Control of Bovine Brucellosis from Persistently Infected Holdings
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Summary

Bovine brucellosis due to Brucella abortus infection causes significant reproduc-tive and production losses in cattle and is a
major zoonosis. Eradication of this disease has proved difficult to achieve in Portugal where it still occurs in some regions
despite an ongoing national eradication programme. In 2004, the Alent-ejo region, a major cattle producing area, reported
one of the highest levels of bovine brucellosis in the country, especially in one divisional area. In that area, bovine brucellosis
was particularly problematic in a holding of ten herds, the largest extensive cattle unit in the country, which remained infected
despite an extensive test-and-slaughter programme and depopulation of five herds. A 5-year programme of RB51 vaccination
with biannual test-and-slaughter was thus implemented in 2004. The apparent animal seroprevalence decreased from 19%
(646/3,400) to 3% (88/2930) on the third herd-level test and remained below 0.8% (27/3324) after the fourth test. After the
tenth test, the holding had a prevalence of 0.1% (2/2332) and only one herd remained positive with a within-herd prevalence
of 1.1% (2/177). The results were compared to all other herds (#n = 10) in the divisional area that were also persistently
infected but were subject only to test-and-slaughter before being depopulated. In these herds, the strategy of test-and-
slaughter did not reduce the prevalence, which remained significantly higher than the vaccinated group (median = 0.48% and
8.5% in vaccinated versus non-vaccinated herds; Wilcoxon rank sum test; P < 0.01). The success of this pilot programme in
continental Portugal pro-vided a valuable case study to the official veterinary services by illustrating the value of RB51
vaccination with parallel testing and improved biosecurity as a comprehensive and sustainable strategy for bovine brucellosis
control in persis-tently infected herds.

et al,, 1990). Large numbers of organisms are excreted during

Introduction infected abortions and the highly contaminated lochia present

Bovine brucellosis is a worldwide, zoonotic disease of cattle
caused by Brucella abortus, characterized by reproductive fail-
ure in females and potential infertility in males. The main clin-
ical signs in sexually mature cows are abortions which occur
most commonly in the last trimester of gestation (Crawford

a significant risk for transmission to cattle in the immediate
vicinity (Nicoletti, 1980; Corner, 1983; Samartino and En-
right, 1993). Progeny may be infected in utero or during the
perinatal period and may become long-term carriers, with the
risk of future abortions (Wilesmith, 1978).



Herd-level risk factors for infection include herd density,
herd size, contiguous infection, presence of abortions in
herds, cattle movement and uncontrolled or open-calving
systems (Kellar et al., 1976; Nicoletti, 1980; Crawford et al.,
1990; Abernethy, 2008).

Bovine brucellosis has been eradicated from many mem-
ber states of the European Union (EFSA, 2013), and
national programmes, governed by local and European leg-
islation, are employed where it persists. Eradication is ham-
pered by the lack of pathognomonic symptoms, the
inability of diagnostic tests to identify all infected animals,
latent carriers and the limitations of vaccines to fully pro-
tect susceptible cattle (European Commission, 2009). Con-
trol methods include test-and-slaughter or stamping-out
when the prevalence is low or vaccination when the preva-
lence is high or control resources are constrained. Vaccina-
tion alone is insufficient to eradicate the disease, but it
increases resistance to infection and reduces both the risk
of abortions and excretion of the organism (European
Commission, 2009). Two vaccines against bovine brucello-
sis are commercially available: S19 or RB51. The antibodies
induced by RB51 do not react in standard agglutination
tests (Rose Bengal test (RBT), serum agglutination test
(SAT) or complement fixation test (CFT) (Schurig et al.,
1991; European Commission, 2009).

A control programme for bovine brucellosis in Portugal
commenced in 1938 (Decreto-Lei 29:181) and was
enhanced in the early 1970s by vaccination with S19 or 45/
20, combined with testing and slaughter of positive animals
(DGSP, 1977; DGV, 1979). Current control measures
include serological testing of all susceptible cattle, slaughter
of seropositive animals, depopulation under certain cir-
cumstances, laboratory confirmation of infection, pre-
movement testing, post-abortion reporting and vaccination
(DGV, 2007; DSSPA, 2011).

Some herds can remain persistently infected and present
a serious challenge for the veterinary authorities who must
decide on the best sanitary strategy in addition to test-and-
slaughter, which could include mass vaccination or, alter-
natively, depopulation.

Between late 2004 and early 2009, the official veterinary
services in Alentejo, a high incidence area in southern Por-
tugal, implemented a 5-year pilot programme of RB51 vac-
cination with test-and-slaughter in a holding of ten
extensive herds where depopulation of five of the herds had
previously failed to control the disease. Up to this point,
such a strategy had only been used in the Portuguese
islands of the Azores where it had proved successful (Mar-
tins et al., 2009, 2010). The objective of the Alentejo study
was to evaluate the results of the strategy, compared with
the outcome of similar herds in the region that also experi-
enced persistent infection but which were subject to the
regular test-and-slaughter programme with stamping-out.

Materials and Methods
Background

National and regional prevalence

The national herd and animal-level prevalence in Portugal
between 2000 and 2004 ranged from 0.44% to 0.67% and
0.20% to 0.30%, respectively (Fig. la,b; DGV, 2007). In
2004, national levels of brucellosis were mainly influenced
by the high prevalence in Alentejo, a Portuguese region in
the south of the country, with 2.01% of herd and 0.45% of
animal-level prevalence (Figs la,b and 2).

Alentejo is a major cattle producing area, accounting for
43.34% of the mainland cattle population, characterized by
extensive beef cattle production with larger holdings and
herds than the national average (60.6 ha versus 12 ha and
122.9 versus 20.5 cattle, respectively; INE, 2006). Animals
are maintained on natural pastures with feed supplements
only in times of hardship. Natural breeding is predomi-
nant, and there is no synchronization of births or use of
artificial insemination.

In Alentejo, the DIV of Beja experienced the highest lev-
els of bovine brucellosis in 2004, with a herd and animal-
level prevalence of 2.63% and 1.16%, respectively (DIV is
the smaller unit for animal health purposes, for definition
of strategies at the Brucellosis eradication programmes for
the European Commission; mainland Portugal is divided
in 24 DIVs; Fig. 1a,b). A major factor was persistent infec-
tion in a holding of ten herds with the largest number of
animals in the DIV (group of vaccinated herds of our
study); Fig. 2).

Vaccinated herds

The study unit was a beef-cow enterprise with calves reared
and fattened on site. Females are crossed from autochth-
one (indigenous) Alentejana and Mertolenga breeds, and
the males are pure exotic breeds, Limousin or Charolais.
The holding consisted of ten separate herds with approxi-
mately 10 000 cattle (Fig. 2). In 2004, the cattle density
was 1.05 animals per ha with approximately 3400 repro-
ductive stock. Natural service was used with each breeding
herd having its own bull; young stock was removed from
the cows after weaning and reared separately before being
finished in a single unit at the holding and moved directly
to slaughter. Most of the herds were separated by double-
fencing (Fig. 2), and, during the pilot programme, cattle
movement between herds within the holding was prohib-
ited. The holding was persistently infected with brucellosis
despite intensive testing and depopulation of five herds
between September 1999 and August 2000 (Table 1;
Direcgao Geral de Veterinaria (DGV), 2007). Restocking
was permitted only after 1 year and after the pastures had
been ploughed in. Despite these measures, however, the
herds were re-infected within 1 year.
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Fig. 1. (a, b) Comparison between the herd (a) and anima-level prevalence (b) for bovine brucellosis between mainland Portugal, Alentejo region
and the DIV of Beja, 2000 and 2004.
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Fig. 2. Location of the ten cattle herds vaccinated with RB51 in Beja DIV, Alentejo region, Portugal.

The 10 vaccinated herds were grouped using the alence = 37.3%; SE =6.5%) and a low prevalence
mean animal apparent prevalence in 2004, into two dis- group (prevalence = 0.64%; SE = 1.3%; Table 2). There
tinct groups: a high prevalence contiguous group (prev- were ten farms neighbouring the study unit between



Table 1. Regulatory actions, seroprevalence and birth rate in ten Brucella-infected herds in the Alentejo region of Portugal before and after initiation

of RB51 vaccination in 2004

Herds Cattle

Year Total Positive Depopulated Restocking Purchase Vaccinated Prev. (%) Birth rate (%)
1999 8 8 3 0 0 0 26.4 NA
2000 5 5 2 0 0 0 18.1 NA
2001 7 7 0 3 1 0 7.6 NA
2002 9 9 0 2 0 0 4.3 NA
2003 10 8 0 0 1 0 12.6 NA
20042 10 7 0 0 0 3370 19 60.1
2005 10 6 0 0 0 846 5.7 443
2006 10 6 0 0 0 709 0.5 66.0
2007 10 3 0 0 0 755 0.5 68.6
2008 10 1 0 0 0 331 0.2 71.9
2009% 10 1 0 0 0 0 0.1 73.5

“One semester; Prev., animal prevalence; NA, not available.

Table 2. Numbers of cattle tested and percentage of animals seropositive for brucellosis in five high and five low prevalence Brucella-infected herds

in the Alentejo region of Portugal after initiation of RB51 vaccination in 2004

2004 2005 2006 2007 2008 2009

T T2 T3 T4 T5 T6 T7 8 T T10
Group® Herd n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%)
1 2 483(39.5) 312(16.3) 257(1.9) 279(0) 215(0) 265(0.8) 280(0.4) 337(0) 301(0) 227(0)
1 3 155(31.6) 116(18.1) 96(9.4) 172 (0) 180 (0) 205(0.5)  104(0) 230(0) 249 (0) 213(0)
1 4 174(29.3) 139(7.9) 125(0.8) 123(0) 220(0.5)  187(0) 200(0) 205 (0) 222 (0) 140 (0)
1 5 338(44.1) 224(22.8) 174(2.9) 185(1.1) 155(3.9) 219(2.7) 222(5) 292(2.1)  283(2.5) 177 (1.1)
1 6 613(41.9) 377(16.4) 240(13.8) 298(0.7) 281(0.7) 283(0) 341(0.3)  439(0) 433(0) 333(0)
2 1 236 (3) 250(1.6) 247(1.6)  249(0) 237(0.8)  210(0) 220(0) 188 (0) 212(0) 166 (0)
2 7 489(0.2) 596 (0) 662 (0) 841 (0) 850(1.3) 800 (0) 843 (0) 748 (0) 721(0) 456 (0)
2 8 119 (0) 208 (0) 186 (0) 212(0.5  180(0.6)  228(0) 209 (0) 190 (0) 197 (0) 140 (0)
2 9 631(0) 676 (0) 740 (0) 809 (0) 829(0.2) 896 (0) 832 (0) 693 (0) 677 (0) 379 (0)
2 10 162 (0) 155 (0) 203(0) 225(0) 177 (0) 208 (0) 212(0) 159 (0) 155 (0) 101(0)
Total/% 3400(19) 3053(8.3) 2930(3)  3393(0.2) 3324(0.8) 3501(0.4) 3463(0.6) 3481(0.2) 3450(0.20) 2332(0.1)

@1 = High prevalence group; 2 = Low prevalence group.

1999 and 2003 of which four were infected with brucel-
losis.

Non-vaccinated herds

All herds (n = 10) with recurrent brucellosis between 1999
and 2009 in the DIV of Beja were included for comparative
reasons (Table 3). These herds, with an average size of
203 ha, produced beef cattle in the typical extensive or
semi-extensive production systems of Alentejo Region. The
breeds and reproductive management were the same as that
on the vaccinated holding. These herds were persistently
infected with brucellosis for a minimum of two and up to
4 years.

Eradication programme
The pilot vaccinated programme commenced in the study
herds in the second half of 2004 and included RB51 vacci-

nation (CZV® SA, Spain; 10-34 x 109 CFU/dose; 2 ml) of
all female cattle older than 4 months. In the high preva-
lence group of herds (n = 5, Table 2), most of the animals
vaccinated as heifers during 2004 and the first half of 2005
were revaccinated six to twelve months later. Subsequently,
only replacement heifers (4-12 months old) were vacci-
nated and no revaccination took place. Vaccination was
not implemented in the first half of 2009 (the 10th round)
as no replacement females were introduced due to manage-
ment changes and a decision by the owners to reduce the
reproductive stock (Table 1).

All vaccinated females were identified by means of an in-
traruminal bolus. All breeding and replacement animals
were tested biannually, and replacement females were
acquired exclusively from officially brucellosis-free herds,
with a negative pre-movement test and RB51 vaccination
followed by quarantine until serological results. All sero-



Table 3. Follow-up of the ten Brucella-infected herds in the Alentejo region of Portugal not subject to RB51 vaccination

1st intervention Depopulation Repopulation

Year of first seropositivity

ID herd with positives (year) (year) after repopulation Follow-up

1 2001 2003 Yes (2004) Negative

2 2001 2003 Yes (2004) 2004 Positive until 2006 and negative thereafter
3 1999 2003 Yes (2004) 2004 Positive until 2005 and negative thereafter
4 2003 2004 No Ceased activity

5 2001 2004 Yes (2009) Negative

6 2004 2005 No Ceased activity

7 2003 2006 Yes (2007) 2009 Positive after 2009 thereafter

8 2005 2006 Yes (2007) Negative

9 2006 2007 No Ceased activity

10 2007 2008 No Ceased activity

positive animals were sent directly to slaughter within
2 weeks of testing for unvaccinated cattle and within
4 weeks for vaccinated animals, the latter delay due to
withdrawal period requirements. Epidemiological investi-
gations were conducted in seropositive herds, and samples
were taken for bacteriological culture from seropositive
animals until confirmation of active infection. Only Bru-
cella abortus biovar 3 was isolated by the National Refer-
ence Laboratory (LNIV, Lisbon).

The comparative herds were subject to the National
Eradication Programme that included test-and-slaughter of
positive animals, laboratory isolation of Brucella abortus
biovar 3, movement restrictions of positive herds, epidemi-
ological investigations and repeated short-interval testing
until the herds achieved freedom of infection. However,
they were eventually depopulated due to ongoing, persis-
tent evidence of infection.

Serological tests

The serological procedure was the same for both the vacci-
nated and non-vaccinated herds with all cattle over
6 months in each herd being tested twice a year. The RBT
and CFT were used for testing and applied according to
European Commission requirements (European Commis-
sion, 2009). Up to the end of 2004, animals were screened
with RBT and confirmed by CFT; those positive to both
tests were considered to be infected and were slaughtered.
From 2005 onwards, all samples from the vaccinated herds
were interpreted in parallel, and cattle positive to either test
were considered positive if there was at least one CFT-posi-
tive animal in the herd. Pre-movement testing included
both RBT and CFT, also interpreted in parallel. Positive
animals were separated from the rest of herd and slaugh-
tered. Bacteriological isolation was used to confirm the
infected status of new positive herds. Samples were taken
from serological reactors until the organism was isolated
and the herd was confirmed as infected. Cultures were per-
formed on Farrell’s medium, according to the procedures

described by Alton et al. (1988), on stomach contents, lung
and spleen of aborted foetuses, or on retropharyngeal and
supramammary lymph nodes and spleen. Brucella strains
isolated were biotyped by the National Reference Labora-
tory (LNIV, Lisbon).

Data sources and statistical analysis

Data regarding the historical activity of the herds and
control measures applied between 1999 and 2009 were
obtained from PISA, the Official Animal Health Software,
which is a national information system regarding sanitary
activities under the official eradication programmes of
ruminant diseases. For the vaccinated group, birth rate
data were obtained from SNIRA, the National Informa-
tion and Registration System. Microsoft Access® and
Excel® were used for data storage and management. Sta-
tistical analysis was undertaken in R version 2.13.1 (R
Core Team, 2012), and effects were considered significant
if P < 0.05; all P values were two sided. The number of
animals seropositive and tested in the herd was used to
determine animal prevalence, both in the vaccinated and
non-vaccinated groups. Birth rate was calculated as the
total number of births with respect to the total number of
adult females present in each herd. Mapping was devel-
oped in Quantum GIS version 2.0.1 (http://www.qgis.org/
en/site/).

In the vaccinated herds, differences in the median ani-
mal-level prevalence between high and low prevalence herd
group was tested with Wilcoxon rank sum test. Analysis of
Variance (anova), followed by post hoc Tukey’s HSD, was
used to assess the evolution of the birth rate in the holding
between 2004 and 2009. The correlation between birth rate
and herd prevalence was assessed using Spearman’s correla-
tion coefficient. Differences in the median animal-level
prevalence over the period between the group of vaccinated
and non-vaccinated herds were tested using Wilcoxon rank
sum test.



Results

The vaccinated group comprised ten herds but, between
1999 and 2002, the number varied between five and nine
due to depopulation associated with high within-herd prev-
alence. From 2003-2009, the number present increased to
ten (Table 1) with only one herd (herd 5) having seroposi-
tive animals in the last 2 years of the study (2008, 2009).
The animal-level prevalence in this herd was 2.3% (thirteen
positive animals) in 2008, reducing to 1.1% (two positive
animals) by the first round of testing in 2009 (Table 2).
The mean animal-level prevalence in the holding decreased
from 19% in 2004 (SE = 6.3) to 0.1% in 2009 (SE = 0.1)
(Table 2; Fig. 3a). In the herd high prevalence group
(Group 1, Table 2), the mean animal-level prevalence
reduced from 37.3% in 2004-16.3% by the first half of
2005 and to 5.8% by the second half of that year. The prev-
alence in herd Group 1 was significantly higher than in
herd Group 2 in 2004 and 2005 (Wilcoxon rank sum test;
P < 0.05), but not from 2006 onwards. In the low preva-
lence group, two herds that were initially negative (Herds 8
and 9) were seropositive in at least one round of the sero-
logical survey in 2006, becoming negative thereafter. The
same occurred in 2007 in Herds 2 and 3 of the high preva-
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Fig. 3. (a) Seroprevalence of brucellosis in 10 vaccinated infected cattle
herds in the Alentejo region of Portugal (1999-2009). (b) Seropreva-
lence of brucellosis in 10 non-vaccinated infected cattle herds in the A-
lentejo region of Portugal (1999-2009).

lence group, with, respectively, two and one seropositive
animals; the herds tested negative thereafter.

Between 2004 and 2005, the birth rate decreased and this
was associated with removal of 646 cattle at the start of the
vaccinated programme, but increased annually thereafter
(to 73.5% by 2009; Table 1) (one-way anova followed by
post hoc Tukey’s HSD; F = 7.72; P < 0.001). This increase
in the birth rate over the 5-year period was negatively cor-
related with the reduction in animal-level prevalence in the
same  period (Spearman’s  correlation  coefficient
(rho) = —0.93; P = 0.008). No reports of abortion associ-
ated with RB51 vaccination were reported during the study
period.

In the ten non-vaccinated herds, the median number of
herd-level serological tests was 6 (range: 1-10) with a med-
ian between-test interval of 84 days. The mean animal-level
prevalence at the first test was 7.2% (SE = 3.6) and the
prevalence increased across the observed period except for
the third test (mean animal-level prevalence = 2.5%;
SE = 1.2; Fig. 3b). The median animal-level prevalence
over the period in the non-vaccinated herds was signifi-
cantly higher than the vaccinated group (8.5% versus
0.48%; Wilcoxon rank sum test; P < 0.01).

Four of the non-vaccinated herds ceased production
activity after depopulation (Herds 4, 6, 9 and 10, Table 3);
three remained negative after depopulation and repopula-
tion (Herds 1, 5 and 8) and two herds became positive tem-
porarily and negative 1/2 years later (Herds 2 and 3). Herd
7 tested negative after the repopulation, but was seroposi-
tive 2 years later (Table 3).

Discussion

Bovine brucellosis infection leads to severe financial losses
in affected herds due to abortions, slaughter of test-positive
animals and restriction of animal movements and trade.
Successful eradication programmes are therefore costly to
both the farming industry and government and difficult to
implement as they usually require intensive, long-term
interventions. In developed countries, strategies for eradi-
cation are based on test-and-slaughter programmes and in
the early stages of a programme, vaccination to avoid bac-
terial dissemination (Godfroid et al., 2011).

Herds may be persistently infected with brucellosis due
to ongoing exposure to external sources or from animals
that had not yet seroconverted. Such herds present a seri-
ous challenge to eradication programme managers, espe-
cially from latent carriers that occur regardless of the tests
used and present a risk to within-herd spread and transmis-
sion to contact herds. According to the bovine brucellosis
eradication programme of Portugal, mass vaccination with
RB51 or depopulation in such persistently infected herds
can be applied. In our study, the strategy of test-and-



slaughter alone was not effective in either the non-vacci-
nated or vaccinated groups of herds. In the ten non-vacci-
nated herds, it did not reduce the prevalence of brucellosis;
the herds remained infected for 2—4 years and were subse-
quently depopulated. Four of the herds ceased activity, and
in three herds, bovine brucellosis re-emerged after repopu-
lation. Thus, bovine brucellosis can seriously disrupt pro-
duction as it was associated with a high rate of
abandonment of activity and herd re-infection.

The study unit comprised ten persistently infected herds,
with well-known risk factors such as large herd size, contig-
uous infection and uncontrolled or open-calving systems
(Kellar et al., 1976; Nicoletti, 1980; Crawford et al., 1990;
Abernethy, 2008) and an extensive management system
that made containment of the outbreaks extremely difficult
(Sanz et al., 2010). Prior to the vaccination programme,
there was significant within-herd spread in most of the
herds and infection persisted, despite depopulation of five.
Various factors may have contributed to the recurrence,
such as within-herd spread due to inadequate biosecurity
and ongoing infection in the neighbouring herds, but the
most significant was likely failure to manage the enterprise
as a single epidemiological unit at the time of depopula-
tion. Total depopulation of the unit was rejected on eco-
nomic grounds, and the herds were removed over a period
exceeding 1 year, which meant restocking was similarly
staggered. Thus, it is possible that restocked, Brucella-free
herds would have been adjacent to infected animals where,
despite double-fencing, indirect transmission was still pos-
sible. Equipment was shared between herds at certain times
(for example, management of parturition, transport of
feed), employees might have moved between herds, and
one cannot discount the role of scavenging animals such as
carrion birds or stray dogs that were present in the area.
Between 1999 and 2003, four of the ten neighbouring herds
outside the enterprise were also infected with bovine bru-
cellosis, two of which were contiguous to Herds 2 and 3
(one was depopulated in 2003 and one ceased production
activity). After the epidemiological investigation by the
Official Veterinary Services in the infected neighbouring
holdings, it was concluded that the origin of infection was
the study unit before the implementation of vaccination.

The vaccination programme was implemented in the
unit due to difficulties in bringing about effective manage-
ment changes, the proximity of infected neighbouring
holdings and the ineffectiveness of the previous depopula-
tion. The 5-year programme (2004-2009) reported here
became the standard protocol used in Portugal in situations
where depopulation fails or, for sanitary reasons, depopula-
tion is not the most appropriate or effective measure. The
measures applied included multiannual testing, parallel
testing to detect and eliminate infected cattle as early as
possible, rapid slaughter (within 2 or 4 weeks) of all posi-

tive animals and vaccination with RB51. However, the fre-
quency of four to five tests per year, as stipulated in the
national programme (DGV, 2007), was replaced by bian-
nual testing, due to the size of the unit and the limited staff
resources available. Nevertheless, within 3 years of com-
mencement, brucellosis was eliminated from seven of the
ten herds and was likely eliminated from nine by the end of
the 5-year programme. Brucella abortus was confirmed by
bacteriological culture early in the programme, but not
towards the end so one cannot be certain of the infected
status of the seropositive animals at the end.

Approved diagnostic tests within the European Union
include the serum agglutination test (SAT), complement
fixation test (CFT), rose bengal test (RBT), enzyme-linked
immunosorbent assays (ELISA), the brucellin skin test
(BST), the milk ring test (MRT) and the fluorescence polar-
ization assay (Directive 64/432/CEE). Despite this wide
range, none has optimal sensitivity or specificity, requiring
different test strategies based on the stage of eradication
and objective of the test strategy (Abernethy et al., 2012).
The diagnostic tests most frequently used are the RBT, suit-
able for screening herds and individual animals, and the
CFT which is used for both screening and confirmation
(OIE, 2009; Sanz et al., 2010).

Parallel testing improves sensitivity and is specially valu-
able when early detection is desirable (Houe et al., 2004;
Abernethy et al., 2012), but it reduces specificity (Houe
et al., 2004); thus, it is likely that some of the later incidents
of few reactors and no subsequent seropositivity in the
herds were likely false positives as, for example, the spo-
radic positives in the low prevalence group in 2006.

No bacterial isolation was performed towards the end of
the period as culture was only undertaken until infection
was confirmed. It is not possible therefore to determine the
true status of the singleton, seropositive animals identified
towards the end. These may have been false positives, a
common feature in brucellosis surveillance, or truly
infected animals, illustrating the need for long-term inter-
ventions in such herds.

RB51 is an attenuated rough strain vaccine which gives
no false positives post-vaccination when using conventional
serological tests, thus no interference with epidemiological
surveillance (Stevens et al., 1995; Herrera-Lopez et al,,
2010). RB51 vaccination was undertaken in all female cat-
tle, including young, adult and pregnant animals, achieving
rapid protection of the herd. S19 vaccine has been success-
fully used to eradicate bovine brucellosis for over 50 years
(Godfroid et al., 2011). Despite its effectiveness, it is known
to induce abortion if administered to pregnant animals
(Godfroid et al., 2011) and due to the antigens (polysac-
charide O-side of the cell surface smooth lipopolysaccha-
ride (LPS)) shared by both vaccine and field strains, it
creates persistent titres that confound identification of



infected cattle by most diagnostic tests, especially when
adult cattle are vaccinated. Its use is therefore generally lim-
ited to young heifers of four to eight months of age (Olsen
et al., 1996; Moriyon et al., 2004; Olsen and Tatum, 2010;
Sanz et al., 2010). If only young calves could be vaccinated
and considering an average of 20% of replacement/rate/
year, it would be necessary 5 years for full coverage of the
herd.

Abortions associated with RB51 vaccination have been
described (Yazdi et al., 2009). No abortions were reported
during the study period, which is surprising given the size
of the unit and the initial high prevalence. This may reflect
difficulties in identifying aborted cows under an extensive
system, with limited numbers of personnel. However, other
studies also reported the low risk of abortions associated
with the vaccine (Schurig et al., 1991; Uzal et al., 2000; Po-
ester et al., 2006; Sanz et al., 2010). This was not evaluated
in this study, but the marked increase in the birth rate sug-
gests that it was not significant if it did occur. The protec-
tive effectiveness of RB51 remains controversial (Moriyon
et al., 2004). It confers an adequate degree of protection
against experimental infection (Poester et al., 2006) and
has been used with success in some parts of the European
Union (European Commission, 2009). Even though there
are few reported studies, some field reports describe good
results when vaccination is associated with sanitary mea-
sures (Herrera et al., 2008; Martins et al., 2009, 2010; Her-
rera-Lopez et al., 2010; Sanz et al., 2010).

This study demonstrated the value of RB51 whole-herd
vaccination, in combination with test-and-slaughter and
biosecurity measures in controlling bovine brucellosis. The
within-herd prevalence in the study herds reduced signifi-
cantly after the first intervention and was effectively con-
trolled before the tenth intervention (5 years). By contrast,
the non-vaccinated herds remained infected throughout
the study period and with a high prevalence. As such there-
fore, the vaccination approach provides a viable alternative
to depopulation, especially when the risk of re-infection
exists, and serves as a possible model for other regions.

This study was limited due to the observational nature of
the project that used retrospective data in comparing the
vaccinated and non-vaccinated groups. Although both were
similar in regard to breed of cattle, management and biose-
curity, they were different in that the vaccinated herds were
located on a single unit in contrast to the more detached
vaccinated herds. A case—control design was therefore
avoided as it was not possible to evaluate the effect of this
from the available data. Instead, only the within-herd prev-
alence was utilized as a measure of success of the contrast-
ing interventions. It is worth noting, however, that the
factors specific to the vaccinated group — increased contact,
larger overall size and greater movement between herds —
were more likely to exacerbate persistence of infection than

be protective. In other words, the rapid and progressive
reduction in prevalence could reasonably attributed to the
intervention than to factors common to the vaccinated
herds.

This case study showed that RB51 whole-herd vaccina-
tion, in combination with test-and-slaughter and strong
biosecurity measures can control the spread of the disease
in a short period of time. As such therefore, it provides a
viable alternative to depopulation, especially when the risk
of re-infection exists. This pioneer case study in continental
Portugal provided valuable support to the veterinary ser-
vices as an example to other vaccination programmes.
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