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ABSTRACT: Brucellosis is one of the most important and widespread bacterial zoonoses in the world. There are few epidemiological
studies on brucellosis in cattle in the productive region of western Santa Catarina. Thus, the objective of this study was to characterize the
epidemiological aspects of bovine brucellosis reported in this region from 2013 to 2018. Cattle data were provided by the Integrated Company
for Agricultural Development of Santa Catarina (Companhia Integrada de Desenvolvimento Agricola de Santa Catarina - CIDASC). The
prevalence of the disease was evaluated in cattle and herds by means of temporal trend analysis and spatial distribution. Bovines with tests
showing positive for brucellosis were analyzed for location (municipality) and year of confirmation of diagnosis. In the study period (2013-
2018), 686,086 tests were performed for brucellosis, with a prevalence rate of 1.11% (7,586/686,086). Among the 80,171 herds tested, 0.95%
were found to be positive (764/80171). The odds ratio of brucellosis occurrence in cattle increased significantly in 2015 (OR = 1.55) and 2016
(OR = 1.97) and decreased in 2014 (OR = 0.47) and 2017 (OR = 0.97). The disease is present in cattle in 61.07% (80/131) of the municipalities
where the tests were performed. Results showed that brucellosis is endemic in the region.
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Caracterizacdo epidemiolégica dos casos notificados de brucelose em bovinos
na regiio Oeste do Estado de Santa Catarina, Brasil

RESUMO: 4 brucelose é uma das zoonoses bacterianas mais importantes e difundidas no mundo. Sdo poucos os estudos epidemiologicos
sobre a doenga em bovinos na regido produtiva do Oeste de Santa Catarina. Desta forma, o objetivo deste estudo foi caracterizar os aspectos
epidemiologicos da brucelose bovina notificados nesta regido entre os anos de 2013 a 2018. Os dados sobre os bovinos foram fornecidos pela
Companhia Integrada de Desenvolvimento Agricola de Santa Catarina (CIDASC). Foram avaliadas as prevaléncias da doenga nos bovinos
e rebanhos, por meio de andlise de tendéncia temporal e distribuicdo espacial. Os bovinos, cujo exame confirmatério mostrou positividade
para brucelose, foram analisados quanto a localizagdo (municipio) e o ano de confirmagao do diagnéstico. No periodo de estudo (2013-2018)
foram realizados 686.086 testes para brucelose, encontrando-se prevaléncia de 1,11% (7.586/686.086) de animais positivos, enquanto a
prevaléncia de rebanhos positivos, dentre os 80.171 testados, foi de 0,95% (764/80171). As razées de chances de ocorréncia de brucelose nos
bovinos aumentaram significativamente nos anos de 2015 (OR= 1,55) e 2016 (OR= 1,97) e diminuiram em 2014 (OR= 0,47) e 2017 (OR=
0,97). A doenga esta presente nos bovinos em 61,07% (80/131) dos municipios em que foram realizados os testes. Os resultados demonstram
que a brucelose é endémica na regido.

Palavras-chave: zoonose, sorologia, prevaléncia.

INTRODUCTION fifth largest producer of milk. Regarding animal health,
the state has sanitary regulations and has been recognized
The state of Santa Catarina, located in the internationally as being free of foot-and-mouth disease

southern region of Brazil, corresponds to 1.12% of the without vaccination since 2007 (OIE, 2019).
national territory. Despite this small land area, the state Despite the different sanitary regulations
stands out in livestock production (IBGE, 2017) as the in the state, cattle production continues, and advances
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in cattle health with disease surveillance are required.
Brucellosis is one of the most important and
widespread bacterial zoonoses in the world (ZHANG
et al., 2018; CARDENAS et al., 2019). The disease
is caused by bacteria of the genus Brucella, with
B. abortus being the most prevalent species in the
country (CORBEL, 2006).

To reduce the negative impact of brucellosis
and tuberculosis on productivity in human and animal
health and to promote the competitiveness of national
livestock production, the National Program for the
Control and Eradication of Brucellosis and Animal
Tuberculosis (Programa Nacional de Controle and
Erradicagdo da Brucelose e da Tuberculose Animal
- PNCEBT) was created in 2001 by the Ministry of
Livestock and Food Supply (Ministério da Agricultura
Pecuaria and Abastecimento - MAPA) (BRASIL, 2006).
Since then, several Brazilian states have conducted
studies on the prevalence of brucellosis in cattle. The
sample surveys showed that the disease is endemic
in Brazil, with a heterogeneous prevalence among the
states. The lowest prevalence rate was observed in
Santa Catarina (BAUMGARTEN et al., 2016). After the
adoption of eradication measures in the state of Santa
Catarina in 2012 (SANTA CATARINA, 2012), no
epidemiological surveys were conducted.

The present study was developed with
the objective of characterizing the epidemiology

of bovine brucellosis in 131 municipalities in the
western region of the state of Santa Catarina from
January 2013 to December 2018.

MATERIALS AND METHODS

Selecting the geographic region

Santa Catarina is divided into five
productive regions according to Sikusawa et al.
(2009) (Figure 1). In this study, bovine brucellosis
data from the 131 municipalities that make up
productive region 3 - western Santa Catarina - were
analyzed. This region was selected because it is
the main dairy production region and has the most
cattle in Santa Catarina. Additionally, this region
was selected due the proximity of the border with
the states of Rio Grande do Sul and Parana and the
international border with Argentina.

Data collection and inclusion criteria

Information on bovine brucellosis
was obtained from the Integrated Company for
Agricultural Development of Santa Catarina
(Companbhia Integrada de Desenvolvimento Agricola
de Santa Catarina - CIDASC). The study period
was from January 2013 to December 2018. The
available information included year/month of the
test; municipality; number of farms with examined

Source: Adapted from SIKUSAWA et al., 2009.

Figure 1 - Santa Catarina regions from a production perspective: Serrana (1),
Grande Floriandpolis and southern Santa Catarina (2); western Santa
Catarina (3), northern Santa Catarina (4) and Itajai Valley (5). The
study area is highlighted (3).
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animals; number of animals examined (for the triage
and confirmatory tests); number of positive animals in
the confirmatory test; and number of establishments
with positive animals. Monthly data were collected
on the total cattle and the total number of farms with
cattle in each municipality of the study using the
Santa Catarina Agricultural Defense Management
System (Sistema de Gestdo da Defesa Agropecuaria
Catarinense - SIGEN+).

The analyzed data were collected from
bovines that had their serum tested for brucellosis
by trained veterinarians from the private sector and
the Official Veterinary Service (Servigo Veterindrio
Oficial - SVO). These animals included both males
intended for breeding and females, aged eight months
or older (BRASIL, 2017), as vaccination of the
animals with the B-19 vaccine is not practiced in the
state of Santa Catarina. The animals were examined
according to the demand of the producers, and
some animals and herds were examined more than once
during the study period.

A positive case was defined as any
animal that had a conclusive positive diagnosis in
the 2-mercaptoethanol (2-ME) confirmatory test or
fluorescent polarization assay (FPA) performed by an
official and/or accredited laboratory, after a reactive
result from the buffered acidified plate antigen
screening test or two consecutive inconclusive results
from the confirmatory test (BRASIL, 2017). Each
animal was considered a case only once because
positive animals are referred for sanitary sacrifice
within 30 days of diagnosis (SANTA CATARINA,
2012; BRAZIL, 2017).

Facilities that had at least one bovine
positive for brucellosis were considered focus
properties (BRASIL, 2017). The foci of the disease
were counted from the “Informes Epidemiologicos
Estaduais/GEDSA” (“State Epidemiological Reports/
GEDSA) provided by CIDASC and refers to the
occurrences reported each month (CIDASC, 2018).

Data analysis

The annual prevalence of brucellosis and the
total bovine-positive period were calculated for the foci
according to PEREIRA (2008). The total distribution of
cases was verified each month during the study period.

A temporal trend analysis was performed
with logistic regression on data from cattle examined
for brucellosis to understand associations between
the prevalence of cases per year. We performed
univariate logistic regression analysis and odds ratio
estimates with 95% confidence intervals using Stata
software version 13.0®. Spatial analysis was performed
by developing thematic maps showing the distribution
in municipalities with positive bovines in absolute
number of cases. The maps were elaborated using QGIS
free software version 3.4.8 (Las Palmas de G.C.).

RESULTS AND DISCUSSION

Data from 686,086 samples of bovine sera
from 80,171 herds of the 131 municipalities of the
western region of Santa Catarina were analyzed. Of
the total number of tests performed, 7,586 cattle had
a positive diagnosis using the confirmatory test for
brucellosis (2-ME), and these were distributed in 764
herds (Table 1).

The low prevalence in herds and in cattle
corroborates the results found by other authors in the
same region and state (BRASIL, 2006; SIKUSAWA
et al.,, 2009; BAUMGARTEN et al., 2016). These
data demonstrated that brucellosis rates are stable but
low in Santa Catarina’s western region, despite an
approximately 11% increase in the cattle herd, when
comparing the average of the six years in the study
(CIDASC, 2019) with the actual value for 2012.

In a survey conducted in 2001, Sikusawa
et al. (2009) estimated a state average of 0.32% in
herds and 0.06% in cattle. They did not observe cases
of brucellosis in the western region, but estimated
the prevalence in herds to be 0.25%. In contrast, in

Table 1 - Number and prevalence of herds and cattle examined for bovine brucellosis in the western region of Santa Catarina from 2013

to 2018.
HERDS CATTLE
Results No. ! Prevalence 95% CI No. 2 Prevalence 95% CI
Negative 79.407 99.05% 98.98 -99.11 678.500 98.89% 98.87 —98.92
Positive 764 0.95% 0.89 —1.02 7.586 1.11% 1.08 - 1.13
Total 80.171 100% 686.086 100%

"Number of herds. “Number of cattle. "CI: Confidence interval.
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a study conducted in 2012, Baumgarten et al. (2016)
estimated the mean prevalence in the state to be
0.91% in herds and 1.21% in animals. Additionally,
they estimated a prevalence of 1.09% in herds and
1.97% in cattle in the western region. The prevalence
observed by Baumgarten et al. (2016) in the western
region was slightly higher than that (0.95% in herds
and 1.11% in animals) observed for the region in
the present study, revealing the manifestation of the
disease in the study period.

The increase in the prevalence rates of bovine
brucellosis observed between the studies from 2001 and
2012 led to the implementation of the State Program
for the Eradication of Brucellosis and Tuberculosis
(Programa Estadual de Erradicacdo da Brucelose
e Tuberculose - PEEBT) in Santa Catarina (SANTA
CATARINA, 2012). The 2012 survey was crucial
to establish the resources to be used to control and
eliminate the disease in the state. Afterwards, herd
examinations were performed to control the outbreak
to identify all positive animals from the same herd (SANTA
CATARINA, 2012; BAUMGARTEN et al., 2016).

Results reported in this study reinforced
the observation that Santa Catarina has the lowest
occurrence of brucellosis in the country. The states
closest to Santa Catarina with herd and cattle brucellosis
prevalences included Rio Grande do Sul, with 3.54%
and 0.98%, respectively (SILVA et al., 2016);

Minas Gerais, with 3.59% and 0.81%, respectively
(OLIVEIRA et al., 2016); and Parana, with 4.0% and
1.7%, respectively (DIAS et al., 2009). Heterogeneous
distribution of the disease in Brazil reinforced the need
to establish independent state programs for control and
eradication according to the prevalence in each state.
For prevalence rates < 2%, the adopted strategy must
be eradication by testing cattle and then sacrificing
positive animals (CORBEL, 2006), which was
previously adopted in the state.

The high prevalence in animals compared
to herds in the western region (when compared
to the other four production circuits in the state
(SIKUSAWA et al., 2009; BAUMGARTEN et al.,
2016)) is possibly because most of the state herds are
reported in this region, which has a predominance of
dairy cattle farming. Additionally, livestock farming
occurs in intensive or semi-intensive systems, where
transmission between animals is facilitated. Greater
numbers of animals are confined together, favoring
the spread of the disease after the birth of a positive
bovine with other animals of the herd due to the
natural habit of the animals (SANTOS et al. 2007).
Another factor that contributed to this phenomenon
in the western region is that this region has the
highest concentration of veterinarians qualified in
the PNCEBT (CIDASC, 2019), resulting in a larger
number of tests. Figure 2 shows the distribution of

Santa Catarina from 2013 to 2018.

Figure 2 - Number of cattle examined and those positive for bovine brucellosis in the western region of
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the number of tested samples and positive animals
between 2013 and 2018.

Table 2 shows that there was an annual
increase in the absolute and relative number of tests
performed, with the exception of 2016. The smallest
number of examinations performed in 2016 occurred
due to the interruption of the supply of raw materials
for the diagnosis of bovine brucellosis by the main
manufacturer laboratory in the country. From August
to September 2016, 4,035 samples of tank milk
were analyzed by enzyme-linked immunosorbent
assay (ELISA) from different herds. These samples
were tested by the Brazilian Milk Quality Network
laboratory (Rede Brasileira de Qualidade do Leite -
RBQL), and of these, 102 (2.53%) were reactive for
brucellosis (BAUMGARTEN et al., 2017), resulting in
a higher number of positive cattle in 2016 (although,
not all of the farms have been confirmed as foci).

The National System of Animal Health
Information (Sistema Nacional de Informagao
Zoosanitaria - SIZ) provided the total number of
reported cases of brucellosis. In the state of Santa
Catarina, there were 8,520 cattle cases reported
between 2013 and 2018 (SIZ, 2019). In the western
region of Santa Catarina, there were 7,586 cases,
which represented 89.04% of the total cases of bovine
brucellosis within the period. These data suggested
that in the remainder of the state, brucellosis has
a lower prevalence (SIKUSAWA et al., 2009;
BAUMGARTEN et al., 2016) and possibly lower
testing rates (BAUMGARTEN et al., 2016).

Additionally, in the western region, the
Brucellosis Eradication pilot project was implemented
in June 2014 with the milk ring screening test (MRT),
followed by the ELISA test and individual serology
of the bovines, which allowed for the identification of
foci and positive animals (CIDASC, 2019).

The observed decrease in prevalence
from 2013 to 2014 was significant, as the odds ratios
decreased from 1.00 (reference value) to 0.47 (OR:
0.47, P=0.000and CI: 0,42 - 0.52). The observed increase
from 2014 to 2015 and then in 2016 was also significant
(2015=0R: 1.55; P=0.000 and CI: 1.43 - 1.68 and 2016
=OR: 1.97; P=10.000 and CI: 1.83 - 2.13). In 2017, the
odds ratio was reversed, indicating a significant decrease in
the number of brucellosis cases from 2016 to 2017 (OR:
0.80; P=0.000 and CI: 0.73 - 0.88). This increase in
individual cattle presenting a positive diagnosis in
2015 and 2016 was possibly due to the pilot project
and the diagnosis of brucellosis in milk, starting June
2014 (CIDASC, 2019). Between 2017 and 2018, the
odds ratio for the occurrence of brucellosis in each
animal was statistically similar to that of 2017 (Table 2).

As shown in figure 3, the year with the
greatest number of both tested herds and outbreaks
in herds was 2013. Until June 2014, both new and
old foci were added to the monthly epidemiological
reports (CIDASC, 2019). It is possible that the
overlap of new and old foci may have contributed to
the high number of positive herds in 2013.

In the SIZ database, 917 outbreaks were
reported throughout the state between 2013 and
2018 (SIZ, 2019). In the same period, 764 foci were
recorded in the western region, representing 83.32%
of the total for the state, demonstrating that the region
had the highest number of herds and cattle diagnosed
with infection.

In addition to the concentration of livestock
and veterinarians qualified in the PNCEBT, western
Santa Catarina contains the majority (351/377
(93.10%)) of certified properties free of brucellosis
and tuberculosis in the state. This is likely due to
free adherence of producers (CIDASC, 2019), which
increases the chances of identifying positive herds.

Table 2 - Number, percentage and logistic regression of examined and positive cattle for brucellosis per year in the western region of

Santa Catarina from 2013 to 2018.

Year Examined % Positive
2013 99,729 14.54 1,001
2014 101,798 14.84 485
2015 110,152 16.06 1,710
2016 99,372 14.48 1,952
2017 122,420 17.84 992
2018 152,615 22.24 1,446
Total 686,086 100 7,586

% OR! P? 95% CI?
13.20 1

6.39 0.47 0.000° 0.42 - 0.52°
22.54 1.55 0.000° 1.43-1.68
25.73 1.97 0.000° 1.83-2.13°
13.08 0.80 0.000° 0.73-0.88"
19.06 0.94 0.159 0.87 - 1.02
100

1- OR: odds ratio; 2 - P-value; 3 - CI: 95% confidence interval; a: p<0.05.
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Figure 3 - Number of properties with cattle examined and herds positive for bovine brucellosis in
the western region of Santa Catarina from 2013 to 2018.

The spatial distribution of bovine herds
in absolute numbers can be observed in figure 4. A
high spatial distribution of infection in the region was
observed in 61.07% (80/131) of the municipalities
during the study period. There was a higher
concentration of foci from the midwest to the far
west. The borders of northern Rio Grande do Sul and
southwestern Parand had a higher number of cattle
and foci compared to the border with Argentina.

However, the epidemiological situation is
unknown at the Argentinean border, as no serological

studies were conducted due to the low concentration
of cattle herds (SENASA, 2014). The prevalence was
1% for herds and 2.2% for animals in southwestern
Parana (DIAS et al., 2009) and 2.58% for herds and
0.40% for animals in the northern region of Rio
Grande do Sul (SILVA et al., 2016).

The entry of cattle from Rio Grande do
Sul and Parana to Santa Catarina is prohibited due
to the different sanitary regulations for foot-and-
mouth disease. Therefore, transmission by direct
contact does not occur legally due to the existence

of Santa Catarina from 2013 to 2018.

Figure 4 - Spatial distribution of positive bovine cases of brucellosis in absolute numbers in the western region
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of barriers and three sanitary corridors (CIDASC,
2019). It is believed that brucellosis can be present in
wild and/or feral animals such as hares, cervids and wild
boars, which can act as reservoirs (CROSS et al., 2010).
Equines that are transiting in the border regions may also
have the disease and contribute to the maintenance of
brucellosis in bovines, which are the preferred hosts
of Brucella abortus (CORBEL, 2006).

Throughout the study period, the total
number of positives cases ranged from 487 cases
in March to 1,131 cases in November (January: 522;
February: 610; March: 487; April: 603; May: 513; June:
618; July: 667; August: 517; September: 490; October:
800; November: 1,131 and December: 628). The largest
number of cases in November was due to the detection
of a large number of animals in a single outbreak.

Even with the adoption of active
surveillance for brucellosis and an increase in the
bovine population, there was no increase in the
percentage of outbreaks and positive animals between
January 2013 and December 2018 compared to the
previous study. Knowledge of the prevalence of a disease
is essential to evaluate the efficacy of an eradication
program (ZHANG et al., 2018), demonstrating that the
state is on the path to eradicate the disease in cattle.

The limitations of the study include the use
of secondary data, possible failures in the compilation
of data from the received and original spreadsheets
and the fact that the original spreadsheets were filled
by the Local Veterinary Units, then transferred to
the Regional Departments and later to the CIDASC
Central Department.

CONCLUSION

Results indicated that brucellosis is
an endemic disease in Santa Catarina, with low
prevalence in herds and cattle, and is distributed in
more than half of the municipalities in the western
region. Moreover, the results suggested that the state
of Santa Catarina should continue concentrating its
efforts on strategies to eradicate the disease.
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