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Abstract

A cross-sectional study on the epidemiological situation of bovine brucellosis was carried out in the state of 

Tocantins to evaluate the effectiveness of its vaccination program. The state was divided into five regions, 

and a predetermined number of farms was randomly selected in each one. Females aged 24 months or older 

were randomly selected in each farm and diagnosed with brucellosis by serial serology (AAT and 2-ME). A 

total of 6,846 animals from 756 farms were examined. The prevalence of seropositive herds in the state 

was 6.42% [CI95%: 4.76-8.62], and the prevalence of seropositive animals was 2.21% [CI95%: 1.05-4.01]. 

The prevalence of seropositive herds was homogeneously distributed among regions. The 2002/2003 

study estimated the prevalence of seropositive herds in the state to be 21.22% [CI95%: 19.33-23.11]. In 

conclusion, the vaccination program implemented in Tocantins, reaching vaccination coverage above 70% 

as of 2010, significantly reduced the prevalence of seropositive herds. Thus, continuing the vaccination 
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program in the state is recommended, preferably increasing the quality of the processes involved, from 

commercialization to inoculation in animals, since immunization remains the most effective means to 

reduce the prevalence of brucellosis. In addition, animal replacement remains a major risk factor for bovine 

brucellosis in Tocantins since 20022003; therefore, the state must implement a strong health education 

program explaining to farmers the importance of testing animals for brucellosis before introducing them 

into their herds.

Key words: Infectious abortion. Zoonosis. Risk factors. S19. RB51.

Resumo

Foi realizado um estudo seccional sobre a situação epidemiológica da brucelose bovina no estado de 

Tocantins com o objetivo de avaliar a eficácia do programa de vacinação implementado. O estado foi 

dividido em cinco regiões e em cada uma delas foi aleatoriamente amostrado um número pré-estabelecido 

de propriedades. Dentro de cada propriedade, fêmeas com idade igual ou superior a 24 meses foram 

aleatoriamente selecionadas e submetidas à sorologia em série para o diagnóstico da brucelose (AAT e 

2-Mercaptoetanol). Ao todo foram examinados 6.846 animais oriundos de 756 propriedades. A prevalência 

aparente de focos no estado foi de 6,42% [IC95%: 4,76-8,62] e a de animais 2,21% [IC95%: 1,05-4,01]. A 

prevalência aparente de focos apresentou-se homogeneamente distribuída entre as cinco regiões. Como 

o estudo realizado em 2002/2003 estimou a prevalência aparente de focos no estado em 21,22% [IC95%: 

19,33-23,11], conclui-se que o programa de vacinação implementado pelo Tocantins, atingindo coberturas 

vacinais acima de 70% a partir de 2010, reduziu a prevalência de maneira importante. Assim, recomenda-

se que o estado continue seu programa de vacinação, dando grande ênfase para a qualidade dos 

procedimentos, desde a comercialização do insumo até a inoculação nos animais, pois a imunização ainda 

é a maneira mais racional de se reduzir a prevalência da brucelose bovina no seu território. Adicionalmente, 

o estado deve implementar uma forte ação de educação sanitária para que os produtores passem a testar 

os animais para brucelose antes de introduzi-los nos seus rebanhos, pois verificou-se que a reposição de 

animais permanece associada à condição de foco da brucelose bovina desde 2002/2003.

Palavras-chave: Aborto infeccioso. Zoonose. Fatores de risco. S19. RB51.

Introduction

The state of Tocantins (TO) was formed 
on October 5, 1988, on the same day the 
Brazilian constitution came into force, and is 
thus the newest state in the federation. It is 
located in the northern region of Brazil and 
has a population of 1.6 million inhabitants 
distributed in 139 cities, covering an area of 
278,000 km2 (Instituto Brasileiro de Geografia 
e Bioestatística [IBGE], 2019). Despite 
contributing only 0.5% of the Brazilian Gross 

Domestic Product (GDP) (24th position), its 
cumulative growth has shown increasingly 
positive results in recent years, totaling BRL 
28.5 billion in 2016, mostly due to sugar cane, 
soy, and trade. The primary sector accounts 
for 14% of Tocantins GDP, and 20% of this 
derives from raising livestock (Secretaria de 
Planejamento e Orçamento [SEPLAN], 2017).

Currently Tocantins is classified by the 
World Organization for Animal Health (OIE) 
as a free state with vaccination for foot-and-
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mouth disease, with no outbreaks since 1997 
(Agência de Defesa Agropecuária do Estado de 
Tocantins [ADAPEC], 2021). This increased the 
economic value of the beef and dairy produced 
in the state and increased beef exports to 
20% of total state exports (Secretaria da 
Agricultura, Pecuária e Aquicultura do Estado 
de Tocantins [SEAGRO], 2021). The herd is 
currently estimated at about 8.8 million head of 
cattle, and approximately 52,000 tons of meat 
are exported annually, corresponding to USD 
162 million (SEAGRO, 2016). Considering the 
increasing health demands of the international 
consumer market and aiming to improve the 
health standards of the herds, the Official 
Veterinary Service (OVS) has been working 
to prevent exotic diseases and to control 
and eradicate important endemic diseases. 
One endemic disease that should be focused 
by the OVS is brucellosis, which, besides 
being a zoonosis, considerably decreases 
the productivity of beef and dairy production 
chains (Paulin & Ferreira, 2003).

In cattle, brucellosis is mainly caused 
by Brucella abortus, but the animals are also 
susceptible to Brucella suis and Brucella 
melitensis when in close contact with infected 
pigs, goats and sheep, which are their natural 
hosts (Acha & Szyfres, 2001). Brucella 
melitensis was not reported in Brazil (Minharro 
et al., 2013).

The most important symptoms of 
the disease in cattle are the occurrence of 
abortions in the final trimester of pregnancy 
and the birth of weak calves (Thoen, Enright, 
& Cheville, 1993; Acha & Szyfres, 2001), 
which trigger increased calving interval, calf 
death, low reproductive rates, decreased 
milk and meat production, and consequently, 
significant economic losses (Paulin & Ferreira, 
2002).

In addition to economic losses, bovine 
brucellosis is a classic anthropozoonosis that 
affects humans mainly through direct contact 
with infected animals and consumption of 
milk or other dairy products produced without 
heat treatment (Paulin & Ferreira, 2002). 
The symptoms in humans are nonspecific; 
therefore, the prevalence of human infection is 
consistently underestimated. Data on disease 
quantification in humans are rare. Baruffa (1978) 
reported that, in Rio Grande do Sul, brucellosis 
was more frequent in rural inhabitants 
and affected more men than women. The 
consumption of unpasteurized cheese would 
be the most important source of infection. In 
1988, Homem, Heinemann, Higa and Ferreira 
Neto (2016) reported that 21% [13-31] of the 
families in the city of Uruará, Pará, had at least 
one brucellosis-positive member with a mean 
of 23% seropositivity. Freitas, Santos, Almeida 
& Alexandrino (2020), studying patient records 
from 2010 to 2016, reported 44 cases of 
human brucellosis in the Araguaína region, 
TO, associated with sex (male), rural residents, 
higher education level and contact with animal 
tissues and brucellosis vaccine.

Owing to the importance of this 
disease for the Brazilian beef and dairy 
production chains and for being a zoonosis, 
in 2001, the Ministry of Agriculture, Livestock 
and Supply (Ministério da Agricultura, Pecuária 
e Abastecimento - MAPA) implemented the 
National Program for Control and Eradication of 
Brucellosis and Tuberculosis. (PNCEBT) (Lage 
et al., 2006). At the same time, MAPA, together 
with state Official Veterinary Services (OVS) 
and the Collaborating Center on Animal Health 
of the School of Veterinary Medicine and Animal 
Science of the University of São Paulo (FMVZ-
USP), began to epidemiologically characterize 
the disease in all Brazilian federative units. 
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To date, 18 federative units have conducted 
these studies (Alves et al., 2009; Almeida et al., 
2016; Azevedo et al., 2009; Borba et al., 2013; 
Chate et al., 2009; Clementino et al., 2016; J. 
A. Dias et al., 2009a; R. A. Dias et al., 2009b; 
Gonçalves et al., 2009a,b; Klein-Gunnewiek et 
al., 2009; Marvulo et al., 2009; Negreiros et al., 
2009; Ogata et al., 2009; Rocha et al., 2009; 
Sikusawa et al., 2009; V. G. S. O. Silva et al., 
2009; Villar et al., 2009), representing 85% of 
the Brazilian cattle herd (see Figure 1). 

Eight states (Minas Gerais, Rondônia, 
Mato Grosso, Mato Grosso do Sul, Espírito 
Santo, Rio Grande do Sul, and São Paulo) 
repeated the study to verify the effectiveness 
of their vaccination programs on the 
prevalence of bovine brucellosis (Barddal et al., 
2016; R. A. Dias et al., 2016; Anzai et al., 2016; 
Inlamea et al., 2016; Leal et al., 2016; Oliveira et 
al., 2016; N. S. Silva et al., 2016). The study was 
also repeated in Santa Catarina (Baumgarten 
et al., 2016), but with the objective of verifying 
whether the prevalence remained very low at 
the levels reported by Sikusawa et al. (2009) 

in 2001. Of these states, only Minas Gerais, 
Rondônia, Mato Grosso, and Mato Grosso do 
Sul managed to decrease prevalence through 
effective vaccination programs (Ferreira Neto 
et al., 2016).

In 2002/2003, the state of Tocantins 
had an infected herd prevalence of 21.2% 
[19.3-23.1] and animal prevalence of 4.4% 
[3.6-5.3] (Ogata et al., 2009). Following these 
results, the implementation of a brucellosis 
vaccination program was recommended as the 
most effective mean to decrease prevalence, 
using S19 and RB51 (from 2007) vaccines. 
Figure 2 shows the vaccination coverage 
achieved by the state since 2004, highlighting 
that vaccination coverage reached >70% 
after 2010. The objective of the present study 
was to verify whether the bovine brucellosis 
vaccination program implemented by the state 
of Tocantins resulted in decreased apparent 
prevalence of brucellosis. Risk factors 
associated with seropositive herds of bovine 
brucellosis in the state were also studied.
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Figure 1. Prevalence of bovine brucellosis infected herds in Brazil according to the first MAPA standardized 
studies.  
Source: Ferreira Neto et al. (2016). 

 

 
 
Figure 2. S19 vaccination coverage in the state of Tocantins from 2004 to 2017. Source: unpublished data 
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Figure 1. Prevalence of bovine brucellosis infected herds in Brazil according to the first MAPA 
standardized studies. 
Source: Ferreira Neto et al. (2016).
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Figure 2. S19 vaccination coverage in the state of Tocantins from 2004 to 2017. Source: 
unpublished data from the Official Veterinary Service of the State of Tocantins (Agência de 
Defesa Agropecuária do estado de Tocantis - ADAPEC) and Ministério da Agricultura, Pecuária e 
Abastecimento [MAPA] (2020).
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Material and Methods

This study was planned by technicians 
from MAPA, the Collaborating Center on 
Animal Health of the School of Veterinary 
Medicine and Animal Science of the University 
of São Paulo (FMVZ-USP), and from the 
OVS of the state of Tocantins (Agência de 
Defesa Agropecuária do estado de Tocantis 
- ADAPEC), the latter being responsible for 
fieldwork from October 2014 to August 
2015. The state was divided into five regions 
based on difference in production systems, 
management practices, exploitation types, 
mean herd size, animal marketing systems, 
and animal health defense operational 

capacity (Figure 3). A predetermined number 
of farms with reproductive activity (primary 
sampling units) was randomly selected within 
each of these regions from the farm register 
maintained by ADAPEC. Then, a predetermined 
number of female cows aged 24 months or 
older (secondary sampling units) was randomly 
selected within each selected farm. 

In the farms that contained more than 
one herd, the most economically important 
herd was selected for analysis of animals 
raised under the same management practices, 
i.e., under the same risks of exposure to 
infection. If for any reason the selected farm 
could not be visited, another was selected. 
The number of farms selected by region was 
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estimated by the simple random sampling 
formula (Thrusfield, 2007). The parameters 
used to meet the operational capacity of the 
state were: 0.95 confidence level, estimated 
prevalence of 0.20, and error of 0.05.

The sampling plan for the secondary 
units aimed at estimating the minimum 
number of animals required in each farm to 
classify them as infected or brucellosis-free, 
using the concept of aggregate sensitivity and 
specificity (Dohoo, Martin, & Stryhn, 2012). 
The sensitivity and specificity of the test 
protocol used for calculations were 0.85 and 
0.99, respectively (Rose Bengal test: 96.2% 
sensitivity and 97,1% specificity (Davies, 1971); 
2-mercaptoetanol test: 88.4% sensitivity and 
91.5% specificity (Gall & Nielsen, 2004)), and 
0.20 for estimated prevalence. The online 
Epitools software (https://epitools.ausvet.
com.au/herdplusthree) was used to determine 
a sample size that would allow herd sensitivity 
and specificity values ≥86% and 95%, 
respectively. Thus, 10 animals were sampled 
from farms with up to 99 females aged 24 
months or over, and 15 animals were sampled 
from farms with 100 or more females aged 24 
months or over. Females in the peripartum 

period, i.e., approximately 15 days before and 
after calving, were excluded from the study.

Blood samples were collected from all 
selected animals in a previously identified blood 
collection tube by puncture of the jugular vein 
using a sterile disposable needle. The sera were 
frozen at −20°C in polypropylene microtubes 
for posterior testing. Serodiagnosis consisted 
of screening with the buffered acidified antigen 
test and confirmatory 2-mercaptoethanol test 
following the protocols described by Lage 
et al. (2006). A farm was considered to be 
positive when at least one positive animal was 
detected.

The sampling design allowed us to 
determine the apparent prevalence of bovine 
brucellosis infected herds and adult females 
(≥24 months) in the state and also regionally. 
Prevalence and respective confidence 
intervals were calculated as recommended 
by Dean et al. (1996). Estimates of outbreak 
and animal prevalence in the state and animal 
prevalence in the regions were weighted as 
recommended by Dohoo et al. (2012). The 
weight of each farm used to determine the 
apparent prevalence of infected herds in the 
state was given by:

The weight of each animal used to calculate animal prevalence in the state was given by:

animal prevalence in the state and animal prevalence in the regions were weighted as recommended by 

Dohoo et al. (2012). The weight of each farm used to determine the apparent prevalence of infected herds in 

the state was given by: 

 

Ρ1= 
Farms with reproductive activity in the region 

Farms with reproductive activity sampled in the region 

 

The weight of each animal used to calculate animal prevalence in the state was given by: 

 

Ρ2 = 

Females ≥ 24 months in the farm 

x 

Females ≥ 24 months in the region 

Females ≥ 24 months sampled in the 

farm 

Females ≥ 24 months sampled in 

the region 

 

In the equation above, the first term refers to the weight of each animal used to calculate the 

apparent prevalence of animals in each region. SPSS version 9.0 was used to estimate the prevalence with 

confidence intervals (95%). An epidemiological questionnaire was also filled in at each sampled farm to 

obtain information on the types of exploitation and management practices implemented. 

The variables analyzed were: farm typology (beef, dairy, and mixed), type of raising (confined, 

semi-confined, and extensive), use of artificial insemination, predominant breeds, number of animals, 

presence of other domestic and wild species, occurrence of abortion in the last 2 years, destination of the 

placenta and aborted fetuses, animal purchase, vaccination against bovine brucellosis, pastures shared 

between farms, occurrence of flooding in pastures, presence of calving facilities, presence of area where 

livestock remains concentrated and veterinary assistance. The variables were organized in an increasing risk 

scale. When necessary, they were recategorized. The lowest risk category was considered to be the basis for 

comparison with the others. Quantitative variables were categorized into percentiles. Exploratory 

(univariate) analysis was used to select the significant variables (p < 0.20) for the χ2 (chi-square) or Fisher’s 

exact test, and subsequently, logistic regression, as recommended by Hosmer and Lemeshow (2000). SPSS 

version 9.0 was used for the calculations. Field and laboratory information was entered into a database used 

for epidemiological analyses at the FMVZ-USP Laboratory of Epidemiology and Biostatistics (LEB). 
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In the equation above, the first term 
refers to the weight of each animal used to 
calculate the apparent prevalence of animals 
in each region. SPSS version 9.0 was used 
to estimate the prevalence with confidence 
intervals (95%). An epidemiological 
questionnaire was also filled in at each 
sampled farm to obtain information on the 
types of exploitation and management 
practices implemented.

The variables analyzed were: farm 
typology (beef, dairy, and mixed), type 
of raising (confined, semi-confined, and 
extensive), use of artificial insemination, 
predominant breeds, number of animals, 
presence of other domestic and wild species, 
occurrence of abortion in the last 2 years, 
destination of the placenta and aborted 
fetuses, animal purchase, vaccination against 
bovine brucellosis, pastures shared between 
farms, occurrence of flooding in pastures, 
presence of calving facilities, presence of 
area where livestock remains concentrated 
and veterinary assistance. The variables 
were organized in an increasing risk scale. 
When necessary, they were recategorized. 
The lowest risk category was considered to 
be the basis for comparison with the others. 
Quantitative variables were categorized 
into percentiles. Exploratory (univariate) 
analysis was used to select the significant 
variables (p < 0.20) for the χ2 (chi-square) or 
Fisher’s exact test, and subsequently, logistic 
regression, as recommended by Hosmer 

and Lemeshow (2000). SPSS version 9.0 was 
used for the calculations. Field and laboratory 
information was entered into a database used 
for epidemiological analyses at the FMVZ-USP 
Laboratory of Epidemiology and Biostatistics 
(LEB).

Results and Discussion

Figure 3 shows the state of Tocantins 
divided into the five study regions. Table 1 
shows the census and sampling data for 
the state of Tocantins. Table 2 shows the 
prevalence of bovine brucellosis seropositive 
herds and positive animals by region and 
state. Table 3 shows the prevalence of bovine 
brucellosis seropositive herds stratified by the 
farm typology.

The prevalence of bovine brucellosis 
seropositive herds in the state was 6.42% 
[4.76-8.62], with no differences among regions 
(Table 2). The same results were observed for 
animal prevalence, except for the comparison 
between regions 1 and 5 (Table 2). Although 
the prevalence of seropositive herds tended 
to be higher in beef and mixed farms compared 
with dairy farms, no significant differences 
were observed among the three types (Table 
3). However, it is important to note that the 
confidence intervals presented in Table 3 are 
higher owing to the small sample size, e.g., in 
region 3, only one dairy farm was sampled, 
resulting in a confidence interval of 0- 77.6%.
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higher in beef and mixed farms compared with dairy farms, no significant differences were observed among 

the three types (Table 3). However, it is important to note that the confidence intervals presented in Table 3 

are higher owing to the small sample size, e.g., in region 3, only one dairy farm was sampled, resulting in a 

confidence interval of 0- 77.6%. 

 

 
 
Figure 3. Map of the state of Tocantins divided into the five study regions: 1) Bico do Papagaio, 2) 
Araguaína, 3) Jalapão, 4) Central, and 5) South. Inset map shows the location of Tocantins in Brazil.  
Source: LEB/FMVZ-USP. 
 
Table 1 
Registration data from ADAPEC and sampling data for bovine brucellosis in the state of Tocantins, 
Brazil, 2014-2015 

region 
number region name 

 number of herds 
with 
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activity  

 number of 
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number of 
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aged  ≥ 24 months 

sampled  

1  Bico do Papagaio  6685 289211 151 1328 
2  Araguaína  13225 839205 151 1351 
3  Jalapão  5725 227460 151 1326 
4  Central  13128 845629 153 1399 
5  Sul  15256 1276413 150 1442 

 Total  54019 3477918 756 6846 
Source: Official Veterinary Service of the State of Tocantins (Agência de Defesa Agropecuária do estado de Tocantis - 
ADAPEC). 
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number of 
females aged ≥ 

24 months

number of 
sampled 

herds

number of females 
aged  ≥ 24 months 

sampled

1  Bico do Papagaio 6685 289211 151 1328

2  Araguaína 13225 839205 151 1351

3  Jalapão 5725 227460 151 1326

4  Central 13128 845629 153 1399

5  Sul 15256 1276413 150 1442

 Total 54019 3477918 756 6846

Source: Official Veterinary Service of the State of Tocantins (Agência de Defesa Agropecuária do estado de Tocantis - 
ADAPEC).
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Table 2
Prevalence of bovine brucellosis infected herds and positive animals with respective confidence 
intervals (CI) by regions of the state of Tocantins. Brazil, 2014-2015

region
animals herds

tested positive
prevalence

(%)
CI 95%

(%)
tested positive

prevalence
(%)

CI 95%
(%)

1 1328 10 0.26 0.06-0.70 151 9 5.96 3.11-11.13

2 1351 12 1.79 0.17-6.80 151 9 5.96 3.11-11.13

3 1326 6 0.47 0.06-1.64 151 5 3.31 1.37-8.78

4 1399 13 1.42 0.30-4.05 153 9 5.88 3.07-10.99

5 1442 23 3.77 1.44-7.91 150 13 8.67 5.07-14.43

Total 4005 28 2.21 1.05-4.01 453 23 6.42 4.76-8.62

Table 3
Prevalence of bovine brucellosis infected herds with respective confidence intervals, stratified by 
farm typology in the regions of the state of Tocantins, Brazil, 2014-2015

region
beef herds dairy herds mixed herds

positive
/tested

preva-
lence (%)

CI 95% 
(%)

positive
/tested

preva-
lence (%)

CI 95% 
(%)

positive
/tested

preva-
lence (%)

CI 95% 
(%)

1 5/56 8.93 3.87-19.3 1/30 3.33 0.59-16.7 3/64 4.69 1.61-12.9

2 3/63 4.76 1.63-13.1 2/54 3.70 1.02-12.5 4/34 11.8 4.67-26.6

3 4/123 3.25 1.27 - 8.06 0/1* 0 0-77.6 1/27 3.70 0.66-18.3

4 9/104 8.57 4.57-15.5 0/7* 0 0-31.2 0/42* 0 0-6.73

5 12/123 9.76 5.67-16.3 0/6* 0 0-34.8 1/21 4.76 0.85-22.7

* Confidence Interval (CI) calculated by the β distribution and Monte Carlo simulation.

Compared with the first brucellosis 
study conducted in Tocantins between 
February 2002 and August 2003, a reduction 
in the prevalence of bovine brucellosis 
seropositive herds from 21.22% [19.33-
23.11] (Ogata et al., 2009) to 6.42% [4.76-
8.62] was observed in the present study 
(Table 2). Considering point estimates of 
animal prevalence, there was also a reduction 
from 4.43% [3.57-5.29] (Ogata et al., 2009) 
to 2.21% [1.05-4.01] in the present study, 
but the difference was not significant. This 

reduction in infected farms prevalence was 
a consequence of the effective brucellosis 
vaccination program implemented by the 
state, which has achieved a vaccine coverage 
>70% since 2010 (Figure 1), corroborating 
the results from a mathematical model of 
the effects of vaccination on brucellosis 
prevalence (Amaku, Dias, Ferreira, & Ferreira, 
2009). Thus, Tocantins managed to reduce 
the prevalence of brucellosis seropositive 
herds through the implementation of effective 
vaccination programs, similar to Mato Grosso, 
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[3.11-11.13] in the present study, and the prevalence of animals reduced from 6.40 [3.92-8.89] to 1.79 [0.17-

6.80]. Using a different methodology than that adopted in the present study, Baptista, Haddad, Almeida and 

Nardi (2012) reported prevalence of infected herds and animals of 43.5% and 6.2%, respectively, for the 

Araguaína region in 2010. 

 

 
 
Figure 4. Regions of the state of Tocantins considered in studies conducted in 2002/2003 (A) and 2014/2015 
(B) on the epidemiology of bovine brucellosis.  
Source: LEB/FMVZ-USP. 

 

Considering the most recent results regarding the prevalence of bovine brucellosis seropositive 

herds in the federative units that conducted studies standardized by MAPA and the Collaborating Center on 

Animal Health of FMVZ-USP, Tocantins exhibited the same seropositive herds prevalence as Paraíba, 

Pernambuco, Espírito Santo, Rio Grande do Sul, Bahia, Federal District, and Paraná; a lower seropositive 

herds prevalence than Mato Grosso do Sul, Mato Grosso, Rondônia, São Paulo, Goiás, Rio de Janeiro, 

Sergipe, and Maranhão; and a higher seropositive herds prevalence than Santa Catarina and Minas Gerais 

(Almeida et al., 2016; Alves et al., 2009; Anzai et al., 2016; Barddal et al., 2016; Baumgarten et al., 2016; 

Borba et al., 2013; Clementino et al., 2016; J. A. Dias et al., 2009a; R. A. Dias et al., 2016; Gonçalves et al., 

2009ab; Inlamea et al., 2016; Klein-Gunnewiek et al., 2009; Leal et al., 2016; Ogata et al., 2009; Oliveira et 

al., 2016; Rocha et al., 2009; V. G. S. O. Silva et al., 2009; N. S. Silva et al., 2016). MAPA recently 

instituted a matrix to compare federal units regarding actions to combat bovine brucellosis, in which the 

prevalence of seropositive herds is an important element (MAPA, 2017).   

The final model of multivariate logistic regression (Table 4) showed that bovine brucellosis 

seropositive herds were associated with farms that contained ≥45 cows and had purchased breeding animals 

at fairs and auctions.  

 

Table 4 
Final logistic regression model for bovine brucellosis in the state of Tocantins. Brazil, 2014-2015 

Variable Odds Ratio CI 95% p Value 

Rondônia, Mato Grosso do Sul, and Minas 
Gerais (Barddal et al., 2016; Ferreira Neto et 
al., 2016; Inlamea et al., 2016; Leal et al., 2016; 
Oliveira et al., 2016).

The five regions of the state differed 
from those used in the 2002/2003 study 
(Ogata et al., 2009), and only Bico do Papagaio 
and Araguaína remained, as shown in Figure 
4. Comparing the regions between the two 
studies, showed that seropositive herds 
prevalence reduced in both Bico do Papagaio 
and Araguaína. Although the point values 
of animal prevalence were also reduced in 
these two regions, only in Bico do Papagaio 
was the difference significant between the 
2002/2003 and 2014/2015 studies. The 

Considering the most recent results 
regarding the prevalence of bovine brucellosis 
seropositive herds in the federative units that 
conducted studies standardized by MAPA and 

prevalence of seropositive herds in Bico do 
Papagaio reduced from 37.63 [32.08-43.43] in 
2002/2003 to 5.96 [3.11-11.13] in the present 
study, and the prevalence of animals reduced 
from 8.54 [5.89-11.18] to 0.26 [0.06-0.70]. 
In Araguaína, the prevalence of seropositive 
herds reduced from 29.26 [24.26-34.66] in 
2002/2003 to 5.96 [3.11-11.13] in the present 
study, and the prevalence of animals reduced 
from 6.40 [3.92-8.89] to 1.79 [0.17-6.80]. Using 
a different methodology than that adopted in 
the present study, Baptista, Haddad, Almeida 
and Nardi (2012) reported prevalence of 
infected herds and animals of 43.5% and 6.2%, 
respectively, for the Araguaína region in 2010.

Figure 4. Regions of the state of Tocantins considered in studies conducted in 2002/2003 (A) and 
2014/2015 (B) on the epidemiology of bovine brucellosis. 
Source: LEB/FMVZ-USP.

the Collaborating Center on Animal Health 
of FMVZ-USP, Tocantins exhibited the same 
seropositive herds prevalence as Paraíba, 
Pernambuco, Espírito Santo, Rio Grande do 



Sul, Bahia, Federal District, and Paraná; a 
lower seropositive herds prevalence than 
Mato Grosso do Sul, Mato Grosso, Rondônia, 
São Paulo, Goiás, Rio de Janeiro, Sergipe, 
and Maranhão; and a higher seropositive 
herds prevalence than Santa Catarina and 
Minas Gerais (Almeida et al., 2016; Alves et 
al., 2009; Anzai et al., 2016; Barddal et al., 
2016; Baumgarten et al., 2016; Borba et al., 
2013; Clementino et al., 2016; J. A. Dias et al., 
2009a; R. A. Dias et al., 2016; Gonçalves et al., 
2009ab; Inlamea et al., 2016; Klein-Gunnewiek 
et al., 2009; Leal et al., 2016; Ogata et al., 2009; 

Oliveira et al., 2016; Rocha et al., 2009; V. G. 
S. O. Silva et al., 2009; N. S. Silva et al., 2016). 
MAPA recently instituted a matrix to compare 
federal units regarding actions to combat 
bovine brucellosis, in which the prevalence 
of seropositive herds is an important element 
(MAPA, 2017).  

The final model of multivariate 
logistic regression (Table 4) showed that 
bovine brucellosis seropositive herds were 
associated with farms that contained ≥45 
cows and had purchased breeding animals at 
fairs and auctions. 

The association between brucellosis 
and herd size has been reported previously 
(Kellar, Marra, & Martin, 1976; Salman & 
Meyer, 1984). Some of the characteristics 
found in larger herds facilitate brucellosis 
transmission, especially the increased need 
for animal replacement (Crawford, Huber, 
& Adams, 1990; Christie, 1969), indirectly 
suggesting that animal replacement, which 
is more frequent in larger herds, is the true 
cause of increased disease vulnerability. In 
Brazil, the same association was reported in 
Mato Grosso (Negreiros et al., 2009; Barddal 
et al., 2016), Mato Grosso do Sul (Chate et 
al., 2009; Leal et al., 2016), Rio de Janeiro 
(Klein-Gunnewiek et al., 2009), Sergipe (V. G. 
S. O. Silva et al., 2009), São Paulo (Dias et al., 

Table 4
Final logistic regression model for bovine brucellosis in the state of Tocantins. Brazil, 2014-2015

Variable Odds Ratio CI 95% p Value

herd size ≥ 45 females aged ≥ 24 months (3rd quartile) 2.5 1.3-4.8 0.008

purchase of breeding animals at fairs / auctions 4.8 1.2-19.6 0.029

2009a; R. A. Dias et al., 2016), Espírito Santo 
(Anzai et al., 2016), Minas Gerais (Oliveira et 
al., 2016), Pernambuco (Almeida et al., 2016), 
Rondônia (Inlamea et al., 2016), Rio Grande 
do Sul (N. S. Silva et al., 2016), Santa Catarina 
(Baumgarten et al., 2016), Maranhão (Borba et 
al., 2013), and also in the first study on bovine 
brucellosis in Tocantins in 2002/2003 (Ogata 
et al., 2009). These results indicate that herd 
size is directly proportional to the occurrence, 
maintenance, spread, and the difficulties 
involved in eradicating bovine brucellosis 
(Christie, 1969). The introduction of breeding 
animals purchased from fairs and auctions 
increases the risk of introducing brucellosis 
into the herd, similar to the abovementioned 
variable.
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Conclusion

The current prevalence can still 
be reduced if the state maintains high 
vaccine coverage, preferably increasing 
the quality of the processes involved, from 
commercialization to inoculation in animals. In 
addition, the use of RB51 should be promoted 
to accelerate the shift from susceptible to 
resistant populations (Souza et al., 2016), which 
would result in a positive effect in reducing 
prevalence. The state must implement a 
strong and effective health education program 
to explain to farmers the importance of testing 
animals for brucellosis before introducing 
them into their herds.
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