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Abstract: Brucellosis is a common infectious disease that can be found worldwide especially in farms 
where have lots of animals like sheep, cattle, and pigs, and somewhere that has no domestic health 
program, and people would be infected if they are exposed to infected animals or contaminated animal 
products. Our team searched for many authoritative types of research and concluded for different 
methods of diagnosis, treatment, and prevention that have been used or some methods that are 
developing, as well as comparing the pros and cons of each method and give out future directions for 
controlling this disease. But we are more focused on the part of diagnosis and prevention since we 
consider them as the most crucial part for controlling brucellosis. And the prevention for brucellosis 
is mainly composed of vaccination, 45/20 vaccine, S19 vaccine, RB51 vaccine strain, and different 
subunit vaccines (Recombinant protein vaccines, vector vaccines, and DNA vaccine) are some of the 
promising vaccines for controlling brucellosis but there is still a long way for the development of 
subunit vaccines before applying to humans. This paper aims to give out a comprehensive and 
detailed literature review for brucellosis which could be used by different people who want to get to 
know brucellosis and to learn about current developments in the efforts for controlling this infectious 
disease. 

1. Introduction 
Brucellosis is a disease caused by bacteria in the genus Brucellosis that mainly affects cattle, pigs, 

goats, sheep and dogs. Humans usually get it through direct contact with infected animals, eating or 
drinking contaminated animal products, or breathing pathogens in the air. Brucellosis is one of the 
most widespread zoonoses transmitted by animals. The expansion and urbanization of animal 
husbandry and the lack of hygienic practices in animal husbandry and food handling are part of the 
reason why brucellosis remains a public health hazard. In this paper, the main modes of transmission 
and causes of infection of RB51 are introduced. And some precautions to prevent brucella infection. 
As well as the effects of the vaccine on the virus, treatment options and duration of the vaccine 
prevention. 

2. prevention and treatment of brucellosis 
2.1 Monitoring and prevention of risk factors 

Prevention of brucellosis is based on monitoring and prevention of risk factors. The most effective 
prevention strategy is to eliminate infections in animals. Vaccination of cattle, goats and sheep is 
recommended in areas with a high prevalence of the disease in animals. Serological or other testing 
and partial culling measures can also be effective in low-prevalence areas. In countries where it is not 
possible to eliminate animal-to-animal transmission through vaccination or culling of infected animals, 
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prevention of human infection relies mainly on awareness-raising, food safety, and occupational health 
and laboratory safety measures.  

2.2 Cutting off the main routes. 
In addition to solving the source of the disease, attention should be paid to preventing brucella from 

spreading: Main way is divided into three kinds, direct contact with infected, respectively, through the 
digestive tract infections, respiratory infections .[1] First , infection through direct contact with skin 
and mucosa, such as direct contact with the excrement of infected animals, or in the process of milking 
and shearing or processing meat due to improper protection, resulting in skin contusion and infection. 
Precautions should be taken to prevent physical contact with infected objects as much as possible. 
[2]Second, infection through the digestive tract, it is mainly caused by the ingestion of contaminated 
water or food, through the mouth, esophagus mucosa after entering the body. For example, eat raw or 
uncooked meat, or eat food without washing hands. The preventive measures for beef and mutton to 
cook after eating, especially when eating barbecue, shabu meat, must be cooked, or remember to wash 
your hands before eating.[3] Third, through respiratory tract infection, by brucella contamination of 
the environment after the formation of aerosol, respiratory tract infection can occur. Prevention 
measures include minimal travel to endemic areas and livestock treatment plants. 

2.3 Antibiotic therapy 
Many patients have mild symptoms that may not be considered at diagnosis. The incubation period 

varies from 1 week to 2 months but is usually 2-4 weeks. 
Antibiotic therapy: Effective antibiotics can achieve good results and keep the virus under control 

for a long time. 
Treatment options included doxycycline 100 mg twice daily for 45 days; Plus one gram of 

streptomycin for 15 days. The primary alternative therapy is doxycycline 100 mg twice daily for 45 
days, plus rifampicin 15 mg/kg body weight per day (600-900 mg) for 45 days. Experience suggests 
that streptomycin can be replaced with gentamicin 5 mg/kg bw/day for 7-10 days, but no studies have 
directly compared the two approaches. The optimal treatment regimen for pregnant women, newborns 
and children under 8 years of age has not yet been determined. Treatment regimens for children include 
trimethoprim/sulfamethoxazole (cotrimoxazole) in combination with aminoglycosides (streptomycin, 
gentamicin) or rifampicin. 

In addition, RB51 has Specific resistance: Prophylaxis for exposure to Brucella species other than 
RB51 routinely consists of a combination of doxycycline and rifampin. RB51, however, is resistant to 
rifampin in vitro and penicillin, so rifampin and penicillin are not recommended.  

3. Detection methods  
Up to now, no method can diagnose brucellosis independently, so it is usually performed by 

combination methods. 

3.1 Bacteriological Methods 
Bacteriological culture, which is mostly done by blood culture is the gold standard for the laboratory 

diagnosis of brucellosis. The isolation of pathogenic bacteria requires a long term and represents high 
risks of infection for laboratory personnel and technicians. On the other hand, this technique has low 
sensitivity, ranging from 15 to 70% depending on the species and disease stage. [4].  

3.2 Serological Methods 
SAT is seen as the most common and important serological test. However, the presence of blocking 

antibodies can cause false-negative results, besides, the test shows low specificity in the endemic area 
due to the presence of high antibody prevalence in the healthy population. Therefore, in endemic areas, 
the diagnosis of brucellosis should be confirmed by bacterial isolation. [5] Also, this test is not suitable 
for quick detection on-site, since it is relatively complicated and time-consuming. 
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RBPT is another traditional detection method of brucellosis. It is relatively easy to operate and the 
detection result can be obtained in 5 minutes. However, reaches showed that RBPT was good in 
patients with no previous exposure to Brucella or history of brucellosis, but poor in patients who were 
exposed repeatedly to Brucella or had a history of brucellosis. [6]. In this circumstance, Use of the 
Rose Bengal test as the sole technique for the diagnosis of brucellosis in endemic areas should be 
considered very carefully in the context of patients who are exposed repeatedly to Brucella or have a 
history of brucellosis. 

By viewing the literatures, we found that there is little difference between the sensitivity of SAT 
and RBPT. The sensitivity of these two Semi-quantitative tests is relatively high but the specificity of 
them is unsatisfactory. A study shows that SAT is higher than RBPT in Specificity, negative predictive 
value, positive likelihood ratio, negative likelihood ratio, Uden index, accuracy, and the area under the 
ROC curve of SAT is larger than RBPT.[7] The main factor that causes low specificity is that 
Antibodies against smooth LPS are used in both two tests, while O-polysaccharides of Brucella is 
similar to that of Yersinia enterocolitica and other bacteria.[17] The competitive ELISA demonstrated 
a high specificity by using specific epitopes of Brucella O-polysaccharides as antigens.[19]  

Both the ELISA and Brucellacapt tests have demonstrated high specificity in the current study [8] 
and facilitate rapid detection, having low cost and no risk of infection for laboratory personnel.  
Brucellacapt tests are immediate performance, simple use and handling, simple package kit including 
all the reagents, no need of washing and easy reading 24 hours [9, 10]. These two tests are valuable 
tools for the diagnosis of brucellosis in endemic areas 

The first advantage of FPA is that it can distinguish between infected from vaccinated animals. 
False-positive serological reactions can be avoided when screening animals that have been vaccinated. 
It has both high specificity and sensitivity [11]. The accuracy of FPA is relatively higher compared 
with other detection methods such as the milk ring test (MRT), the complement fixation test (CFT), 
the indirect enzyme immunoassay (IELISA), and the competitive enzyme immunoassay (CELISA). 
[12]. 

While most diagnostic tests for brucellosis can only be performed in the laboratory, the 
Fluorescence Polarization Assay (FPA) can be performed very quickly with portable equipment in the 
field, reducing transportation costs. However, the temperature can influence the molecular movement 
and, consequently, the fluorescence depolarization rate. [13, 14]. To ensure the reliability of the test, 
it should be noted that both the ambient temperature and the temperature of the samples and reagents 
should be controlled before implementing the test, especially in the field. FPA needs to be adjusted 
and tailored to the different climate of endemic areas, therefore further researches about that are 
needed. 

Table Ⅰ. Sensitivity, Specificity and Performance Index of the 
 Serological Tests for Brucellosis [15]. 

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 
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 

3.3 Molecular Methods 
1) The Polymerase Chain Reaction (PCR): Molecular biology as a diagnostic tool is advancing and 

will soon be at the point of replacing actual bacterial isolation. The use of PCR methods includes the 
diagnosis of the disease and characterization of field isolates for epidemiological purposes including 
taxonomics studies. Although it is more sensitive than blood culture and more specific than serologic 
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tests. The equipment and reagents are expensive and require the high skills of test personnel, so they 
are not suitable for laboratories in deprived areas. 

2) In recent years, loop-mediated isothermal amplification (LAMP) is a functional nucleic acid 
amplification technique offering a substitute to PCR. In comparison with these two methods, the 
LAMP assay is advantageous because of its feasibility, easy construction, quick answer and visual 
recognition. The LAMP assay does not require a thermal cycler machine and is replaced with a thermal 
block or bain-marie. The result of LAMP assay can be observed by the naked eye. Because of turbidity 
generated in positive samples [16, 17]. Therefore, this technique is a useful method for screening 
clinical diagnosis and surveillance of infected wild animals. 

4. Vaccination 
Vaccination programs are mainly utilized for the brucellosis caused by B. melitensis and B. abortus 

[18]. The following three are the main live-attenuated vaccines of the brucellosis vaccines’ 
development. 

4.1 45/20 vaccine: 
We gain B. abortus strain 45/20 after twenty passages in guinea pigs [19]. This vaccine has only 

been tested in some of the countries [20] and is used to eliminate the interference of induced antibodies 
with routine diagnosis. Nevertheless, it has many drawbacks like contradictory data for the efficacy of 
the vaccine and immunologic response, repeated vaccination, variability of protection, unpredictable 
serological effects and reactions at sites where the vaccine was administered in some animals all led 
to the interruption of 45/20 vaccine use [21]. 

4.2 S19 vaccine: 
B. abortus strain 19 is a live attenuated vaccine for the control of B. abortus infection in cattle. It 

was thought to be the most effective vaccine for the prevention of bovine brucellosis, and this strain 
was first isolated from the milk of a Jersey cow in 1923 and was left at room temperature for one year 
which then naturally developed an attenuated phenotype [21].  

The number of colony-forming units (CFU) per dose is a factor for the Antibody persistence 
induced by S19. And there are two methods of vaccination: a "high" dose (5–8 × 1010 CFU) by 
subcutaneous route or one or two "low" doses (5×109 CFU) by conjunctival route [20]. Besides that, 
the age of the vaccinated animal is also a factor that affects the effectiveness of the vaccine [18]. Only 
a tiny percentage of vaccinated calves will have a prolonged period of antibody persistence, but the 
antibody persistence increases with age for the vaccinated calves, thus, to address this issue, 
vaccination is usually performed on young female calves between three and eight months of age [21]. 
Nevertheless, the immunity induced in this age group does not seem to have a significant appearance, 
and due to the interference of brucellosis diagnosis, limitation on the age of vaccination seems to be 
the main drawback of the S19 vaccine, whereas the RB51 vaccine does not have this problem [18, 21].  

In addition, S19 is the basis of the control of the low- and middle-income countries, although it was 
proved to be effective, it sometimes could cause abortion in pregnant cows and a modest but notable 
incidence of clinical cases and hypersensitivity reaction of patients, therefore, it is not considered as a 
safe vaccine for human use [20]. 

4.3 RB51 vaccine strain: 
Based on the literature, the live vaccine B. abortus RB51, a spontaneous rough mutant, is obtained 

on a medium containing rifampicin and penicillin by subculturing the virulent strain B. abortus 2308 
[18]. It is used in many countries currently which has replaced S19 in some areas, and it is more stable 
than strain 45/20 and less virulent than S19 [18, 21]. Many of the countries recommend having 
revaccination of RB51 after six months or one year of the primary RB51 vaccine. 

RB51 is typically developed for the serological differentiation of the naturally infected and 
vaccinated animals, which overcomes the serologic problems being observed after the vaccination of 
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S19, allowing us to simultaneously use the test-and-slaughter and vaccination policies. It can also 
largely decrease the rate of abortion among calves and infection of humans, however, RB51 could 
cause human to be infected in some conditions especially for someone who is immunosuppressed and 
it is resistant to a kind of antibiotics called rifampicin, which is also a vaccine that failed to be detected 
by the routine serological tests, and these are what we need to be aware of during the treatment of 
humans [18, 21]. 

As we can see from the above three live-attenuated vaccines that have been mostly used for the 
control of brucellosis, they all have disadvantages due to the characteristics that they are still slightly 
virulent and have the potential risk of converting to virulence which then may cause abortion of calves 
and it is not safe for humans especially for someone who came into contact with the vaccine [18]. 
What we need is a kind of vaccine that is effective, safe (avirulent), and provides long-lasting 
protection for humans, thus, subunit vaccines (vaccines that contain purified pieces of the pathogen 
which could trigger an immune response) are a safe choice since those fragments will not cause 
diseases [23]. And the three below are the promising subunit vaccines for the control of brucellosis. 

4.4 Recombinant protein vaccines: 
The recognition for the presence of T-cell epitopes to the host enables this vaccine to be developed 

[24], and although this type of vaccine is safe, many of the recombinant protein vaccines have a lower 
level of resistance to B. abortus than the live attenuated vaccines. A few types of recombinant protein 
vaccines like CobB and AsnC seem to produce a similar protective immunity with S19, and they were 
examined to be successful among mice. However, the process of developing a vaccine that could 
imitate the natural infection from different combinations of proteins is challenging, and the amount of 
costs for combining different materials is thought to be unsuitable for cattle [21]. 

4.5 Vector vaccines: 
Vector vaccines can be developed by introducing genes encoding immunodominant B. abortus 

antigens into attenuated bacteria [21]. Recently, a new vector vaccine has been made which expresses 
Brucella outer membrane protein (Omp) 16, L7/L12, Omp19 or Cu–Zn SOD proteins [25]. Vector 
vaccine can mimic the natural infection closely which then stimulates the effective immune response. 
However, the high cost, no tests in cattle, and the need for foreign protein that is expressed by the 
carrier organism to have specific protection for the organism all led to the uncertainty of applying 
vector vaccines now [21]. 

4.6 DNA vaccine: 
DNA vaccination is a new and potent method of immunization that could induce both humoral and 

cellular immune responses (Th1 and CTL) and protect from a broad range of pathogens [26]. And 
some types of DNA vaccines could effectively protect the mice against B. ovis and B. melitensis 
infection when scientists were doing the experiments [26] and they are still trying their best to enhance 
the efficacy of DNA vaccine (For example, by coexpressing cytokines as adjuvants for the adjustment 
of the immune response) [27]. However, most of the DNA vaccines do not induce immune responses 
as high as the live attenuated vaccines [18], and they are still at the preliminary stage.   

Therefore, based on the above literature review, we could see that although subunits vaccines seem 
to be safer to humans, they are still at an early age and the huge costs, as well as the immature 
technology, seem to be too soon to be applied by humans. Thus, S19 and RB51 are still considered as 
the main vaccine for the control of brucellosis and deeper investigation (better understanding of the 
pathogen and its interaction with the immune system) for subunit vaccines should not be ceased. 

5. Conclusion 
Brucellosis prevention is based on the monitoring and prevention of risk factors. The most effective 

prevention strategy is to eliminate infections in animals. Vaccination of cattle, goats, and sheep is 
recommended in areas with a high prevalence of the disease in animals. Awareness-raising, food safety, 
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occupational health and laboratory safety measures are also needed to enhance people's protection 
against the virus. 

In addition to the source of the disease, the main route of virus transmission: respiratory tract 
infection, digestive tract infection, skin contact infection, etc. Pay attention to the prevention of major 
transmission routes of Brucella and daily personal hygiene 

Vaccination is generally not recommended and the use of rifampin penicillin is not recommended. 
Antibiotic treatment: Use effective antibiotics for the appropriate time, effective antibiotics can 
achieve good results and keep the virus under control for a longer time. 
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