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Abstract

Brucella spp. is a highly infectious pathogen that affects numerous livestock 
and wild animal species besides humans, and that although eradicated in some 
countries, remains one of the most economically important zoonosis worldwide. 
Strain 19 and RB51 are the two Brucella abortus vaccine strains more largely 
used in the control of brucellosis in cattle worldwide, being effective in the 
prevention of abortion and infection, besides offering long lasting protection. 
Here, we reviewed the main aspects of the B. abortus vaccines and their use 
in brucellosis control and eradication programs over the years and the current 
understanding in the immune response triggered by these two B. abortus 
vaccines, especially in cattle.
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Introduction
Brucellosis is a chronic zoonotic disease of great importance in 

public and animal health, being caused by Gram-negative, non-spore-
forming, non-motile and facultative intracellular bacteria belonging 
to the genus Brucella [1,2]. Brucella spp. is a highly infectious 
pathogen that affects numerous livestock (cattle, goats, sheep, pigs, 
dogs, horses and cats) and wild (dolphins, whales, rodents, camels, 
antelopes, bison, elk) animal species, besides humans [2]. Although 
eradicated in some countries, it remains one of the most economically 
important zoonosis worldwide [2,3].

Cattle are mainly affected by Brucella abortus and the clinical 
signs of this infection are primarily related to reproductive problems, 
mainly abortion at the late pregnancy, reaching up to 80% in a 
susceptible herd at the time of introduction of the disease [2,4,5].
Besides abortion, the disease also causes in cows and their products: 
stillbirth, birth of weak calves, retained placenta, temporary or 
permanent infertility, perinatal mortality and chronic or diffuse 
interstitial mastitis [4,6]. In bulls, the disease also affects primarily the 
reproductive system, causing orchitis, epididymitis, decreased sperm 
quality and subfertility or infertility [4]. Articular disorders are also 
frequent in cattle and in other host animal species infected by Brucella 
spp. [4].

One of the most effective measures to reduce the prevalence of 
bovine brucellosis that has been successfully used in many control 
programs is the vaccination [7,8]. Strains19 and RB51 are the two B. 
abortus vaccine strains more largely used in the control of brucellosis 
in cattle worldwide, being effective in the prevention of abortion and 
infection, besides offering long lasting protection [9-12]. Recently, it 
has been suggested that immune mechanism used by these vaccine 
to induce protection in cattle is based in a strong and complex 
immune response dominated by T helper type 1 (Th1) cells [13]. 
This response is chiefly characterized by IFN-γ produced by CD4+ 

T-cells and cytotoxicity of CD8+ T-cells [13-15]. Here, we reviewed 
the main aspects of the B. abortus vaccines and their use in brucellosis 
control and eradication programs over the years and the current 
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understanding of the immune response triggered by these B. abortus 
vaccines, particularly in cattle.

B. abortus Vaccines and Vaccination
Attenuated B. abortus strains have demonstrated the best results 

in the prevention of bovine brucellosis, probably because these 
vaccines are able to multiply within animals for a short period of time 
and thereby induce a strong and protective cellular immune response. 
Massive vaccination against brucellosis in cattle have been performed 
employing few vaccine strains, S19, RB51, 45/20 and SR82, although 
many B. abortus vaccine candidates have been developed over the last 
years, such as DNA, subunit, recombinant B. abortus and recombinant 
vector vaccines [8]. The 45/20 was a bacterin used in some European 
countries, but the variability in reported protection, along with 
unpredictable serological effects and the occurrence of reactions at 
the site of vaccine injection in some animals led to the interruption of 
the use of this vaccine [16]. The SR82 strain is a live attenuated vaccine 
used since 1974 by the former Union of Soviet Socialist Republics 
(USSR) for bovine brucellosis control. Currently, the SR82 strain is 
still massively used in the Russian Federation, Azerbaijan, Tajikistan 
and other countries in the region [17]. Recombinant vaccines are part 
of the continuous efforts to reach a safer and more effective B. abortus 
vaccine, with the potential to be the future of cattle and human 
brucellosis control. However, many studies are still needed to achieve 
the ideal vaccine against brucellosis. The majority of these genetically 
engineered vaccines was developed and tested using mouse models 
and they have not been tested or were not protective in cattle [8]. 
Among the live modified B. abortus vaccines, S19 and RB51, are the 
most widely used strains around the world.

Strain 19 was the first B. abortus vaccine to be extensively 
employed for bovine brucellosis control and is still used in many 
countries. B. abortus S19 proved to be an efficacious vaccine under 
experimental tests in cattle [11,12], as well as under field conditions 
[18,19]. In the experimental efficacy test of B. abortus vaccines in cattle 
after vaccination and challenge with virulent B. abortus, protection 
is measured by significant reduction in the incidence of abortions 
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and significant reduction in colonization of organs by challenging 
bacteria in vaccinated animals compared to unvaccinated animals. 
Protection against abortion mitigates losses to producers, whereas the 
lowest colonization of organs decreases the chance of transmission of 
the disease to other animals or to humans. The main characteristics of 
S19 are the stable low pathogenicity, relatively high immunogenicity 
and moderate antigenicity [20]. However, as a smooth attenuated 
B. abortus biovar 1, S19 induces antibody response that cannot be 
distinguished from the antibody response induced by infection with 
field strains. This smooth phenotype is associated with the O-side 
chain, an immunodominant antigen in the Lipopolysaccharide (LPS), 
to which the majority of antibodies resulting from S19 immunization 
or natural infection are directed [21]. Since residual antibody titers 
increase with the age at which the animal is vaccinated, vaccination 
of cattle with S19 is usually restricted to animals aged between 3 to 
8 months, in order to mitigate the interference of anti-O-side chain 
antibodies in the routine diagnostic test.

B. abortus strain RB51 is a rough rifampicin-resistant strain, 
which lacks the expression of the LPS O-Side Chain (OPS) [22]. 
Therefore, RB51 vaccination does not induce antibodies against 
OPS detectable by routine serological tests, which allows vaccination 
and test-and-slaughter policy to be performed at any age. RB51 is a 
naturally occurring rough mutant derived from virulent smooth strain 
B. abortus 2308 by serial passages on media containing subinhibitory 
concentrations of rifampicin or penicillin [22]. The protection against 
abortion and infection induced by RB51 vaccination in cattle has been 
demonstrated under experimental [9,10,23,24] and field conditions 
[25-27], in herds with high and low brucellosis prevalence.

Immunization with S19 or RB51 is generally performed in young 
female calves in a single dose by intramuscular or subcutaneous 
injection. However, in zones of high prevalence of brucellosis, 
massive vaccination, including adult cows and even pregnant cows, 
is performed employing RB51 [26-28]. Vaccination of pregnant 
cows with S19 or RB51 is not recommended because of the risk of 
abortion, although the reduced abortifacient characteristics of both 
vaccines [29]. A Spanish study estimates the rate of abortion caused 
by RB51 vaccination of pregnant cows in a large cattle population 
as low as 0.52% of all vaccinated pregnant cows [30]. However, it 
will be always necessary to balance the risk of abortion following 
vaccination of pregnant cows with the risks of a potential brucellosis 
outbreak. Despite the duration of immunity induced by S19 in cattle 
vaccinated as calves has proven to be quite long, reaching almost the 
entire productive lifespan of the cows [11,12], evidences suggested 
that there is an increase in the immune response induced by primary 
vaccination after RB51 revaccination [15]. Regarding RB51 calfhood 
vaccination, so far, there are no experiments that evaluated the 
duration of immunity, but it is suggested that a booster vaccination 
is required between 4 and 5 years of age to maintain high levels of 
protection induced after primary vaccination [7]. Furthermore, RB51 
revaccination may still be considered as a tool for increasing the 
herd immunity, since not all animals are completely protected after 
primary immunization.

In addition, as both S19 and RB51 can cause infection in humans, 
protective measures including safety training of the personal 
involved in vaccination and the use of personal protective equipment 

as gloves, long sleeve coats, protection glasses, and N95 masks are 
recommended.

Immune Response Induced by B. abortus 
Vaccines

Most of our knowledge on the protective response induced by 
both widely used B. abortus vaccines, S19 and RB51, comes from 
studies using mice. In murine models, a Th1 cellular immune response 
with production of IFN-γ, mainly by CD4+ T-cells and CD8+ specific 
cytotoxic cells, but not IL-4, have been demonstrated as the main 
response following RB51 vaccination [13,31-33]. Likewise, following 
S19 vaccination, mice exhibited a strong Th1 immune response with 
production of IL-2, TNF-α and IFN-γ, and high levels of antigen-
specific CD4+ and granzyme B-secreting CD8+ T-cell responses, but 
not IL-4 or IL-10 secretion [34,35].

In addition to Th1, T helper type 17 (Th17) cell subset was also 
observed to have a protective role after oral RB51 immunization [36]. 
Results suggests that Th17 cells may act synergistically with Th1 cells 
to achieve protection after vaccination, mainly mucosal immunity, 
since IL-17 and IL-22 were detected after oral RB51 vaccination and 
nasal challenge in mice and IFN-γ knockout mice produced higher 
levels of IL-17 after RB51 oral vaccination [36].

In cattle, although little information is available on the protective 
immune profile induced by vaccination with S19 or RB51, recent 
data indicate that the pattern of cells and cytokines induced after 
vaccination is very similar to that observed in mice [15]. After 
S19 or RB51 vaccination, calves showed a significant increase 
in expression of IFN-γ and IL-17A, mainly by CD4+ T-cells, in 
expression of cytotoxicity markers by CD8+ T-cells, in secretion of 
IL-6, in expression of memory markers in CD4+ and CD8+ T-cells, 
besides a blastogenic response of CD4+ and CD8+ T-cells [15]. After 
RB51 revaccination, cattle primary vaccinated with S19 or RB51 also 
showed a significant increase in IFN-γ expression, proliferation of 
antigen-specific CD4+ and CD8+ T-cells, cytotoxic CD8+ T-cells and 
decrease in IL-6 production. However, following RB51 revaccination 
S19-prime vaccinated animals showed a CD4+ T-cell dominant 
immune profile whereas animals prime-vaccinated with RB51 
exhibited a CD8+ T-cell dominant immune profile [15]. The results of 
this study also suggest that RB51 revaccination promotes an increase 
in the immune response regardless if the primary vaccination was 
performed with S19 or RB51, with some of the parameters assessed 
being even higher in animals prime-vaccinated with RB51 compared 
to animals prime-vaccinated with S19. These results strengthen the 
argument in favor of use of RB51 revaccination in regions where 
brucellosis is prevalent. Although it could not directly be correlated 
to protection, as there was no challenge study, the cell subsets and 
cytokine patterns found in this study strongly suggest that these may 
be the mechanisms used by S19 and RB51 to induce protection in 
vaccinated cattle. Supporting this hypothesis, other studies in cattle 
also showed evidences that specific cell mediate immune components 
are stimulated after S19 or RB51 vaccination, as IFN-γ production 
and increases in CD4+ T or CD8+ T cell-responses [14,37,38].

Concerning the humoral immune response after S19 and RB51 
calfhood vaccination, as well as after RB51 revaccination, cattle 
produced high titers of IgG1 and low titers of IgG2 [15], whereas S19 
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and RB51-vaccinated mice showed opposite results and developed 
substantial levels of IgG2 and low titers of IgG1 [39]. The exact 
contribution of humoral immunity in resistance to B. abortus 
infection is not quite well established, while the response mediated 
by cells has been proved to be crucial to overcome the infection. 
Moreover, there are significant differences in the pathophysiology of 
B. abortus infection between mice and ruminants, being some mice 
strains considered ‘resistant’ to infection, as they can clear Brucella 
spp. from spleen more quickly than ‘sensitive’ BALB/c mice.

Efforts to find out the principal characteristics of the immune 
response triggered in cattle by the two most used and successful B. 
abortus vaccine strains are essential to try to establish an ideal vaccine. 
The definition of immune markers correlated with protection, by 
mathematical modeling or evaluation of the immune response in 
vaccine – challenge studies, would be very helpful in the screening 
B. abortus candidate vaccines. Furthermore, as several studies have 
shown promising results using RB51 and S19 as vaccine vectors for 
heterologous antigens, the detailed understanding of the immune 
response generated by these strains could maximize their use in the 
development of dual vaccines.

Bovine Brucellosis Control and Eradication 
Programs

Due to public health importance of brucellosis and the 
impairment that it causes to the livestock industry, much effort has 
been expended to control and eradicate the disease in cattle. Several 
countries have adopted control measures against bovine brucellosis in 
order to reduce the prevalence or eradicate the disease from domestic 
livestock in an effort to prevent transmission to humans and mitigate 
economic losses. Vaccination of female calves is the central point of 
any brucellosis control program and is especially useful at the disease 
control stage, as it leads to significant reduction in the prevalence 
of the disease when well performed. However, the implementation 
and maintenance of a vaccination program alone is not enough 
to eradicate brucellosis. Hence, besides vaccination, most bovine 
brucellosis control and eradication programs also include test-and-
slaughter policies, surveillance and sanitary measures.

The aim of vaccination is the reduction of susceptible individuals 
in the population. Therefore, the success of any vaccination program 
depends mainly on the effectiveness of the vaccine used and its 
coverage in the target population. Strain 19 and RB51 are very 
effective in decreasing transmission and production losses caused by 
brucellosis, but are less effective at preventing infection by field strains 
[7,9]. Vaccines that can effectively prevent abortion are able to reduce 
the economic losses caused by the disease and decrease brucellosis 
transmission, since abortion is the key for the dissemination of 
brucellosis into cattle populations.

Also, the assessment of the quality of the B. abortus vaccines 
used is critical to the success of brucellosis control programs, 
because although the cost of the vaccine is just one fraction of the 
total cost of a control program, its quality will affect directly and 
dramatically the outcomes achieved. The evaluation of the quality 
of live Brucella spp. vaccines is usually based on in vitro criteria, 
including physico-chemical and microbiological tests as purity, 
dissociation, determination of pH, humidity and count of viable 

bacteria. Nevertheless, genetic stability has recently been proposed 
as an additional criterion in assessing the quality of B. abortus 
vaccines [40,41]. Immunogenicity test performed in mouse is another 
alternative to assess the quality of bovine brucellosis vaccines, 
however as RB51 does not have cutoff points, i.e. defined protection 
zones [1,42], specific parameters of protection must be established.

The first vaccination program was instituted in the beginnings 
of the 1940s by the US brucellosis control and eradication program 
and used the recently developed and approved S19 vaccine [43]. The 
main focus of vaccination was young female calves. This approach 
was followed by most of countries that had established or uses 
a vaccination program and helped to reduce the prevalence and 
incidence of brucellosis to very low levels [44].

In addition of the use of vaccination of young female calves, 
various authors had pointed out that vaccination of adult cows in 
infected herds could diminish the economic losses and transmission 
of brucellosis, and improved the control of the disease [26,30,43,45]. 
However, the widely use of S19 was precluded by the induction of 
antibodies that could interfere with the routine diagnostic tests and the 
risk of abortions, when used in pregnant animals. Thus, vaccination 
of adult animals is currently performed using RB51, which does not 
induce antibodies that could interfere with the routine diagnostic 
tests and was shown to have a very good performance in the control 
of brucellosis and its losses in infected herds and regions, with a very 
small risk of abortion [26,27,30].

The vaccination strategies approved and adopted by most 
countries use S19 vaccination of young calves or heifers. This 
measure protects female animals before they join the reproductive 
herd and could be infected by contact with an aborted fetus or cow. 
Some brucellosis control programs also use RB51 in adult cattle 
population, to increase vaccination coverage levels and to reduce 
losses in infected herds [46,47]. Three countries had modified their 
vaccination programs and currently just use RB51 as official vaccine: 
USA, Chile and Uruguay [43,48,49]. Those three countries have 
established eradication programs, since they have very low brucellosis 
prevalence rates. Moreover, USA and Chile have the disease restricted 
to some areas. Since its conditional approval in 1996, RB51 is the only 
brucellosis vaccine used in cattle in USA and helped the American 
program to reduce the number of false-positive reactors due to 
vaccination with S19 [43]. Similar policy was adopted by Uruguay 
after depicting several outbreaks in their cattle population, which was 
declared brucellosis-free and, in its majority, were not vaccinated with 
S19. Chile also adopted RB51 vaccination on those restricted areas 
that still had infected herds in the country [48]. In all those countries, 
the implementation of RB51 instead of S19 vaccination precluded the 
induction of anti-OPS in the vaccinated animals and permitted the 
adoption of other control strategies, chiefly the test-and-slaughter 
policy, which were fundamental to the eradication of brucellosis. 
Therefore, as a country or region has a decrease in prevalence and 
moves to eradication of brucellosis, the benefits of S19 vaccination 
are overcome by the problems caused by false-positive vaccinated 
animals. In such situations, the most logical approach to profit from 
the benefits of vaccination and the needed test-and-slaughter policy is 
the use of RB51 as the only allowed vaccine in the program.

According to the Terrestrial Animal Health Code of World 
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Organisation for Animal Health (OIE) for a country to be recognized 
as bovine brucellosis-free it has to reach the following conditions: (i) 
brucellosis has to be a compulsory notifiable disease; (ii) the entire 
cattle population has to be under official veterinary control; (iii) the 
brucellosis rate of infection cannot exceed 0.2% of cattle herds; (iv) 
official serological surveys have to be conducted periodically in the 
herds; (v) no animal should be vaccinated against brucellosis in the 
last three years; (vi) all positive animals have to be slaughtered; and 
(vii) all animals entering the country have to come from an officially 
brucellosis-free country or region.

For a country to move towards the eradication of bovine 
brucellosis, the knowledge of the points the lead to the success and 
failure of brucellosis eradication in different countries is essential. 
Therefore, the main strategies employed in association with 
vaccination in control, eradication or epidemiological surveillance 
programs of countries that achieved the eradication of bovine 
brucellosis or are seeking this status are thereafter discussed.

The other major strategy for the control and eradication of 
brucellosis is the test-and-slaughter policy, which is recommended 
by the OIE and is commonly used [44,50,51]. Infected animals, 
detected by indirect or direct methods, are separated from the 
herd and slaughtered, thus reducing the transmission rate in the 
herd. The most effective programs using test-and-slaughter policies 
compensates the farmers for the slaughtered animals, based on 
market prices of individual animals, breed and type of exploration 
(dairy or beef) [44,51].

To increase the detection rate of brucellosis-infected animals, 
programs introduce policies to serologically test, in a mandatory 
basis, (i) cows and bulls or all cattle, even young stock, in abattoirs 
prior to slaughter, (ii) cattle in auctions and exhibitions or (iii) for 
transit purposes; (iv) cows older than three years, and (v) all the 
herds considered at risk, and to implement mandatory milk ring test 
in dairy farms [44,48,50-52]. Those policies should be implemented 
gradually in a rational basis as far as the animal health services are 
prepared to enforce them.

Positive herds should be tested regularly, in a 30- to 180-day 
basis, until two or three consecutive negative tests of all animals were 
obtained. During this period, the herds should be put on quarantine 
to avoid the dissemination of the disease.

Depopulation is also a strategy that could be used in large herds 
or in late eradication stages of a program. It has a high cost, but it 
could be much faster to implement and less risky for the maintenance 
or dissemination of brucellosis.

In some countries, as it was observed in USA and Canada, 
brucellosis control programs must also be aware of brucellosis 
in wildlife and its possible links to the disease in cattle. If wildlife 
represents reservoirs of Brucella spp for cattle, specific measures must 
be adopted to control the disease in such situations [44,51].

Many programs also classify herds or regions according to their 
sanitary status in a progressive way until they obtain the brucellosis-
free status [43,49,53]. This policy could stimulate the farmers or State 
agents to keep continuously moving towards the brucellosis-free 
status and clearly estates which is the status of a farm or region on a 
certain time point.

The combination of the vaccination program with many of those 
control measures results in a much rapid decrease in incidence and 
prevalence of brucellosis in cattle, leading to a much faster eradication 
of the disease.

Final Considerations
Vaccination with available vaccine strains, essentially S19 and 

RB51, even though we still do not have an ideal vaccine, remains the 
most successful method for the prevention and control of brucellosis 
in cattle, being a critical component of most brucellosis control and 
eradication programs throughout the world. Besides the vaccines, 
the experience of countries that reach the brucellosis-free status has 
shown that it is imperative the use of complemental control and 
surveillance measures with cooperative actions of the private sector 
and governments. The search for an ideal vaccine passes through 
the better understanding of how existing vaccines confer protection 
in the target species, cattle. Some of the answers on how the proved 
vaccines induce protection in cattle recently started to be available, 
therefore, the future directions should be seek to find the immune 
markers correlated with protection.
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