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Abstract: Brucellosis is an important zoonosis and a significant cause of reproductive losses in animals. Abortion, 

placentitis, epididymitis, and orchitis are the most common clinical manifestations in animals. In humans, brucellosis is a 

debilitating and chronic disease, which may affect a variety of organs. Clinical diagnosis of brucellosis is not easily 

achieved. Laboratory testing is therefore very important for a correct identification of the disease in humans and for the 

detection and confirmation in animals. Definitive diagnosis is normally done by isolation and identification of the 

causative agent. While definitive, isolation is time-consuming, must be performed by highly skilled personnel, and it is 

hazardous. For these reasons, serological tests are normally preferred. Brucellosis serology have advanced considerably in 

the last decades with very sensitive and specific new tests available. Modern genetic characterization of Brucellae using 

molecular DNA technology have been developed. Several PCR-based assays have been proposed, from the rapid 

recognition of genus to differential identification of species and strains. This review describes bacteriological, serological, 

and molecular methods used for the diagnosis of human and animal brucellosis. 
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INTRODUCTION 

 Brucellosis became a problem for the British garrison in 
Malta with substantial morbidity and mortality among the 
soldiers. Dr. David Bruce, a military medic, was sent to try 
to deal with the problem. He coordinated a team of scientific 
personnel which succeeded in 1887 in isolating Micrococcus 
melitensis as the causative agent from raw goat milk 
consumed by the military personnel [1, 2]. This bacterium 
would later carry his name, Brucella melitensis as does the 
remainder of the genus. Other species of Brucella include B. 
abortus isolated by Bang in 1897 [3] and B. suis first 
described by Traum [4]. These 3 species are the most 
important in terms of public health and economics. There are 
several other species, including B. ovis, B. canis, B. 
neotomae, B. microti and at least 2 species, B. ceti and B. 
pinnipedialis which infect marine mammals but are potential 
human pathogens as well. 

 The main clinical signs of brucellosis are abortion, 
retained placenta, stillbirth, orchitis, arthritis in animals and 
undulant fever in humans. These signs are, however, 
common to several other diseases. The epidemiology of the 
herd, based on low fertility rates, may help, as well as the 
history of recent contact with infectious materials or 
contaminated food in humans. Presumptive diagnosis can be 
made by the use of several specific serological tests to 
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Brucella antibodies, but unequivocal diagnosis requires the 
bacteriological demonstration of the organism. Hence, the 
collection and shipment of appropriate samples to the 
laboratory have great importance. 

 The diagnosis of brucellosis is usually performed by a 
combination of methods. A definitive diagnostic technique is 
not available yet, in spite of being pursued for more than one 
century. 

 Brucella spp. are bacteria that affect particularly 
individuals consuming unpasteurized dairy products, abattoir 
workers, veterinarians, farmers and the disease is easily 
acquired by people involved mainly in laboratory routines. 
Any work with these bacteria should be done only under 
biosafety level 3 conditions. The organism may be recovered 
from a variety of materials, the placenta being the most 
infective and with the greatest concentration of the bacteria, 
followed by lymph nodes and milk in animals and from 
blood in humans. Most Brucella strains are slow growing 
organisms on primary isolations, some of them requiring 
serum enriched culture media and even experienced 
laboratories report only isolation rates between 20-50%. 

 The identification of Brucella culture relies upon a great 
deal of phenotypic traits such as requirement for CO2, phage 
typing and metabolic tests, which among other problems 
involves time, biosafety, trained personnel and somewhat 
ambiguous results. To overcome some of these problems, 
efforts have been made on the development of molecular 
diagnostic assays based on the amplification of genomic 
targets through different polymerase chain reaction (PCR) 
approaches. 
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 Brucella species, except for B. ovis and B. canis, contain 
smooth lipopolysaccharide (SLPS) in their outer cell wall. 
Smooth lipopolysaccharide contains an immunodominant O-
polysaccharide (OPS) which has been chemically defined as 
a homopolymer of 4,6-dideoxy-4-formamide-alpha-D-
mannose linked via glycosidic linkages [5]. Brucella ovis 
and B. canis lack the OPS component and as a result, their 
outer surface contains only rough lipopolysaccharide (RLPS) 
and protein antigens [6]. Because all smooth species share 
common epitopes in the OPS, virtually all serological tests 
for antibody to these bacteria use B. abortus antigen [7] 
while RLPS is commonly used as the main antigen for 
detection of antibody to B. ovis and B. canis [6, 8]. Because 
most serological tests use B. abortus SLPS antigen, these 
tests will be discussed with some reference to tests using 
protein antigens. 

 The antibody response to B. abortus in cattle has 
received most attention from the literature. For this reason 
and in general, this antibody response will be used as an 
example for the serological tests. 

 Antibody response to B. abortus infection in cattle 
consists of early IgM isotype production, appearing usually 
5-15 days after exposure [9-11]. The IgM antibody response 
is followed very shortly by production of IgG1 isotype of 
antibody and subsequently by IgG2 and IgA [10-14]. 
Because of the early onset of IgM antibody production, 
theoretically it would be best to measure this isotype as an 
indicator of exposure, however, a number of other 
microorganisms contain antigens with epitopes similar to 
those of OPS and the main antibody response to these cross 
reacting antigens is IgM [15]. Therefore, measurement of 
IgM antibody sometimes gives false positive reactions in 
serological tests leading to low assay specificity. Production 
of IgG2 and IgA isotypes occurs later in infection and as a 
result, measurement of these antibodies would generally 
lower assay sensitivity. Therefore, the most useful antibody 
measurement for serological tests for brucellosis is IgG1 [11, 
14, 16, 17]. 

 In addition to cross reactions, vaccinal antibodies 
sometimes cause diagnostic problems. Brucella abortus S19 
[18] is a widely used vaccine. This organism is antigenically 
indistinguishable from pathogenic strains of B. abortus, 
however, administration of the vaccine to young animals, 
usually between 3 and 8 months of age, generally allows the 
antibody response to wane sufficiently to eliminate some 
diagnostic problems by the time animals reach sexual 
maturity and are tested for brucellosis [19]. However, some 
animals were found to have residual antibody leading to 
higher antibody levels in vaccinated animals. Development 
of improved serological tests, for example the competitive 
enzyme immunoassay and fluorescence polarization assay 
[20] and the development of a live vaccine which contains 
no OPS (B. abortus RB51 developed by Schurig) [21], have 
largely overcome most of these problems. 

BACTERIOLOGICAL METHODS 

 The use of highly selective culture media and the 
development of equipments for maceration of tissues have 
made isolation of Brucella a more rewarding task. 
Specimens for culturing must be carefully collected and 
appropriately handled during transport. 

Collection of Specimens 

 The materials of choice from animals include stomach 
contents, spleen and lung from aborted fetuses, placentomes, 
fetal membranes, vaginal swabs, milk, semen and arthritis or 
hygroma fluids from adult animals. From animal carcasses, 
the preferred tissues for culture are the mammary, medial 
and internal iliac, retropharyngeal, parotid and prescapular 
lymph nodes and spleen. All specimens must be packed 
separately and transported immediately to the laboratory 
cooled or preferably frozen in leak proof containers. For 
humans, blood for culture is the material of choice but 
specimens need to be obtained early in the disease. 

Stained Smears 

 The organisms can be demonstrated through stained 
smears prepared from fetal membranes, fetal stomach 
contents, vaginal swabs, semen, etc. The most common 
methods in use are the modified Ziehl-Neelsen and the 
modified Köster [22]. Brucellae are coccobacilli or short 
rods, usually arranged singly but sometimes in pairs or small 
groups. They are not truly acid fast. However, they are 
resistant to decolorisation by weak acids, and stain red 
against a blue background. Care must be taken as Coxiella 
burnetii and Clamydophila abortus may superficially 
resemble Brucella [22]. 

Culture Media 

 There is a range of commercially available culture media 
for growing Brucella. The most common basal media in use 
are: Triptcase soy (BBL

®
), Bacto Tryptose (Difco

®
), Triptic 

soy (Gibco
®

), Tryptone soya (Oxoid
®

). The powder media 
can be used to prepare either broth or agar medium. For 
culturing blood and other body fluids, it is preferred to use 
broth or a biphasic medium (Castañeda), mainly because 
Brucella is often present in small numbers. For other 
specimens, solid media with 2.5% agar facilitate the 
recognition of colonies and discourage bacterial dissociation. 
Most Brucella strains, particularly B. abortus biovar 2 and B. 
ovis, grow better in media containing 5-10% of sterile 
(equine or bovine) serum free from Brucella antibodies. 

 Frequently, field samples are contaminated with other 
bacteria, thus, selective media should be used to avoid 
overgrowth by fast growing agents. Any basal media 
mentioned above with agar may be used to prepare selective 
media. The most widely selective media used are the Kuzdas 
and Morse [23] and the Farrell´s medium [24]. The Kuzdas 
and Morse uses the following antibiotics and quantities per 
liter of basal medium: 100 mg of cycloheximide (fungistat), 
25,000 units of bacitracin (active against gram-positive 
bacteria) and 6,000 units of polymyxin B (active against 
gram-negative bacteria). The Farrell´s medium is prepared 
by the addition of the followings antibiotics and quantities 
per liter of basal medium: bacitracin (25mg), polymyxin B 
sulphate (5mg), nalidixic acid (5mg), nystatin (100,000 
units), vancomycin (20mg), natamycin (50mg). As Farrell´s 
medium is rather inhibitory for some strains of B. abortus, B. 
melitensis, and B. ovis, a modified Thayer-Martin medium 
may be used together with Farrell’s. This medium can be 
prepared with GC medium as basal medium supplemented 
with 1% hemoglobin and the following antibiotics per liter 
of medium: colistin methanesulphonate (7.5mg), 
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vancomycin (3mg), nitrofurantoin (10mg), nystatin (100,000 
units) and amphotericin B (2.5mg) [25]. 

Culture of Specimens 

 Blood and other fluids - selective media is not required 
for culturing blood and other body fluids if they are collected 
with aseptic precautions. The Castañeda two-phase system is 
the most convenient. It consists of a bottle which contains 
both solid and liquid medium with 1-2% sodium citrate in 
the liquid phase. An inoculum of 5-10 ml is added to the 
bottle and incubated at 37°C in the upright position in a 
closed jar or incubator in 10% carbon dioxide (CO2) 
atmosphere. If no colonies are observed on the surface of the 
agar, the bottle should be tilted every 24-48h to allow the 
broth flow over the agar. Positive cultures may be evident 
within one or two weeks. However it is advisable not to 
discard cultures as negative until four to six weeks have 
elapsed. When colonies are present they should be 
subcultured for further examination and typing. 

 Hemoculture is the most practical and effective means of 
isolating B. canis from an infected dog, provided the animal 
had not received antibiotic therapy. Solid or liquid selective 
media used for the isolation of other brucellae are 
satisfactory for isolation of B. canis [8]. Blood 
(approximately 5 ml) should be collected in heparin or 1% 
sodium citrate (EDTA is inhibitory). After 5 to 7 days of 
incubation in 10 ml tubes of liquid medium at 37°C without 
added CO2, broth is spread onto solid medium, incubated at 
37°C without added CO2 and examined after 3 to 5 days for 
the presence of typical colonies. The isolation rate may be 
increased by freezing blood-broth mixture at -70°C and 
rapidly thawing before inoculation onto solid medium. 
Colonies of B. canis present a rough morphology when 
examined by obliquely reflected light and when touched with 
an inoculating needle tend to stick to the needle [22]. 

 Fetal stomach contents, semen, synovial fluids, etc. may 
be streaked directly on solid selective medium or added to 
biphasic medium. 

 Milk - one of the most important sources of human 
infection is unpasteurized dairy products. For isolation of 
Brucella from these sources solid media is preferred. For 
milk, samples collected from every quarter of the udder 
should be centrifuged (6000 g) for 15 minutes. The cream 
and deposit are mixed and streaked on selective medium as 
they are likely to be heavily contaminated. Dairy products, 
particularly cheese that are likely to contain few organisms, 
should be cultured on enriched media after being macerated 
in tissue grinder or a stomacher. The enriched medium is 
prepared by adding to the autoclaved based peptone medium 
1.5% of agar, selective antibiotics, 5% v/v of sterile bovine 
or equine serum and 1% w/v of dextrose [22]. 

 Tissues - samples should be removed aseptically with 
sterile instruments and after the removal of the fat, should be 
macerated using a tissue grinder or a stomacher in bags 
containing sample and sterile phosphate buffered saline 
(PBS). The material is then spread on the surface of solid 
selective medium with a swab-stick. If tissues cannot be 
obtained aseptically, searing its surfaces in a flame before 
culturing may help. 

 Animal inoculation - guinea-pigs are the animals of 
choice. On some occasions this practice may be justified, for 
instance when looking for Brucella in some cheeses or when 
antibiotics for selective media are not available. Nowadays, 
however, the use of animal inoculation is becoming a rare 
practice for humanitarian reasons. 

 Vaginal swabs - should be taken after parturition or 
abortion in goats, sheep or cows as they are excellent sources 
of bacteria and Brucella is frequently recovered. Swabs 
contained in transport medium are preferred. Spreading the 
swab directly on the surface of the selective medium 
originate a large number of colonies. 

Humans 

 Although Brucella can be isolated from bone marrow, 
cerebrospinal fluid, wound, pus, etc., blood is the material 
most frequently used for bacteriological culture in humans. 
The biphasic method of Castañeda with both solid and liquid 
medium in the same container is the method of choice [26]. 
If taken with aseptic precautions, selective medium is not 
necessary. Air supplemented with 5% CO2 during incubation 
is recommended. Most blood cultures are positive between 
7-21 days of incubation and cultures should carry out for at 
least 45 days before rejected as negative for Brucella. 

 Molecular methods such as PCR-based assays are also 
available and are particularly useful in chronically infected 
patients where the yield of bacteria from blood cultures is 
usually low [27, 28]. 

Marine Mammals 

 There is no ideal tissue for the isolation of Brucella from 
marine mammals, unless gross lesions found in tissues, 
including the skin are detected. The recommended tissues for 
the recovery of Brucella are the spleen, the mammary gland, 
the mandibular, gastric, external and internal iliac and 
colorectal lymph nodes, the testes and blood [29]. 

 Some marine mammal isolates grow poorly on Farrell´s 
medium. Although most cetacean isolates become visible on 
Farrell´s after four days of incubation, isolates from seals 
often grow very slowly and appear in 7 to 10 days, if they 
grow at all. Concurrent inoculation onto a nonselective 
medium such dextrose agar or blood agar is also suggested 
[30]. The recommended incubation conditions for all 
primary cultures are in 10% CO2 atmosphere at 37

o
C. Most 

cetacean isolates will grow in the absence of increased CO2, 
but most isolates from pinnipeds are capnophilic [26]. 
Isolates from marine mammals have the typical smooth 
colony appearance of the genus. Cetacean isolates can be 
distinguished from pinnipeds isolates by their CO2 
requirements, their growth on Farrell´s medium in primary 
cultures and their metabolic activity on D-galactose [31]. 
Genetic techniques can also be used to identify marine 
mammals isolates of Brucella [32]. 

Identification and Typing 

 After 48-72h of incubation at 37°C, Brucella colonies are 
0.5 to 1.0 mm in diameter with a convex and circular outline. 
Smooth strains are transparent and pale yellow, resembling 
droplets of honey with a shiny surface when observed in 
transmitted light. Rough colonies are more opaque with a 
granular surface. Dissociation of Brucella can be detected by 
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the emulsification of a colony in 0.1% w/v aqueous 
acriflavine [33]. Smooth colonies produce a yellow uniform 
suspension whereas rough colonies produce granular 
agglutinates. Colonial variation can be detected also by 
examining the plates under oblique light after staining the 
colonies with crystal violet [34]. Smooth colonies appear 
translucent and pale yellow and rough colonies are stained 
with red, purple or blue with opaque and granular 
appearance. 

 Colonial morphology, staining, slide agglutination with 
anti-Brucella serum (smooth or rough), urease, catalase and 
oxidase tests are the basis for a culture to be identified as 
belonging to the genus Brucella. This can be done by most 
routine bacteriology laboratories. Once a culture has been 
identified as Brucella, it is important to classify the species 
and the biovars. This further classification should be done in 
specialized or reference laboratories. These tests are 
cumbersome and include carbon dioxide requirement (CO2), 
production of hydrogen sulphide (H2S), dye sensitivity 
(thionin and basic fuchsin), phage lysis, agglutination with 
A, M or R specific antisera and in some cases it is necessary 
to use the oxidative metabolic method. This latter test is time 
consuming and hazardous to laboratory personnel. For these 
reasons it should be performed only by international 
reference laboratories. 

 In countries where live vaccines such B. abortus strain 
19, RB51 or B. melitensis Rev. 1 are used, occasional 
isolations of these strains from milk or tissues need to be 
distinguished from wild strains biovar 1. Strain 19 does not 
require CO2 and although a fairly high mutation rate to 
tolerance to erythritol (1mg/ml) is observed, most strains do 
not grow on media containing this sugar [35]. Strain 19 does 
not grow in presence of thionin blue (2 g/ml) or penicillin (5 
IU/ml) whereas field strains from biovar 1 do. Rev 1 strains 
grow on media containing streptomycin (2.5 g/ml) but not 
on thionin (20 g/ml), basic fuchsin (20 g/ml) or penicillin 
(5 IU/ml). Field strains of B. melitensis biovar 1 grow on 
media containing thionin, basic fuchsin and penicillin but not 
on streptomycin [22]. 

 The RB51 strain can be identified by several 
characteristics such as: rough morphology of the colonies 
when examined by obliquely reflected light, growth in the 
presence of rifampicin (250 g per ml of medium) and 
inability to produce OPS demonstrated by reacting RB51 
colonies with OPS-specific monoclonal antibodies, dot-blot 
or western blots assays [21, 36]. Strains 19 and RB51 may 
be identified using specific PCR assays [37]. 

 The characteristics of Brucella cultures and typing tests 
are presented in Table 1. 

 Classical identification and typing of Brucella spp. into 
their respective species and biovars need not only be done by 
highly trained personnel but also large amounts of viable 
organisms are required to be present in tissues as well as 
level 3 facilities are needed to overcome the risk of 
producing laboratory-acquired infections. 

Molecular Methods 

 The use of the Polymerase Chain Reaction (PCR) to 
identify Brucella DNA at genus, species and even biovar 
levels has becoming extended to improve diagnostic tests 

and a diversity of methods have been developed. 
Applications for PCR methods range from the diagnosis of 
the disease to characterization of field isolates for 
epidemiological purposes including taxonomics studies. 

 The first brucellosis PCR-based test was introduced in 
1990 [39] and was targeted to a gene encoding a 43-KDa 
outer membrane protein from B. abortus strain 19. 
According to some authors, the exact protocol of this assay 
was patented and never published, limiting its application by 
other laboratories [40]. Genus-specific PCR assays targeted 
at Brucella BCSP31gene and 16S-23S rRNA operon were 
early designed to identify unique genetic loci that are highly 
conserved in Brucella and are useful tests for screening 
diagnosis in human brucellosis or contamination of food 
products at genus level [41]. Other target genes such as 
IS711 and per have also been used to identify Brucella at the 
genus level [42, 43]. 

 The first species-specific multiplex PCR was called 
AMOS-PCR assay which is used to identify and differentiate 
B. abortus biovars 1, 2 and 4, B. melitensis, B. ovis and B. 
suis biovar 1, based on the polymorphism arising from 
species-specific localization of the insertion sequence IS711 
in the Brucella chromosome [44]. An improvement of this 
technique was introduced by incorporating additional strain-
specific primers into the primer mixture for identification of 
the vaccine strains S19 and RB51 [37]. A further 
modification of the assay called BaSS-PCR (Brucella 
abortus Strain Specific PCR assay) was developed to 
identify and distinguish field strains of B. abortus biovars 1, 
2 and 4 (the only biovars occurring in the United States) and 
to distinguish these from vaccine strains and other Brucella 
species from cattle [45]. A new primer was developed, 
which together with the IS711 AMOS primer produced a 
PCR to identify the isolates of biovars 3, 5, 6 and 9 of B. 
abortus [46]. 

 Appropriate primers were arbitrarily designed to permit 
hybridization at random in the different Brucella genomes as 
determined by the Arbitrary Primed PCR (AP-PCR) or the 
Random Amplified Polymorphic DNA (RAPD-PCR) [47]. 
The problem with this test was the inter-laboratory 
reproducibility limiting widespread adoption. 

 In addition to the commonly used PCR assays, a new 
Multiplex-PCR assay was developed that specifically 
identified B. neotomae, B. pinnipedialis, B. ceti, and B. 
microti. Furthermore, it differentiated B. abortus biovars 1, 
2, 4 from biovars 3, 5, 6, 9, as well as between B. suis biovar 
1, biovars 3, 4, and biovars 2 and 5 [48]. A Bruce-ladder 
multiplex PCR assay was also developed for identification 
and differentiation of Brucella sp. and vaccine strains [49]. 

 An interesting approach in molecular techniques is the 
typing of Brucella strains for epidemiologic investigations or 
tracing back strains to their origins. The strategy for the 
development of these tests is based on the observation that 
most organisms (prokaryotic and eukaryotic) contain strings 
of tandem repeat sequences classified as microsatellites and 
minisatellites distributed throughout their genomes that may 
affect protein expression. Tandem Repeat (TR) sequences 
are interesting class of markers, since multiple alleles can be 
present at a single locus, and size differences are easily 
achieved by electrophoresis [50]. Tandem repeated 
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sequences located within a repeated sequence and present in 
multiple loci were recently described and used for Brucella 
strain typing. These methods based on multi-locus variable 
number of tandem repeats (MLVA) are powerful tools for 
epidemiological studies of closely related strains. Eight loci 
containing tandem repeats of 8-bp sequence gave rise to a 
PCR assay called Hoof-Prints (Hypervarible Octameric 
Oligonucleotide Finger-Prints) [51, 52]. The assay is highly 
discriminating and very efficient in distinguishing strains 
within an outbreak but is unable to predict the biovar or the 
species of an isolate and for this reason cannot replace 
classical biotyping methods [50]. In addition, a new MLVA 
assay uses 15 markers consisting of two complementary 
panels, panel 1 (8 markers) and panel 2 (7 markers). The 
fifteen markers are a combination of moderate variable 
(minisatellite, panel 1) and highly discriminatory 
(microsatellite, panel 2) loci [50]. 

 Recent improvements have made possible to amplify and 
detect DNA targets simultaneously through different Real-
Time PCR methods. The results are obtained almost 
instantly abbreviating the time of multiple tests [40]. 

 The picture of PCR based tests is far from being 
complete and more research is needed in the molecular and 
sub-molecular ground to improve diagnostic of human and 
animal brucellosis. 

SEROLOGICAL METHODS 

 Since the original recognition of the causative agent of 
brucellosis, Brucella sp., a large number of diagnostic 
schemes have been developed. The gold standard remains 
isolation and identification of the bacterium, however, for 
numerous reasons, alternative methods have been developed. 
The alternative methods include identification of nucleic acid 
from the bacterium by molecular biology technology and a 
large number of serological tests. Serological diagnosis is 
presumptive evidence of infection. There are considerable 
differences in the accuracy of the various serological tests 
and it is common to use a panel of tests and use the majority 
results as an indicator of exposure. Serological tests are 
generally divided into three areas: the classical or 
conventional tests, primary binding assays and developing 
technology. Each area will be reviewed, however, because of 
the volume of scientific literature, it is not possible to 
include all published information. 

Table 1. Species and Biovar Differentiation of the Genus Brucella* 

 

Species Biovar  CO2  H2S Urease Thionin Fuschin A
†
 M

†
 R

†
 Pref. Host 

B. melitensis 1 - - + + + - + - sheep, goat 

 2 - - + + + + - - sheep, goat 

 3 - - + + + + + - sheep, goat 

B. abortus** 1 (+) + + - + + - - cattle 

 2 (+) + + - - + - -  cattle 

 3 (+) + +  + ‡ + + - -  cattle 

 4 (+) + + - (+) - + -  cattle 

 5 - - + + + - + -  cattle 

 6 - - +  + ‡ + + - -  cattle 

 9 - + + + + - + -  cattle 

B. suis 1 - + + + (-) + - -  pig 

 2 - - + + - + - -  pig, hare 

 3 - - + + + + - -  pig 

 4 - - + + (-) + + -  reindeer 

 5 - - + + - - + -  rodents 

B. neotomae - - + + - - + - -  wood rat 

B. canis - - - + + (-) - - +  dog 

B. ovis - + - - + (-) - - +  sheep  

B. pinnipedialis# - + - + + + + (+or-) -  seals 

B. ceti# - - - + + + + (+or-) -  cetaceans 

B. microti# - - - + + + - + -  vole 

+ Positive; (+) usually positive. 
- Negative; (-) usually negative. 

** Biovars 7 and 8 no longer valids. 
† Monospecific antiserum: A-abortus; M-melitensis; R-rough. 

‡ Biovars 3 grows in 25000 thionin; biovar 6 does not. 
# Provisional denomination. 
* Adapted from ref [26] and [38]. 
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In-Use Serological Tests 

 The first serological test for brucellosis was described by 
Wright and Smith in 1897 [53]. Since then a large number of 
tests and various modifications to enhance accuracy have 
been developed. The procedures are divided into two broad 
groups, the conventional tests and primary binding assays. 
Conventional tests all rely on the antibody being capable of 
performing a secondary function, for instance fixation of 
complement, while in primary binding assays the sole 
function of the antibody is to react with its antigen. 

 Because no serological test is 100% accurate, generally, 
diagnosis is made based on the results of two or more tests. 
Thus initial testing is commonly done using a screening test, 
a test with high sensitivity and perhaps of less specificity. 
The screening tests are usually relatively inexpensive, fast 
and simple to perform. If a positive reaction occurs in a 
screening test, a confirmatory test is performed. The 
confirmatory test is a test which provides good sensitivity 
but higher test specificity, thereby eliminating some false 
positive reactions. Most confirmatory tests are more 
complicated and more expensive to perform. Examples of 
screening tests are the acidified antigen tests and the indirect 
enzyme immunoassay and a confirmatory test is the 
competitive enzyme immunoassay. 

Conventional Tests 

 

1. Agglutination tests: 

 

1.1. Slow tests requiring incubation from 8 to 24 hours 

Standard tube (SAT) 

SAT with added reducing agents such as 2-mercaptoethanol 
or dithiothreitol 

SAT with addition of rivanol to precipitate glycoproteins 

SAT with addition of ethylene diamine tetraacetic acid to 
reduce IgM binding (EDTA) 

SAT with antiglobulin added to enhance agglutination 

Milk ring test 

 

1.2. Rapid agglutination tests performed in minutes 

Rose Bengal 

Modified Rose Bengal 

Buffered antigen plate agglutination 

Card 

Antigen with rivanol added 

Heat treatment of serum 

Addition of 10% sodium chloride 

 

2. Complement fixation tests: 

Warm 

Cold 

Hemolysis in gel 

Indirect hemolysis 

 

3. Precipitation tests 

Agar gel immunodiffusion 

Radial immunodiffusion 

 

Primary Binding Assays 

Radioimmunoassay 

Fluorescence immunoassay 

Particle counting fluorescence immunoassay 

Indirect enzyme immunoassay 

Competitive enzyme immunoassay 

Fluorescence polarization assay 

 There are variations on some of these tests and there are 
other tests not in common use which will be beyond the 
scope of this review. Each category of tests will be described 
and their performance will be discussed. 

Agglutination Tests 

 The first description of a serological test for detection of 
antibody to Brucella sp. was published in 1897 [53]. A 
mixture of bacterial cell antigens was incubated with 
patient’s serum in a glass tube and if a particular pattern of 
cell sediment was observed, it was considered as an 
indication of infection. This is basically the identical test still 
used in some countries, except that only B. abortus cells are 
used as the antigen. This test is performed at a near neutral 
pH and therefore detects IgM antibody very well and less so 
IgG resulting in low assay specificity [12, 14, 54]. As a 
result, the SAT while very sensitive is generally not used as 
a single test but rather in combination with other tests. 

 The specificity problems arising from the SAT led to a 
large number of modifications the goal of which was to 
prevent IgM from reacting with the antigen. The most 
common modifications were provision of an acid test 
environment, chemical reduction of IgM, precipitation of 
IgM and addition of EDTA. Other attempts were made to 
improve specificity, however, most were not commonly used 
and will not be discussed. 

 Agglutination tests generally cannot be used efficiently 
for the diagnosis of infection with B. ovis and B. canis, rough 
species of Brucella. As the whole cell antigens 
autoagglutinate, precipitins tests using soluble antigens are 
used instead. 

Acidified Antigen Modifications 

 The most widely used tests employing acidified antigen 
are the Rose Bengal (RBT) [55] and the Buffered Antigen 
Plate Agglutination (BPAT) [56] tests. In these tests, B. 
abortus S99 or S1119.3 cells are stained with Rose Bengal 
(RBT) or Brilliant Green and Crystal Violet (BPAT), and 
suspended in a buffer which when mixed with the 
appropriate volume of serum results in a final pH of 3.65. 
Appearance of agglutination must be within the specified 
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time for each test (4 minutes for the RBT and 8 minutes for 
the BPAT). If incubated for longer periods, sometimes false 
reactions occur due to the formation of fibrin clots. This pH 
discourages agglutination by IgM but encourages 
agglutination by IgG1, generally reducing cross reactions 
[11, 12]. False negative reactions occur in the acidified 
antigen tests, especially in the RBT, however, these tests are 
considered as suitable screening tests for brucellosis, 
followed by confirmatory testing. Antibody resulting from B. 
abortus S19 vaccination will react in these tests [7]. 

Reducing Agents 

 Dithiotreitol and 2-mercaptoethanol have both been used 
for the serological diagnosis of brucellosis [57, 58]. These 
reagents reduce disulfide bridges of IgM resulting in 
production of monomeric molecules with reduced ability to 
agglutinate. Either reducing agent may be added to serum as 
a diluent, using dilutions of 1:25 and increasing. For the 
diagnosis of brucellosis, reaction at a 1:25 serum dilution is 
considered positive. Some false negative reactions occur as 
some IgG molecules are also susceptible to reduction of 
disulfide bridges, rendering them unable to agglutinate, 
however, in general, reduction of IgM increases specificity. 
Care must be taken when using 2-mercaptoethanol as it is 
toxic and should only be used in a well ventilated area or a 
chemical hood. Test employing reducing agents are normally 
used as confirmatory tests, however, antibody resulting from 
B. abortus S19 vaccination may sometimes interfere [59]. 

Precipitation 

 Some non specific reactivity may be removed by 
precipitation of high molecular weight serum glycoproteins. 
This principle has been applied to serological diagnosis of 
brucellosis [59, 60]. This is commonly done by addition of 
rivanol (2-ethoxy-6,9-diaminoacridine lactate) to serum 
followed by removal of the precipitate by centrifugation and 
either a rapid plate type agglutination test with undiluted 
serum or a tube test using serum dilutions starting at 1:25. 
Because the protocol is fairly labour intensive, precipitation 
tests are generally used as confirmatory tests. 

Use of EDTA 

 Because of the lack of specificity of the SAT, an 
adaptation of the test which includes the addition of ethylene 
diaminotetraacetic acid disodium salt has proven to 
significantly increase test specificity [61-63]. The mechanism 
by which EDTA reduces non specificity is not understood, 
however, it appears to eliminate attachment of immunoglo-
bulins to the Brucella cell wall via the Fc piece. The 
modified SAT may be used in tubes or 96 well plates and 
incubation is usually overnight after which the cell sediment 
pattern is observed. The modified SAT has been used as a 
screening test. 

Milk Ring Test 

 The agglutination test has been adapted to test milk for 
antibody to Brucella sp. [64, 65]. The format of this test is a 
little different in that hematoxylin stained Brucella cells are 
added to whole milk [60, 64-66]. The reaction is allowed to 
take place. Immunoglobulins present in the milk will in part 
be attached to fat globules via the Fc portion of the molecule. 
If antibody to Brucella sp. is present, agglutination will take 

place resulting in a purple band at the top of the milk. If no 
antibody is present, the fat layer will remain a buff colour 
and the purple antigen will be distributed throughout the 
milk. This test may be applied to individual animals or to 
pooled milk samples using a larger volume of milk relative 
to the pool size [67]. The milk ring test is prone to false 
reactions caused by abnormal milk derived from mastitis, 
colostrums and milk from late in the lactation cycle [65, 68, 
69]. Still, in spite of its problems, it may be used as an 
inexpensive screening test in conjunction with other tests. 

Complement Fixation Tests 

 In spite of the number of reagents required for the 
complement fixation test and its technical complications, it is 
a widely used confirmatory test for brucellosis. The basic 
test consists of B. abortus antigen, usually whole cells, 
incubated with dilutions of heat inactivated (to destroy 
indigenous complement) serum and a titrated source of 
complement, usually guinea pig serum. After a suitable time 
a pretitrated amount of sheep erythrocytes coated with rabbit 
antibody is added. If a primary immune complex (B. abortus 
cells and test serum) is formed due to the presence of certain 
antibody isotypes in the serum, complement was activated 
and therefore not available to react with the secondary 
immune complex of sheep erythrocytes and rabbit antibody, 
resulting in no or only slight lysis of the erythrocytes. 
Alternately, if no primary immune complex was formed, 
complement would cause all the sensitized sheep 
erythrocytes to lyse. Thus the amount of haemoglobin in 
solution is an inverse measure of anti-Brucella antibody 
activity. The complement fixation assay has been 
standardized [70, 71]. 

 The complement fixation test is technically challenging 
because a large number of reagents must be titrated daily and 
a large number of controls of all the reagents is required. It is 
also an expensive test again because of the large number of 
reagents needed and because it is labour intensive. However, 
since only IgG1 isotype of antibody fixes complement well, 
the test specificity is high. Unfortunately the test does not 
allow for discrimination of B. abortus S19 derived antibody. 
Other problems include the subjectivity of the interpretation 
of results, occasional direct activation of complement by 
serum (anticomplementary activity) and the inability of the 
test for use with haemolysed serum samples. In spite of the 
shortcomings, the complement fixation test has been and is a 
valuable asset as a confirmatory test in control/eradication 
programs. There are a number of variations of the test, 
including the indirect haemolysis test [72-80], which are not 
widely used. 

 The complement fixation test using a hot saline extracted 
antigen preparation has been the most widely test used for 
the diagnosis of B. ovis infection in sheep [81-84]. However, 
the test has also some of the disadvantages presented for the 
diagnosis of bovine brucellosis such as complexity, necessity 
for serum heat inactivation, anticomplementary activity of 
some sera, difficulty in performing with hemolized sera and 
the the prozone phenomena [6]. 

Precipitin Tests 

 Precipitin tests were the first tests developed to 
distinguish B. abortus S19 vaccinal antibody from the 
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antibody resulting from infection with pathogenic strains 
[85, 86]. There are two basic formats, agar gel 
immunodiffusion in which test serum and soluble antigen are 
placed in adjacent wells 0.5 to 1.0 cm apart, cut in an agar 
matrix. After the reagents diffuse into the agar for a period of 
time, a visible precipitin band will form if the serum contains 
antibody. The second format involves incorporation of 
antigen into the agar matrix, placing test serum in a well in 
the agar and allowing the serum to diffuse radially, resulting 
in a precipitin ring if antibody is present in the serum. Both 
tests use OPS antigens derived from B. melitensis [85] or 
native hapten [86]. Both formats proved to be relatively 
insensitive with OPS antigen [87] while the sensitivity was 
better with native hapten antigen [88] and quite labour 
intensive but did provide results not available by any other 
test procedure at the time. Neither of the two formats of the 
precipitin tests is widely used. 

 Precipitin tests are widely used for the diagnosis of B. 
ovis infection in sheep using RLPS or hot saline extracted 
antigens and show similar sensitivity as compared to the 
complement fixation test [6]. 

Primary Binding Assays 

Indirect Formats 

 Indirect primary binding assays usually rely on antibody 
present in test serum (or other body fluids) reacting with 
immobilized antigen and then being detected using a 
detection system with a marker molecule. The tracer system 
varies from antiglobulins labelled with isotopes [74-76, 78, 
89-95] to fluorochromes [96-110] to enzymes (described 
initially by Carlsson et al., 1976 [111] and reviewed by 
Nielsen and Gall, 1994 [112-141]. 

 The most commonly used system depends on enzymes 
for detection and consists of SLPS preparations passively 
attached to a polystyrene matrix usually in a 96 well format 
followed by addition of diluted serum or milk. The detection 
system varies but most often a monoclonal antibody specific 
for a heavy chain epitope of the test species and conjugated 
with horseradish peroxidase is used. Variation in the 
detection system includes the use of protein A, protein G, 
protein A/G and polyclonal anti-immunoglobulin. Other 
enzyme such as alkaline phosphatase may be used as well. 
For peroxidase, the substrate is hydrogen peroxide but a 
number of different chromogens are available including 
ABTS and TMB. A multistep washing procedure is used 
between each stage of the assay. 

 A number of other antigens have been used, including 
RLPS, used mostly for the diagnosis of B. ovis and B. canis 
infection [84, 86, 142-154]. Numerous protein antigens have 
also been employed with variable success in indirect assays 
[155-165]. 

 The indirect enzyme immunoassays generally have very 
high sensitivity but because they are largely unable to 
distinguish B. abortus S19 vaccinal antibody and cross 
reacting antibody, the specificity can be slightly lower than 
the assay specificity in areas where vaccination is not 
practiced. These assays are available as commercial kits 
from numerous sources and while there is some variation in 
their accuracy, the kits as well as individually developed 
assays are excellent screening assays for the diagnosis of 

brucellosis, especially in individual animal tests or serum or 
milk. 

Competitive Immunoassays 

 There are two types of competitive assays used for 
brucellosis serology. In both cases, antigen is immobilized, a 
competing antibody, specific for OPS, with or without a 
detection system, is added at a predetermined dilution, 
followed by diluted test serum and in some cases by a 
separate detection system. 

 One assay type, the particle concentration fluorescent 
immunoassay has been widely used in the USA [166, 167]. It 
uses antigen coated polystyrene beads to which test serum 
and polyclonal Brucella specific antibody labelled with a 
fluorochrome is added. Excess reagents are removed with 
washing through a filter in the bottom of 96-well plates. The 
amount of fluorochrome labelled antibody attached to the 
beads is inversely related to the amount of antibody present 
in the serum. This assay can be automated. 

 A second and much more widely used competitive assay 
uses SLPS passively immobilized on the wall of 96 well 
polystyrene plates. Competition between a monoclonal 
antibody specific for a common epitope of OPS and test 
serum, both appropriately diluted are added. The monoclonal 
antibody may be labelled directly with enzyme or a 
secondary anti-mouse antibody labelled with enzyme may be 
added [124, 126, 168-193]. 

 Competitive enzyme immunoassays were developed in 
order to overcome some of the problems arising from 
residual B. abortus S19 vaccinal antibody and from cross 
reacting antibody. By selecting a monoclonal antibody with 
slightly higher affinity for the antigen than most of the 
vaccinal/cross reacting antibody but with lower affinity than 
antibody arising from infection, reactivity by vaccinal 
antibody could be eliminated in the majority of cases. The 
specificity of the competitive enzyme immunoassay is very 
high, however, it is slightly less sensitive than the indirect 
enzyme immunoassay. This assay is an excellent 
confirmatory assay for the diagnosis of brucellosis in most 
mammalian species. Competitive assay kits are available 
commercially from various sources. 

Fluorescence Polarization Assay 

 The basis for the fluorescence polarization assay is 
simple. The rate of rotation of a molecule in solution is 
inversely proportional to its size. A small molecule will 
rotate rapidly while larger molecules rotate more slowly. By 
attaching a fluorescing molecule to an antigen molecule, the 
rate of rotation can be measured using polarized light. The 
result is a measurement of the time it takes the molecule to 
rotate through a given angle. In the case of brucellosis 
serology, small molecular weight subunit of OPS is labelled 
with fluoroescein isothiocyanate and used as the antigen. 
When testing serum, blood or milk, if antibody to the OPS is 
present, the rate of rotation of the labelled antigen will be 
reduced. The rate of reduction is proportional to the amount 
of antibody present. The fluorescence polarization assay was 
developed in 1996 [194] but has since been validated [195-
213]. 
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 The fluorescence polarization assay is a homogeneous 
assay, requiring no washing steps or removal of unreacted 
components. It can be performed in a 96-well format or in a 
tube format. The tube format can be used in the field for 
rapid diagnosis. The serum or milk incubation time is a 
minimum of 2 minutes while the whole blood assay requires 
only 15 seconds of incubation. Because only 2 reagents, 
antigen and diluent buffer are required, the test is technically 
simple and relatively inexpensive. It does require a 
fluorescence polarization analyzer of which several are 
available at various costs. Diagnostic kits are also 
commercially available from several sources. 

 The fluorescence polarization assay is very accurate and 
the sensitivity:specificity can be manipulated by altering the 
cutoff value between positive and negative reactions to 
provide a very sensitive screening test as well as a highly 
specific confirmatory test. The FPA is capable of 
distinguishing vaccinal antibody in most vaccinated animals 
and it can eliminate some cross reactions as well. 

 Published sensitivity and specificity ranges for the 
commonly used serological tests are tabulated below. These 
are values obtained from the literature [20]. The Performance 
Index provides an overall estimate of the accuracy of the test 
by adding the sensitivity and specificity values. In Table 2, 
the Min and Max values represent the lowest and highest 
indexes. 

Table 2. Sensitivity, Specificity and Performance Index of the 

Serological Tests for Brucellosis 

 

Test % Sensitivity % Specificity 
Performance Index  

(Min - Max) 

SAT 29.1 - 100 99.2 - 100 128.3 - 200 

RBT 21.0 - 98.3 68.8 - 100 89.8 - 198.3 

BPAT 75.4 - 99.9 90.6 - 100 166.0 - 199.9 

RIV 50.5 - 100 21.9 - 100 72.4 - 200 

2ME 56.2 - 100 99.8 - 100 156.0 - 200 

CFT 23.0 - 97.0 30.6 - 100 53.6 - 197.0 

IELISA 92.0 - 100 90.6 - 100 182.6 - 199.8 

CELISA 97.5 - 100 99.7 - 99.8 197.3 - 199.8 

FPA 99.0 - 99.3 96.9 - 100 195.9 - 199.3 

 

Other Tests 

 Fluorescence immunoassay using a capture and elution 
technique to measure antibody eluted from antigen with 
cyanine-5 was developed by Silva et al. (2004) [214]. This 
versatile, portable assay gave good specificity and sensitivity 
values at a low cost. 

 Chemiluminescence assays have also been developed 
both in a homogeneous format [193, 215] and in a wash 
format [215]. The former used a competitive based assay in 
which two types of beads, a donor and an acceptor are pulled 
together by interaction of their conjugates. Using laser 
excitation, singlet oxygen is formed in a positive reaction 
resulting in conversion to light emission by the acceptor. 
This assay was shown to have a performance index 

comparable to other primary binding assays. The latter 
format included wash steps which apparently did not 
improve assay performance. 

 Lateral flow assays have also been developed. These 
assays utilized coloured beads conjugated with a detection 
reagent for antibody bound to an immobilized antigen on a 
cellulose membrane [216-219]. This type of assay has a 
definite advantage in that it requires no equipment for its 
performance, however, the interpretation is subjective, 
depending on the formation of a visible coloured line of 
reaction and the assay itself tends to be expensive because of 
the multiple ingredients included. 

 Finally, rapid slide agglutination tests have been 
developed for the serological diagnosis of B. canis infection 
[220-223] as well as a microagglutination test [224]. 

False Positive Serological Reactors 

 False positive results are a major problem which made 
serological diagnosis of brucellosis difficult in some cases. 
As described above, many modifications of various 
serological tests have been made to overcome the problem, 
some with limited success, some a little better. Virtually all 
serological tests for antibody to smooth Brucella sp. use 
LPS, part of LPS or whole cells as the antigen. The 
immunodominant epitope on the surface of the smooth cell is 
OPS the outermost portion of LPS. OPS is a homopolymer 
of 4-formamide-4,6-dideoxymannose. Most of the problems 
but not all arise from an immune response of the animal to 
another microorganism which shares epitopes with Brucella 
sp. OPS. The various cross reactions have been reviewed in 
considerable detail by Corbel [15]. 

 Many serological tests cannot distinguish these antibody 
responses, however, because often the cross reacting 
antibody is of the IgM isotype, limiting the agglutinability of 
this antibody class somewhat diminishes the number of false 
positive reactors. Examples of IgM agglutination reduction 
include the use of dithiotreitol [225], 2-mercaptoethanol [58] 
and divalent cations [61]. 

 A second line of reasoning has been to look for alternate 
antigens for serological tests. A number of protein antigens 
have been tried with limited success. For instance, Brucella 
Protein 26 (BP26) was cloned and the recombinant protein 
assessed for its value in the diagnosis of brucellosis. It was 
found to be of some potential using a western blotting 
method [226]. Further examination has demonstrated that 
while BP26 may be useful, it requires combination with 
other tests for accuracy [227-229]. Other candidate antigens 
include rough lipopolysaccharide (RLPS) part of which is 
unique to Brucella sp. This antigen which is very 
hydrophobic and difficult to prepare was shown to be 
capable of some discrimination of antibody due to Yersinia 
enterocolitica O:9 and other cross reacting microorganisms 
[174, 229-232]. Similarly, RLPS of Yersinia sp. was shown 
to eliminate Brucella cross reacting antibody in some cases 
[232]. 

 Skin testing using a protein antigen derived from 
Brucella (Brucellergene, Brucellin or equivalent) is another 
approach to elimination of false reactions. While skin testing 
has certain logistical drawbacks, the test, in combination 
with serological tests can provide part of a sensitive and 
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specific protocol for detection of infected animals, especially 
latently infected animals devoid of measurable antibody. It 
was shown to be able to eliminate most false positive 
serological reactors [233, 234], however, in a relatively 
recent review [235], both B. abortus vaccinated animals and 
animals infected with cross reacting microorganisms gave 
skin tests reactions for a period of time. 

 Another method of detection cell mediated immunity 
involves the measurement of cell proliferation or gamma 
interferon produced in response to antigenic stimulation of 
sensitized peripheral lymphocytes. Thus Brucella or Yersinia 
experimentally infected cattle could be clearly differentiated 
by either blastogenesis or skin testing while both gave 
measurable serological responses [236]. These results were 
disputed [237] using a Brucellergene gamma interferon 
production assay. In more recent studies, the gamma 
interferon test, also using Brucellergene as the lymphocyte 
stimulant, have been shown to discriminate Y. enterocolitica 
O:9 infection in pigs with high specificity compared to 
serological tests [238, 239]. 

SUMMARY 

 Diagnosis of brucellosis in any species is not a trivial 
matter. The only finite diagnosis is the recovery of the 
causative agent from the host. Because of inherent problems 
with bacterial isolation, inefficiency, cost, danger and other 
factors, most laboratories prefer to use other, more cost 
effective methods. Molecular biology as a diagnostic tool is 
advancing and will soon be at the point of replacing actual 
bacterial isolation. It is rapid, safe and cost effective, the 
only real problems being some uncertainties regarding 
specificity. Serological tests for the diagnosis of brucellosis 
have advanced considerably since their inception by Wright 
and Smith in 1897. The accuracy of modern assays has 
improved diagnosis resulting in more efficient control of the 
disease. However, the perfect test has still not been 
developed and may never be. In the meantime, the use of a 
vaccine that does not interfere with most serological tests 
and the validation and extensive use of primary binding 
assays has made diagnosis more manageable. Most likely the 
solution to the problems with accurate diagnosis will involve 
several tests for different functions of the immune response. 
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