae (Gall et al. 2001), humans (Lucerno et 
al. 2003), goats (Burriel et al. 2004), sheep (Minas et al. 
2005), cetaceans (Neimanis et al. 2008) and buffaloes 
(Kumar and Chand 2009). Lin and Nielsen (1997) 
labeled OPS extracted from B. abortus with fluorescein 
for investigating binding of O-chain to a specific murine 
monoclonal antibody YsT9. Nielsen et al. (1996) 
reported FPA to be a simple, low cost, easy and less 
time consuming assay and demonstrated that the 
sensitivity and specificity of FPA was comparable to 
complement fixation test (CFT), competitive ELISA and 
indirect ELISA. 

Miscellaneous tests: Srivastava and Chaudhary 
(2011) reported that Coombs test that detects incomplete 
antibodies and immunocapture-agglutination tests show 
good performances with higher sensitivity and 
specificity in the diagnosis of brucellosis.

Kassymov and Zhumagalikyzy (2011) reported 
a new variant of complement fixation test that is 
conglutination - conglutinating complex fixation test 
(CCFT), based on interaction of a complex antigen - 
antibody with conglutination blood serum (complement, 
conglutinin) and found it to be an effective method of 
diagnostics of brucellosis and other infectious diseases. 

Smits et al. (2003) reported Brucella IgM and 
IgG lateral flow and Abdoeland Smits (2007) reported 
latex agglutination assays and found them to be rapid 
and simple along with high sensitivity and specificity in 
culture confirmed cases. These tests are ideal for use as 
field tests in remote areas and as point of care tests in 
hospitals and health care centre.

Vaccination 

Currently there are 2 vaccines available that 
are effective enough and inexpensive. These are 
B.melitensis strain Rev.1 for small ruminants given at 
full dose (1 109 CFU) by the conjunctival route and B. 
abortus strain 19 for cattle given individually at full 
dose (10 1010 CFU) subcutaneously or at reduced dose 
(5 109 CFU) conjunctivally. Both vaccines can be 
hazardous to humans and also may induce abortion 
when vaccinating pregnant animals. At this stage there 
is inadequate information on the use of these vaccines in 
camels, yaks and buffaloes. When mass vaccination has 
to be applied, it should be carried out in 2 ways: 

Mass vaccinate all animals 
every two years, including males (in the case of 
sheep and goats). This is the simplest method and 
only requires the ability to locate 100% of 
flocks/herds and to vaccinate all animals, at the 
ideal window of opportunity to avoid vaccine 
induced abortions, i.e. when animals are lactating 
or at the end of the parturition season and fewest 
are pregnant. This procedure assumes that at the 
actual replacement rates, every 2 years about 
3040% of the population will be susceptible. 

Mass vaccination and individual 
identification of all animals in the first year and 
then identification and vaccination of the 
replacement animals only in subsequent years. 
The main advantage of which is minimizing 
vaccine induced abortions, is obviously more 
complex, involving identification of young 
replacement animals each year. Assuming that 
1025% of the total population needs to be 
replaced each year, this programme will take 410 
years before the whole population is fully 
vaccinated. Unfortunately, this option has often 
failed in developing countries with nomadic 
husbandry systems, as owners keep replacements 
year round and several visits may be needed to 
ensure 100% vaccination coverage. Once the 
prevalence of brucellosis is reduced to minimal 
levels by either of the above mass vaccination 
procedures and provided that the veterinary 
infrastructure and economic resources are 
available, eradication can be achieved through a 
programme based on the vaccination of young 
replacement animals combined with testing and 
slaughtering of infected adults. This programme 
will require individual animal identification and 
effective control of animal movements.

One practical eradication approach would 
involve no testing of mass vaccinated adult animals for 
2 years following the first mass vaccination, to avoid 
culling healthy but seropositive animals. The only 
interventions during these 2 first years would be 
vaccinating 100% of young replacements, ensuring 
individual identification of the whole population and 
establishing effective animal movement controls. The 
use of the NH based gel precipitation tests, followed by 
immediate culling of infected animals could be 
recommended as the most reasonable strategy to avoid 
the excessive culling of healthy but seropositive 
animals. Once the percentage of positives in these NH 
based tests is zero for at least two consecutive years, the 
testing schedule could be modified using OIE official 
tests - such as RBPT, iELISA and CFT - to reach and 
maintain brucellosis free status. Vaccination should 
cease only when the prevalence is zero for at least one 
entire generation, in order to avoid relapses. Premature 
cessation of vaccination has been a frequent error in 
many countries. As a general rule, vaccination should 
never be abandoned until the prevalence is zero, the 
situation is maintained for 812 years and the risk of 
transmission from infected epidemiologically related 
units is negligible (FAO 2009). 
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A type of fever characterized by fairly regular 
remissions or intermissions has been recognized along 
the Mediterranean littoral since the time of Hippocrates 
in 450 B.C. In 1861 J. A. Martson an assistant surgeon 
of the British Medical Department working in the 
Mediterranean, first described the symptoms of 
brucellosis in himself as gastric remittent fever 
(Martson 1861). Professor L. F. Benhard Bang, a Danish 
veterinary pathologist and bacteriologist (1897), with 
Stribolt isolated the small bacillus now known as 
Brucella abortus. The first case of human brucellosis 
was recognized in 1897 in a US army officer (Brown 
1977). Captain David Bruce (1887) a Scottish 
physician, reported small coccal organisms in the 
stained sections of spleen of a fatally infected soldier, 
and isolated and identified organism in culture from 
spleen tissue of four other British soldiers stationed at 
Malta (Bruce 1887). The organism derived its species 
name from Melita (honey), the roman name for the Isle 
of Malta. 

Brucellosis is endemically present in India, 
since its first report from Indian Veterinary Research 
Institute (IVRI), Mukteswar (Anonymous 1918). 
Polding (1942) isolated Brucella from cattle, buffalo, 
goat, horse and man. With B. abortus biotypes (1, 2, 3, 6 
and 9) in cattle and buffalo (Sen and Sharma 1975, 
Chand et al. 1988) and B. melitensis biotypes (1, 2, and 
3) in sheep and goats (Polding 1942, Sen and Sharma 
1975) and human beings (Hemashttar and Patil 1991, 
Sen and Sharma 1975, Agasthya et al. 2007), brucellosis 
have made its unshakable foot holding in India. 
Brucellosis has also been reported in pigs (Bhaskar et 
al. 1998) and canines (Pillai et al. 1991, Srinivasan et 
al. 1992).

Genus Brucella

Taxonomically, Brucella are classified as a-
Proteobacteria and subdivided into 6 species (Moreno 
2001). These 6 species under the genus Brucella 
comprise: Brucella melitensis, B. abortus, B. suis, B. 
ovis, B. canis and B. neotomae (Corbel and Morgan 
1984). Two new Brucella species, called B. pinnipedia 
and B. cetaceae, have been isolated from marine hosts 
(Ewalt et al. 1994, Ross et al. 1996). There exists 
multiple biotypes of Brucella that vary in terms of 
biochemical reactions, host specificity and 
pathogenicity (Young 1995). The subcommittee on 
taxonomy of Brucella had proposed that this genus 
could contain a single species, B. melitensis (Grimont 
1992, Moreno and Moriyon 2001). This proposal was 
based on DNA-DNA hybridization studies conducted on 
51 strains representing all known species and biovars 
(Verger et al. 1985). 

Brucellae are small, non-motile, non-
sporulating, non-toxigenic, non-fermenting, facultative, 
intracellular, gram-negative coccobacilli. Flagella, 
endospores and capsules are absent although capsule 
like structures have been reported in preparations treated 
with antiserum. They are partially acid-fast, as are not 
decolorized by 0.5% acetic acid in the modified Ziehl-
Neelsen (MZN) staining (Alton et al. 1988), 0.50.7 m in 
diameter and 0.61.5 m in length (Corbel and Morgan 
1984). 

Genome

Brucella genome has been sequenced and 
consists of 2 chromosomes (DelVecchio et al. 2002). 
Both chromosomes contain essential genes encoding for 
essential metabolic and replicative functions. Naturally 
occurring plasmids have not been found in Brucella. 
However, Brucella can maintain some plasmids 
introduced via electroporation or conjugative transfer 
(Rigby and Fraser 1989). Observations at the DNA level 
are becoming more helpful in further refining the 
classification of Brucella organisms beyond 
conventional methods. 

The complete genome of Brucella melitensis 
(DelVecchio et al. 2002), Brucella abortus (Sanchez et 
al. 2001) and Brucella suis (Paulsen et al. 2002) have 
been sequenced. The genome of Brucella abortus 
biotype 1 and 4 and Brucella suis biotype 1 are found 
quite similar to Brucella melitensis (Halling et al. 2005).

The genome of Brucella abortus biovar 1 is 3.3 
Mb and is composed of 2 circular chromosomes of 
2,124,242 bp (Chr I) and 1,162,780 bp (Chr II) (Halling 
et al. 2005). 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 G+C content of the 2 
chromosomes is nearly identical, consistent with the 
assertion that the assimilation and stabilization of a 
plasmid was an ancient event in brucellae (Halling et al. 
2005). Chromosome I of B. abortus biovar 1 consists of 
2200 genes, 2030 protein coding RNA, 47 structural 
RNA, 123 pseudo genes, 18 others and chromosome II 
is made up of 1156 genes, 1055 protein coding RNA, 17 
structural RNA, 84 pseudo genes, 7 others (Stothard et 
al. 2005). 

Brucellosis

Brucellosis is a contagious disease of animals 
and characterized by abortion in females and to a lesser 
extent orchitis and infection of accessory sex glands in 
males and infertility in both the sexes. It has zoonotic 
importance in terms of its transmissibility to human 
beings.

Clinical features and postmortem lesions

Various clinical signs have been described in 
infected animals, the main manifestation in B. abortus 
infection being reproduction failure in the form of 
abortion and birth of weak offspring which remains as 
carrier in herd. Cases of abortion in infected herd are 
less in chronic infection but infected animal continue to 
act as carrier posing threat to the herd (European 
Commission 2001).

Brucella infected animals generally develop 
granulomatous inflammatory responses, which are often 
located within lymphoid tissues and organs with a 
prominent reticuloendothelial component. The 
localization and persistence of brucellae within these 
tissues and organs follow in the wake of widespread 
distribution of the bacteria during a generalized stage of 
infection. Localization of brucellae within the female 
and male reproductive tracts accounts for the principal 
clinical symptoms of infection, viz. abortion and male 
infertility (Enright 1990). 

Invasion of gravid bovine uterus is marked by 
characteristic necrotic placentitis. Inflammation of 
placenta may be acute and wide spread, and lead to 
early death of fetus followed by abortion, or sub-acute 
or chronic leading to a late abortion or birth of a live, 
infected, perhaps weak calf associated often with 
retention of placenta. The cotyledons are congested or 
swollen and covered with yellowish or sticky brownish 
exudates which extend deep into the crypts. The inter-
cotyledonary areas are thickened, opaque, often look 
almost leathery and there is loss of normal blood red 
color appearance. Enlargement of spleen and liver is 
noticed in aborted fetus with increase in amount of fluid 
in body cavity. Films made from the exudates stained 
with a modified Ziehl-Neelsen method using acetic acid 
show large number of Brucella in clumps or distributed 
many inside epithelial cells which are often literally 
packed with organisms. The fetus varies from typical 
hairless (47 months) fetus up to one that is fully 
developed and shows no characteristic lesions. In case 
of lungs, pneumonia is there which is usually of a 
broncho-pneumonia type. Cobbler stone lesions on 
lungs are indicative of brucellosis (Stableforth and 
Galloway 1959).

In male animals, orchitis and epididymitis are 
the manifestations of chronic infection (Chand et al. 
2002). The acute inflammatory phase in the seminal 
vesicles is followed by a chronic stage with 
considerable fibrinoid induration. During orchitis the 
testicles gradually enlarge. Areas of dry necrosis 
develop and become encapsulated by fibrinous tissue 
which eventually contracts, often leaving the testicles 
smaller than normal. In other cases, it may soften with 
the production of a soft fluctuating lesion containing 
thin pus like pea soup. 

Epidemiology and zoonosis

Brucellosis is the most common zoonosis in 
the world, accounting for the annual occurrence of more 
than 500,000 cases (Pappas et al. 2006). Although 
brucellosis and its means of transmission were 
discovered over 100 years ago, still the disease remains 
a worldwide problem, predominantly so in developing 
countries. However, countries like North America, 
Northern and Central Europe, Canada, Japan, Australia, 
New Zealand, Southeast Asia and Oceania 
(FAO/OIE/WHO 1997) are reported to be free from the 
disease. The disease is endemic in Mediterranean region 
i.e. Middle East, Latin America and parts of Asia 
(Corbel 1997). Reported incidence of human brucellosis 
in endemic areas varies widely from <0.01 to >200 per 
100 000 population (Lpez-Merino 1989). In India 80% 
of the population live in approximately 575,000 villages 
and thousands of small towns (Mantur and Amarnath 
2008), have close contact with domestic or wild animal 
population owing to their occupation. Hence, human 
population stands at a greater risk of acquiring zoonotic 
diseases including brucellosis. The disease has an added 
importance in countries like India, where conditions are 
conducive for wide-spread human infection on account 
of unhygienic conditions and poverty. Species of main 
concern in India are B. melitensis and B. abortus. B. 
melitensis is the most virulent and common strain for 
man and it causes severe and prolonged disease with a 
risk of disability. B. abortus is the dominant species in 
cattle. Bovine brucellosis is widespread in India and 
appears to be on the increase in recent times, perhaps 
due to increased trade and rapid movement of livestock 
(Renukaradhya et al. 2002). Free grazing and movement 
with frequent mixing of flocks of sheep and goats also 
contribute to the wide distribution of brucellosis in these 
animals. Chahota et al. (2003) have reported severe 
outbreak of brucellosis in an organized dairy farm in 
Himachal Pradesh leading to abortions, retained 
placenta and still birth in cows. Serological evidences 
are suggestive of high endemicity of brucellosis in India 
with national average of as high as 5% in cattle, 3% in 
buffalo, 7.9% in sheep and 2.2% in goats 
(Renukaradhya 2002). In 2008, in Punjab the prevalence 
of disease in buffalo and cattle was 16.41% and 20.67%, 
respectively, and the overall apparent prevalence of 
brucellosis was 18.26% (Aulakh et al. 2008). Trangadia 
et al. (2010) recorded 22.18% (132/595) and 13.78% 
(82/595) sero-prevalance of bovine brucellosis in 4 
organized dairy farms located in western, southern, 
central and northern regions of India by ELISA and 
RBPT, respectively. Perusal of the literature indicated 
prevalence of brucellosis in western region (Gujarat 
state) ranging from 8.98 to 44.00% (Chauhan et al. 
2000), 17% in southern region (Isloor et al. 1998), 6.3% 
in central region (Madhya Pradesh state) (Mehra et al. 
2000) and 12.9% in northern region (Punjab state) 
(Dhand et al. 2005). Sero-prevalence of brucellosis was 
reported to be 6.5% in Jordan (Al-Majali et al. 2009), 
8.4% in Cameroon (Bayemi et al. 2009) and 32.9 to 
39.4% in Turkey (Sahin et al. 2008). The association of 
spread of brucellosis with unhygienic processing of 
milk, milk products and meat until it reaches to the final 
consumer makes it a zoonotically important disease. 
Colonization of organism in udder with its frequent 
excretion in milk for prolonged period has led to 
epidemics of brucellosis in human beings. 

In cattle and other members of family 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 but 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. However, artificial 
insemination can transmit the disease and semen must 
only be collected from animals known to be free of 
infection. The presence of brucellosis in wild animals, 
with a potential for continuous transfer to domestic 
animals and from them to humans is another 
epidemiological issue (Cutler et al. 2005). Further, 
transmission of Brucella infection and its prevalence in 
a region depends upon factors like food habits, methods 
of processing milk and milk products, social customs, 
husbandry practices, climatic conditions, socioeconomic 
status and environment hygiene. Environmental 
sanitation is particularly important in the context of air-
borne transmission. Brucellosis is almost invariably 
transmitted to man from infected domestic animals. 
However, Tikare et al. (2008) documented beyond 
doubt, the possibility of human to human transmission 
of Brucella infection. The disease has been recognized 
as one of the common laboratory- transmitted infections 
and was reported to occur in clinical, research and 
production laboratories (Bouza et al. 2005). Those with 
a professional risk of acquiring infection include 
livestock producers, abattoir workers, shepherds, 
farmers, veterinarians and laboratory personnel. 

Pathogenesis

After phagocytosis, brucellae probably reach 
the lymphnodes as parasites and then enter the blood 
and produce bacteraemia followed by the acute febrile 
phase of the disease. From the blood, the organisms are 
distributed throughout the reticuloendothelial system 
and become present in large numbers in the liver and 
spleen and localize in many other sites such as the 
joints, heart, kidneys and genital tract (Baldwin and 
Winter 1994). In human beings after a variable 
incubation period (14 weeks) non-specific, systemic 
symptoms like fever, malaise, arthralgia, headache and 
night sweat follow (Greenfield 2002). 

The mouse is often used as an animal model to 
investigate the pathogenesis of animal and human 
brucellosis (Ko and Splitter 2003). Bacterial ABC 
transporter systems are associated with nutrient uptake 
and the export of toxins and antibiotics and they may 
play an important role in gene expression (Ko and 
Splitter 2000). In Brucella spp., ABC transporter 
proteins have a potential pathogenic role during host 
infection (Rosinha et al. 2002). Hemagglutinins are 
responsible for adhesion and may define the specificity 
of bacterial adhesins during host infection it does not 
have an important role in the pathogenesis of Brucella 
melitensis (Perry et al. 2010).

The pathogenicity in human brucellosis is 
attributed to factors like LPS, adenine and guanine 
monophosphate, virB, 24 kDa protein and urease 
enzyme. Brucella is an unusual organism in several 
ways i.e. the classical virulence factors in a bacterium 
like exotoxins/endotoxins, pili, plasmids, flagella etc. 
are lacking in this organism. Survival strategy of 
Brucella in its host is attributed to its ability to inhibit 
fusion of lyzosome with phagosome thus degranulation 
and activation of the myelo-peroxidase-halide system, it 
also inhibits the production of tumor necrosis factor 
(Caron et al. 1994) and programmed cell death of the 
host cell (Detilleux et al. 1990a), thus escapes the host 
defense mechanisms, to survive and replicate within the 
host cells. Virulent Brucella organisms are capable of 
invading and residing in professional phagocytes 
(Baldwin and Winter 1994) such as macrophages, as 
well as non-phagocytic cells (Detilleux et al. 1990a, 
Detilleux et al. 1990b). In both phagocytic and non-
phagocytic cells, Brucella has the ability to replicate 
within membrane-bound compartments (Pizarro-Cerda 
et al. 1998). Inhibition of TNF-a by bacteria disrupts 
bactericidal effect of natural killer cells and 
macrophages (Gorvel et al. 2002). 

There are 2 types of smooth lipopolysaccharide 
(sLPS) surface antigens, designated A and M. A antigen 
predominates in B. abortus and B. suis, while M is the 
major antigen in B. melitensis. Numerous outer and 
inner membrane, cytoplasmic and periplasmic proteins 
have also been characterized. The sLPS from B. abortus 
is 100 times less potent than that of E. coli (Goldstein et 
al. 1992) and Salmonella (Freer et al. 1996) in inducing 
TNFa from macrophages as well as oxidative 
metabolism and lysozyme release by neutrophils. This 
feature of sLPS is supposed to contribute to the survival 
of B. abortus within phagocytic cells. In addition, 
Brucella sLPS is not susceptible to the actions of 
polycationic molecules, suggesting that smooth Brucella 
can resist the cationic bactericidal peptides of the 
phagocytes (Jensen et al. 1995). The sLPS also conferes 
anti-phagocytic properties to Brucella and does not 
activate the alternate pathway of the complement 
cascade (Hoffmann and Houle 1983). 

Immune response

Both humoral and cellular immune responses 
are involved in Brucella infection, though magnitude 
varies with virulence of organism and immune status of 
animal (FAO/WHO Expert Committee on Brucellosis 
1986). Serological response to the infection can be seen 
as early as 24 weeks. Persistent rise of antibody titre is 
noted if pregnant uterus is affected. Serological 
response starts with the production of IgM within 1 
week or 2, gradually IgG predominates which persists in 
chronic infections. This serological response may be 
transient or missing in young sexually immature 
animals (European Commission 2001). Antibodies 
directed toward specific antigens like the O-antigen, 
may enhance protection against brucellosis in some 
animal species. While protective immunity directed 
against Brucella depends on the induction of an 
effective and specific cell-mediated immune (CMI) 
response (Oliveira et al. 1994). Cell mediated immune 
response (CMIR) involves interaction of organism with 
macrophage and T-lymphocyte which decides fate of 
invading bacteria. Lymphocyte stimulation, macrophage 
inhibition, delayed type of hypersensitivity (DTH) and 
gamma interferon (g-IFN) production are used as 
correlates of CMIR. This cellular immune response 
could also be expected as early as few weeks. 

Diagnosis

The laboratory diagnosis of brucellosis is done 
to identify the animals which are infected, shedding the 
organism and spreading the disease. Attention is usually 
first drawn to the disease by an abortion and is 
confirmed by various direct and indirect methods of 
diagnosis. 

Culture: Highly specific and most conclusive 
diagnosis in any infectious disease is by isolation of the 
causative agent and so is in brucellosis. Culture and 
isolation is still unequivocally considered the gold 
standard in diagnosis of brucellosis (Alton et al. 1988). 

Milk, vaginal swabs, placentas or aborted 
fetuses are preferred for microscopy and culture in case 
of live animals, while primarily lymph nodes (especially 
head and mammary), spleen, udder, uterus, epididymes 
and testes are recommended from necropsied animals. 
Blood is also used for culture and provides definite 
proof of brucellosis but may not provide a positive 
result in all cases. Lysis centrifugation and blood clot 
culture techniques yielded encouraging results (Mantur 
and Mangalgi 2004, Mantur et al. 2007) in terms of 
sensitivity and rapidity. The modern automated blood 
culture systems have somewhat improved the speed of 
detection. Although, bone marrow cultures are 
considered gold standard in some studies (Mantur et al. 
2008). In such cases, bacteremia might also be 
maintained from other sources of the reticulo-
endothelial system (Mantur et al. 2008). Perhaps, this 
could be the reason for the discrepancy in the results of 
blood and bone marrow cultures reported in the 
literature. Selective media are recommended for 
bacteriological isolation and better results are obtained 
when 2 different media are included Farrell and 
modified Thayer-Martin. Differentiation of Brucella at 
species, biovar and strain level by bacteriological and/or 
by molecular techniques is usually carried out in 
reference laboratories.

PCR: PCR is a very sensitive technique. For 
the first time Feket et al. (1990) used PCR for the 
diagnosis of brucellosis. In 1992, he reported detection 
limit of their assay was 5 Brucella cells/100 mg of 
tissue. It has been demonstrated that the assay is specific 
and sensitive for brucellosis (Bricker et al. 1998). To 
diagnose and detect the presence of brucellosis, various 
genes of Brucella genome were explored and for this 
several PCR assays using primers from genes such as 
IS711 (Bricker and Halling 1994), IS6501 (Ouahrani et 
al. 1996), 16S rRNA sequence (etinkaya et al. 1999), 
16S23S rRNA spacer region (Rijpens et al. 1996), 31 
kDa outer membrane protein (Serpe et al. 1999), 43 kDa 
outer membrane protein (Fekete et al.1990), Omp-2 
outer membrane protein (Leal-Klevezas et al. 1995), 
omp-25 (Probert et al. 2004) and the heat shock protein 
(DnaJ, DnaK, HtrA and GroEL) (DaCosta et al. 1996) 
etc., were developed. 

PCR was applied to detect Brucella DNA in 
varieties of clinical samples including tissues (mainly 
aborted fetuses and associated maternal tissues), blood, 
milk and semen (Cortez et al. 2001, Hafez et al. 2011, 
Al-Garadia et al. 2011). PCR based tests are also more 
sensitive than traditional culture method (Amin et al. 
2001, Buyukcangaz et al. 2011). 

Real-time PCR was used for detection of 
Brucella, offering improvement in detection time and 
specificity through incorporation of hybridization 
probes (Probert et al. 2004, Doosti and Dehkordi 2011). 
The real-time PCR is also useful for quantifying the 
load of microorganisms in samples.

Few multiplex PCR assays have also been 
developed with an aim to detect presence of other 
bacteria along with Brucella within single reaction 
(Moshkelani et al. 2011). Multiplex PCR is a derived 
procedure where multiple DNA sequences can be 
detected in a single PCR reaction. Hamali and Joozani 
(2011) used multiplex PCR for detection of Brucella 
spp. and vaccine strains in bovine aborted fetuses. 

Brucellin skin test: The brucellin skin test, a 
cell-mediated immunity (CMI) based assay, is an 
alternative diagnostic test, which can be used for 
screening unvaccinated animals, provided that a purified 
(S-LPS free) and standardized antigen preparation is 
used (Blasco et al. 1994a, Blasco et al. 1994b). S-LPS 
(Blasco et al. 1994a, Blasco et al. 1994b) does not take 
part in DTH reactions (Jones et al. 1973) and may 
provoke antibody-mediated inflammatory reactions or 
induce antibodies that interfere with subsequent 
serological screening. Purified allergens would not offer 
practical advantages over complex protein mixtures 
(Blasco et al. 1994a, Blasco et al. 1994b). The brucellin 
skin test has a high sensitivity and in the absence of 
vaccination is considered one of the most specific 
diagnostic tests (Ebadi and Zowghi 1983, FAO/WHO 
1986, Alton et al. 1988, Blasco et al. 1994a, Blasco et 
al. 1994b, Garin-Bastuji et al. 1998). This test is of 
particular value for the interpretation of FPSR due to 
infection with cross-reacting bacteria (FPSR animals are 
negative in the skin test), especially in brucellosis-free 
areas. Despite its high sensitivity not all infected 
animals show positive skin test responses. Therefore, 
this test cannot be recommended either as the sole 
diagnostic test or fit for the purposes of international 
trade. The site and route of allergen inoculation are not 
important factors affecting its sensitivity (Fensterbank 
1985, Blasco et al. 1994a, Blasco et al. 1994b). Anergy 
induced by repeated skin testing, well known in bovine 
tuberculosis (Radunz and Lepper 1985), is not absolute 
in brucellosis (Blasco et al. 1994a, Blasco et al. 1994b).

Serological diagnosis

The diagnosis of brucellosis employing direct 
method is not always possible for a large number of 
animals, hence indirect diagnostic assays are frequently 
used (Blasco 1992). In absence of a positive culture of 
B. abortus a presumptive diagnosis is usually based on 
the presence of antibodies in serum, milk, whey, vaginal 
mucus or seminal plasma. On average, the agglutinins 
and complement fixation antibodies become positive 4 
weeks following experimental infection during fourth to 
sixth month of gestation and not until about 10 weeks if 
experimental infection occurs 2 month before or after 
insemination (Radostitis et al. 2000).

No single serological test is appropriate in each 
and all epidemiological situations, all have limitations 
especially when it comes to screening individual 
animals (Godfroid et al. 2002, Nielsen 2002). 
Complement fixation test (CFT), fluorescence 
polarization assay (FPA) and ELISA are considered 
more appropriate for international trade than serum tube 
agglutination test (SAT). For the control of brucellosis 
at the national or local level, the buffered Brucella 
antigen tests (BBATs), i.e. the Rose Bengal test (RBT) 
and the buffered plate agglutination test (BPAT), as well 
as the ELISA and the FPA, are suitable screening tests 
(OIE 2004). Positive reactions may be retested using a 
suitable confirmatory strategy, if needed.

Rose Bengal plate agglutination test (RBPT): 
The RBPT is a simple, rapid and spot test and can be 
performed in field. The RBPT antigen was developed by 
U.S. Department of Agriculture and it was B. abortus 
antigen stained with Rose Bengal dye and buffered at 
pH 3.65 (Alton et al. 1988). The low pH prevents some 
agglutination by IgM and encourages agglutination by 
IgG1 thereby reducing non-specific interactions (Corbel 
1972, Corbel 1973, Allan et al. 1976). This test is 
internationally acknowledged as the choice for the 
screening of brucellosis. However, due to cross 
reactivity between these antigen with other bacterial 
species including Yersinia enterocolitica O:9 and E. coli 
serotype O:57 (Kittelberger et al. 1995) RBPT may 
suffer higher rates of false positive results than other 
serological tests. Still many workers reported RBPT to 
be a routine and reliable test and could not be replaced 
for the diagnosis of brucellosis (Mangalgi et al. 2012, 
Chachra et al. 2009).

Serum tube agglutination test (SAT): 
Historically, the SAT has been recognized as the 
principal serological test used for the diagnosis of 
brucellosis. IgM isotypes of antibody is the most active 
agglutinin at neutral pH (Rice and Boyes 1971, Corbel 
1972, Nielsen et al. 1984). Therefore, SAT is susceptible 
to false positive reaction by cross-reacting antibodies 
(Nielsen 2002). However, because the SAT may yield 
both false negative or false positive results (Corbel et al. 
1984), it is not useful for testing individual animal. The 
efficacy of test is useful only when it is used at herd 
level. Nicoletti (1967) also recognized that not every 
Brucella infected bovine show a diagnostically 
significant titre.

The presumptive diagnosis provided by the 
serological tests is usually accepted as indication of 
brucellosis; although it can only detect IgM and IgG2 
and fails to detect IgG1 (Rice and Boyes 1971). 
However, chronic carriers produce mainly IgG1 that 
block the agglutinating activities of IgG2 which may 
result in lower detection rates. Hafez et al. (2011) 
reported lower number of positive samples detected by 
SAT in comparison to RBT and ELISA.

Complement fixation test (CFT): The 
complement fixation test (CFT) is widely used for the 
diagnosis of brucellosis in cattle, sheep and goat. It 
detects mainly IgG1 antibodies. The test is somewhat 
complex and in mass testings a screening test such as 
the RBPT is often used to reduce the number of samples 
that need to be tested by CFT (Staak et al. 2001). CFT is 
not good for testing sera from animals vaccinated for 
brucellosis as it cannot differentiate vaccinated from 
infected ones (Diaz-Aparicio et al. 1996). Another 
major problem with CFT is its limited utility in buffalo 
serum samples. Nicoletti (1992) in his study concluded 
that CFT is of limited usefulness in the diagnosis of 
brucellosis in buffaloes due to false positive reactions. 
Guarino et al. (2001) also found CFT to be less effective 
test for the diagnosis of brucellosis in buffaloes as they 
showed many animals yielding negative results in CFT 
which otherwise were positive in ELISA. Kassymov 
and Zhumagalikyzy (2011) reported ELISA to be more 
effective than CFT for the diagnostic of brucellosis in 
cattle.

Enzyme linked immunosorbent assays (ELISA): 
ELISA offers excellent sensitivity and specificity whilst 
being robust, fairly simple to perform with a minimum 
of equipment and readily available from a number of 
commercial sources in kit form. Owing to these 
properties ELISA is extensively used in the diagnosis of 
brucellosis in every species of animals. The smooth 
lipopolysaccharide (sLPS) is commonly used as the 
antigen for ELISA (OIE 2004). Other antigen, such as a 
highly immunogenic periplasmic protein from B. 
abortus (Rossetti et al. 1996) was also used for 
brucellosis diagnosis in different host species but results 
were not so encouraging. Letesson et al. (1997) used 8 
proteins (OMP36, OMP25, OMP19, OMP16, OMP10, 
p17, p15 and p39) as antigen for serological diagnosis 
of brucellosis by ELISA. The antibody response against 
these proteins often delayed when compared to the 
antibody response to smooth LPS and limited to the 
animals that develop active brucellosis infection. The 
sensitivity and specificity of ELISA was found higher 
by using LPS as diagnostic antigen instead of OPS 
(Nielsen et al. 1996). Several antigens were tried but no 
alternative antigens that could match the sensitivity 
achieved with LPS have been found so far (Letesson et 
al. 1997). 

Monoclonal or polyclonal antiglobulin-enzyme 
conjugates may be used depending on availability and 
performance requirements. A MAb specific for the 
heavy chain of bovine IgG1 may provide some 
improvement in specificity at the possible cost of some 
loss of sensitivity (OIE 2004). Use of protein-G as 
conjugate also reduces this problem and increases the 
specificity of ELISA (Ficapal et al. 1995, Marin et al. 
1998, Kumar and Chand 2011). Renukaradhya et al. 
(2001) described the use of avidin-biotin ELISA for the 
diagnosis of brucellosis in cattle and buffalo. Milk-
ELISA was also tried and found effective diagnostic 
tool by many workers (Chand et al. 2004, Patel et al. 
2008).

Native hapten (NH) gel precipitation tests: In 
the case of recent vaccination with S19 vaccine, only 
the gel diffusion (GD) or radial immunodiffusion (RID) 
tests with native hapten antigen (Daz et al. 1979), FPA 
(Nielsen et al. 1996a) and the competitive ELISA 
(Nielsen et al. 1996b) appear to be useful for diagnosis, 
allowing differentiation of infection by Brucella abortus 
from S19 vaccination. However, only the gel diffusion 
test with Native Hapten (Daz et al. 1979) was able to 
discriminate at a given time after vaccination (Marin et 
al. 1999).

Fluorescence polarization assay (FPA): FPA is 
a homogenous immunoassay. Homogenous 
immunoassays are single step assays that require no 
repetitive washing steps to remove unbound reactants as 
with classical primary binding assays (Jenkins 1992). 
Many workers used FPA in different parts of the world 
in various laboratories and Nielsen et al. (1996a) are the 
pioneer in developing and using this assay for the 
diagnosis of brucellosis in animals. This test was used 
for diagnosing brucellosis in cattle (Nielsen et al. 
1996a), porcine (Nielsen et al. 1999), bison (Gall et al. 
2000), cervidae (Gall et al. 2001), humans (Lucerno et 
al. 2003), goats (Burriel et al. 2004), sheep (Minas et al. 
2005), cetaceans (Neimanis et al. 2008) and buffaloes 
(Kumar and Chand 2009). Lin and Nielsen (1997) 
labeled OPS extracted from B. abortus with fluorescein 
for investigating binding of O-chain to a specific murine 
monoclonal antibody YsT9. Nielsen et al. (1996) 
reported FPA to be a simple, low cost, easy and less 
time consuming assay and demonstrated that the 
sensitivity and specificity of FPA was comparable to 
complement fixation test (CFT), competitive ELISA and 
indirect ELISA. 

Miscellaneous tests: Srivastava and Chaudhary 
(2011) reported that Coombs test that detects incomplete 
antibodies and immunocapture-agglutination tests show 
good performances with higher sensitivity and 
specificity in the diagnosis of brucellosis.

Kassymov and Zhumagalikyzy (2011) reported 
a new variant of complement fixation test that is 
conglutination - conglutinating complex fixation test 
(CCFT), based on interaction of a complex antigen - 
antibody with conglutination blood serum (complement, 
conglutinin) and found it to be an effective method of 
diagnostics of brucellosis and other infectious diseases. 

Smits et al. (2003) reported Brucella IgM and 
IgG lateral flow and Abdoeland Smits (2007) reported 
latex agglutination assays and found them to be rapid 
and simple along with high sensitivity and specificity in 
culture confirmed cases. These tests are ideal for use as 
field tests in remote areas and as point of care tests in 
hospitals and health care centre.

Vaccination 

Currently there are 2 vaccines available that 
are effective enough and inexpensive. These are 
B.melitensis strain Rev.1 for small ruminants given at 
full dose (1 109 CFU) by the conjunctival route and B. 
abortus strain 19 for cattle given individually at full 
dose (10 1010 CFU) subcutaneously or at reduced dose 
(5 109 CFU) conjunctivally. Both vaccines can be 
hazardous to humans and also may induce abortion 
when vaccinating pregnant animals. At this stage there 
is inadequate information on the use of these vaccines in 
camels, yaks and buffaloes. When mass vaccination has 
to be applied, it should be carried out in 2 ways: 

Mass vaccinate all animals 
every two years, including males (in the case of 
sheep and goats). This is the simplest method and 
only requires the ability to locate 100% of 
flocks/herds and to vaccinate all animals, at the 
ideal window of opportunity to avoid vaccine 
induced abortions, i.e. when animals are lactating 
or at the end of the parturition season and fewest 
are pregnant. This procedure assumes that at the 
actual replacement rates, every 2 years about 
3040% of the population will be susceptible. 

Mass vaccination and individual 
identification of all animals in the first year and 
then identification and vaccination of the 
replacement animals only in subsequent years. 
The main advantage of which is minimizing 
vaccine induced abortions, is obviously more 
complex, involving identification of young 
replacement animals each year. Assuming that 
1025% of the total population needs to be 
replaced each year, this programme will take 410 
years before the whole population is fully 
vaccinated. Unfortunately, this option has often 
failed in developing countries with nomadic 
husbandry systems, as owners keep replacements 
year round and several visits may be needed to 
ensure 100% vaccination coverage. Once the 
prevalence of brucellosis is reduced to minimal 
levels by either of the above mass vaccination 
procedures and provided that the veterinary 
infrastructure and economic resources are 
available, eradication can be achieved through a 
programme based on the vaccination of young 
replacement animals combined with testing and 
slaughtering of infected adults. This programme 
will require individual animal identification and 
effective control of animal movements.

One practical eradication approach would 
involve no testing of mass vaccinated adult animals for 
2 years following the first mass vaccination, to avoid 
culling healthy but seropositive animals. The only 
interventions during these 2 first years would be 
vaccinating 100% of young replacements, ensuring 
individual identification of the whole population and 
establishing effective animal movement controls. The 
use of the NH based gel precipitation tests, followed by 
immediate culling of infected animals could be 
recommended as the most reasonable strategy to avoid 
the excessive culling of healthy but seropositive 
animals. Once the percentage of positives in these NH 
based tests is zero for at least two consecutive years, the 
testing schedule could be modified using OIE official 
tests - such as RBPT, iELISA and CFT - to reach and 
maintain brucellosis free status. Vaccination should 
cease only when the prevalence is zero for at least one 
entire generation, in order to avoid relapses. Premature 
cessation of vaccination has been a frequent error in 
many countries. As a general rule, vaccination should 
never be abandoned until the prevalence is zero, the 
situation is maintained for 812 years and the risk of 
transmission from infected epidemiologically related 
units is negligible (FAO 2009). 
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A type of fever characterized by fairly regular 
remissions or intermissions has been recognized along 
the Mediterranean littoral since the time of Hippocrates 
in 450 B.C. In 1861 J. A. Martson an assistant surgeon 
of the British Medical Department working in the 
Mediterranean, first described the symptoms of 
brucellosis in himself as gastric remittent fever 
(Martson 1861). Professor L. F. Benhard Bang, a Danish 
veterinary pathologist and bacteriologist (1897), with 
Stribolt isolated the small bacillus now known as 
Brucella abortus. The first case of human brucellosis 
was recognized in 1897 in a US army officer (Brown 
1977). Captain David Bruce (1887) a Scottish 
physician, reported small coccal organisms in the 
stained sections of spleen of a fatally infected soldier, 
and isolated and identified organism in culture from 
spleen tissue of four other British soldiers stationed at 
Malta (Bruce 1887). The organism derived its species 
name from Melita (honey), the roman name for the Isle 
of Malta. 

Brucellosis is endemically present in India, 
since its first report from Indian Veterinary Research 
Institute (IVRI), Mukteswar (Anonymous 1918). 
Polding (1942) isolated Brucella from cattle, buffalo, 
goat, horse and man. With B. abortus biotypes (1, 2, 3, 6 
and 9) in cattle and buffalo (Sen and Sharma 1975, 
Chand et al. 1988) and B. melitensis biotypes (1, 2, and 
3) in sheep and goats (Polding 1942, Sen and Sharma 
1975) and human beings (Hemashttar and Patil 1991, 
Sen and Sharma 1975, Agasthya et al. 2007), brucellosis 
have made its unshakable foot holding in India. 
Brucellosis has also been reported in pigs (Bhaskar et 
al. 1998) and canines (Pillai et al. 1991, Srinivasan et 
al. 1992).

Genus Brucella

Taxonomically, Brucella are classified as a-
Proteobacteria and subdivided into 6 species (Moreno 
2001). These 6 species under the genus Brucella 
comprise: Brucella melitensis, B. abortus, B. suis, B. 
ovis, B. canis and B. neotomae (Corbel and Morgan 
1984). Two new Brucella species, called B. pinnipedia 
and B. cetaceae, have been isolated from marine hosts 
(Ewalt et al. 1994, Ross et al. 1996). There exists 
multiple biotypes of Brucella that vary in terms of 
biochemical reactions, host specificity and 
pathogenicity (Young 1995). The subcommittee on 
taxonomy of Brucella had proposed that this genus 
could contain a single species, B. melitensis (Grimont 
1992, Moreno and Moriyon 2001). This proposal was 
based on DNA-DNA hybridization studies conducted on 
51 strains representing all known species and biovars 
(Verger et al. 1985). 

Brucellae are small, non-motile, non-
sporulating, non-toxigenic, non-fermenting, facultative, 
intracellular, gram-negative coccobacilli. Flagella, 
endospores and capsules are absent although capsule 
like structures have been reported in preparations treated 
with antiserum. They are partially acid-fast, as are not 
decolorized by 0.5% acetic acid in the modified Ziehl-
Neelsen (MZN) staining (Alton et al. 1988), 0.50.7 m in 
diameter and 0.61.5 m in length (Corbel and Morgan 
1984). 

Genome

Brucella genome has been sequenced and 
consists of 2 chromosomes (DelVecchio et al. 2002). 
Both chromosomes contain essential genes encoding for 
essential metabolic and replicative functions. Naturally 
occurring plasmids have not been found in Brucella. 
However, Brucella can maintain some plasmids 
introduced via electroporation or conjugative transfer 
(Rigby and Fraser 1989). Observations at the DNA level 
are becoming more helpful in further refining the 
classification of Brucella organisms beyond 
conventional methods. 

The complete genome of Brucella melitensis 
(DelVecchio et al. 2002), Brucella abortus (Sanchez et 
al. 2001) and Brucella suis (Paulsen et al. 2002) have 
been sequenced. The genome of Brucella abortus 
biotype 1 and 4 and Brucella suis biotype 1 are found 
quite similar to Brucella melitensis (Halling et al. 2005).

The genome of Brucella abortus biovar 1 is 3.3 
Mb and is composed of 2 circular chromosomes of 
2,124,242 bp (Chr I) and 1,162,780 bp (Chr II) (Halling 
et al. 2005). 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 G+C content of the 2 
chromosomes is nearly identical, consistent with the 
assertion that the assimilation and stabilization of a 
plasmid was an ancient event in brucellae (Halling et al. 
2005). Chromosome I of B. abortus biovar 1 consists of 
2200 genes, 2030 protein coding RNA, 47 structural 
RNA, 123 pseudo genes, 18 others and chromosome II 
is made up of 1156 genes, 1055 protein coding RNA, 17 
structural RNA, 84 pseudo genes, 7 others (Stothard et 
al. 2005). 

Brucellosis

Brucellosis is a contagious disease of animals 
and characterized by abortion in females and to a lesser 
extent orchitis and infection of accessory sex glands in 
males and infertility in both the sexes. It has zoonotic 
importance in terms of its transmissibility to human 
beings.

Clinical features and postmortem lesions

Various clinical signs have been described in 
infected animals, the main manifestation in B. abortus 
infection being reproduction failure in the form of 
abortion and birth of weak offspring which remains as 
carrier in herd. Cases of abortion in infected herd are 
less in chronic infection but infected animal continue to 
act as carrier posing threat to the herd (European 
Commission 2001).

Brucella infected animals generally develop 
granulomatous inflammatory responses, which are often 
located within lymphoid tissues and organs with a 
prominent reticuloendothelial component. The 
localization and persistence of brucellae within these 
tissues and organs follow in the wake of widespread 
distribution of the bacteria during a generalized stage of 
infection. Localization of brucellae within the female 
and male reproductive tracts accounts for the principal 
clinical symptoms of infection, viz. abortion and male 
infertility (Enright 1990). 

Invasion of gravid bovine uterus is marked by 
characteristic necrotic placentitis. Inflammation of 
placenta may be acute and wide spread, and lead to 
early death of fetus followed by abortion, or sub-acute 
or chronic leading to a late abortion or birth of a live, 
infected, perhaps weak calf associated often with 
retention of placenta. The cotyledons are congested or 
swollen and covered with yellowish or sticky brownish 
exudates which extend deep into the crypts. The inter-
cotyledonary areas are thickened, opaque, often look 
almost leathery and there is loss of normal blood red 
color appearance. Enlargement of spleen and liver is 
noticed in aborted fetus with increase in amount of fluid 
in body cavity. Films made from the exudates stained 
with a modified Ziehl-Neelsen method using acetic acid 
show large number of Brucella in clumps or distributed 
many inside epithelial cells which are often literally 
packed with organisms. The fetus varies from typical 
hairless (47 months) fetus up to one that is fully 
developed and shows no characteristic lesions. In case 
of lungs, pneumonia is there which is usually of a 
broncho-pneumonia type. Cobbler stone lesions on 
lungs are indicative of brucellosis (Stableforth and 
Galloway 1959).

In male animals, orchitis and epididymitis are 
the manifestations of chronic infection (Chand et al. 
2002). The acute inflammatory phase in the seminal 
vesicles is followed by a chronic stage with 
considerable fibrinoid induration. During orchitis the 
testicles gradually enlarge. Areas of dry necrosis 
develop and become encapsulated by fibrinous tissue 
which eventually contracts, often leaving the testicles 
smaller than normal. In other cases, it may soften with 
the production of a soft fluctuating lesion containing 
thin pus like pea soup. 

Epidemiology and zoonosis

Brucellosis is the most common zoonosis in 
the world, accounting for the annual occurrence of more 
than 500,000 cases (Pappas et al. 2006). Although 
brucellosis and its means of transmission were 
discovered over 100 years ago, still the disease remains 
a worldwide problem, predominantly so in developing 
countries. However, countries like North America, 
Northern and Central Europe, Canada, Japan, Australia, 
New Zealand, Southeast Asia and Oceania 
(FAO/OIE/WHO 1997) are reported to be free from the 
disease. The disease is endemic in Mediterranean region 
i.e. Middle East, Latin America and parts of Asia 
(Corbel 1997). Reported incidence of human brucellosis 
in endemic areas varies widely from <0.01 to >200 per 
100 000 population (Lpez-Merino 1989). In India 80% 
of the population live in approximately 575,000 villages 
and thousands of small towns (Mantur and Amarnath 
2008), have close contact with domestic or wild animal 
population owing to their occupation. Hence, human 
population stands at a greater risk of acquiring zoonotic 
diseases including brucellosis. The disease has an added 
importance in countries like India, where conditions are 
conducive for wide-spread human infection on account 
of unhygienic conditions and poverty. Species of main 
concern in India are B. melitensis and B. abortus. B. 
melitensis is the most virulent and common strain for 
man and it causes severe and prolonged disease with a 
risk of disability. B. abortus is the dominant species in 
cattle. Bovine brucellosis is widespread in India and 
appears to be on the increase in recent times, perhaps 
due to increased trade and rapid movement of livestock 
(Renukaradhya et al. 2002). Free grazing and movement 
with frequent mixing of flocks of sheep and goats also 
contribute to the wide distribution of brucellosis in these 
animals. Chahota et al. (2003) have reported severe 
outbreak of brucellosis in an organized dairy farm in 
Himachal Pradesh leading to abortions, retained 
placenta and still birth in cows. Serological evidences 
are suggestive of high endemicity of brucellosis in India 
with national average of as high as 5% in cattle, 3% in 
buffalo, 7.9% in sheep and 2.2% in goats 
(Renukaradhya 2002). In 2008, in Punjab the prevalence 
of disease in buffalo and cattle was 16.41% and 20.67%, 
respectively, and the overall apparent prevalence of 
brucellosis was 18.26% (Aulakh et al. 2008). Trangadia 
et al. (2010) recorded 22.18% (132/595) and 13.78% 
(82/595) sero-prevalance of bovine brucellosis in 4 
organized dairy farms located in western, southern, 
central and northern regions of India by ELISA and 
RBPT, respectively. Perusal of the literature indicated 
prevalence of brucellosis in western region (Gujarat 
state) ranging from 8.98 to 44.00% (Chauhan et al. 
2000), 17% in southern region (Isloor et al. 1998), 6.3% 
in central region (Madhya Pradesh state) (Mehra et al. 
2000) and 12.9% in northern region (Punjab state) 
(Dhand et al. 2005). Sero-prevalence of brucellosis was 
reported to be 6.5% in Jordan (Al-Majali et al. 2009), 
8.4% in Cameroon (Bayemi et al. 2009) and 32.9 to 
39.4% in Turkey (Sahin et al. 2008). The association of 
spread of brucellosis with unhygienic processing of 
milk, milk products and meat until it reaches to the final 
consumer makes it a zoonotically important disease. 
Colonization of organism in udder with its frequent 
excretion in milk for prolonged period has led to 
epidemics of brucellosis in human beings. 

In cattle and other members of family 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 but 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. However, artificial 
insemination can transmit the disease and semen must 
only be collected from animals known to be free of 
infection. The presence of brucellosis in wild animals, 
with a potential for continuous transfer to domestic 
animals and from them to humans is another 
epidemiological issue (Cutler et al. 2005). Further, 
transmission of Brucella infection and its prevalence in 
a region depends upon factors like food habits, methods 
of processing milk and milk products, social customs, 
husbandry practices, climatic conditions, socioeconomic 
status and environment hygiene. Environmental 
sanitation is particularly important in the context of air-
borne transmission. Brucellosis is almost invariably 
transmitted to man from infected domestic animals. 
However, Tikare et al. (2008) documented beyond 
doubt, the possibility of human to human transmission 
of Brucella infection. The disease has been recognized 
as one of the common laboratory- transmitted infections 
and was reported to occur in clinical, research and 
production laboratories (Bouza et al. 2005). Those with 
a professional risk of acquiring infection include 
livestock producers, abattoir workers, shepherds, 
farmers, veterinarians and laboratory personnel. 

Pathogenesis

After phagocytosis, brucellae probably reach 
the lymphnodes as parasites and then enter the blood 
and produce bacteraemia followed by the acute febrile 
phase of the disease. From the blood, the organisms are 
distributed throughout the reticuloendothelial system 
and become present in large numbers in the liver and 
spleen and localize in many other sites such as the 
joints, heart, kidneys and genital tract (Baldwin and 
Winter 1994). In human beings after a variable 
incubation period (14 weeks) non-specific, systemic 
symptoms like fever, malaise, arthralgia, headache and 
night sweat follow (Greenfield 2002). 

The mouse is often used as an animal model to 
investigate the pathogenesis of animal and human 
brucellosis (Ko and Splitter 2003). Bacterial ABC 
transporter systems are associated with nutrient uptake 
and the export of toxins and antibiotics and they may 
play an important role in gene expression (Ko and 
Splitter 2000). In Brucella spp., ABC transporter 
proteins have a potential pathogenic role during host 
infection (Rosinha et al. 2002). Hemagglutinins are 
responsible for adhesion and may define the specificity 
of bacterial adhesins during host infection it does not 
have an important role in the pathogenesis of Brucella 
melitensis (Perry et al. 2010).

The pathogenicity in human brucellosis is 
attributed to factors like LPS, adenine and guanine 
monophosphate, virB, 24 kDa protein and urease 
enzyme. Brucella is an unusual organism in several 
ways i.e. the classical virulence factors in a bacterium 
like exotoxins/endotoxins, pili, plasmids, flagella etc. 
are lacking in this organism. Survival strategy of 
Brucella in its host is attributed to its ability to inhibit 
fusion of lyzosome with phagosome thus degranulation 
and activation of the myelo-peroxidase-halide system, it 
also inhibits the production of tumor necrosis factor 
(Caron et al. 1994) and programmed cell death of the 
host cell (Detilleux et al. 1990a), thus escapes the host 
defense mechanisms, to survive and replicate within the 
host cells. Virulent Brucella organisms are capable of 
invading and residing in professional phagocytes 
(Baldwin and Winter 1994) such as macrophages, as 
well as non-phagocytic cells (Detilleux et al. 1990a, 
Detilleux et al. 1990b). In both phagocytic and non-
phagocytic cells, Brucella has the ability to replicate 
within membrane-bound compartments (Pizarro-Cerda 
et al. 1998). Inhibition of TNF-a by bacteria disrupts 
bactericidal effect of natural killer cells and 
macrophages (Gorvel et al. 2002). 

There are 2 types of smooth lipopolysaccharide 
(sLPS) surface antigens, designated A and M. A antigen 
predominates in B. abortus and B. suis, while M is the 
major antigen in B. melitensis. Numerous outer and 
inner membrane, cytoplasmic and periplasmic proteins 
have also been characterized. The sLPS from B. abortus 
is 100 times less potent than that of E. coli (Goldstein et 
al. 1992) and Salmonella (Freer et al. 1996) in inducing 
TNFa from macrophages as well as oxidative 
metabolism and lysozyme release by neutrophils. This 
feature of sLPS is supposed to contribute to the survival 
of B. abortus within phagocytic cells. In addition, 
Brucella sLPS is not susceptible to the actions of 
polycationic molecules, suggesting that smooth Brucella 
can resist the cationic bactericidal peptides of the 
phagocytes (Jensen et al. 1995). The sLPS also conferes 
anti-phagocytic properties to Brucella and does not 
activate the alternate pathway of the complement 
cascade (Hoffmann and Houle 1983). 

Immune response

Both humoral and cellular immune responses 
are involved in Brucella infection, though magnitude 
varies with virulence of organism and immune status of 
animal (FAO/WHO Expert Committee on Brucellosis 
1986). Serological response to the infection can be seen 
as early as 24 weeks. Persistent rise of antibody titre is 
noted if pregnant uterus is affected. Serological 
response starts with the production of IgM within 1 
week or 2, gradually IgG predominates which persists in 
chronic infections. This serological response may be 
transient or missing in young sexually immature 
animals (European Commission 2001). Antibodies 
directed toward specific antigens like the O-antigen, 
may enhance protection against brucellosis in some 
animal species. While protective immunity directed 
against Brucella depends on the induction of an 
effective and specific cell-mediated immune (CMI) 
response (Oliveira et al. 1994). Cell mediated immune 
response (CMIR) involves interaction of organism with 
macrophage and T-lymphocyte which decides fate of 
invading bacteria. Lymphocyte stimulation, macrophage 
inhibition, delayed type of hypersensitivity (DTH) and 
gamma interferon (g-IFN) production are used as 
correlates of CMIR. This cellular immune response 
could also be expected as early as few weeks. 

Diagnosis

The laboratory diagnosis of brucellosis is done 
to identify the animals which are infected, shedding the 
organism and spreading the disease. Attention is usually 
first drawn to the disease by an abortion and is 
confirmed by various direct and indirect methods of 
diagnosis. 

Culture: Highly specific and most conclusive 
diagnosis in any infectious disease is by isolation of the 
causative agent and so is in brucellosis. Culture and 
isolation is still unequivocally considered the gold 
standard in diagnosis of brucellosis (Alton et al. 1988). 

Milk, vaginal swabs, placentas or aborted 
fetuses are preferred for microscopy and culture in case 
of live animals, while primarily lymph nodes (especially 
head and mammary), spleen, udder, uterus, epididymes 
and testes are recommended from necropsied animals. 
Blood is also used for culture and provides definite 
proof of brucellosis but may not provide a positive 
result in all cases. Lysis centrifugation and blood clot 
culture techniques yielded encouraging results (Mantur 
and Mangalgi 2004, Mantur et al. 2007) in terms of 
sensitivity and rapidity. The modern automated blood 
culture systems have somewhat improved the speed of 
detection. Although, bone marrow cultures are 
considered gold standard in some studies (Mantur et al. 
2008). In such cases, bacteremia might also be 
maintained from other sources of the reticulo-
endothelial system (Mantur et al. 2008). Perhaps, this 
could be the reason for the discrepancy in the results of 
blood and bone marrow cultures reported in the 
literature. Selective media are recommended for 
bacteriological isolation and better results are obtained 
when 2 different media are included Farrell and 
modified Thayer-Martin. Differentiation of Brucella at 
species, biovar and strain level by bacteriological and/or 
by molecular techniques is usually carried out in 
reference laboratories.

PCR: PCR is a very sensitive technique. For 
the first time Feket et al. (1990) used PCR for the 
diagnosis of brucellosis. In 1992, he reported detection 
limit of their assay was 5 Brucella cells/100 mg of 
tissue. It has been demonstrated that the assay is specific 
and sensitive for brucellosis (Bricker et al. 1998). To 
diagnose and detect the presence of brucellosis, various 
genes of Brucella genome were explored and for this 
several PCR assays using primers from genes such as 
IS711 (Bricker and Halling 1994), IS6501 (Ouahrani et 
al. 1996), 16S rRNA sequence (etinkaya et al. 1999), 
16S23S rRNA spacer region (Rijpens et al. 1996), 31 
kDa outer membrane protein (Serpe et al. 1999), 43 kDa 
outer membrane protein (Fekete et al.1990), Omp-2 
outer membrane protein (Leal-Klevezas et al. 1995), 
omp-25 (Probert et al. 2004) and the heat shock protein 
(DnaJ, DnaK, HtrA and GroEL) (DaCosta et al. 1996) 
etc., were developed. 

PCR was applied to detect Brucella DNA in 
varieties of clinical samples including tissues (mainly 
aborted fetuses and associated maternal tissues), blood, 
milk and semen (Cortez et al. 2001, Hafez et al. 2011, 
Al-Garadia et al. 2011). PCR based tests are also more 
sensitive than traditional culture method (Amin et al. 
2001, Buyukcangaz et al. 2011). 

Real-time PCR was used for detection of 
Brucella, offering improvement in detection time and 
specificity through incorporation of hybridization 
probes (Probert et al. 2004, Doosti and Dehkordi 2011). 
The real-time PCR is also useful for quantifying the 
load of microorganisms in samples.

Few multiplex PCR assays have also been 
developed with an aim to detect presence of other 
bacteria along with Brucella within single reaction 
(Moshkelani et al. 2011). Multiplex PCR is a derived 
procedure where multiple DNA sequences can be 
detected in a single PCR reaction. Hamali and Joozani 
(2011) used multiplex PCR for detection of Brucella 
spp. and vaccine strains in bovine aborted fetuses. 

Brucellin skin test: The brucellin skin test, a 
cell-mediated immunity (CMI) based assay, is an 
alternative diagnostic test, which can be used for 
screening unvaccinated animals, provided that a purified 
(S-LPS free) and standardized antigen preparation is 
used (Blasco et al. 1994a, Blasco et al. 1994b). S-LPS 
(Blasco et al. 1994a, Blasco et al. 1994b) does not take 
part in DTH reactions (Jones et al. 1973) and may 
provoke antibody-mediated inflammatory reactions or 
induce antibodies that interfere with subsequent 
serological screening. Purified allergens would not offer 
practical advantages over complex protein mixtures 
(Blasco et al. 1994a, Blasco et al. 1994b). The brucellin 
skin test has a high sensitivity and in the absence of 
vaccination is considered one of the most specific 
diagnostic tests (Ebadi and Zowghi 1983, FAO/WHO 
1986, Alton et al. 1988, Blasco et al. 1994a, Blasco et 
al. 1994b, Garin-Bastuji et al. 1998). This test is of 
particular value for the interpretation of FPSR due to 
infection with cross-reacting bacteria (FPSR animals are 
negative in the skin test), especially in brucellosis-free 
areas. Despite its high sensitivity not all infected 
animals show positive skin test responses. Therefore, 
this test cannot be recommended either as the sole 
diagnostic test or fit for the purposes of international 
trade. The site and route of allergen inoculation are not 
important factors affecting its sensitivity (Fensterbank 
1985, Blasco et al. 1994a, Blasco et al. 1994b). Anergy 
induced by repeated skin testing, well known in bovine 
tuberculosis (Radunz and Lepper 1985), is not absolute 
in brucellosis (Blasco et al. 1994a, Blasco et al. 1994b).

Serological diagnosis

The diagnosis of brucellosis employing direct 
method is not always possible for a large number of 
animals, hence indirect diagnostic assays are frequently 
used (Blasco 1992). In absence of a positive culture of 
B. abortus a presumptive diagnosis is usually based on 
the presence of antibodies in serum, milk, whey, vaginal 
mucus or seminal plasma. On average, the agglutinins 
and complement fixation antibodies become positive 4 
weeks following experimental infection during fourth to 
sixth month of gestation and not until about 10 weeks if 
experimental infection occurs 2 month before or after 
insemination (Radostitis et al. 2000).

No single serological test is appropriate in each 
and all epidemiological situations, all have limitations 
especially when it comes to screening individual 
animals (Godfroid et al. 2002, Nielsen 2002). 
Complement fixation test (CFT), fluorescence 
polarization assay (FPA) and ELISA are considered 
more appropriate for international trade than serum tube 
agglutination test (SAT). For the control of brucellosis 
at the national or local level, the buffered Brucella 
antigen tests (BBATs), i.e. the Rose Bengal test (RBT) 
and the buffered plate agglutination test (BPAT), as well 
as the ELISA and the FPA, are suitable screening tests 
(OIE 2004). Positive reactions may be retested using a 
suitable confirmatory strategy, if needed.

Rose Bengal plate agglutination test (RBPT): 
The RBPT is a simple, rapid and spot test and can be 
performed in field. The RBPT antigen was developed by 
U.S. Department of Agriculture and it was B. abortus 
antigen stained with Rose Bengal dye and buffered at 
pH 3.65 (Alton et al. 1988). The low pH prevents some 
agglutination by IgM and encourages agglutination by 
IgG1 thereby reducing non-specific interactions (Corbel 
1972, Corbel 1973, Allan et al. 1976). This test is 
internationally acknowledged as the choice for the 
screening of brucellosis. However, due to cross 
reactivity between these antigen with other bacterial 
species including Yersinia enterocolitica O:9 and E. coli 
serotype O:57 (Kittelberger et al. 1995) RBPT may 
suffer higher rates of false positive results than other 
serological tests. Still many workers reported RBPT to 
be a routine and reliable test and could not be replaced 
for the diagnosis of brucellosis (Mangalgi et al. 2012, 
Chachra et al. 2009).

Serum tube agglutination test (SAT): 
Historically, the SAT has been recognized as the 
principal serological test used for the diagnosis of 
brucellosis. IgM isotypes of antibody is the most active 
agglutinin at neutral pH (Rice and Boyes 1971, Corbel 
1972, Nielsen et al. 1984). Therefore, SAT is susceptible 
to false positive reaction by cross-reacting antibodies 
(Nielsen 2002). However, because the SAT may yield 
both false negative or false positive results (Corbel et al. 
1984), it is not useful for testing individual animal. The 
efficacy of test is useful only when it is used at herd 
level. Nicoletti (1967) also recognized that not every 
Brucella infected bovine show a diagnostically 
significant titre.

The presumptive diagnosis provided by the 
serological tests is usually accepted as indication of 
brucellosis; although it can only detect IgM and IgG2 
and fails to detect IgG1 (Rice and Boyes 1971). 
However, chronic carriers produce mainly IgG1 that 
block the agglutinating activities of IgG2 which may 
result in lower detection rates. Hafez et al. (2011) 
reported lower number of positive samples detected by 
SAT in comparison to RBT and ELISA.

Complement fixation test (CFT): The 
complement fixation test (CFT) is widely used for the 
diagnosis of brucellosis in cattle, sheep and goat. It 
detects mainly IgG1 antibodies. The test is somewhat 
complex and in mass testings a screening test such as 
the RBPT is often used to reduce the number of samples 
that need to be tested by CFT (Staak et al. 2001). CFT is 
not good for testing sera from animals vaccinated for 
brucellosis as it cannot differentiate vaccinated from 
infected ones (Diaz-Aparicio et al. 1996). Another 
major problem with CFT is its limited utility in buffalo 
serum samples. Nicoletti (1992) in his study concluded 
that CFT is of limited usefulness in the diagnosis of 
brucellosis in buffaloes due to false positive reactions. 
Guarino et al. (2001) also found CFT to be less effective 
test for the diagnosis of brucellosis in buffaloes as they 
showed many animals yielding negative results in CFT 
which otherwise were positive in ELISA. Kassymov 
and Zhumagalikyzy (2011) reported ELISA to be more 
effective than CFT for the diagnostic of brucellosis in 
cattle.

Enzyme linked immunosorbent assays (ELISA): 
ELISA offers excellent sensitivity and specificity whilst 
being robust, fairly simple to perform with a minimum 
of equipment and readily available from a number of 
commercial sources in kit form. Owing to these 
properties ELISA is extensively used in the diagnosis of 
brucellosis in every species of animals. The smooth 
lipopolysaccharide (sLPS) is commonly used as the 
antigen for ELISA (OIE 2004). Other antigen, such as a 
highly immunogenic periplasmic protein from B. 
abortus (Rossetti et al. 1996) was also used for 
brucellosis diagnosis in different host species but results 
were not so encouraging. Letesson et al. (1997) used 8 
proteins (OMP36, OMP25, OMP19, OMP16, OMP10, 
p17, p15 and p39) as antigen for serological diagnosis 
of brucellosis by ELISA. The antibody response against 
these proteins often delayed when compared to the 
antibody response to smooth LPS and limited to the 
animals that develop active brucellosis infection. The 
sensitivity and specificity of ELISA was found higher 
by using LPS as diagnostic antigen instead of OPS 
(Nielsen et al. 1996). Several antigens were tried but no 
alternative antigens that could match the sensitivity 
achieved with LPS have been found so far (Letesson et 
al. 1997). 

Monoclonal or polyclonal antiglobulin-enzyme 
conjugates may be used depending on availability and 
performance requirements. A MAb specific for the 
heavy chain of bovine IgG1 may provide some 
improvement in specificity at the possible cost of some 
loss of sensitivity (OIE 2004). Use of protein-G as 
conjugate also reduces this problem and increases the 
specificity of ELISA (Ficapal et al. 1995, Marin et al. 
1998, Kumar and Chand 2011). Renukaradhya et al. 
(2001) described the use of avidin-biotin ELISA for the 
diagnosis of brucellosis in cattle and buffalo. Milk-
ELISA was also tried and found effective diagnostic 
tool by many workers (Chand et al. 2004, Patel et al. 
2008).

Native hapten (NH) gel precipitation tests: In 
the case of recent vaccination with S19 vaccine, only 
the gel diffusion (GD) or radial immunodiffusion (RID) 
tests with native hapten antigen (Daz et al. 1979), FPA 
(Nielsen et al. 1996a) and the competitive ELISA 
(Nielsen et al. 1996b) appear to be useful for diagnosis, 
allowing differentiation of infection by Brucella abortus 
from S19 vaccination. However, only the gel diffusion 
test with Native Hapten (Daz et al. 1979) was able to 
discriminate at a given time after vaccination (Marin et 
al. 1999).

Fluorescence polarization assay (FPA): FPA is 
a homogenous immunoassay. Homogenous 
immunoassays are single step assays that require no 
repetitive washing steps to remove unbound reactants as 
with classical primary binding assays (Jenkins 1992). 
Many workers used FPA in different parts of the world 
in various laboratories and Nielsen et al. (1996a) are the 
pioneer in developing and using this assay for the 
diagnosis of brucellosis in animals. This test was used 
for diagnosing brucellosis in cattle (Nielsen et al. 
1996a), porcine (Nielsen et al. 1999), bison (Gall et al. 
2000), cervidae (Gall et al. 2001), humans (Lucerno et 
al. 2003), goats (Burriel et al. 2004), sheep (Minas et al. 
2005), cetaceans (Neimanis et al. 2008) and buffaloes 
(Kumar and Chand 2009). Lin and Nielsen (1997) 
labeled OPS extracted from B. abortus with fluorescein 
for investigating binding of O-chain to a specific murine 
monoclonal antibody YsT9. Nielsen et al. (1996) 
reported FPA to be a simple, low cost, easy and less 
time consuming assay and demonstrated that the 
sensitivity and specificity of FPA was comparable to 
complement fixation test (CFT), competitive ELISA and 
indirect ELISA. 

Miscellaneous tests: Srivastava and Chaudhary 
(2011) reported that Coombs test that detects incomplete 
antibodies and immunocapture-agglutination tests show 
good performances with higher sensitivity and 
specificity in the diagnosis of brucellosis.

Kassymov and Zhumagalikyzy (2011) reported 
a new variant of complement fixation test that is 
conglutination - conglutinating complex fixation test 
(CCFT), based on interaction of a complex antigen - 
antibody with conglutination blood serum (complement, 
conglutinin) and found it to be an effective method of 
diagnostics of brucellosis and other infectious diseases. 

Smits et al. (2003) reported Brucella IgM and 
IgG lateral flow and Abdoeland Smits (2007) reported 
latex agglutination assays and found them to be rapid 
and simple along with high sensitivity and specificity in 
culture confirmed cases. These tests are ideal for use as 
field tests in remote areas and as point of care tests in 
hospitals and health care centre.

Vaccination 

Currently there are 2 vaccines available that 
are effective enough and inexpensive. These are 
B.melitensis strain Rev.1 for small ruminants given at 
full dose (1 109 CFU) by the conjunctival route and B. 
abortus strain 19 for cattle given individually at full 
dose (10 1010 CFU) subcutaneously or at reduced dose 
(5 109 CFU) conjunctivally. Both vaccines can be 
hazardous to humans and also may induce abortion 
when vaccinating pregnant animals. At this stage there 
is inadequate information on the use of these vaccines in 
camels, yaks and buffaloes. When mass vaccination has 
to be applied, it should be carried out in 2 ways: 

Mass vaccinate all animals 
every two years, including males (in the case of 
sheep and goats). This is the simplest method and 
only requires the ability to locate 100% of 
flocks/herds and to vaccinate all animals, at the 
ideal window of opportunity to avoid vaccine 
induced abortions, i.e. when animals are lactating 
or at the end of the parturition season and fewest 
are pregnant. This procedure assumes that at the 
actual replacement rates, every 2 years about 
3040% of the population will be susceptible. 

Mass vaccination and individual 
identification of all animals in the first year and 
then identification and vaccination of the 
replacement animals only in subsequent years. 
The main advantage of which is minimizing 
vaccine induced abortions, is obviously more 
complex, involving identification of young 
replacement animals each year. Assuming that 
1025% of the total population needs to be 
replaced each year, this programme will take 410 
years before the whole population is fully 
vaccinated. Unfortunately, this option has often 
failed in developing countries with nomadic 
husbandry systems, as owners keep replacements 
year round and several visits may be needed to 
ensure 100% vaccination coverage. Once the 
prevalence of brucellosis is reduced to minimal 
levels by either of the above mass vaccination 
procedures and provided that the veterinary 
infrastructure and economic resources are 
available, eradication can be achieved through a 
programme based on the vaccination of young 
replacement animals combined with testing and 
slaughtering of infected adults. This programme 
will require individual animal identification and 
effective control of animal movements.

One practical eradication approach would 
involve no testing of mass vaccinated adult animals for 
2 years following the first mass vaccination, to avoid 
culling healthy but seropositive animals. The only 
interventions during these 2 first years would be 
vaccinating 100% of young replacements, ensuring 
individual identification of the whole population and 
establishing effective animal movement controls. The 
use of the NH based gel precipitation tests, followed by 
immediate culling of infected animals could be 
recommended as the most reasonable strategy to avoid 
the excessive culling of healthy but seropositive 
animals. Once the percentage of positives in these NH 
based tests is zero for at least two consecutive years, the 
testing schedule could be modified using OIE official 
tests - such as RBPT, iELISA and CFT - to reach and 
maintain brucellosis free status. Vaccination should 
cease only when the prevalence is zero for at least one 
entire generation, in order to avoid relapses. Premature 
cessation of vaccination has been a frequent error in 
many countries. As a general rule, vaccination should 
never be abandoned until the prevalence is zero, the 
situation is maintained for 812 years and the risk of 
transmission from infected epidemiologically related 
units is negligible (FAO 2009). 
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