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Abstract

A cross sectional study was performed between June 2009 and March 2010 to determine the situation of
bovine tuberculosis (bTB) in Rondonia. The state was divided into three regions and, in each of them,
300 farms with reproductive activity were randomly chosen and considered as primary sample units.
In the selected farms, an epidemiologic questionnaire was applied. A fixed number of bovine females
older than two years of age was randomly selected and tested through comparative cervical tuberculin
test. Considering the State of Ronddnia, the apparent prevalence of bTB positive farms was 2.3% (95%
CI =1.5-3.5%). The prevalence in the regions varied from 1.7% (95% CI = 0.7 — 4%) to 3% (95% Cl =
1.6-5.7%). The apparent prevalence of bTB positive animals in the State of Rondonia was 0.12% (95%
CI = 0.06-0.25%) and varied from 0.08% (95% CI = 0.04-0.18%) to 0.15% (95% CI = 0.07-0.33%)
in the regions. The risk factor associated to tuberculosis in the State of Rondonia was the acquisition
of animals (OR = 7.1; 95% CI = 1.6-31.1). The State of Rondonia should implement a surveillance
system to detect bTB-infected herds to certify them as bTB-free. Moreover, an efficient health education
program to inform farmers to test replacement animals for bTB prior to introduction in their herds
should also be implemented.
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Resumo

Entre junho de 2009 e margo de 2010 foi realizado um estudo transversal para determinar a situagdo da
tuberculose bovina (BTB) em Ronddnia. O estado foi dividido em trés regides e, em cada uma delas
300 propriedades com atividade reprodutiva foram sorteadas e consideradas como unidades amostrais
primarias. Nas fazendas selecionadas, foi aplicado um questiondrio epidemiologico. Um nimero
fixo de fémeas bovinas com idade superior a dois anos de idade foram selecionada aleatoriamente e
testadas através do teste tuberculinico cervical comparativo. Considerando-se o Estado de Rondonia,
a prevaléncia aparente de focos foi de 2,3% (IC 95% = 1,5-3,5%). A prevaléncia nas regides variou de
1,7% (95% IC = 0,7 — 4%) a 3% (95% CI = 1,6-5,7%). A prevaléncia aparente de animais positivos
no Estado foi de 0,12% (IC 95% = 0,06-0,25%) e variou de 0,08% (IC 95% = 0,04-0,18%) a 0,15%
(IC 95% = 0.07- 0,33%) nas regides. O fator de risco associado a tuberculose no Estado de Rondonia
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foi a aquisicdo de animais (OR = 7,1; 1C95% = 1,6-31,1). O Estado deve implementar um sistema
de vigilancia para detectar ¢ sanear focos. Além disso, o estado devera implementar um eficiente
programa de educagdo para informar aos produtores a necessidade de testar os animais de reposi¢ao
para tuberculose antes de introduzi-los em seus rebanhos.

Palavras-chave: Bovino. Brasil. Prevaléncia. Fator de risco. Rondonia. Tuberculose.

Introduction

Bovine tuberculosis (bTB) is a chronic zoonotic
disease caused by Mycobacterium bovis that, in
addition to cattle, affects small ruminants, humans,
and other domestic and wild animals. These bacteria
cause a chronic granulomatous caseous-necrotizing
inflammatory process in many organs, depending
on the route of entry. The main route of entry is
inhalation, causing primary lesions in lungs and
accessory lymph nodes, but bacteria can also be
ingested, causing primary lesions in the mesenteric
lymph nodes (DOMINGO et al., 2014). Apart
from the risk to public health, the disease causes
economic losses to cattle industry (ZINSSTAG et
al., 2006), especially in Africa, Central and South
America, and Asia (OIE, 2015). Usually, the disease
is endemic and widespread in large territories
connected by commercial relations, especially
animal trade (GILBERT et al., 2005).

In 2001, the Brazilian Ministry of Agriculture,
Livestock, and Food Supply (MAPA) has launched
the National Program for the Control and Eradication
of Animal Brucellosis and Tuberculosis (PNCEBT),
aiming at the reduction of the negative impacts of
bovine brucellosis and tuberculosis on human
health and the promotion of the competitiveness of
the national livestock industry (MAPA, 2006). The
control measures of PNCEBT include movement
control of reproducing animals and certification
of tuberculosis-free farms (MAPA, 2006). These
activities, such as diagnostic tests and veterinary
services, are paid by farmers. The official veterinary
service is responsible only for auditing the entire
system.

In Brazil, recent studies carried out in 12 States,
which hold 69% of the Brazilian cattle population,
showed a prevalence of tuberculosis-infected herds

between 0.36% in the Federal District and 9.0% in
Sdo Paulo state (BAHIENSE etal.,2016; BARBIERI
etal.,2016; DIAS etal., 2016; GALVIS etal., 2016;
GUEDES etal., 2016; LIMA et al., 2016; NESPOLI
et al., 2016; QUEIROZ et al., 2016; RIBEIRO et
al., 2016; ROCHA et al., 2016; SILVA et al., 2016;
VELOSO et al., 2016).

No state survey of bovine tuberculosis has ever
been done in the State of Rondodnia; therefore, the
present study aims to estimate the prevalence of
bovine tuberculosis and risk factors in the State, in
order to allow the management of the animal health
policy.

Materials and Methods
Sample design

The present study was planned by the Brazilian
Ministry of Agriculture, Livestock, and Food Supply
(MAPA), the University of Sdo Paulo (USP), the
University of Brasilia (UnB), and the Animal Health
Service of the State of Ronddnia (IDARON). The
field work was performed by IDARON staff, from
June 2009 to March 2010, after being trained to
standardize the procedures.

In order to characterize regional differences in
epidemiological parameters of bovine tuberculosis,
the State of Rondonia was divided into three regions,
considering the livestock production systems,
managing practice, herd size, and trade systems.
This division also considered the operational and
logistic capacity of the IDARON to perform the
fieldwork, based on its seven regional offices. A map
of the regions was made in ArcGIS 10.0. software.

In each region, a cross sectional study was
performed to estimate the prevalence of bovine
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tuberculosis at herd and animal levels, using a
two-stage sampling method. In the first stage, a
pre-determined number of farms with reproduction
activity was randomly selected (primary sampling
units). In the second stage, a pre-determined number
of bovine females older than two years of age was
randomly selected (secondary sampling units).

In farms were there were more than one
individual herd, the biggest and economically more
important, in which the animals were submitted to
the same managing procedures, i.e. under the same
risk factors, was chosen. The choice of the primary
sampling units was based on the official farm registry
database. If a selected farm could not be visited by
IDARON staff, a new one in the vicinity and with
the same characteristics was chosen as replacement.
The number of selected farms per region was
estimated by the simple random sample formula
proposed by Thrusfield (2007) and Noordhuizen et
al. (1997):

N=Z2*P*(I-P)/d

where N denotes the sample size, Z is the normal
distribution value for the confidence level of 95%,
P is the expected prevalence (20%), and d is the
absolute error (5%).

The choice of the secondary sampling units
aimed at the appropriate classification of a farm as
positive or negative for tuberculosis. To achieve this,
we have used the herd sensitivity and specificity
concept (DOHOO et al., 2003). The values for
sensitivity and specificity for the test protocol were
80% and 99.5%, respectively (FLETCHER et al.,
1988), and 20% for the expected prevalence. The
calculations were made using the Herdacc version
3, and the selected sample size was the one that
allowed herd sensitivity and specificity above
90%. Thus, in farms with at least 99 females older
than two years of age, 20 animals were sampled,
and in farms with more than 99 females older than
two years of age, 40 animals were selected. If the
selected herd was smaller than the required sample,

all animals were sampled. The choice of females
was casual systematic.

To exclude dubious results by the end of the
study, those animals with inconclusive results were
reexamined with the same diagnostic procedure in a
minimum interval of 60 days. All animals that tested
positive were euthanized. The occurrence of one
animal with a positive result was enough to classify
the properties with up to 20 animals tested as an
infected. For those, which have tested 40 animals,
it took at least two positive animals to declare them
as an infected.

Test protocol

The comparative cervical tuberculin test was
used according to the Brazilian National Program for
the Control and Eradication of Animal Brucellosis
and Tuberculosis (MAPA, 2006). Tested animals
were separated from the herd for 72 hours, when the
results were read. Animals with inconclusive results
were retested 60 days after the first test. If the
second test result was inconclusive or positive, the
animal was considered positive, according to what
is established in the National Program (MAPA,
2006).

Estimation of prevalence

For each region and throughout the state, the
prevalence of infected herds and animals for bovine
tuberculosis were obtained. The prevalence of
infected herds within each region was also stratified
by the type of farming. The apparent prevalence and
confidence intervals calculations were performed as
recommended by Dean et al. (1996). Calculations
referring to the prevalence of infected herds and
animals in the state and the animal prevalence
within the regions were performed in weighted form
(DOHOQO et al., 2003). The weight of each property
in calculating the prevalence of infected herds in the
state was given as follows:
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properties with reproductive activity in the
region

properties with reproductive activity sampled
in the region

The weight of each animal in the calculation of
the prevalence of animals in the state was given by:

cows >24 months in the property
P,= X
cows >24 months sampled in the property

cows >24 months in the region

cows >24 months sampled in the region

In the expression above, the first term refers
to the weight of each animal in the calculation of
animal prevalence within regions. The calculations
were performed with the SPSS program, version 20.

Risk factor analysis

In each sampled farm, a questionnaire was
applied in order to generate data about its managing
practices. All information generated in the field and
in the laboratory was inserted in a database.

In this cross sectional study, risk factors such
as production system (meat, milk, mixed), raising
system (extensive, any degree of confinement),
cattle breeds, number of cows older than two years of
age, total herd size, presence of other domesticated
species, presence of wild species, animal trade,
tuberculosis testing prior to incorporation in the
herd, slaughter in the farm, pasture rent, common
pastures, flooded pastures, and veterinary assistance
were assessed, according to Marangon et al.

(1998) and Skuce et al. (2012). These variables
were organized in an increasing risk scale. When
necessary, a recategorization was made. The least
risk category was always considered as baseline for
comparisons with the other categories. Quantitative
variables were categorized using the third quartile
as cut point.

An exploratory univariate analysis was made
using chi-square (y?), or Fischer exact test was
made with all variables, considering the whole
State. Those below significance level of 20% were
selected to a multivariate analysis using logistic
regression. In the second step, the significance level
was 5%. All calculations were made in SPSS 9.0
and Epilnfo 7.0 software.

In order to check if the variables were correlated,
a Spearman correlation test was performed. If two
variables were correlated, the one that was less
associated with the dependent variable was excluded
from the multivariate analysis. The significance
level for this test was 5%.

Results

The State of Rondonia was divided into three
regions (Figure 1). In Tables 1 and 2 are presented
the prevalence at herd and at animal levels,
respectively, in the regions and in the whole State.
There is no difference in the observed prevalence of
tuberculosis-positive farms among regions. There
is also no difference in the observed prevalence of
tuberculosis-positive animals among regions.

In Table 3 are presented the results from the
univariate analysis, showing risk factors with p<
0.20 and, in Table 4, the multivariate model.
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Figure 1. Map of the State of Rondonia showing the regions.

100 0 100 km
I

Table 1. Apparent prevalence of tuberculosis-positive farms in the State of Rondonia.

. Farms Wl.th Tuberculosis 95% confidence
Regions reproductive Sampled farms I Prevalence .
o positive farms interval (CI)
activities
1 25,761 296 5 1.7 0.7-4.0
2 25,706 299 9 3.0 1.6-5.7
3 23,148 309 7 2.3 1.1-4.7
Total 74,615 904 21 2.33 1.52-3.52

Table 2. Apparent prevalence of tuberculosis-positive bovine females older than two years of age in the State of
Rondoénia.

Bovine females

1 0,
Regions older than two Serum samples Tgl?erculgs1s Prevalence 95. 7 confidence
positive animals interval (CI)
years of age
1 1,867,197 6,741 8 0.12 0.04-0.41
2 1,418,816 6,576 10 0.15 0.07-0.33
3 1,391,430 6,323 8 0.08 0.04-0.18
Total 4,677,443 19,640 26 0.12 0.06-0.25
3643
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Table 3. Univariate analysis of the risk factors for bovine tuberculosis in the State of Rondonia.

Variable Exposed/positive Exposed/negative »
farms farms

Acquisition of animals

No 5/8 404/438 0.022

Yes 3/8 34/438

Marsupial presence

No 7/21 469/883 0.073

Yes 14/21 414/883

Raising system

Extensive 19/21 846/867 0.100

Any degree of confinement 2/21 21/867

Cow milking

No 1/20 162/834 0.148

Yes 19/20 672/834

Presence of wild animals

No 2/21 210/883 0.190

Yes 19/21 673/883

bTB: bovine tuberculosis.

Table 4. Final multivariate model of the risk factors for bovine tuberculosis in the State of Rondonia.

Variable Cases Exposed p Odds ratio 95% confidence interval
Acquisition of animals 8 37 0.009 7.1 1.6-31.1

r’=17.3%.

Discussion The classic risk factor for bovine tuberculosis

The herd prevalence of bovine tuberculosis
in the State of Rondonia was 2.33% [1.52; 3.55]
(Table 1), statistically equal to Parana, Bahia, Rio
Grande do Sul, Mato Grosso, Mato Grosso do Sul,
Goias, Pernambuco, Distrito Federal, and Minas
Gerais, higher than Santa Catarina, and lower than
Sao Paulo and Espirito Santo (BAHIENSE et al.,
2016; BARBIERI et al., 2016; DIAS et al., 2016;
GALVIS et al., 2016; GUEDES et al., 2016; LIMA
et al., 2016; NESPOLI et al., 2016; QUEIROZ et
al., 2016; RIBEIRO et al., 2016; ROCHA et al.,
2016; SILVA et al., 2016; VELOSO et al., 2016).
Tuberculosis-infected herds are homogeneously
spread among the regions of the state (Table 2),
and the prevalence of animals followed the same
distribution (Table 3).

is the introduction of animals with unknown
sanitary conditions (DE LA CRUZ et al., 2014;
DOMMERGUES et al., 2012; GILBERT et al.,
2005; GRISI-FILHO et al., 2011). In fact, the only
risk factor of bovine tuberculosis in Ronddénia was
the acquisition of animals.

Conclusion

The State of Rondoénia should implement a
surveillance system to detect bTB-infected herds
to certify them as bTB-free. Moreover, an efficient
health education program to inform farmers to test
replacement animals for bTB prior to introduction
in their herds should also be implemented.
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