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DEVELOPMENT OF AN INDIRECT ELISA METHOD  

FOR DETECTION OF BRUCELLA TOTAL ANTIBODY  

Brucellosis is an infectious disease caused by Brucella species. Brucel-
losis is an endemic zoonotic disease in many developing countries, causing 
great harm to public health and devastating losses to livestock [1, 2]. Brucella 
is a small aerobic intracellular coccobacilli, its infection often involves multi-
ple organ systems, which can be transmitted to other organisms through meat, 
milk, urine and other fluids of the infected animals [3]. Brucellosis has non-
specific clinical manifestations, and so the early suspicion and proper diagno-
sis is necessary for patient recovery and control widespread transmission [4]. 
Culture is considered to be the "gold standard" for Brucella diagnosis, but se-
rological tests are the primary methods of diagnosis in endemic regions due to 
their low cost, user-friendliness, and strong ability to provide a negative pre-
diction [5]. 

In serological tests, ELISA is the most commonly used method [6]. To 
date, brucella outer membrane proteins (Omp) are commonly used antigens in 
the establishment of serological detection methods due to their good immuno-
genicity and immunoreactivity [7, 8]. In this study, we prepared the recombi-
nant fusion antigen of Omp19, Omp22 and Omp28 in Escherichia coli system, 
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and then established an indirect ELISA method using the recombinant fusion 
antigen of Omp19, Omp22 and Omp28 as the coating antigen to detect the 
brucella total antibody. Based on this indirect ELISA method, we attempt to 
provide a more accurate and sensitive method for early detection and daily 
monitoring of brucellosis in humans and animals. 

Materials and methods. Antigen, reagents and samples. Recombinant 
fusion antigen of Omp19, Omp22 and Omp28 of Brucella (Ompf), carbonate 
solution (pH 9.6), 0.01 mol/L phosphate buffer solution (PBS), washing buffer 
(PBS+0.05% tween 20, PBST) and TMB coloring solution were prepared by 
our laboratory. 96-wells plate purchased from Costar. Tiger red agglutination 
antigen, standard negative and positive serum of brucella were purchased from 
the China Veterinary Drug Administration. The positive serum samples of 
mycobacterium bovis, bovine viral diarrhea virus (BVDV), foot-and-mouth 
disease virus (FMDV), bovine leukemia virus (BLV), sheep pox virus (SPV), 
caprine arthritis-encephalitis virus (CAEV) were from South China Agricul-
tural University.  

Establishment of indirect ELISA. Determination of optimal reaction 
conditions. The ELISA test was conducted on a 96-wells plate. Diluted the pu-
rified recombinant fusion proteins with 0.05 mol/L carbonate solution to 0.5 
μg/mL, 1.0 μg/mL, 1.5 μg/mL and 2 μg/mL, to determinate the optimal coat-
ing concentration. Overnight coating at 4ºC, washed the plate with PBST, and 
stored below 4ºC for later use. The serum sample dilutions were 1:50, 1:100, 
1:200, 1:400, and 1:800, respectively. The primary antibody (serum sample) 
reaction time was set to 0.5 h, 1 h, 1.5 h and 2 h. The dilution of enzyme-
linked secondary antibody were 1:2500, 1:5000, 1:10000, and 1:20000, re-
spectively. The reaction time of enzyme-linked secondary antibody was set to 
20 min, 30 min, 45 min and 60 min. The color rendering time was set to 5, 10, 
15, and 20 min. Through analyzing and comparing OD450 under different 
conditions, determined the optimal reaction conditions for indirect ELISA 
method. The coating, serum sample and secondary antibody were all opti-
mized according to a volume of 100 μL. 

Determination of critical value. Selected 35 negative serum samples and 
tested under the optimal reaction conditions, and calculated the mean and 
standard deviation (SD) of OD450 values. Repeated three times for each sam-
ple. The formula for calculating the critical value is: mean+3SD. According to 
statistical analysis, if OD450 < mean + 3SD, the serum sample can be deter-
mined as negative, and if OD450 ≥ mean + 3SD, the serum sample can be de-
termined as positive. 

Specificity assay. Detected the positive serum samples of mycobacte-
rium bovis, BVDV, FMDV, BLV, SPV and CAEV using established ELISA 
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methods to evaluate the specificity of the established ELISA method. Repeat-
ed three times for each sample.  

Sensitivity and repeatability assay. Diluted 5 known brucella positive 
serum at 1:50, 1:100, 1:200, 1:400, and 1:800, and tested according to the op-
timal reaction conditions in 1.4.1 to determine the sensitivity of the estab-
lished ELISA method. Using recombinant proteins purified from the same 
batch and different batches to coat 96-wells plates, and then preformed the de-
tection of 5 known brucella positive serum samples. Each serum sample was 
repeated three times, and the OD450 value was statistically analyzed. The re-
peatability of the ELISA method was determined by calculating the coefficient 
of variation (CV) of the intra-batch and inter-batch repeat tests. 

Comparison assay. Detected 62 serum samples using the indirect ELI-
SA method and tiger red plate agglutination test (RBPT), compared the results 
to assess the coincidence rate. 

Statistical analysis. Data were statistically analyzed using SPSS 19.0. 
All results are presented as the mean or mean ± SD. 

Results. Determination of indirect ELISA method. By optimizing the 
reaction conditions of each step through the square matrix method, the optimal 
reaction conditions for the ELISA method were ultimately determined to be: 
coating concentration 1 μg/mL; dilution and reaction time of the serum sample 
1:400, 1 h; Dilution and reaction time of the secondary antibody 1:5000, 45 
min; Color reaction time 8 min.  

In summary, the final test steps were: added 100 μL serum sample at a 
ratio of 1:400 into the coated well, and then incubated for 1 h. After that, 
washed 3 times with PBST, added 100 μL secondary antibody at a ratio of 
1:5000 into the well and incubated for 45 min. After washing 4 times with 
PBST, added 100 μL TMB to each well and incubated for 8 min. Finally, 50 
μL H2SO4 solution (2 mol/L) to terminate the reaction, and then detected the 
OD450 value in a microplate reader. The entire ELISA was conducted at 37 .  

Determination of critical values. By conducting ELISA detection on 35 
serum samples with negative antibodies against Brucella, we obtained the 
mean value was 0.11 and the corresponding SD was 0.027. Therefore, when 
OD450 < 0.19, the serum sample can be determined as brucella antibody 
negative, and when OD450 ≥ 0.19, the serum sample can be determined as 
brucella antibody positive. Specificity assay. The established ELISA method 
was used to detect the positive serum samples of mycobacterium bovis, 
BVDV, FMDV, bovine BLV, SPV and CAEV, the results showed that only 
known Brucella positive serum samples were positive, while the remaining 
serum antibodies were all negative (Table 1), indicating that the established 
ELISA method has good specificity. 
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Table 1 – Specificity results 

Samples Mean ± 3SD Results 

Mycobacterium bovis 0.13 ± 0.01 Negative 

BVDV 0.12 ± 0.025 Negative 

0.12 0.14 ± 0.015 Negative 

BLV 0.13 ± 0.01 Negative 

SPV 0.12 ± 0.015 Negative 

CAEV 0.11 ± 0.021 Negative 

Positive 2.25 ± 0.095 Positive 

Negative 0.11 ± 0.015 Negative 

Sensitivity and repeatability assay. Five known brucella positive serum 
samples at the dilution of 1:50, 1:100, 1:200, 1:400 and 1:800 were tested by 
the indirect ELISA, ELISA results showed that the positive serum still was 
positive at 1:400 dilution (OD450 > 0.19, Table 2), indicating the indirect ELI-
SA has high sensitivity.  

Table 2 – Sensitivity results 

No. 
Serum dilution 

1:50 1:100 1:200 1:400 1:800 

1 1.56 1.12 0.75 0.26 0.14 

2 1.63 1.23 0.86 0.43 0.22 

3 1.36 1.02 0.71 0.40 0.18 

4 1.47 0.92 0.65 0.34 0.15 

5 2.02 1.58 1.16 0.39 0.21 

Five known brucella positive serum samples were subjected to intra- 
and inter-batch repeatability tests, and analyzed using SPSS software. The re-
sults showed that the intra-batch CV were all less than 6.55%, and the inter-
batches CV were all less than 8.55%. The data indicated the indirect ELISA 
method has high intra- and inter-batch repeatability. The results were shown in 
Table 3. 

Table 3 – Repeatability results 

No. 
Intra-batch Inter-batches 

mean SD CV mean SD CV 

1 0.23 0.015 6.55 0.24 0.021 8.55 

2 0.43 0.015 3.53 0.45 0.032 7.20 

3 0.41 0.015 3.70 0.43 0.02 4.65 

4 0.32 0.012 3.65 0.32 0.026 8.27 

5 0.35 0.01 2.86 0.34 0.026 7.78 

Comparison assay. Performed consistency analysis on the detection re-

sults of indirect ELISA and RBPT, and calculated the Kappa value using 

SPSS 19.0 statistical software. The results showed that the sensitivity of the 
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ELISA method was 96.55%, and the specificity was 100%, and Kappa = 0.968 

(Table 4), indicating the indirect ELISA and RBPT has high consistency. 
 

Table 4 – Comparison of coincidence rate between indirect ELISA and RBPT 

  ELISA 

  P N Total 

RBPT P 28 1 28 

 N 0 33 34 

Total  28 34 62 

Sensitivity 96.55% 

Specificity 100% 

Kappa value 0.968 
 

Discussion. Brucellosis remains an important zoonosis in various parts 
of the world. An evidence-based conservative estimate of the annual global 
incidence is 2.1 million, and Africa and Asia sustain most of the global risk 
and cases [9]. Additionally, international migration of humans, animals and 
trade of animal products induced the emergence of brucellosis in new areas as 
well as transmission of brucellosis from wild and domestic animals, it has cre-
ated a challenge for brucellosis spread and diagnosis in non-endemic areas 
[10]. Incidence of brucellosis was growing up in Iran during the past years, the 
five-years mean incidence of brucellosis was 46.5 in one hundred thousand 
[11]. In Greece, brucellosis is endemic in sheep and goats [12]. In the Middle 
East and Black Sea Basin region, brucellosis continues to be an important 
burden due to the insufficient infrastructure for brucellosis prevention and 
control [13]. In Belarus, although the active and risk-based serosurveillance to 
brucellosis was conducted every three years, it still has a significant risk of 
brucellosis outbreak due to various factors [14]. Therefore, rapid and accurate 
brucellosis diagnosis in these areas is needed for early control and prevention.  

At present, specific anti-Brucella antibodies testing is the most common-
ly used indicator for screening brucellosis, and so finding a good antigen is 
crucial. Several studies have investigated Brucella recombinant proteins, cell 
wall proteins (outer membrane proteins, Omp) are recognized as the best anti-
gens for diagnosing brucellosis in animals and humans [15,16]. Researchers 
have established multiple methods for detecting Brucella antibodies using dif-
ferent Omp antigens, such as recombinant Omp19, Omp28 etc.[6, 17]. How-
ever, the available results on the specificity and sensitivity of serological tests 
based on Omp are ambiguous and sometimes contradictory [18]. Perhaps, a 
single antigen can easily lead to missed detection, while the combination of 
multiple antigens may bring more ideal detection results [19, 20]. In this 
study, we established an indirect ELISA method using coating of fusion anti-



387 

gens, results showed this ELISA method has high sensitivity (1:400), high 
specificity and high consistency with RBPT, the intra-batch and inter-batches 
CV lower than 10%. These data showed the testing performance of the indi-
rect ELISA has met the conventional detection requirements.   

In a word, the indirect ELISA method were developed using recombinant 
fusion antigens, with the high specificity, sensitivity, repeatability, and con-
sistency. This indirect ELISA method has low sample size, low requirements 
for experimental conditions, simple and fast operation, and is suitable for rap-
id screening of brucellosis on site. Therefore, this method has broad applica-
tion prospects in the prevention and control of brucellosis in humans and ani-
mals. 
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