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Introduction 
 

Brucellosis is one of the most common zoonotic 
diseases that is endemic in rural areas of Mediter-
ranean, Middle East and Latin American countries. 
This disease is caused by Brucella genus and many 
species of them are human pathogens (1). Brucel-
losis can be transmitted from animals to humans 
in many ways: ingestion of infected meat or un-
pasteurized dairy products, direct contact of bro-
ken skin or mucous membrane with infected ani-
mal tissues, and inhalation of infectious aero (2). 
Although, genitourinary complications such as 

epididymo-orchitis and prostatitis are seen in cases 
of human brucellosis, but, person to person trans-
mission is still considered uncertain (3). Brucella 
organisms are Gram-negative facultative intracell-
ular pathogens that may affect a range of different 
mammals, including man, cattle, sheep, goats, 
swine, rodents and marine mammals (4). Species 
infecting domestic livestock are B. melitensis (goats 
and sheep), B. suis (pigs), B. abortus (cattle and bi-
son), B. ovis (sheep), and B. canis (dogs). In most 
host species, the disease primarily affects the repro-
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ductive system with a concomitant loss in produc-
tivity of animals affected.  
Ovine brucellosis is induced by B. melitensis along 
with B. ovis which can infect sheep, cattle, and 
sometimes humans (5). Infectious food-borne bru-
cellosis usually result in humans when contami-
nated or unpasteurized milk and cheese products 
are consumed (6). Therefore, control of brucellosis 
in animals, and thus prevention of human disease, 
depends on utilizing efficient diagnostic procedures. 
The diagnosis of brucellosis is mainly based on the 
detection of antibodies directed to the O-chain 
component of the lipopolysaccharide (LPS) antigen, 
expressed at the surface in Brucella species with 
smooth phenotype (4). Although the LPS antigens 
play the most important role in agglutination tests, 
other antigenic fractions of Brucella may be in-
volved in other tests (7). Different methods are 
used for diagnosis and screening of animal and hu-
man infected populations. The diagnosis of brucel-
losis made by the isolation of Brucella species in 
blood cultures (BC) is successful in only 6-40 to 70-
92% of cases (1, 8). Following Brucella infection, 
IgM appear within one week, reach a peak within 3 
months and remain elevated for weeks to months. 
Moreover, IgG antibodies appear within 3 weeks of 
infection, they reach a peak within 6 to 8 weeks and 
they remain present, albeit at low levels, for months 
to years after the recovery of patients (9). Thus, 
laboratory diagnosis of brucellosis very often relies 
on detecting specific serum antibodies. Specific IgG 
antibodies can be detected by using of Coombs test, 
2-mercaptoethanol (2-ME) slide agglutination test 
(SAT) and enzyme linked immunosorbent assay 
(ELISA) (10).  
In this study, we tried to standardize two immunoe-
lectrophoretic techniques, rocket and cross immu-
noelectrophoresis, and compare the results obtained 
with those of BC, Rose Bengal, SAT, and 2-ME.  
 

Materials and Methods 
 

Serum samples 
We used 20 sheep in two groups: Sera examined 
in this study were obtained, over a period of 125 
days, from 15 female Mehraban sheep without any 
previous history of brucellosis vaccination which 

were infected with 1.5 108 CFU per sheep B. 
melitensis M16 (Razi Ins, Hesarak, Iran) subcutane-
ously. Control sera were selected from other five 
healthy sheep without brucellosis who were not 
suffering from other bacteriological or parasitic 
diseases.  
 
Cytosolic antigen preparation 
Lyophilized B. melitensis M16 was cultured in Bru-
cella broth (Sigma-Aldrich, Germany) at 37 °C for 
24 h. After recultivation of bacteria in blood agar 
and Brucella agar, the surface of agar was washed 
with normal saline, pH 7.2. The resulting suspen-
sion was centrifuged at 3500 rpm for 30 min and 
then washed three times with normal saline pH 
7.2. The washed bacterial cells and deionized wa-
ter were mixed at a 1:1 ratio and disintegrated by 
sequential cold and hot extraction for 10 cycles of 
five min in liquid nitrogen of -196°C and 10 min 
in a water bath of 60 °C. After centrifugation at 
3500 rpm for 30 min, cytosolic antigens were ob-
tained in the supernatant and cell wall antigens 
were in the precipitate. Total protein of superna-
tant was assayed according to the Lowry method 
with some modification using crystalline bovine 
serum albumin as a standard (11, 12).  
 
Ouchterlony double immunodiffusion (ODI) 
The test was performed in mesh acetate-agarose 
(1% agarose, 0.6% sodium acetate, 1.03% sodium 
barbiturate). In the central well apply 10 µL of 
soluble antigen of B. melitensis M16, and the two 
side wells 10 µL of serum from infected sheep. 
Slides were incubated in a humid chamber at 
room temperature (RT) for 12 h. After that, the 
slides were washed with normal saline, dried at 
60°C for 36 h, stained with Amido Black in 7% 
acetic acid for 5-10 min and destained in 5% ace-
tic acid for 12 h (13). 
 
Rose Bengal test (RBT) 
The test was performed according to the method 
described previously (14). Briefly, 30 µL of serum 
was dispensed on a glass plate with white ceramic 
background and mixed with an equal volume of 
RBT antigen (Razi Ins, Hesarak, Iran), previously 
equilibrated at RT and shaken to resuspend any 
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bacterial sediment, using a toothpick. The tile was 
then rocked at RT for 4 min, instead of the 8 
minutes recommended for human brucellosis, and 
any visible agglutination was taken as a positive 
result. 
 
Standard tube agglutination test (SAT)  
The antigenic suspension was prepared from B. 
abortus strain and test was done according to the 
method reported previously (7). The SAT titers 
equal or above 1:40 are considered positive. 
 
2-ME test 
To determine the sensitivity of sera to 2-ME, 0.2 
ml of serum was diluted in 0.3 ml normal saline 
and mixed with 0.5 ml of 0.2 M 2-ME, incubated 
at 37 °C for 1 h, and the usual tube agglutination 
test performed (7). The 2-ME titers equal or 
above 1:20 are considered positive. 
 
Rocket immunoelectrophoresis (RIE) 
In RIE, negatively charged antigen samples are 
electrophoresed in an agarose gel-containing anti-
body, which is specific to that antigen. Acetate-

agarose (1% agarose, 0.6% sodium acetate, 1.03% 
sodium barbiturate) was prepared and boiled to 
dissolve properly. Once the agarose solution 
cooled to 52 °C, 450 µL of sheep sera was added 
to the gel. The agarose solution was poured onto 
grease free glass plate (25 by 75 mm) placed on a 
horizontal surface, immediately. After incubation 
in a humid chamber at 4 °C for 20 min, wells were 
created with the help of gel puncher and 12 µL of 
prepared cytosolic antigen were added to the each 
well. The glass plate with the gel was placed on a 
horizontal electrophoresis system contain 1X 
TBE buffer and electrophoresis was done at 15 
volts for 4 h. 
 
Dimensional (crossed) immunoelectrophore-
sis (2DIEP) 
2-DIEP, also known as crossed immunoelectr-
ophoresis (CIE), consists of two sequential elec-
trophoretic steps and is a useful technique for the 
quantitation of one or more proteins in a complex 
mixture. We used 2-DIEP, based on the protocol 
described previously (15).  

  

 
 

Fig.1: Precipitation line created in different immunological methods. A: The precipitation line in Ouchterlony dou-
ble immunodiffusion (ODI) demonstrate the specificity of Ig(s) and antigens; The conical line in Rocket immunoe-
lectrophoresis (B) and 2-dimensional immunoelectrophoresis (C) indicated the positive response 
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Results 
 

The protein content of prepared cytosolic antigen 
was 2.3 mg.ml-1. This supernatant was used as an-
tigen source for other immunological methods. 
The shape of the precipitation line in ODI, RIE, 
and 2-DIEP is shown in Fig. 1 A, 1B, and 1C, re-
spectively. 
The precipitation line in ODI demonstrates the 
specificity of Ig (s) and antigens. On the other two 
tests, the precipitation lines demonstrate the posi-
tive response that getting started from days 6 and 
are finished at days 62. The percentage of positive 
samples detected in each method during the sam-

pling days was compared by culture method and 
presented in Fig. 2. RBT could detect samples that 
are more positive in a long duration of time, until 
111days post infection (DPI), and 2-ME, SAT, 
RIE, and 2-DIEP are in the next steps with at 
least positive samples detection in 83, 69, 62 and 
62 DPI, respectively. On the other hand, RIE, 2-
DIEP, SAT and 2ME had the highest positive 
sample detection between all derivate samples. 
The poorest technique in detecting brucellosis was 
culture with at least positive samples detection in 
17 DPI. Furthermore, the results obtained with 
the RIE completely correlated with those of the 2-
DIEP (Fig. 2). 

 

 
 

Fig. 2: Comparison of different serological tests for detection of caprine brucellosis induced by B. melitensis M16. (○) 
blood culture; () Rose Bengal test; () Standard tube agglutination test; (▲) 2-mercaptoethanol test; () Rocket 
immunoelectrophoresis test; (□) 2-dimensional immunoelectrophoresis test     
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Discussion 
 

Along with tuberculosis and rabies, brucellosis is 
the most important bacterial zoonosis and with 
the exception of B. ovis and B. neotomae, all Brucella 
species can cause infections in humans (16). In 
this study, we evaluated and compared six routine 
methods, including BC, and five serological meth-
ods for diagnosis of brucellosis induced by B. 
melitensis M16 in experimentally infected sheep 
over a period of 125 days. Our finding demon-
strated that RBT could detect samples that are 
more positive in a long duration of time in com-
pare to all other tests BC is the poorest technique 
for Brucella diagnosis especially after passing a 
long time of initial infection. 
Serological diagnosis of exposure to rough Brucella 
spp., such as B. ovis, B. canis or B. abortus is difficult 
owing to the absence of the immunodominant O-
chain (O-PS) component of the lipopolysaccha-
ride (LPS) antigen, which induces most of the an-
tibodies detected by conventional serological tests 
for brucellosis (4). However, diagnosis of smooth 
phenotype of Brucella such as B. melitensis M16 is 
mainly based on the detection of antibodies di-
rected to the O-PS, expressed on the surface of 
these microorganisms (17, 18). On the other hand, 
although PCR-based testing methods are fast and 
sensitive enough, but sensitivity, specificity and 
issues of quality control and quality assurance of 
the PCR assays vary between laboratories and no 
standardization of sample preparation, target 
genes and detection methods have been estab-
lished yet (19). In addition, in patients with brucel-
losis, positive BC may be obtained in as low as 6% 
to as high as 92% of patients depending on a 
number of factors that include stage of the disease, 
prior antimicrobial therapy, the levels of Brucella 
titers, and the microbiological culture technique 
utilized (1). BC used in this study has a time limi-
tation and only is detected B. melitensis in 2-17 DPI. 
This finding is in accordance with our previously 
unpublished studies that reported 3-13 DPI peri-
od for B. melitensis M16 identification in BC.  
The speed, accuracy and simplicity of immunodi-
agnostic tests have led to the development of rap-
id techniques for the diagnosis of brucellosis. The 

serological tests include recombinant Omp31 
based ELISA (rELISA), dot-ELISA, B. melitensis 
whole antigen based ELISA (pELISA), SAT, 
complement fixation test (CFT), RBPT and 
AGPT were used by Gupta and his colleagues for 
diagnosis of caprine brucellosis. Their founding 
demonstrated that rELISA and dot-ELISA com-
bination is the best for detection of anti B. 
melitensis antibodies in goats (20). ELISA might be 
suitable for diagnosing B. melitensis infection in 
sheep, as it has a similar test performance com-
pared to the RBT (21). Our finding is in agree-
ment with these two reports and indicated the im-
portance and usefulness of RBT in the diagnosis 
of caprine brucellosis. The SAT test, remains the 
most popular serological test used in the diagnosis 
of brucellosis, particularly in geographic regions 
that are endemic for the disease (22, 23). As well 
as, 2ME is cheap, easy to perform and can differ-
entiate between IgM antibodies that appear during 
the acute stage and IgG antibodies that occur dur-
ing chronic stage of brucellosis (22, 23). SAT can 
detect infection faster than 2ME (2 vs. 8 DPI, re-
spectively) but the duration of positive detection 
in 2ME is longer than SAT (83 vs. 69 DPI, re-
spectively). 
On the other side of this study, we standardized 
and used two immunoelectrophoretic methods in-
clude RIE and 2DIEP in B. melitensis M16 serodiag-
nosis for the first time. There are no differences 
between these two immunoelec-trophoretic tests 
and the results obtained with these two tests are 
completely correlated. These two tests showed the 
highest sensitivity in detection of positive brucello-
sis samples about 18 days (17-34 DPI). Although 
there are no reports about using these two methods 
in brucellosis identification, but other researchers 
have emphasized on the importance of them in 
healthy and infected subjects (24-27). Based on our 
finding and features of these tests include quickly 
and easily performing, the use of them in Brucella 
diagnosis is highly recommended. 
 

Conclusion 
 

We standardized RIE and 2DIEP methods for 
identification of B. melitensis M16 for the first time 
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and compare them with other conventional bru-
cellosis diagnostic methods. In the absence of cul-
ture facilitates the diagnosis of brucellosis relies 
on agglutination tests. Despite having a plethora 
of serological tests for the diagnosis of brucellosis, 
none of these tests is 100% reliable or perfect. 
Therefore, serological test results should always be 
considered or interpreted in conjunction with pa-
tient history, clinical manifestations and other la-
boratory findings. 
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