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Brucellosis or Malta fever (Mediterranean fever) is an important 

zoonosis caused by different species of Brucella – a small, Gram-

negative, aerobic, non-motile, non-encapsulated, and non-spore-

forming coccobacillus. Brucellosis can be easily transmitted to 

humans by Brucella-contaminated blood, meat, or milk. The lack 

of an effective tool for vaccination or efficient treatment has 

necessitated rapid bacterial detection methods for preventing this 

disease. In this study, we optimized the molecular detection of 

Brucella through polymerase chain reaction (PCR) and multiplex-

PCR. To this end, the Omp31 and BLS genes were amplified, 

resulting in two fragments of 347 bp and 256 bp, respectively. PCR 

and multiplex-PCR specificity and sensitivity for genomic DNA 

were 100% and 0.39 ng/μL, respectively. The detection time of 

Brucella was less than 2 hours, which is obviously shorter than the 

identification time of the traditional methods like culture, which 

usually takes more than a day. Given the high specificity and 

sensitivity of Brucella detection with these genes through 

multiplex-PCR, we suggest this approach for evaluating the 

contamination of livestock in veterinary reference laboratories. 

© 2025 University of Zabol. All rights reserved. 
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1. Introduction 

Brucellosis is one of the most common zoonotic diseases, which affects more than 500,000 people worldwide 

every year and is classified as a forgotten neglected zoonosis as per the world health organization (WHO) [1, 2]. 

Brucellosis is transmitted by exposure to contaminated animals or animal products [3] and could also be 

transmitted through the inhalation of aerosols and contact with secretions [1]. This disease is caused by the 

Brucella bacterium - an intracellular parasite and a small, Gram-negative, aerobic, non-motile, non-encapsulated, 

and non-spore-forming coccobacillus. Various strains of Brucella with different pathogeneses and hosts have 

been recognized according to the host type and antigenic changes [4]. Brucella melitensis is a sheep- and goat-
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contaminating species and the most significant human-affecting strain that can infect even camels and cows [5]. 

Brucellosis has economic and health impacts since it can result in abortion, reduced milk production, infertility 

of the affected livestock, and human infection [6]. 

Brucellosis manifests with fever, arthralgia, and fatigue in humans [7]. Five occupational groups are exposed 

to this disease: ranchers, slaughterhouse workers, veterinarians, laboratory employers, and hunters [8]. 

Eliminating the disease pathogen by boiling or pasteurizing milk and its products is the most important way of 

brucellosis prevention [9]. In addition, avoiding contact with secretions and tissues of contaminated animals, 

such as blood and livestock abortion secretions, [10] and informing the at-risk groups about the transmission 

ways and prevention methods [11] can help reduce the occurrence of this disease.  

The lack of an effective control program in animals is the main cause of brucellosis spread in the world [12]. 

Antibiotics are applied to help control the infection, and for brucellosis most often used antibiotics are 

minocycline or doxycycline, enrofloxacin, and rifampin. However, no treatment is completely effective at 

eliminating the bacteria, as it can persist in tissues. Many studies have been performed to develop fast detection 

and diagnosis systems to overcome the rising tide of antibiotic resistance over the last several years [13] since 

rapid, cost-effective bacterial detection methods can help control the disease’s spread and transmission [14]. 

The traditional isolation and culture methods remain the diagnostic gold standard for many bacterial 

infections like Brucella. However, the results are not decisive and valid; in addition, some phenotype-evaluating 

tests are time-consuming [15]. On the other hand, the close genetic relationship of different species in the 

Brucella genus impedes intra-species identification by traditional methods [16]. Moreover, bacterial culture-

based methods are associated with the risk of contamination of laboratory staff; therefore, molecular methods are 

used for detecting infectious diseases [17]. Different strategies have been applied to detect disease-causing 

agents, such as real-time quantitative polymerase chain reaction (qPCR), enzyme linked immunosorbent assay 

(ELISA), fluorescence assay using aptamers, and various biosensing approaches, including immunosensor, 

biosensors and nanobiosensors using gold nanoparticles, silver nanoparticles, carbon nanotubes, and magnetic 

nanoparticles [13, 18]. Despite many advantages of these techniques cost of the detection and availability of 

facilities are the limitations of using them for the early detection of pathogens. Among molecular techniques for 

detection of zoonotic pathogens, conventional strategies like single/multiplex PCR have been widely applied, 

and these techniques provide efficient differentiation of species [19]. Amplification of unique gene sequences of 

an organism using PCR enables the analysis of sensitivity at which organisms can be analyzed [13]. In 

multiplex-PCR, more than one gene sequence are simultaneously amplified in a single reaction, increasing the 

accuracy and reducing the costs [19, 20]. Genes that are responsible for making outer membrane proteins have 

been used for molecular identification of Brucella. A few of the more important genes are Omp2, Omp31, 

Omp28, IS711, 16S rRNA, and bcsp31 gene [21]. 

The rapid and sensitive detection of pathogenic bacteria, especially zoonotic pathogens, is crucial for 

ensuring food safety and public health [18] by minimizing the dosage and resistance of antibiotic modalities 

[13]. Hence in this study, we optimized PCR and multiplex-PCR for the molecular detection of Brucella, an 

important zoonotic bacterium, using the Omp31 and BLS genes. 

2. Materials and Methods 

2.1 Samples and primers 
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The Brucella bacterial DNA was obtained from the Veterinary School archive of University of Zabol and used 

the BLS and Omp31 genes’ sequences (NCBI) for designing the primers for PCR and multiplex-PCR. The 

primers were designed using primer3 plus software and the properties of the designed primers were evaluated by 

primer BLAST site and oligo analyzer tools of Integrated DNA Technology (IDT). The primers were F: 

5’CAAAGCTGTCCGAACAAGAC3’ and R: 5’ATGACGATAGATGCCGCCG3’ for BLS, resulting in a 256 

bp fragment and F: 5’TTGACACCTTCTCGTGGACC3’ and R: 5’AACCATGAGGCGTTCGGTAG3’ for 

Omp31 resulting in a 347 bp fragment.  

2.2 PCR and multiplex PCR  

Brucella was identified using BLS and Omp31 genes separately through PCR and together through multiplex-

PCR. First, the PCR gradient was performed to obtain the optimal temperatures for the designed pair primers 

using the primers of each gene individually and both genes collectively. The reaction mixture consisted of 2X 

red Master Mix (Amplicon, Denmark), 0.2mM of each forward and reverse primer, 50 ng/μL template DNA, and 

deionized water in a total volume of 25 μL. The microtubes were put in the thermal cycler (Eppendorf, 

Germany) and evaluated at 57.5, 58.5, 59.5, 60.5, and 61.5 °C to confirm and optimize the annealing temperature 

of the primers. The PCR program consisted of the initial denaturation at 94 °C for 5 minutes, 30 cycles of 

denaturation at 94 °C for 30 s, annealing at 56.5-62.5 °C for 35 s, and extension at 72 °C for 30 s, and final 

extension at 72 °C for 10 min. The PCR products were electrophoresed on 1.5% agarose gel using TBE 1X 

buffer, stained with safe stain, and analyzed in a gel documentation system (Cambridge, France).  

2.3 Specificity and sensitivity of multiplex PCR 

To assess the specificity of the designed primers, multiplex-PCR was performed using the DNA of Brucella and 

the DNA of Staphylococcus aureus, Streptococcus, and Escherichia coli as negative controls. Sensitivity was 

evaluated through serial dilution of Brucella DNA, with an initial concentration of 50 ng/μL, by adding a certain 

amount of distilled water and preparing the dilutions 25 ng/μL, 12.5 ng/μL, 6.25 ng/μL, 3.12 ng/μL, 1.56 ng/μL, 

0.78 ng/μL, and 0.39 ng/μL. 

2.4 The optimized method efficiency 

After optimization of multiplex-PCR, we evaluated 40 blood samples of sheep collected from villages of Zabol, 

Iran, the contamination of which with Brucella has been confirmed through the serological test in the Zabol 

Veterinary Office lab. The infected blood’s DNA was extracted using the Blood DNA Extraction Kit 

(ZandBiotech Co., Iran). 

3. Results and Discussion 

3.1 Specificity of Omp31 and BLS genes in Brucella 

The specificity of Omp31 and BLS genes of Brucella was evaluated using the basic local aliment search tool 

(BLAST) platform in National Center for Biotechnology Information (NCBI). The results showed a 100% 

similarity in different strains of Brucella, with no similarity to other microorganisms.  

3.2 PCR 

The temperature gradient, performed to confirm and optimize the annealing temperature, showed that 256 bp and 

347 bp fragments of Omp31 and BLS genes were amplified at 57.5, 58.5, 59.5, 60.5, and 61.5 °C. All studied 
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temperatures are appropriate for the amplification of these genes; however, the band formed at 57.5 °C had a 

good quality and resolution for both genes and hence was used as the optimum temperature of primers for 

evaluating the specificity and sensitivity of PCR for detecting Brucella using the mentioned genes (Figure 1A 

and 1B).  

 

Figure 1. Temperature gradient of PCR for annealing the designed primers of Omp31 and BLS genes; M: gene 

marker, 50 bp. A) The BLS gene temperatures; 1: 57.5 °C, 2: 58.5 °C, 3: 59.5 °C, 4: 60.5 °C, 5: 61.5 °C. A) The 

Omp31 gene temperatures; 1: 57.5 °C, 2: 58.5 °C, 3: 59.5 °C, 4: 60.5 °C, 5: 61.5 °C 

3.3 Specificity and sensitivity of PCR using the BLS gene 

Amplification of the 256 bp fragment in the Brucella genomic DNA-containing reaction mixture and the lack of 

negative control bands (S. aureus, Staphylococcus, and E. coli) indicates the specificity of the primers designed 

for the BLS gene (Figure 2A). The sensitivity of PCR using the BLS gene primers showed that the gene 

fragments were amplified at concentrations 50 ng/μL, 25 ng/μL, 12.5 ng/μL, 6.25 ng/μL, 3.12 ng/μL, 1.56 

ng/μL, and 0.78 ng/μL. The band at 0.78 ng/μL was weak but visible, and no amplification occurred at 0.39 

ng/μL (Figure 2B). 

 

Figure 2. A) PCR specificity of the BLS gene primers, M: gene marker, 50 bp; 1: Brucella, 2: S. aureus, 3: 

Staphylococcus, 4: E. coli. B) PCR sensitivity of the BLS gene primers through genomic DNA dilution method; 

M: gene marker, 50 bp; 1:50 ng/μL, 2: 25 ng/μL, 3: 12.5 ng/μL, 4: 6.25 ng/μL, 5: 3.12 ng/μL, 6: 1.56 ng/μL, 7: 

0.78 ng/μL, 8: 0.39 ng/μL 

3.4 Specificity and sensitivity of PCR using the Omp31 gene 

Amplification of the 347 bp fragment in the Brucella genomic DNA-containing reaction mixture and the lack of 

negative control bands (S. aureus, Staphylococcus, and E. coli) indicates the specificity of the primers designed 

for the Omp31 gene (Figure 3A). The sensitivity of PCR using the Omp31 gene primers showed that the gene 

fragments were amplified at concentrations 50 ng/μL, 25 ng/μL, 12.5 ng/μL, 6.25 ng/μL, 3.12 ng/μL, 1.56 

ng/μL, and 0.78 ng/μL. However, no amplification occurred at 0.39 ng/μL (Figure 3B). 

B A

256 bp 347 bp 
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Figure 3. A) PCR specificity of the Omp31 gene primers, M: gene marker, 50 bp; 1: Brucella, 2: S. aureus, 

3: Staphylococcus, 4: E. coli. B) PCR sensitivity of the Omp31 gene primers through genomic DNA dilution 

method; M: gene marker, 50 bp; 1:50 ng/μL, 2: 25 ng/μL, 3: 12.5 ng/μL, 4: 6.25 ng/μL, 5: 3.12 ng/μL, 6: 1.56 

ng/μL, 7: 0.78 ng/μL, 8: 0.39 ng/μL 

3.5 Multiplex PCR 

Temperature gradient, performed to confirm and optimize the annealing temperature of multiplex-PCR, showed 

that 256 bp and 347 bp fragments of Omp31 and BLS genes were amplified at 57.5, 58.5, 59.5, 60.5, and 61.5 

°C. Given that the band formed at 57.5 °C had a good quality and resolution for both genes, it was used as the 

optimum temperature of multiplex-PCR (Figure 4). 

 

Figure 4. Temperature gradient of PCR for annealing the designed primers of Omp31 and BLS genes; M: gene 

marker, 50 bp; 1: 57.5 °C, 2: 58.5 °C, 3: 59.5 °C, 4: 60.5 °C, 5: 61.5 °C 

3.6 Specificity and sensitivity of multiplex PCR 

Amplification of the 256 bp and 347 bp fragments in the presence of Brucella genomic DNA and the lack of 

negative control bands indicated the specificity of the primers designed for the BLS and Omp31 genes of 

Brucella. 

The DNA of Brucella and that of S. aureus, Staphylococcus, and E. coli was evaluated through multiplex-PCR. 

The intended fragments were amplified only in samples containing Brucella genomic DNA. The lack of band 

formation in the negative control bacteria showed the specificity of the designed primers (Figure 5A). We 

determined the sensitivity of multiplex-PCR using the Omp31 and BLS genes’ primers and eight concentrations 

of Brucella DNA, resulting in 256 bp and 347 bp fragments at concentrations 25 ng/μL, 12.5 ng/μL, 6.25 ng/μL, 

3.12 ng/μL, 1.56 ng/μL, and 0.78 ng/μL. Although these fragments were present at 0.78 ng/μL, the 

corresponding bands were weak compared to other dilutions. No amplification occurred at 0.39 ng/μL (Figure 

5B). The multiplex-PCR sensitivity was 0.78 ng/μL. 
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Figure 5. A) Specificity of the Omp31 and BLS genes’ primers in multiplex-PCR, M: gene marker, 50 bp; 1: 

Brucella, 2: E. coli, 3: S. aureus, 4: Staphylococcus. B) Multiplex-PCR sensitivity identified through genomic 

DNA dilution method; M: gene marker, 50 bp; 1:50 ng/μL, 2: 25 ng/μL, 3: 12.5 ng/μL, 4: 6.25 ng/μL, 5: 3.12 

ng/μL, 6: 1.56 ng/μL, 7: 0.78 ng/μL, 8: 0.39 ng/μL 

Evaluation of 40 Brucella-positive samples, confirmed by the serological tests, through multiplex-PCR 

showed that the 256 bp and 347 bp fragments were amplified in 35 samples of DNA extracted from blood. 

This study aimed to detect Brucella infection through PCR and multiplex PCR targeting Omp31 and BLS 

gene sequences. Outer membrane proteins (OMPs) are located on the bacterial surface and interact with host 

cells and immune response factors, whereby they can be important virulence factors of Brucella species. The 

Omp31 gene is specific to B. melitensis species and encodes a 31kD outer membrane protein and antigen that is 

important for survival and proliferation by inhibiting apoptosis through TNF-α signaling following Brucella 

infection. The BLS is a protein with high immunogenicity and antigenic properties and can accept foreign 

proteins at its N-terminal end. 
Brucella, the intracellular Gram-negative coccobacillus, can affect various wild and domestic animals [22]. 

This genus currently has at least 12 known species [23], including the four main species of B. melitensis, B. 

abortus, B. suis, and B. canis [24]. The classic methods and new molecular approaches have confirmed the 

frequency of Brucellosis in Iran and reflect the expansion of various biovars of B. melitensis and B. abortus [25]. 

B. melitensis is the common cause of brucellosis in sheep and goats [26]. Although minocycline or doxycycline, 

possibly enrofloxacin antibiotics, can be used to control the infection, no treatment could be completely effective 

at eliminating the bacteria, as it can persist in tissues. Hence rapid and precise detection of Brucella is crucial for 

diagnosis, prevention, and better control of brucellosis [27].  

In the present study, we evaluated the identification of Brucella, obtained from the reference laboratory, and 

results indicated sensitivity and specificity of 100% in detecting using multiplex-PCR for the genes Omp31 and 

BLS. We assessed the efficiency of this method using 40 blood samples and showed a sensitivity of 100% for the 

two PCR-based methods used in this study. 

The detection time of Brucella was decreased to less than 2 hours by direct use of livestock blood samples 

with no need for culture for molecular detection. According to the results, the genes Omp31 and BLS 

individually can be used for detecting Brucella; however, simultaneous use of these specific genes can identify 

the infected samples more precisely and decisively. The Omp31 gene is present only in B. melitensis [28]; as a 

result, the simultaneous use of this gene and other Brucella-specific genes helps detect the B. melitensis species 

with high specificity. 
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Various studies tried to detect Brucella in different samples by techniques such as ELISA and complement 

fixation test (CFT) [29], uniplex and multiplex PCR [19], nested PCR, in-house PCR, PCR-enzyme 

immunoassay [30, 31].  

Abdulkaliq et al. investigated the PCR to identify the colonies isolated from the biochemical tests of B. 

melitensis isolates using primers that target a specific region of the genome (IS711). Also, multiplex PCR was 

used to determine four genes related to the virulence of lps B, mgtA, Omp25, and CBG in all positive samples 

[32]. 

Hosseinidoust et al. identified B. abortus with PCR and compared it with the culture method. They used 

primers for amplifying the gene segment IS711 using the standard Brucella strains and showed that culture and 

serological methods have limited capability for differentiating Brucella species. Out of 42 serologically positive 

samples, the bacterium was grown in only six samples; and the sensitivity of culture and PCR methods was 40% 

and 60%, respectively, in livestock samples evaluated through culture and PCR. In addition, five human samples 

were serologically positive and grown in the culture medium, although only four samples were detected through 

PCR [33].  

To understand the epidemiologic status of brucellosis in Iran, Dadar et al. (2019) molecularly detected 

Brucella species and biovars causing infection in animals and humans. All isolates pertained to B. abortus and B. 

melitensis species. Infection in sheep seems to be exclusively caused by B. melitensis, but the species B. abortus 

and B. melitensis were common among cows. The results showed that B. melitensis and B. abortus are the most 

common biovars in Iran [34]. 

Shafei et al. (2012) detected B. abortus and B. melitensis in the milk of cows and sheep in Kurdistan 

Province, Iran. They used PCR to show milk contamination and the non-preferred hosts of B. abortus and B. 

melitensis in cows and sheep. To this end, they collected the milk of 60 cows and 50 sheep with possible 

brucellosis from Kamyaran, Marivan, and Sanandaj cities, Iran. They extracted DNA directly from milk and 

performed PCR using primers designed for detecting the Brucella genus with primers of B. abortus, B. 

melitensis, and IS711 for detecting B. abortus and B. melitensis species biovars. PCR showed that the milk of 20 

cows and 22 sheep were positive for the Brucella genus. Out of 20 positive cow samples, 9 were B. abortus, and 

2 were B. melitensis, and of 22 positive sheep samples, 15 were B. melitensis, and 1 was B. abortus. Since two 

cows were infected with B. melitensis and one sheep was infected with B. abortus, in herds in close contact, 

livestock can be affected by non-preferred species. According to the results, besides culture, it was suggested to 

use specific primers for detecting B. abortus and B. melitensis biovars for diagnosing brucellosis with PCR [35]. 

Aliyev et al. (2022) studied the molecular properties of B. abortus and B. melitensis isolated from cow milk in 

Azerbaijan, aiming to isolate and identify Brucella species. RT-PCR confirmed that the B. abortus and B. 

melitensis strains pertained to the Brucella genus. These researchers showed that B. melitensis has transmitted 

from small ruminants to cows, and cows should be considered the potential sources of B. abortus and B. 

melitensis for humans in the Ganja region [36]. 

4. Conclusion 

Brucellosis is one of the major zoonotic diseases of public health importance. In this study, out of 40 clinical 

samples serologically positive for Brucella, PCR, and multiplex-PCR approaches using Omp31 and BLS gene 

sequences showed 35 positive and five negative samples, indicating low sensitivity and accuracy of the 
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serological methods and emphasizing the importance of molecular methods for Brucella bacteria detection. 

Consequently, multiplex-PCR is a cost-effective and easy-to-use method in terms of enzyme and ingredients 

consumed, and high accuracy in a single reaction in which a few gene sequences are amplified simultaneously. It 

could be recommended to use the data of this study for further identification of Brucella in clinical samples. 
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