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Abstract

A study was conducted to verify that the State of Santa Catarina has maintained a low prevalence of 
bovine brucellosis, which would allow the state to move forward with implementing strategies for 
disease eradication. The state was divided into five regions. In each region, a predetermined number of 
randomly selected properties was sampled. In each property, blood samples were collected from randomly 
selected cows with ages equal to or greater than 24 months. Sera from the animals were submitted to 
a serial testing protocol, with screening by the buffered acidified antigen test and confirmation by the 
2-mercaptoethanol test. In each property, a questionnaire was used to identify the risk factors associated 
with the disease. In the state, the prevalence rate of infected herds was 0.912% [0.297 – 2.11] and 
infected animals was 1.21% [0.09 – 4.97]. Relative to the earlier study in 2002, there was no difference. 
The risk factors associated with the condition of a herd infected with brucellosis were as follows: herd 
size ≥ 12 cows (OR = 7.47 [2.14 – 34.34]) and the presence of flooded areas (OR = 5.68 [1.62 – 26.13]). 
In view of the low prevalence, it is recommended that the state proceed with the implementation of 
eradication strategies that are based on a surveillance system structured to detect and eliminate infected 
herds, and supported by an effective compensation fund for the replacement of seropositive animals. 
Additionally, the State should make a significant effort to educate and supervise producers to ensure the 
testing of breeding animals for brucellosis before introducing them into their properties.
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Resumo

Foi realizado um estudo para verificar se Santa Catarina continua com baixas prevalências de brucelose 
bovina, permitindo ao estado avançar de forma segura no seu projeto de implementação de estratégias 
de erradicação da doença. O estado foi divido em cinco regiões e em cada uma delas foi amostrado 
um número preestabelecido de propriedades, aleatoriamente selecionadas. Em cada propriedade foram 
colhidas amostras de sangue de fêmeas com idade igual ou superior a 24 meses, também selecionadas 
aleatoriamente. Os soros dos animais foram submetidos a um protocolo de testes em série, com triagem 
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pelo teste com Antígeno Acidificado Tamponado e confirmação pelo 2-Mercaptoetanol. Em cada 
propriedade foi aplicado um questionário para individualizar os fatores de riscos associados à doença. 
No estado, a prevalência de focos foi 0,912% [0,44 – 1,67] e a de animais 1,21% [0,09 – 4,97], não 
havendo diferença em relação ao estudo anterior, realizado em 2002. Os fatores de risco associados à 
condição de foco de brucelose foram: o tamanho do rebanho ≥ 12 fêmeas (OR = 7,47 [2,14 – 34,34]) 
e a presença de áreas alagadiças (OR = 5,68 [1,62 – 26,13]). Tendo em vista a baixa prevalência, 
recomenda-se que estado deve dar seguimento à implementação de estratégias de erradicação, baseadas 
na estruturação de sistema de vigilância para detecção e saneamento de focos, apoiado por eficiente 
fundo de indenização para a reposição de animais positivos aos testes sorológicos. Adicionalmente, o 
estado deveria realizar um grande esforço de educação e de fiscalização, para que os produtores testem 
os animais de reprodução para brucelose antes de introduzi-los em suas propriedades.
Palavras-chave: Brucelose. Prevalência. Fatores de risco. Sistema de vigilância. Santa Catarina. Brasil.

Introduction

Brucellosis, one of the most important infectious 
diseases worldwide, is caused by a Gram-
negative bacterium of the genus Brucella. It is 
widely distributed, causes economic losses in the 
production of livestock, and is also considered the 
highest transmissible zoonosis by direct contact 
with infected animals or the consumption of infected 
milk and dairy products (ADONE; PASQUALI, 
2013; SANTOS et al., 2013).

Among the 10 known species of Brucella, 
only four infect production animals and the most 
widespread worldwide is Brucella abortus (DÍAZ 
APARICIO, 2013; PAULIN; FERREIRA NETO, 
2003), the infectious agent of bovine brucellosis.

In 2001, the Brazilian Ministry of Agriculture, 
Livestock and Supply (MAPA) launched the 
National Program for the Control and Eradication 
of Animal Brucellosis and Tuberculosis (PNCEBT) 
(LAGE, 2006), after which the Brazilian States 
conducted epidemiological studies to characterize 
bovine brucellosis, generating high quality 
information to support the choice of the best 
strategies to combat the disease. The results of these 
studies have shown a very heterogeneous situation 
among the States, with prevalence of herds infected 
with bovine brucellosis varying from 0.32% in the 
State of Santa Catarina to 41.5% in the State of Mato 
Grosso do Sul (SIKUSAWA et al., 2009; ALVES et 
al., 2009; AZEVEDO et al., 2009; CHATE et al., 
2009; DIAS et al., 2009a, 2009b; GONÇALVES 

et al., 2009a, 2009b; KLEIN-GUNNEWIEK et al., 
2009; MARVULO et al., 2009; OGATA et al., 2009; 
ROCHA et al., 2009; SILVA et al., 2009; VILLAR 
et al., 2009; NEGREIROS et al., 2009; BORBA et 
al., 2013; ALMEIDA et al., 2016; CLEMENTINO 
et al., 2016). 

The States of São Paulo, Minas Gerais, Espírito 
Santo, Rondônia, Mato Grosso, Mato Grosso 
do Sul, and Rio Grande do Sul have conducted a 
second prevalence study of brucellosis to assess 
the effectiveness of their vaccination programs; 
however, a decrease in prevalence of infected herds 
was only confirmed in Mato Grosso, Mato Grosso 
do Sul, Minas Gerais and Rondônia (BARDDAL et 
al.; 2016; DIAS et al., 2016; ANZAI et al., 2016; 
INLAMEA et al., 2016; LEAL FILHO et al., 2016; 
OLIVEIRA et al., 2016; SILVA et al., 2016). The 
very low prevalence found in Santa Catarina led the 
MAPA to prohibit vaccination with the B19 strain in 
the state and encouraged it to build strategies for the 
eradication of the disease.

The State of Santa Catarina occupies only 1.12% 
of the national territories; however, its animal 
production is substantial, being the largest exporter of 
swine of the country and the second largest exporter 
of poultry. The state has been free of Foot and Mouth 
Disease without vaccination since 2007 (OIE, 2014) 
and has been free of Classical Swine Fever since 
2015 (OIE, 2015). Its herd is approximately 4 million 
head, distributed throughout about 200 thousand 
properties. It is the fifth largest producer of milk in 
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the country. It is responsible for around 8% of the 
national production, which is predominantly from 
the western region of Santa Catarina, where 70% 
of the milk of the State is produced (EMBRAPA, 
2012). In this region the milk production, which is 
considered the most important social and economic 
regional activity, is typically implemented by small 
producers, with family work.

In 2012, the State published specific legislation 
for the eradication of bovine brucellosis that 
outlines the certification of infected herds as free 
and deployment of surveillance actions for the 
disease (SANTA CATARINA, 2012). Prior to 
the legislation, only seropositive animals were 
sacrificed, which was carried out for the purpose of 
animal movement.

A surveillance system is being deployed 
gradually by the Integrated Company of 
Agricultural Development (CIDASC), the official 
veterinary service of the state. A pilot project was 
developed for the detection of antibodies in milk 
and dairy products that used the milk ring test 
(MRT); however, the test was non-specific and 
produced a high number of false positive results. 
The adoption of serial testing, which is the MRT 
followed by indirect ELISA, improved the positive 
predictive value of the diagnostic protocol and 
became a promising strategy for use in a large scale 
(NEVES, 2015). To date, 60 infected herds have 
been detected by this component of the surveillance 
system and certified as free ones. These properties 
are forbidden to move animals until two negative 
tests of the herd are obtained. The epidemiological 
links are being investigated with serology to detect 
new infected herds following the initial one (SANTA 
CATARINA, 2012). The owners of seropositive 
animals have been indemnified by the State Fund 
for Animal Health (FUNDESA), which has already 
replaced 5,575 cattle affected by brucellosis since 
2004.

The CIDASC notifies the Department of 
Health about the occurrence of infected herds. The 
Department of Health also researches human cases of 

infection (DIVE, 2012). In 2012, the State Protocol 
for Monitoring and Clinical Management of Human 
Brucellosis was instated and through the end of 
2013, 1,487 cases were investigated and resulted 
in the confirmation of 29 cases of the disease, who 
received medical assistance and treatment provided 
by the State (MELO et al., 2014).

Therefore, the objective of this study was to 
verify the continuation of low prevalence of bovine 
brucellosis in Santa Catarina in order for the state to 
safely proceed with its implementation of strategies 
for disease eradication.

Material and Methods

The study was planned by veterinarians of the 
MAPA, the Collaborating Center in Animal Health 
(School of Veterinary Medicine and Animal Science 
at the University of São Paulo [FMVZ-USP]), and the 
Integrated Company of Agricultural Development 
of Santa Catarina (CIDASC). Fieldwork was 
carried out by veterinarians of CIDASC from July 
to November 2012.

The State was divided into regions, based on 
the different production systems, management 
practices, and type of farm. Within each region, a pre-
established number of properties with reproductive 
activity were randomly selected (primary sampling 
units). This process was carried out by using the 
properties registry maintained by CIDASC. Within 
each property selected, a pre-established number 
of cows, aged 24 months or greater, were selected 
randomly (secondary sampling units).

In rural properties with more than one herd, the 
herd with the highest economic importance was 
chosen. These animals were exposed to the same 
management, i.e. under the same risks of exposure 
to infection. A randomly selected property that could 
not be visited, for various reasons, was replaced by 
a new lot. 

The number of selected properties per region was 
estimated by the formula for simple random samples 
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(THRUSFIELD, 2007). The sample size calculation 
considered the operating capacity of CIDASC. 
The parameters adopted for the calculation were 
as follows: confidence level of 0.95, an estimated 
prevalence of 0.05, and error of 0.025.

The aim of planning the samples for the 
secondary units was estimating the minimum 
number of animals to be examined within each 
property in order to classify them as a herd that was 
infected or not infected with bovine brucellosis. 
For this task, the concept of aggregated sensitivity 
and specificity was used (DOHOO et al., 2003). 
For the purpose of the calculations, the values of 
0.95 and 0.995 were adopted for the sensitivity 
and specificity, respectively, of the applied test 
protocol (FLETCHER et al., 1998). In properties 
with up to 99 cows, aged 24 months or greater, 10 
animals were sampled and in properties with 100 or 
more cows, aged 24 months or greater, 15 animals 
were sampled. Cows in the peri-delivery period, 
which was approximately 15 days before and after 
delivery, were excluded from the selection. 

The diagnostic protocol consisted of screening 
with the buffered acidified antigen test (Rose 
Bengal), followed by confirmation of the positive 
samples with the 2-mercaptoethanol test (2-ME), as 
recommended by the PNCEBT (LAGE et al., 2006). 
The screening tests were carried out by the CIDASC 
laboratories of the 2-ME test by LANAGRO – MG. 
Animals with inconclusive results were retested 
after 30 days and were classified as positive if the 
results remained inconclusive. The presence of at 
least one seropositive animal classified the property 
as a positive or infected herd.

The sample planning enabled us to determine the 
prevalence of herds and cows (≥24 months of age) 
seropositive for bovine brucellosis in the state as 
well as the regions. The calculations for prevalence 
and respective confidence intervals were performed 
based on recommendations by Dean et al. (1994). 
The estimates of the prevalence of seropositive or 
infected herds and cows in the state and prevalence 

of seropositive cows within the regions were made 
in a weighted manner as described by Dohoo et al. 
(2003).

The weight of each property in calculating 
prevalence of positive herds in the State was given 
by the following equation.

P1 =
Properties in the region

Properties sampled in the region

The weight of each animal in calculating the 
prevalence of infected animals in the state was 
determined by the following equation.

P2 =
Cows ≥ 24 months on the property

X
Cows ≥ 24 months sampled in property

Cows ≥ 24 months in the region
Cows ≥ 24 months sampled in the region

The first term in the expression above refers to 
the weight of each animal in the calculation for 
prevalence of seropositive cows within the regions.

The estimates of prevalence ratios and their 
respective 95% confidence intervals were performed 
using the STATA13 program and the Free R 
Software. The test of two proportions was used to 
detect possible differences between the prevalence 
rates found in this study and the 2002 study.

In addition to blood sampling for serological 
examination in each sampled property, an 
epidemiological questionnaire was used to obtain 
information on the type of enterprise, husbandry, 
and sanitary practices employed. The following 
information was collected: type of operation, type 
of breeding, if artificial insemination was used, 
volume and characteristic of milk production, 
number of cows that were aged 24 months or 
greater, total number of bovines on the property, 
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presence of other domestic species raised on the 
property, contact of the animals with wild species, 
number of abortions, destination of the abortion 
products, purchase and sale of animals, slaughter 
of animals, rental of pastures, sharing of pastures, 
the presence of waterholes, equipment or staff, 
presence of flooded areas, existence of a calving 
paddock, veterinary assistance, and classification 
of the property (classic rural, indigenous village, 
settlement or urban periphery). 

The variables were organized on a scale of 
increasing risk. When necessary variables were 
re-categorized. The category of lower risk was 
considered the basis for comparison of other 
categories. The quantitative variables were 
categorized in percentiles. An exploratory analysis 
(univariate analysis) was performed to select those 
with p<0.20 for the χ2 test (chi-square) or Fisher 

exact test and subsequent analysis by logistic 
regression. The calculations were performed with the 
freeware program, R. All the information generated 
by the field and laboratory work was entered into a 
specific database used for epidemiological analysis.

Results

The state was divided into the following five 
regions: 1. Serrana, which had a predominance 
of beef cattle; 2. Grande Florianópolis and South, 
which had dairy and mixed livestock farming and 
the production of pigs and poultry; 3. West, which 
had an important production of poultry and pigs 
intermixed with high dairy production; 4. North, 
which had a predominance of beef cattle; 5. Vale 
do Itajaí, which had dairy livestock intermixed with 
mixed production (Figure 1).

Figure 1. Division of the State of Santa Catarina in 5 regions with details showing the location of the State in Brazil.
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rates of this study with the 2002 study. Table 4 
shows the final logistic regression model for the 
risk factors associating herd infection with bovine 
brucellosis.
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Table 1. Census and the sample data from the State of Santa Catarina, 2012.

Region Number of 
Municipalities

Properties with 
reproductive 

activity

Sampled 
properties

Cows with ages 
≥24 months

Cows with ages 
≥24 months 

sampled
1 18 15,373 309 283,064 2,042
2 57 40,975 328 275,401 1,331
3 133 86,598 368 1,107,212 2,646
4 12 12,826 308 96,917 1,369
5 75 43,402 340 266,871 1,242

Total 295 199,174 1,653 2,029,465 8,630

Table 2. Prevalence of positive herds and cows for bovine brucellosis in the State of Santa Catarina, according to 
regions, 2012. 

Region
Properties Cows with ages ≥24 months

Positive/ 
examined Prevalence (%) 95% CI (%) Positive/ 

examined Prevalence (%) 95% CI (%)

1 0/309 0.32 0 – 0.96* 0/2,042 0 -
2 7/328 2.13 0.86 – 4.35 10/1,331 1.02 0.28 – 2.57
3 4/368 1.09 0.30 – 2.76 6/2,646 1.97 0.11 – 8.84 
4 0/308 0.33 0 – 0.97* 0/1,369 0 -
5 0/304 0.29 0 – 0.88* 0/1,242 0 -
Total 11/1,653 0.91 0.30 – 2.11 16/8,630 1.21 0.09 – 4.97

* calculated using the method of Monte Carlo and beta distribution.

Table 3. Comparison of the prevalence of positive herds for bovine brucellosis between the present study (2012) and 
the study performed in 2002 in Santa Catarina. 

Region

2002 2012

p valueProperties 
Positive / 
examined

Prevalence 
(%) 95% CI (%)

Properties 
positive / 
examined

Prevalence 
(%) 95% CI (%)

1 0/299 0.33 0 – 0.99 0/309 0.32 0 – 0.96 > 0.05
2 0/298 0.33 0 – 1.00 7/328 2.13 0.86 – 4.35 0.03
3 0/396 0.25 0 – 0.75 4/368 1.09 0.30 – 2.76 > 0.05
4 1/297 0.66 0 – 1.84 0/308 0.33 0 – 0.97 > 0.05
5 0/296 0.33 0 – 1.00 0/304 0.29 0 – 0.88 > 0.05

Total 1/1,586 0.32 0.10 – 0.69 11/1,653 0.91 0.30 – 2.11 > 0.05
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Table 4. Multiple logistic regression analysis and the risk factors associated with bovine brucellosis in the State of 
Santa Catarina, 2012.

Variable OR CI (95%)
The number of cows aged ≥ 24 months   
 < 11  
 ≥ 12 * 7.47 2.14 – 34.34
Presence of either flooded areas   
 Not  
 Yes 5.68 1.62 – 26.13

* third quartile.

Discussion

In relation to the study performed in 2002 
(SIKUSAWA, 2009), an increased prevalence 
of infected herds was only detected in region 2 
(Table 3). However, the prevalence of infected 
herds in the state is still very low (0.91%, Table 2), 
which reaffirms that the state should maintain the 
prohibition of vaccination with B19 and proceed 
with the eradication strategies, based on the 
structure of the surveillance system for detection 
and certification of residual affected herds as free 
ones.

To date, with regard to the detection of infected 
herds, the state has gained important experience 
with the assessment of antibodies in the milk 
and dairy products, the notification of positive 
serological tests that were carried out for the purpose 
of animal movement, and is starting to perform an 
investigation of epidemiological links upstream 
and downstream to the infected herds. However, 
it would be interesting to add a third component 
to this system and include the beef properties and 
those who sell milk informally. One strategy to be 
considered is investigating the serology of culled 
cows at the end of their reproductive life, which can 
be implemented in the slaughterhouse. 

The components of infected herds detection 
systems would include the notification of tests 
for the transit of animals, the assessment of 
antibodies in milk, and the serology of slaughtered 
cows, complemented by research upstream and 
downstream from all the infected herds identified 

by the three components. One must keep in mind 
that surveillance systems are complex structures 
and should include management by permanent 
assessment tools. This set would represent an 
excellent point of departure, which could be 
improved as the results are obtained and the 
evaluations are carried out. If successful, the model 
developed by the State of Santa Catarina would 
serve as an example for the rest of the country.

The study of risk factors indicates that the number 
of cows equal to or greater than 12 and the presence 
of flooded areas in the property are associated with 
brucellosis infection in Santa Catarina (Table 4). The 
association between the herd size and brucellosis 
has already been reported by several international 
authors (KELLAR et al., 1976; NICOLETTI, 
1980; SALMAN; MEYER, 1984). In Brazil, this 
association was also observed in the states of Mato 
Grosso, Rio de Janeiro, Sergipe, Tocantins, São 
Paulo and Mato Grosso do Sul (NEGREIROS et al., 
2009; KLEIN-GUNNEWIEK et al., 2009 SILVA et 
al., 2009;; OGATA et al., 2009; DIAS et al., 2009b; 
CHATE et al., 2009). Particular characteristics 
of larger herds facilitate the transmission of 
brucellosis, especially the increased need for 
replacement of animals, the greater difficulty in 
implementing measures to control the disease, and 
the dynamics of brucellosis itself (CRAWFORD et 
al., 1990). Christie (1969) observed that an increase 
of the herd size results in an increased probability 
of occurrence and persistence of the infection and 
difficulty to eradicate brucellosis. Therefore, the 
larger the size of the herd, the greater the risk of 
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introducing brucellosis as well as the probability of 
its spreading within the herd.

The survival of Brucella abortus in the 
environment is enhanced by the presence of 
humidity. The greater the survival rate in a larger 
environment, the higher the probability of this 
agent infecting a new susceptible animal (PAULIN; 
FERREIRA NETO, 2003). Thus, the presence 
of flooded areas in the property can promote the 
dissemination of the disease. This variable was 
found to be associated with herds infected with 
bovine brucellosis in Brazilian Northeast, Bahia, 
Pernambuco and Maranhão, (ALVES et al., 2009; 
ALMEIDA et al., 2016; BORBA et al., 2013). 
However, it is worth mentioning that this factor 
is related more to the maintenance of the disease 
within an infected property than to the form of 
transmission between herds (CRAWFORD et al., 
1990).

Conclusions

The State of Santa Catarina continues with a 
very low prevalence of bovine brucellosis and 
consequently vaccination with the B19 vaccine 
should remain prohibited. The State should prioritize 
the implementation of eradication strategies that are 
based on the structure of the surveillance system for 
detection and eliminate infected herds, supported by 
an effective compensation fund for the replacement 
of animals with positive serological test results. 
Additionally, the State should make significant 
efforts to educate and supervise producers to test 
breeding animals for brucellosis before introducing 
them in their properties.
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