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ABSTRACT 
 

Mastitis, resulting from bovine brucellosis especially by Brucella abortus is a major challenge to livestock health and has considerable 

economic and public health impact. Vaccination is very vital in this disease though earlier vaccines like RB51 and S19 have several 

immoralities. For instance, they have several side effects and do not offer comprehensive protection. This article examines new strategies 

in the development of vaccines that focus on improving the effectiveness and lesser risk of adverse effects. It includes genetically 

engineered vaccines, subunit and virus-vectored vaccines, with new technologies like DNA and mRNA vaccines. New study points 

towards significant advancements and the use of a two-dose vaccination approach. This article focuses on further studies and cross-

ventures in developing better vaccine approaches to enhance the management of bovine brucellosis in livestock stocks. 
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Introduction 

Brucellosis, more specifically bovine brucellosis, which is caused by 

bacterium Brucella abortus is one of the most crucial zoonotic diseases that 
impacts cattle and have important social, economic and health implications 

all over the world [1]. Bovine brucellosis is a zoonotic disease, which is 

mainly transmitted by the bacterium brucella abortus. Brucella abortus, a 
gram-negative organism belonging to the brucella genus which has many 

species infecting different hosts and so is known to infect cows and is named 

for it [2]. Although it is most common in cattle, it can affect other species 
of livestock. 

In its clinical manifestation, bovine brucellosis affects reproduction, 

abortion, stillbirth, and retained placenta of the last three months of 
pregnancy [3]. Affected cows may experience problems such as retained 

service, reduced conception rates, and prolongation of spacing between 

calving. Such reproductive losses cost farmers a lot through low 
productivity in milk production, high on veterinary expenses and loss of 

breeding inventory. Furthermore, brucellosis can be caused additionally, 

brucellosis affects humans in which they are infirmed through consumption 
of raw milk and its products or through direct contact with infected animals 

and this creates a problem for public health [4]. Vaccination is one of the 

key approaches used in the effort to fight brucellosis in most of the countries 
where it is a problem facing cattle production and the population in general. 

Currently, there are vaccines like the classical live attenuated strains RB51 

and S19 that have been in use for many years although they have their 
drawbacks [5]. These are side effects that may be associated with the 

vaccine, lack of sterility and insertion of the vaccine, and the ability to 

distinguish vaccinated animals from infected ones which affects disease 
control programs. Moreover, existent vaccines may have varied efficacy 

depending on the period of their administration, the stressors that the 

individual is experiencing, and other pathogens. 
Thus, understanding these challenges makes it crucial for the emergence of 

new and effective vaccines with better efficacy and safety profiles. In the 

past few decades, the development of biotechnology and immunology has 
led to the discovery of genetically engineered vaccines, subunit vaccines, 

and new delivery system for the vaccination processes such as DNA and 
mRNA vaccines [6]. These new approaches are expected to provoke better 

immune response with less side effects and enhancing the efficacy of the 

vaccine. Based on the literature, this article gives a general insight on the 
advancement and the outlook for innovative vaccines for bovine brucellosis 

as shown in Fig. 1. Focuses on the current trends in vaccination and 

extension with the newer developments in vaccines and examine the 
findings of recent studies that show a high possibility of these new vaccines 

to revolutionize brucellosis control.  

Current Vaccination Strategies 
Today, the main approaches to vaccination against bovine brucellosis 

involve the use of live attenuated vaccines, with two types of viruses being 

notable. Brucella abortus strains S19 and RB51 [7]. These vaccines have 
proven to play a significant role in the prevention of the disease, but they 

are associated with significant drawbacks. 

The S19 vaccine has been used extensively for several decades and is well 

recognized for its effectivity in offering immunity to Brucella abortus [8]. 

However, it has some demerits which can cause abortion in pregnant 
animals and the problem of distinguishing between vaccinated animals and 

those infected with the disease as both will be negative on the standard 

serological tests. This cross-reactivity makes it challenging to monitor and 
control brucellosis in herds of animals due to sharing the same antibodies. 

However, the RB51 vaccine was specifically designed to overcome some 

of the limitations of S19. RB51 is safer than other vaccines since it does not 
induce cow abortions during pregnancy, and it can confer immunity. 

However, it is a rough strain which implies that it does not possess the 

lipopolysaccharide layer that is found in S19 and in wild type strains of 
Brucella [9]. This characteristic makes it possible to distinguish between the 

vaccinated animals that have been infected via specific serological tests. 

However, RB51 has its limitations, it has different levels of effectiveness in 
different types of human beings and there are issues in relation to long-

lasting immunity. 

 
Fig. 1: Transmission of Brucellosis through various pathways 

Besides these live attenuated vaccines, inactivated vaccines have also been 

tried out but are not commonly used much as they are less effective than the 

live vaccines [10]. Such vaccines tend to need boosters and do not elicit a 
robust immune response. 

Present day vaccination procedures also entail multifaceted processes that 

ensure vaccination along with other overall community practices. This 
involves disease testing, removal of infected animals and the practice of 

proper biosecurity measures to avoid the introduction and transmission of 

brucella among herds. The use of vaccination in conjunction with these 
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management practices is crucial in attaining sustainable control of bovine 
brucellosis [11]. 

However, considering the current breakthroughs in vaccination programs, 

the continued problem of the occurrence of such diseases especially in the 
endemic areas, shows that there is need for more research and development 

[12]. This is the case because efforts are being made to come up with new 

strategies of developing vaccines that can enhance their efficacy, safety and 
ease of administration to meet future challenges such as those posed by 

bovine brucellosis. 

Novel Vaccine Approaches 

New strategies in vaccine development of bovine brucellosis are coming up 

as the major vital solutions to the current conventional vaccines for instance, 

the efficacy of the vaccines, safety and the inability to distinguish between 
vaccinated and infected animals. These strategies build upon the progress 

made in fields of biotechnology and immunology to strengthen immune 

reactions and regulatory measures against Brucella abortus [13]. 
1. Subunit Vaccines 

Subunit vaccines contain antigens from Brucella in the form of 

polysaccharides or proteins, which can elicit an immune response [14]. 

Subunit vaccines contain isolated antigens of brucella to stimulate the 

immune system. The targeted proteins are Omp31 and Omp19 in 

combination with adjuvant to enhance their specificity [15]. To increase 
these proteins' immunogenicity, combine them with adjuvants. Although 

subunit vaccinations are extremely safe and specific, powerful adjuvants are 

usually needed to produce a substantial immune response.  
2. DNA Vaccines 

DNA-based vaccines use engineered plasmids to produce antigens that 

stimulate the immune system. After injecting this vaccine into the host, they 
express the target antigen and stimulate both cellular and humoral 

immunity. These vaccines are easier to transport and have a lower risk of 

infection. These types of vaccines produce long-term immunity [15]. DNA 
vaccines have the capacity to stimulate cellular and humoral immunity [16].  

3. Vector-Based Vaccines 

Vector-based vaccines work as carriers to transfer the genetic material of 
the targeted pathogen to stimulate the immune system. These vaccines can 

stimulate cell-mediated immunity and produce long-term immunity. These 

vaccines are safe to inject into the immune system to control bovine 
brucellosis [17].  

4. Nanoparticle-Based Vaccines 

A unique strategy for inoculation of antigen into the immune system is the 
use of nanoparticle-based vaccine [19]. These vaccine particles have many 

benefits like targeted administration, stability, and the capacity to co-deliver 

adjuvants. Nanoparticles based vaccination induce the immune system by 
producing immunity [20].  As seen in figure 2, these vaccines can be 

designed to improve antigen presentation and promote humoral as well as 

cellular immunity.  

 
Fig. 1: Vaccines category 

Prospects and Challenges 

Despite the promising advances in novel vaccine strategies, several 

challenges remain. The approval of novel vaccine platforms can be a 

lengthy and expensive process, requiring extensive safety and efficacy data 
[21]. Cost and Scalability Producing and distributing advanced vaccines, 

such as nanoparticle- based or vector-based vaccines, can be cost-

prohibitive for widespread use, especially in low-resource settings [6]. 
While many novel vaccines show promise in experimental settings, their 

efficacy in field conditions needs to be thoroughly evaluated. 

Environmental factors, genetic diversity of cattle populations, and 
variations in Brucella strains could affect vaccine performance [22]. 

Conclusion 

Therefore, controlling bovine brucellosis remains a significant challenge for 
cattle health and human food safety, which calls for adequate measures in 

the use of vaccines and other management practices. Current vaccines, as 

effective as they are, still have weaknesses that show the continued need for 
research and development. Genetically engineered, subunit, DNA and 

mRNA vaccines are some of the new approaches that might hold great 

potential in enhancing immunity against Brucella abortus. 
Proper vaccination must be combined with sensible selection of herd 

management, improved biosecurity and education projects for the future 

disease prevention. As has been the case in areas that are most affected by 
this disease, there will likely be collaboration with international colleagues 

in the improvement of the research. 

In the long run, the discovery of more effective and applicable vaccines will 
not only improve animal health and production, but also food safety and 

general health. Through the development of such approaches and 

cooperation, the livestock sector may strive for the possible elimination of 

brucellosis and thus, improve the sustainability and stability of livestock 

production systems globally. 
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