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RESUMO 

 

QUEIROZ, M. R. Situação epidemiológica da tuberculose bovina no Estado do 
Rio Grande do Sul, Brasil. [Epidemiological status of bovine tuberculosis in the 
State of Rio Grande do Sul, Brazil]. 2016. 33 f. Tese (Doutorado em Ciências) – 
Faculdade de Medicina Veterinária e Zootecnia, Universidade de São Paulo, São 
Paulo, 2016. 
 

 

Um estudo foi realizado para determinar a situação epidemiológica da tuberculose 

bovina no Estado de Rio Grande do Sul. O Estado foi dividido em sete 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 escolhidas aleatoriamente e submetidas ao teste tuberculínico cervical 

comparativo. Os animais que resultaram inconclusivos foram testados novamente 

com o mesmo procedimento diagnóstico em intervalo mínimo de 60 dias. Ao todo 

foram testados 9,895 animais provenientes de 1,067 propriedades. Nas 

propriedades, foi aplicado um questionário epidemiológico para identificar fatores de 

risco associados à tuberculose bovina. A prevalência de focos no estado foi de 2.8% 

[1.8; 4.0] e a de animais 0.7% [0.4; 1.0]. Houve tendência de concentração de focos 

na parte Norte do estado, caracterizada pelo predomínio de propriedades de leite e 

mistas Os fatores de risco associados à condição de foco foram exploração leiteira 

(OR = 2.90 [1.40; 6.13]) e rebanhos com 16 ou mais vacas com pelo menos 24 

meses de idade (OR = 2.61 [1.20; 5.49]). Assim, a melhor estratégia a ser adotada 

pelo estado é a implementação de sistema de vigilância para detecção e 

saneamento dos focos, de preferência incorporando elementos de vigilância 

baseada em risco. Além disso, o estado deve realizar uma sólida ação de educação 

sanitária para que seus produtores passem a testar os animais para tuberculose 

bovina antes de introduzi-los em seus plantéis. 

 

 

Palavras-chave: Brasil. Fatores de risco. Mycobacterium bovis. Prevalência. Rio 

Grande do Sul. Tuberculose bovina.  



ABSTRACT 

 

QUEIROZ, M. R. Epidemiological status of bovine tuberculosis in the State of 
Rio Grande do Sul, Brazil [Situação epidemiológica da tuberculose bovina no 
Estado do Rio Grande do Sul, Brasil]. 2016. 33 f. Tese (Doutorado em Ciências) – 
Faculdade de Medicina Veterinária e Zootecnia, Universidade de São Paulo, São 
Paulo, 2016. 
 

 

A study was conducted to determine the epidemiological status of bovine 

tuberculosis in the state of Rio Grande do Sul. The state was divided in seven 

regions, and in each of them, a pre-established number of farms was randomly 

sampled. In each farm, cows with age equal to or greater than 24 months were 

selected at random and submitted to the comparative cervical tuberculin test. The 

animals whose tests were inconclusive were retested with the same diagnostic 

procedure within a minimum interval of 60 days. In all, 9,895 animals from 1,067 

farms were tested. An epidemiological questionnaire was applied in the farms in 

order to identify risk factors associated with bovine tuberculosis. The prevalence of 

infected herds in the state was 2.8% [1.8; 4.0] and that of infected animals was 0.7% 

[0.4; 1.0]. There was a trend towards a concentration of infected herds in the 

northern part of the state, with a predominance of dairy and mixed herds. The risk 

factors associated with the condition of infected herds were being a dairy herd (OR = 

2.90 [1.40; 6.13]) and herds with 16 or more cows (OR = 2.61 [1.20; 5.49]). Thus, the 

best strategy to be adopted by the state is the implementation of surveillance 

systems to detect and remediate the infected herds, preferably incorporating 

elements of risk-based surveillance. In addition, the state must carry out a solid 

action of health education so that the producers test animals for bovine tuberculosis 

before introducing them in their herds. 

 

 

Keywords: Bovine tuberculosis. Brazil. Mycobacterium bovis. Prevalence. Rio 

Grande do Sul. Risk factors. 
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1. INTRODUCTION 

 

Since 2004, Brazil has been among the world’s leading exporters of beef 

(USDA, 2015a, 2015b). The country enjoys privileged climate and territorial 

conditions to occupy this leadership, but paradoxically faces challenges of 

continental proportions related to sanity of the flock and food security.  

Human tuberculosis caused by Mycobacterium bovis is associated with 

occupational exposure, inhalation of aerosols, and contact with carcases. The 

incidence varies regionally, depending mainly on the prevalence of infected herds 

and on the application of preventive measures (COSIVI et al., 1998; MODA et al., 

1996). As it is a zoonosis that also represents significant economic losses to the 

bovine livestock sector, in 2001, the Ministry of Agriculture, Livestock, and Supply 

instituted the National Program for the Control and Eradication of Brucellosis and 

Animal Tuberculosis – PNCEBT (LAGE et al., 2006). As the name indicates, the 

program aims at eradicating these diseases. However, the epidemiological status of 

tuberculosis in the country is not adequately characterized. 

In Brazil, sparse data of condemnation at slaughterhouses from 1989 to 1998 

pointed to a national prevalence of bovine tuberculosis of 1.3% (LAGE, 2006). 

Studies on bovine tuberculosis conducted in 12 Federal Units, which hold 75% of the 
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Brazilian herd, showed a prevalence of infected herds between 0.36%, in the Federal 

District and 9.0%, in São Paulo (ANZAI et al., 2016; BAHIENSE et al., 2016; 

BELCHIOR et al., 2016; DIAS et al., 2016; GUEDES et al.; 2016; LIMA et al., 2016; 

NÉSPOLI et al., 2016; RIBEIRO et al. 2016, ROCHA et al., 2016; SILVA et al., 2016; 

VELOSO et al., 2016; VENDRAME et al., 2016). 

Rio Grande do Sul (RS) is the most southern state of Brazil and has 

environmental and cultural features that distinguish it from the rest of the country in 

many aspects of the production of livestock: it does not have vast territory for cattle 

breeding and has severe winters with consequent specificities regarding the 

production of fodder. Cattle breeding began in RS in the beginning of the occupation 

of the territory and played an important role in the formation of the "gaúcha" society.  

The state holds a herd of approximately 14 million bovines, being the sixth 

largest in Brazil and the largest in the southern region, a region that also comprises 

the states of Santa Catarina and Paraná (IBGE, 2013). Epidemiological data of 

bovine tuberculosis in Rio Grande do Sul are scarce and do not appropriately 

describe the disease status in the whole territory. 

Almeida et al. (1997) reported 1.33% of animals positive for tuberculin in the 

municipalities of Guaíba and Eldorado do Sul. Poletto et al. (2004) performed the 

tuberculin test in 2,119 adult bovine animals belonging to 156 dairy farms in the town 

of Passo Fundo, the largest city in the north of the state, and detected 32 positive 

animals (1.51%) from 6 farms (3.84%). Only one of these animals did not present 

lesions suggestive of tuberculosis at necropsy. Lucena et al. (2010) reviewed 

necropsy reports and results of histopathological examination performed in 6,706 

bovine animals between 1964 and 2008 and reported 16.7% of lesions compatible 

with tuberculosis. Mazzutti et al. (2011) reported 0.2% of tuberculous lesions in cattle 

slaughtered between 2005 and 2010, under the state and federal inspection in RS. 

Martins and Maroso (2012) observed 52 animals reactive to tuberculin (0.32%) 

distributed in 1% of the farms of the region of Alto Uruguai. 

Thus, due to the scarcity of epidemiological data, which characterizes well 

bovine tuberculosis throughout the territory of Rio Grande do Sul, the objective of this 

study was to estimate the prevalence of infected herds and infected animals and also 

to identify the risk factors for the disease, in order to accurately structure the fight 

against tuberculosis in the state. 
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2. MATERIAL AND METHODS 

 

The planning of the study was carried out in collaboration with the Ministry of 

Agriculture, Livestock, and Supply (MAPA), the Secretariat of Agriculture, Livestock, 

Fisheries, and Agribusiness of Rio Grande do Sul (SEAPA-RS) and the Collaborating 

Center in Animal Health, located in the Faculty of Veterinary Medicine and Zootechny 

(FMVZ) of the University of São Paulo (USP). The field work was carried out by 

technicians of SEAPA-RS, between January and September 2013.  

To check for possible regional differences, both in the prevalence of 

tuberculosis and in the risk factors involved, the state was divided in seven regions 

with homogeneous characteristics. For this characterization, we took into 

consideration the different production systems, management practices, purposes of 

farming, average size of herds, and marketing system, as well as the operational 

capacity and logistics of the official veterinary service of the state to conduct field 

activities, as described by Marvulo et al. (2009). 

A two-stage sampling was performed to estimate the prevalence of infected 

herds and infected animals in the regions and in the state. In the first stage, within 

each region, a pre-established number of farms with reproductive activity was 

randomly selected from the farm registry of SEAPA-RS. In the second stage, within 

each farm, a pre-established amount of reproductive cows with age equal to or 

greater than 24 months was randomly selected. In farms where there were distinct 

herds, only the predominant one, the one with the greatest economic value or 

considered as the main objective of production, was the target of study. This herd 

was defined as a group of animals kept under the same management practices, i.e. 

exposed to equal risk factors. The selected farms that could not be sampled for some 

reason were replaced by means of a new drawing. The number of selected farms per 

region was estimated by the formula for simple random sampling (THRUSFIELD, 

2007), according to the following parameters: estimated prevalence of 20%, 95% 

confidence level, and error of 10%.  

For the drawing of animals within each farm, the number of bovines to be 

examined in order to classify the farm as focus of tuberculosis or free of disease was 

calculated, considering an aggregate sensitivity equal to or greater than 85% and 
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aggregate specificity equal to or greater than 95%. The individual values of sensitivity 

and specificity adopted were 80% and 99.5%, respectively. The calculations were 

performed with the help of Herdacc version 3.0 software. 

In a farm with up to 99 breeding cows with age equal to or greater than 24 

months, 20 were examined; in farms with 100 or more, 40 were examined. Animals 

were always randomly selected, and those that were in the period comprised 

between day 15 before and day 15 after delivery were replaced in the sample. 

The animals of the sample were submitted to the comparative cervical 

tuberculin test, conducted in accordance with the Technical Manual of the National 

Program for the Control and Eradication of Brucellosis and Tuberculosis (LAGE et 

al., 2006). To avoid dubious test results at the end of the study, the animals whose 

tests were inconclusive were retested with the same diagnostic procedure within a 

minimum interval of 60 days. All the animals testing positive were euthanized. 

For farms with up to 20 tested animals, one reactive animal was enough to 

classify it as a tuberculosis-infected herd. For those where 40 animals were tested, at 

least two reactive animals were necessary to classify the herd as infected. 

For each region and also for the entire state, the prevalence of herds and 

animals infected with bovine tuberculosis were obtained. The prevalence of infected 

herds within each region was also stratified by type of farming. The calculations of 

apparent prevalence and respective confidence intervals were performed as 

recommended by Dean et al. (1994). The calculations of prevalence of infected herds 

and infected animals in the state and prevalence of animals within the regions were 

made in a weighted form (DOHOO et al., 2003). The weight of each farm in 

calculating the prevalence of infected herds in the state was given by  

 

Ρ1= 
Farms with reproductive activity existing in the region 

Farms with reproductive activity sampled in the region 

 

The weight of each animal in calculating the prevalence of animals in the state was 

given by 

Ρ2 = 

Cows ≥ 24 months in the farm 

X 

Cows ≥ 24 months in the region 

Cows ≥ 24 months sampled in the 

farm 

Cows ≥ 24 months sampled in 

the region 
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 In the expression above, the first term refers to the weight of each animal in the 

calculation of the prevalence of infected animals within the regions. These 

prevalences were compared by pairwise comparisons for proportions. All calculations 

were performed with the package “survey” (LUMLEY, 2014), software R Core Team 

(2015). 

In all the farms selected for the study, a questionnaire was also applied to 

individualize the risk factors associated to the condition of an infected herd. The 

questionnaire was formulated to check the existence of exposure to classic risk 

factors, already described in the literature (MARANGON et al., 1998; RAMÍREZ-

VILLAESCUSA et al., 2010; SKUCE et al., 2012), and others of particular regional 

interest. The questions addressed the following variables: type of farm (beef, dairy, or 

mixed); degree of agglomeration of animals (confined, semi-confined, and open 

range); number and breed of the animals; use of mechanical milking and artificial 

insemination; introduction of bovines in the last two years; presence of other animal 

species in the farm (domestic and wild); routine testing for bovine tuberculosis; place 

of slaughter of breeding animals; sharing of pastures, waterhole/drinkers, feedstock, 

equipment and staff; presence of flooded areas; feeding whey to bovines, and 

existence of veterinary assistance. 

The variables were organized to be displayed on an increasing risk scale. When 

necessary, reclassification of the variables was carried out. The category presenting 

lower risk was considered as a basis for comparison with the remaining categories. 

The quantitative variables were reclassified in percentiles. A first exploratory data 

analysis was performed (univariate analysis) to select the ones with p≤ 0.20 with the 

χ2 test or with the Fisher’s exact test and, subsequently, subjected to logistic 

regression (HOSMER; LAMESHOW, 1989). The calculations were performed with 

the software R Core Team (2015). All the information generated by field and 

laboratory work was inserted in a specific database and used in epidemiological 

analyses. 
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3. RESULTS 

 

Figure 1 shows the seven regions in which the state of Rio Grande do Sul was 

divided in this study, and Table 1 presents the summary of the census data and the 

sample studied.  

 

Figure 1. Map of the state of Rio Grande do Sul showing the seven regions of the 

study: 1 - South; 2 - West Frontier; 3 - Central Missions; 4 - North; 5 - Serra; 6 - 

Metropolitan Areas, and 7 - North Coast.  
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Table 1. Summary of the census of bovine herds and details of the studied sample, 

according to the regions of the State of Rio Grande do Sul, Brazil, 2013. 

Region 

Total of farms 

with reproductive 

activity 

Sampled 

farms 

Total of cows 

≥24 months 

Cows ≥24 

months 

sampled 

1 - South 35,589 151 978,737 1,586 

2 - West Frontier 34,874 155 2195,220 2,415 

3 - Central Missions 47,483 150 937,859 1,603 

4 - North 93,888 155 899,861 1,211 

5 - Serra 36,486 152 539,037 1,221 

6 - Metropolitan Areas 73,259 153 746,561 965 

7 - North Coast 10,144 151 142,344 894 

Total 331,723 1,067 6439,619 9,895 

Source: SEAPA-RS  (2013) 

 

The prevalence of infected herds per region is presented in Table 2 and the 

prevalence of infected herds per type of farming is shown in Table 3. 
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Table 2. Prevalence of outbreaks of bovine tuberculosis by region and for the state of 

Rio Grande do Sul, Brazil, 2013. 

Region 

Farms 

Prevalence (%) 95% CI (%) 
Examined Positive 

1 - South 151 4 2.7 0.7 – 6.7 

2 - West Frontier 155 0 0a 0 – 0.019* 

3 - Central Missions 150 4 2.7 0.7 – 6.7 

4 - North 155 6 3.9 1.4 – 8.3 

5 - Serra 152 5 3.3 1.1 – 7.6 

6 - Metropolitan 

Area 

153 8 5.2a 2.3 – 10.1 

7 - North Coast 151 4 2.7 0.7 – 6.7 

Rio Grande do Sul 1,067 31 2.8 1.8 – 4.0 

*Calculation performed using the method of Monte Carlo and the beta distribution; a Different 

(p = 0.01) 
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Table 3. Prevalence of infected herds stratified by type of enterprise in regions of the 

State of Rio Grande do Sul, Brazil, 2013. 

Region 

Prevalence of infected herds (P) (%) 

Beef Dairy Mixed 

P (%) 

(positive/ 

examined) 

95% CI 

(%) 

P (%) 

(positive/ 

examined) 

95% CI 

(%) 

P (%) 

(positive/ 

examined) 

95% CI (%) 

1. South 4.5 (3/67) 0.9 - 12.7 1.8 (1/57) 0.04 - 9.6 0 (0/27) 0 – 0.101* 

2. West Frontier 0 (0/127) 0 – 0.019* 0 (0/19) 0 – 0.139* 0 (0/9) 0 – 0.259* 

3. Central Missions 4.1 (3/74) 0.8 - 11.5 2.5 (1/ 40) 
0.05 - 

13.7 
0 (0/36) 0 – 0.078* 

4. North 0 (0/10) 0 – 0.238* 5.6 (5/90) 1.8 - 12.6 1.8 (1/55) 0.04 - 10.0 

5. Serra  2.8 (1/36) 0.1 -15.1 4.2 (3/72) 0.8 - 11.8 2.3 (1/44) 0.1 - 12.4 

6. Metropolitan 

Area  
2.3 (1/43) 0.1 - 12.7 8.6 (5/58) 2.8 - 19.2 3.8 (2/52) 0.4 - 13.5 

7. North Coast 1.2 (1/85) 0.03 - 6.5 11.8 (2/17) 1.3 - 37.4 2.0 (1/49) 0.1 - 11.1 

*Calculation performed using the method of Monte Carlo and the beta distribution  

 

The prevalence in animals per region is shown in Table 4. Table 5 displays the 

results of the univariate analysis, and Table 6 shows the final model of logistic 

regression for the risk factors in the state. 
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Table 4. Prevalence of cows reactive to tuberculin testing by region and for the state 

of Rio Grande do Sul, Brazil, 2013. 

Region 

Cows ≥24 months Prevalence 

(%) 
95% CI (%) 

Examined Positive 

1 - South 1,586 10 0.7 0.1 - 2.4 

2 - West Frontier 2,415 1 0.02abc 0.000004 - 0.09 

3 - Central Missions 1,603 7 0.3 0.1 - 0.8 

4 - North 1,211 10 0.9a 0.2 - 2.2 

5 - Serra  1,210 18 1.4b 0.3 - 4.2 

6 - Metropolitan Area  965 24 1.3c 0.4 - 3.0 

7 - North Coast 894 4 0.7 0.1 - 2.1 

Rio Grande do Sul 9,884 74 0.7 0.4 - 1.0 

a, b, c 
different

 
(p < 0.05) 

 

Table 5 displays the results of the univariate analysis, and Table 6 the final 

logistic regression model for the risk factors in the state. 
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Table 5. Univariate analysis of the risk factors for bovine tuberculosis in the State of 

Rio Grande do Sul, Brazil, 2013. 

Variable Proportion of infected herds % P value 

Number of cows > 2 years 

     ≤15* 

     ≥ 16 

 

19/823 

12/244 

 

2.3 

4.9 

0.06 

Farm enterprise 

     Beef /Mixed 

     Dairy  

 

14/714 

17/353 

 

2.0 

4.8 

0.02 

Delivers milk  

     No 

     Yes 

 

15/813 

16/254 

 

1.8 

6.3 

<0.001 

Presence of wild animals 

     No 

     Yes 

 

2/211 

29/856 

 

0.9 

3.4 

0.07 

Presence of cabybara 

     No 

     Yes 

 

22/869 

9/198 

 

2.5 

4.5 

0.20 

*Third quartile  

 

 

 

Table 6. Final multivariate model of the risk factors for bovine tuberculosis in the 

state of Rio Grande do Sul, Brazil, 2013. 

Variable Odds Ratio 95% CI 

Number of cows > 2 years 

     ≤15* 

     ≥ 16 

 

 

2.61 

 

 

1.20 - 5.49 

Farm enterprise 

     Beef /Mixed 

     Dairy  

 

 

2.90 

 

 

1.40 - 6.13 

*Third quartile 
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4. DISCUSSION  

 

The prevalence of herds infected with bovine tuberculosis in Rio Grande do Sul 

was estimated to be 2.8% [1.8 - 4.0] (Table 2), statistically equal to the states of 

Bahia (BA), Pernambuco (PE), Paraná (PR), Mato Grosso do Sul (MS), Mato Grosso 

(MT), Rondônia (RO), Goiás (GO), and the Federal District (DF), lower than those of 

the states of Espírito Santo (ES), Minas Gerais (MG), and São Paulo (SP), and only 

higher than that of the state of Santa Catarina (SC) (ANZAI et al., 2016; BAHIENSE 

et al., 2016; BELCHIOR et al., 2016; DIAS et al., 2016; GUEDES et al.; 2016; LIMA 

et al., 2016; NÉSPOLI et al., 2016; RIBEIRO et al., 2016; ROCHA et al., 2016; SILVA 

et al., 2016; VELOSO et al., 2016; VENDRAME et al., 2016). Although in Rio Grande 

do Sul differences were observed only between the regions with higher and lower 

prevalence of infected herds (Table 2), the values indicate a higher concentration of 

infected herds in regions 4, 5, and 6, located in the north of the state, in which dairy 

and mixed farms dominate (Tables 2 and 3). 

The prevalence of animals positive to the tuberculin test in the state was 

estimated to be 0.7% [0.4; 1.0], ranging from 0.02% to 1.4% (Table 4). Although 

heterogeneities were detected among regions, these results follow the prevalence of 

infected herds, allowing the same interpretation. 

Table 6 shows that the risk factors for bovine tuberculosis in Rio Grande do Sul 

were being a dairy herd and having 16 or more cows in the herd. 

Dairy herds are more vulnerable to tuberculosis because milk production 

requires the agglomeration of animals during milking, increasing the risk of 

transmission (BARLOW et al., 1997), since it raises the population density and, 

consequently, the probability of infectious contacts (ALVAREZ et al., 2012; 

HUMBLET et al, 2010). Dairy herds also presented higher risk for tuberculosis in 

New Zealand (PORPHYRE et al., 2008), United Kingdom (KAROLEMEAS et al., 

2011; RAMÍREZ-VILLAESCUSA et al., 2010), and Brazil (ANZAI et al., 2016; 

BAHIENSE et al., 2016; BELCHIOR et al., 2016; DIAS et al., 2016; ROCHA et al., 

2016; SILVA et al., 2016; VELOSO et al., 2016). In addition, animals from dairy herds 

tend to be older than animals from beef herds, having a higher probability of being 

exposed to the infectious agent (HUMBLET et al., 2009). 

The fact that farms with high number of animals presented a higher probability 

of being infected with bovine tuberculosis was also verified in the Republic of Ireland 



27 

(CLEGG et al., 2012; GRIFFIN et al., 1996), United Kingdom (BESSELL et al., 2012; 

RAMÍREZ-VILLAESCUSA et al., 2010; REILLY; COURTENAY, 2007), New Zealand 

(PORPHYRE et al., 2008), and Brazil (ANZAI et al., 2016; BAHIENSE et al., 2016; 

DIAS et al., 2016; SILVA et al., 2016; VELOSO et al., 2016). Larger flocks have a 

higher replacement rate, thus increasing the risk of introduction of infected animals. 

The purchase of animals, in particular from risk farms, has paramount importance in 

the transmission of bovine tuberculosis (BESSELL et al., 2012; OLOYA et al., 2007; 

RAMÍREZ-VILLAESCUSA et al., 2010; REILLY; COURTENAY, 2007; SKUCE et al., 

2012; TSCHOPP et al., 2009). Thus, it is plausible to assume that this variable 

indicates that the purchase of animals, naturally without prior testing, implies a 

magnification of the risk of introduction of bovine tuberculosis in a farm. 

 

5. CONCLUSION 

 

The state of Rio Grande do Sul has a low prevalence of bovine tuberculosis and 

the best strategy to adopt is the implementation of a surveillance system to detect 

and sanitise focus of infection, preferably incorporating elements of risk-based 

surveillance. In addition, the state must carry out a solid action of health education so 

that producers test animals for bovine tuberculosis before introducing them into their 

herds. 
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