Current Research, Technology and Education Topics in Applied Microbiology and Microbial Biotechnology
A.
Méndez-Vilas (Ed.)
_______________________________________________________________________________________

Experiences in Mexico of the vaccination in bovines and goats, with
Brucella abortus RB51 strain
E. Herrera-López 1, F. Suárez-Güemes2, B. Arellano Reynoso 2, E.G. Palomares-Resendiz 1, R.
Hernández-Castro3, and E. Díaz Aparicio1*
1

CENID-Microbiología, INIFAP Km 15.5 Carretera federal México-Toluca, México, 05110, DF
Departamento de Microbiología e Inmunología. Facultad de Medicina Veterinaria y Zootecnia. Universidad Nacional
Autónoma de México. Coyoacán 04510. México, D. F. México.
3
Dirección de Investigación. Hospital General Dr. Manuel Gea González. Tlalpan. 14080. México D. F.

2

The control of brucellosis in Mexico since the 70's until 1998 was performed using cattle vaccination with S19 strain of
Brucella abortus as a key tool. The use of strain RB51 was approved since 1998 and vaccination with strain S19 was
gradually decreased until fully waived. The strain S19 was used again from 2005 and now both vaccines are applied
equally to prevent brucellosis in Mexican cattle. The implementation of the RB51 at normal and reduced dose, was
approved in 2006 for goats, an unusual event since it's not used anywhere in the world to prevent brucellosis in goats.
Although at present the permission was withdrawn for use in goats. This paper describes and discusses the research done
in Mexico and the world during the 1998-2010 periods, on cattle, and goat vaccination with strain RB51, to elucidate
whether the use of this vaccine has been appropriate in Mexico.
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Experience of RB51 vaccination against goat brucellosis
In Mexico goats had an inventory in 2009 of 8 million heads. The annual production of 43, 129 tonnes of beef carcasses
and 165, 699 liters of milk [1] Experiments were conducted in the murine model in order to know if the RB51 vaccine
was able to protect against B. melitensis. It was found that BALB / c mice vaccinated with live RB51, , produced
protection against challenge with virulent strains of Brucella melitensis. Experiments indicated that vaccinated mice
were protected against B. melitensis 16M through cell-mediated and humoral immunity. These results encouraged the
investigation of strain RB51 as an alternative vaccine against heterologous Brucella [2] It was found that that Rev 1
vaccine was superior to RB51 vaccine in mice against B. melitensis [3] The control program for brucellosis in Mexico,
indicates the vaccination with Rev 1 strain of B. melitensis,. for goats, which induces a serological response very similar
to natural infection so far. In Mexico the RB51 vaccine was tested in goats, expecting that by using live vaccines in the
rough phase (R), which lack the surface antigens characteristic of brucellae in the smooth phase (S), did not induce
cross-serological reaction with classical diagnostic tests that use S-phase antigens. Therefore it might be a good way to
make a prophylactic program compatible with diagnostic tests [3,4] It is unknown if it is harmful for lactating goats or
rams[5]
RB51 vaccine appears to have a low residual virulence in pregnant goats although due to the biases of these
experiments, additional tests would be required. On the other hand, there is evidence that RB51 confers protection in
goats against B. melitensis [6] Soberon (1997) reported that RB51 created a proper immune response against a
challenge that infected 60% of the unvaccinated goats (RR values of this control versus the vaccine was 9.0 [P =
0.006]). However, it must be noted that the experimental protocol departs from others since animals had to be
challenged twice before any became positive by standard serological tests This suggests that the first challenge was
ineffective and it cannot be ruled out that this first challenge may have had an immunizing effect against the second
challenge.[7]
Although there are experiments with contrary results, as Hernandez et al (2001) who compared RB51 with Rev 1.
The number of animals in each group was different and very limited in some cases; contrary to Soberon (1987), Rev 1
but not RB51 conferred significant protection in this experiment (RRs of 8.0 [P = 0.05] and 2.4 [P = 11], respectively,
for the comparisons with the non vaccinated controls[8].
Field research has been done in goats vaccinated with RB51 in Mexico, although many of the experiments performed
have numerous methodological weaknesses and is commonly known that in order to recommend a vaccine controlled
challenge experiments must be done first.[9-13]Mexico authorized the use of strain RB51 for goats, both the reduce and
complete doses. However, the vaccine had a single presentation only varying the dose applied with 1 ml dose for the
reduced and 2 ml for the full dose. Its use is no longer allowed.
It should be emphasized that RB51 is not used to protect against B. melitensis in goats or sheep anywhere else in the
world.
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In conclusion, the use of established and tested vaccines which have proven to be an effective tool for control and
eradication for over 60 years as the Rev 1 which is used worldwide since the early 50 `s, with excellent results, should
be preferred over those vaccines that have not been tested in well-controlled comparative experiments[14]

Experience of RB51 vaccination against bovine brucellosis
In Mexico cattle is a major activity with an inventory of 29 million heads, specialized in meat production in 1 million
production units and 2.2 million cattle specialized in milk production at 789 thousand production units. The annual
production of 1.5 million tonnes of beef carcasses and 10 billion liters of milk; occupying the 9th place worldwide in
meat production and 15th in milk production. The production value was estimated from the carcass: 3538 million
dollars and milk: 2, 846, millon dollars. With a value of live animal exports of 659 million dollars a year [1]
Brucellosis is a bacterial infectious disease that affects both humans and domestic animal species with a worldwide
distribution and is considered as endemic in Mexico;and one of the main problems affecting livestock. This impact has
not been possible to quantify because there are no reliable data on its prevalence in cattle. However, it is known to be
widely distributed throughout the national territory, being the southeastern area the one with the highest incidence,
followed by the center area of the country where the State of Mexico, Queretaro, Guerrero, Hidalgo and Michoacan
states have a mean prevalence between 9 and 15%. Meanwhile northern Mexico has a lower incidence, most notably the
state of Sonora for being declared free of brucellosis. This disease affects livestock farms resulting in decreased
production, expressed in less kilos of meat for sale (17%), reduced number of replacement heifers, liters of milk
produced are eroded by up to 30% and increased number of eliminated animals due to fertility problems, causing direct
economic losses to producers [16].
The purpose of the different control programs are vaccination, prevention and eradication of brucellosis, particularly
in developing countries. These programs are based on the socioeconomic conditions of each region in which the
prevalence is usually high. Brucellosis must be controlled in cattle by application of live attenuated vaccines
accompanied by animal health measures, because the vaccine itself is not a solution. Live vaccines stimulate a cell-type
immune response which in turn is required to control intracellular living bacteria as Brucella. The ability to have
memory cells after a first infection is the main step for a prolonged immunity. This is the basis of immunization [1719].
The S19 vaccine has been produced and used in Mexico since 1951. The RB51 vaccine began to be used in the
official campaign starting in 1997, leaving behind the use of S19 which even stopped being produced. Although it was
returned to production from 2004, both vaccines are now being used interchangeably.
Strain RB51 is rough as it lacks the lipopolysaccharide O chain, this feature gives it an advantage because it does not
induce the antibodies that are detected by official diagnostic tests, resulting in the differentiation of vaccinated from
infected animals. Like the S19, in Mexico there is a calf dose and another dose for adult animals. The calf dose must
contain 1 – 3 x 1010 CFU, while the adult dose contains 1 – 3 x 109 CFU per dose and is applied to cows over 12 months
of age. Another advantage of this vaccine is its low residual virulence and scientific studies show that abortions are not
induced neither is excreted in milk. However, as mentioned later, re-vaccination can induce abortion and excretion
though milk and vaginal discharge [20]
In recent years an inappropriate practice of vaccination against B. abortus has been performed in various states of
Mexico (Aguascalientes, Queretaro, Hidalgo, Coahuila and Jalisco, among others). Immunizations are carried out
because there is a large number of new cases in intensive farms. This type of farming is where vaccination against
brucellosis is a common practice. Backyard farmers do not vaccinate repeatedly, instead they apply only one dose of
vaccine during the control campaign.
Strains S19 and RB51 for cattle have proven their effectiveness if they are used with additional control measures as
mentioned above. According to the characteristics of the herd one or the other (not both) must be chosen for brucellosis
control, knowing the characteristics of each. There are places where heifers are immunized with S19 and subsequent
vaccinated with RB51 or where heifers have been vaccinated and revaccinated with RB51 and subsequently immunized
with S19.
Regarding the records related to the cattle vaccination in Mexico, there are two sources of information, first the
number of vaccine doses marketed by the manufacturers and the other referring to the official reports of vaccination.
Sales of 1'640, 000 doses of RB51 and 0 for S19, were reported in 2003. S19 was sold again from 2004 reporting
29,000 doses per 986,000 of RB51. In 2005 producers sold 686,000 doses of RB51 and 88,000 of S19. Meanwhile
official records for 2004 show the application of slightly less than 1, 000,000 doses and during the first half of 2005 a
figure close to 800, 000 doses. It is worth mentioning that a significant number of producers apply vaccines but do not
notify the proper authorities, which is why the figures are somewhat uneven. Moreover, many animals were boosted
and therefore the number of vaccines does not always correspond to the number of immunized animals [21].
2007 reported sales of 598, 000 and 105,000 doses of S19 and RB51; 959, 000 and 221, 000 doses were sold in
Mexico of RB51 and S19 in 2008, and the year 2009, reported 864, 000 RB51 and 260,000 S19 doses sold [21]
Vaccination of a large number of herds is not applied for whatever reason. For example, in the state of Aguascalientes
in the period 1996-2004 the individual seroprevalence for brucellosis in vaccinated animals was 3.1%, which was
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significantly higher than the individual prevalence among the non-vaccinated animals (1.9%). At first glance it may
appear that the increased prevalence is associated with vaccination. However, we must consider that immunized herds
are less than half in number than the unvaccinated, and that much larger herds, have a number of positive animals per
herd of more than six times higher than the unvaccinated [22].
Additionally, it is convenient to consider the risk for most of the unvaccinated herds found in an infected area with
which they exchange animals, goods and products. Therefore contagion should not be a casualty, but common and then
restart an outbreak makes vaccination necessary again post facto and not as a precautionary measure. Other factors may
also be involved, such as the failure to perform sampling and serological diagnosis, segregation, disposal and
confinement of seropositive animals.
The reality is that there are animals over 12 months of age that have not been vaccinated as the Official veterinarians
working for the Campaign do not regularly vaccinate calves, so that sometimes adult animals are immunized and those
who have an abortion one or two months before delivery. Therefore it's not that vaccination does not work in some
occasions, but that animals were already infected before for not being protected for a long time, especially when they
confined with positive animals.
The Mexican Official Standard NOM-041-ZOO-1995 of the National Campaign Against Animal Brucellosis
indicates that live vaccines should be used and that the vaccine is given in calf doses or if the animals have not been
vaccinated when young, the reduced dose must be applied, but there is no indication that animals should be
revaccinated [23]
An incorrect practice includes repeated vaccinations with RB51 vaccine, animals are revaccinated even up to 11
times at intervals of 3-6 months in some farms [24]. Applying so many boosters is not usual since regularly a cow in an
intensive farm lasts an average of three deliveries, as elimination waste is premature because of the excessive stress
(three daily milkings, lactotropine application, etc.) so that these animals have less than 3-4 boosters. In the states of
Jalisco and Aguascalientes, some producers re-vaccinate with RB51 every 4-6 months as if it were a bacterin, not a live
vaccine. In Queretaro, the Comarca Lagunera, Tizayuca, Guanajuato, etc., some farms advised by dairy companies,
apply annual re-vaccination, even with calf-dose to animals older than 12 months with RB51, supposedly to have
greater protection in adult cattle. As a result, it can affect fertility and cause bacterial shedding of the vaccinal strain in
milk and vaginal discharge. Our research group has found that the vaccinal strain RB51 can be shed in milk and has
been recovered from vaginal exudate from cows [25,26] and also DNA of this strain was detected in cows that aborted
[19]. Although it has not yet been determined whether colonization and elimination by different routes are inherent in
the vaccine strain or is due to misuse and repeated inoculation, which allows colonization and installation of the bacteria
in tissues. Intracellular traffic was tested in order to determined if the RB51 strains isolated from milk had become
virulent, finding that the vaccine strains were still avirulent and found in the lysosome within macrophages where they
were destroyed [27]
The experiments conducted on pregnant cows showed that RB51 strain inoculated at a reduced dose has a very low
residual virulence, despite being able to produce placentitis in animals inoculated intravenously with higher doses. It
was found that RB51 caused one abortion out of 820 pregnant cows that had been vaccinated under field conditions
with 1 billion CFU [28]. However, in Mexico cases of abortion in revaccinated cattle have occurred where there is
evidence of RB51 presence [16]
Doing serological surveys in the affected populations facilitate taking decisions concerning which animals to cull, so
it is important to consider that there must be access to a reliable laboratory to take a timely result and the implicit
commitment acceptance of the result. Once results are obtained it is necessary to identify positive animals permanently
to facilitate segregation or culling. In Tizayuca, Hidalgo which is a dairy area with endemic occurrence of brucellosis,
producers have managed to reduce the incidence of brucellosis to less than 1% over eight years based on monthly
serological surveys and removal of reactive animals at the end of their productive cycle, coupled with health
management measures [29,30]
The efficacy of RB51 vaccine was evaluated in a dual-purpose herd under tropical conditions with a positive rate of
5% with isolates of B. abortus from milk samples. The vaccinated and boostered groups were integrated by 88 females
each. No reactive animals were removed or segregated from the population. Three new cases of infection occurred
during the 18 months of monitoring in the unvaccinated group so that the rate of positive reactors to serological tests
increased to 12.5%. In the vaccinated group this rate was maintained at 0% due to 100% protective efficacy provided
that the strain RB51 to the total vaccinated population [31]
It is known that the immune response against microorganisms of the genus Brucella is Th1 cell type, which is
stimulated only with live vaccines. However, there are also scientific evidence that the immune response is down
regulated when antigen stimulation is constant (as in chronic diseases such as tuberculosis) and can result in a shift
towards a Th2 humoral response [32] which is not effective for protection or elimination of brucellosis. A leading risk
factor for the presentation of the disease is replacement animals, so they should be monitored before, during and after
admission to exploitation. These animals must be negative to serological tests and also come from herds free of
brucellosis. When replacements are generated inside the production unit, it should be taken into account the
phenomenon of "immunological silence" which is the incubation period of the disease, as 20% of the daughters of
seropositive cows remain seronegative from birth until about to give birth. Inadequate vaccination, especially the
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repeated booster every six months or every year in cows with a reduced dose and normal dose of RB51 lately (used for
heifers) or S19 is a common practice in Mexico; although it has no scientific basis and to which can be attributed the
shedding of Brucella in vaginal exudate and milk from apparently healthy cows that aborted, and to encourage the
presence of cows anergic and immunotolerant to brucella. Our research group has found disturbing facts that indicate
improper use of vaccines in cows vaccinated with RB51. Results include detection of cows with anergy, isolation of
RB51 from milk and vaginal exudate, demonstration of boosters as the cause of abortions and other alarming evidence
that is isolation of field and smooth phenotype Brucella abortus in yearling cows that calved normally and were
seronegative for brucellosis.
RB51 apparently does not interfere with serological rivanol and card tests, as no antibody response occurs against the
O chain, so any animal that presented a positive reaction to these tests should be regarded as infected. However, 17%
animals previously vaccinated and revaccinated with RB51, were positive to the card test, but negative to rivanol for
several months [18] Diagnosis is uncertain during the time after immunization, because the control program in Mexico
provides that animals found as positive to the card test after vaccination or revaccination with RB51 must be regarded
as infected. To explain this post-vaccination response it is believed that the primary stimulation is activated by RB51
vaccination, and then because of the extensive spread of Brucella in endemic areas, cows may develop a secondary
response, so occasionally animals that have antibodies and are positive for official testing are found because they are in
contact with the field pathogen. Nonetheless, the immune system can control the infection since they are negative to
IDR and bacterial isolation tests, which indicate infection. Therefore confirmatory tests are indispensable to
differentiate vaccinated from infected animals, such as the IDR and competitive ELISA.
Since S19 and RB51 vaccines are alive and virulent for humans, it poses potentially infectious risk for people.
Additionally, the fact that the rough strain RB51 vaccine is resistant to rifampicin must be considered. In case of
accidental infection with the vaccine strain, it could be happen that the diagnostic tests available for diagnosis in
humans are negative (recall that the rough LPS does not induce the formation of the same antibodies that are formed
with smooth strains), in addition that rifampicin is a drug of choice for the treatment of human brucellosis, to which
strain RB51 is resistant.
The use of live attenuated S19 and RB51 in cattle has been very useful, but vaccination is only a tool that alone does
not allow control of brucellosis. Health management measures and timely diagnosis are needed to control the disease.
This was demonstrated by an experiment conducted in Tizayuca Hidalgo, which undertook a prospective longitudinal
study in two dairy cattle herds, one with low prevalence including 538 cows and one with high prevalence in 612 cows.
Animals were vaccinated with Brucella abortus strain RB51 on two occasions with a 90-day-interval at doses of 1 x 109
cfu / ml. Samples were taken from all animals every 30 days for a period of seven years. Blood samples were obtained
from the ventral coccygeal vein. The card test was performed for the identification animals seropositive to B. abortus
and then the rivanol test was performed to confirm this result. Sera were considered rivanol positive when they
presented complete agglutination reaction in any of the dilutions, 1:25-1:400. Prevalence and apparent incidence of
brucellosis were assessed during the study, according to the presence of antibodies against B. abortus. Seroprevalence
of brucellosis in the two farms in Tizayuca at baseline were 15.3% and 8.2% respectively. In samples from days 90, 120
and 150 incidence was 34%, 19% and 21% respectively, reaching 52% at day 270. During the first 360 days of study
seropositive cows were not removed from the farm, but were located in a specific pen. From days 360 to 960 positive
animals started being culled, depending on the serum antibody titer in rivanol. Animals with titers of 1:100, 1:200 and
1:400 were eliminated gradually; however, cows with titers between 1:25 and 1:50 were left in the special yard and
were culled only if titers increased the next sampling. This management yielded incidence lower than 2% during this
period. Later, elimination of seropositive animals was stopped during days 990 and 1830 so the monthly incidence of
2% was not obtained again, reaching 9.9% of seroprevalence. Positive cows were culled again for what incidence was
less than 2% during the period 1860 to 2580 days. [29, 30]
Another study implemented a management program for bovine brucellosis in infected herds in five dairy farms from
Juventino Rosas, Guanajuato. During the 12-month study there was an average of 400 Holstein cows at each sampling,
herd 1 with 25 cows, herd 2 with 37, herd 3 with 85, heard 4 with 81 and herd 5 with 172 cows. Animals were
vaccinated subcutaneously at the beginning of the study with RB51 (N = 200) or S19 (n = 200) at a reduced dose for
both strains. Once immunized, all animals were sampled every 30 days for a period of 360 days (12 months). The card
test was performed to identify animals seropositive to B. abortus and then the Rivanol and radial immunodiffusion tests
were done to confirm this result. Initial and final prevalence and apparent incidence of brucellosis were assessed during
the study, according to the presence of antibodies against B. abortus. Initial brucellosis seroprevalence of herds 1, 2, 3,
4 and 5 were 16%, 30.3%, 21.1%, 18.3% and 13.9% respectively, having an initial mean seroprevalence of 19.9%. At
the end of the study the final seroprevalence was determined for each farm with the following results: herd 1 – 8.3%,
herd 2 – 24.3%, herd 3 – 16.3%, herd 4 – 13.3% and herd 5 – 12.9%, with a final seroprevalence of 15%. However,
incidence during the 12-month study behaved as follows, for herd 1, 2, 3, 4 and 5 it was 0%, 16.2%, 5.3%, 1.3% and
4.5% respectively, of which these new cases corresponded to 59% cows vaccinated with RB51 and 41% of animals
immunized with S19. [33]

©FORMATEX 2010

697

Current Research, Technology and Education Topics in Applied Microbiology and Microbial Biotechnology
A.
Méndez-Vilas (Ed.)
_______________________________________________________________________________________

In Mexico, the Brucellosis control results remain limited, mainly due to inadequate vaccination, poor immunization
coverage and the lack of public health actions, such as early diagnosis, segregation especially at birth and after this and
culling of positive animals.
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