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Abstract

A cross sectional study was performed to assess the epidemiological status of bovine tuberculosis in the
state of Minas Gerais, Brazil, in 2013. The state was divided into seven regions, and a preset number
of herds was randomly sampled in each region. From each farm, female cattle aged 24 months or older
were randomly sampled and subjected to the comparative cervical tuberculin test (CCTT). Animals with
inconclusive test results were re-tested with the same diagnostic procedure after a minimum interval
of 60 days. A total of 31832 animals were tested from 2 182 farms. An epidemiological questionnaire
was administered in the farms to identify risk factors associated with bovine tuberculosis. Prevalence
in the state was estimated at 4.25% (95% CI: 3.36% — 5.15%) for herds and at 0.56% (95% CI: 0.46%
— 0.66%) for animals. Data on herd prevalence for bovine tuberculosis for each stratum showed the
highest prevalences at region Sul ¢ Sudoeste (stratum 5) and region Central (stratum 3) which were
significantly different from the lowest prevalences found at regions Noroeste, Norte e Nordeste (stratum
1) and region Leste (stratum 2). The highest animal prevalences observed for the region Sul e Sudoeste
(stratum 5), region Zona da Mata (stratum 4) and region Central (stratum 3) were significantly different
from the lowest ones at region Tridngulo Mineiro (stratum 7), region Noroeste, Norte, ¢ Nordeste
(stratum 1) and region Leste (stratum 2). The presence of bovine tuberculosis was associated with
animal purchase from cattle traders (OR=2.59 [95% CI: 1.28 — 5.20]), higher yield intensive dairy
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Introduction

(OR=7.55195% CI: 1.89% —30.09%]) and non-intensive dairy production (OR=3.58 [95% CI: 1.06%
—12.04%]), as well as with herds with 30 or more cows (OR=1.97 [95% CI: 1.02 — 3.80]). Non-specific
reactors to the CCTT were found in 95.07% (95% CI: 94.05% — 96.09%) of the herds. Therefore, the
state of Minas Gerais should implement surveillance systems for the detection and sanitation of infected
herds, preferably incorporating risk-based surveillance elements, considering the results of the present
study.

Key words: Brazil. Minas Gerais. Mycobacterium bovis. Prevalence. Risk factors.

Resumo

Foi realizado um estudo transversal para avaliar a situacdo epidemioldgica da tuberculose bovina no
estado de Minas Gerais em 2013. O Estado foi dividido em sete regides e um ntimero predefinido de
fazendas foi amostrado aleatoriamente em cada regido. Dentro de cada propriedade, fémeas com idade
igual ou superior a 24 meses foram escolhidas aleatoriamente ¢ submetidas ao Teste Tuberculinico
Cervical Comparativo (CCTT). Os animais com resultados inconclusivos foram retestados com o
mesmo procedimento diagndstico apds um intervalo minimo de 60 dias. Um total de 31832 animais
foram testados provenientes de 2182 propriedades. Um questiondrio epidemiologico foi aplicado em
cada fazenda para identificar fatores de risco associados a tuberculose bovina. A prevaléncia de focos
no estado foi de 4,25% (IC 95%: 3,36 — 5,15) e 0,56% (IC 95%: 0,46 — 0,66) de animais. Em relagdo
a prevaléncia de rebanho com tuberculose bovina para cada estrato, as maiores prevaléncias foram
observadas nas regides Sul e Sudoeste (estrato 5) e Central (estrato 3), que foram significativamente
diferentes das menores prevaléncias encontradas nas regides Noroeste, Norte e Nordeste (estrato 1) e
Leste (estrato 2). As maiores prevaléncias de animais observadas nas regides Sul e Sudoeste (estrato
5), Zona da Mata (estrato 4) e Central (estrato 3) foram significativamente diferentes das menores
encontradas nas regides do Triangulo Mineiro (estrato 7), Noroeste, Norte, e Nordeste (estrato 1) e Leste
(estrato 2). A presenca de tuberculose bovina foi associada com a compra de animais de comerciantes de
gado (OR =2,59 [IC 95%: 1,28-5,20]), propriedades leiteiras tecnificadas (OR = 7,55 [IC 95%: 1,89% —
30,09%]) e propriedades leiteiras ndo-tecnificadas (OR [IC 95%: 1,06% — 12,04%] = 3,58), bem como
com rebanhos com 30 ou mais fémeas (OR = 1,97 [95% IC: 1,02-3,80]). Reagdes inespecificas ao CCTT
foram observadas em cerca de 95,07% (IC 95%: 94,05 — 96,09%) dos rebanhos. Portanto, o estado de
Minas Gerais deve implementar sistemas de vigilancia para a detec¢do e saneamento dos rebanhos
infectados, de preferéncia incorporando elementos de vigilancia com base no risco, considerando os
resultados do presente estudo.

Palavras-chave: Brasil. Fatores de risco. Minas Gerais. Mycobacterium bovis. Prevaléncia.

among animals (bovine-bovine

transmission)

Bovine tuberculosis is a chronic infectious
disease caused by Mycobacterium bovis and an
important zoonosis entailing public health risks
and economic losses to farmers, such as decrease
of milk production, decrease in weight gain, loss
of commercial value, and culling of skin test
reactor cattle (BRASIL, 2006; SKUCE et al.,
2012). Tuberculosis causes typical granulomatous
lesions both in humans and animals with varying
degrees of necrosis, encapsulation, and calcification
in the lung region due to its transmission by
inhalation of contaminated aerosols, especially

(POLLOCK et al., 2006). Infection can also occur
via the gastrointestinal tract, thereby affecting
other organs such as the intestine and mesenteric
lymph nodes (O’REILLY; DABORN, 1995). These
extrapulmonary manifestations are more common
in calves and in animal-man transmission, due to
raw milk and dairy products consumption habits
(MICHEL et al., 2010).

Owing to its zoonotic character and the economic
losses on the meat and milk supply chains, bovine
tuberculosis is the object of control and eradication
programs in several countries. Brazil initiated
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effective control of the disease in 2001, with the
publication of the Programa Nacional de Controle
e Erradicagdo de Brucelose e Tuberculose Animal
— PNCEBT (National Program on the Control and
Eradication of Animal Brucellosis and Tuberculosis )
(BRASIL, 2006), by the Ministério da Agricultura,
Pecudria e Abastecimento — MAPA (Ministry of
Agriculture, Livestock and Food Supply). The
aim of the program is to reduce the prevalence and
incidence of these zoonoses, and thus contribute
to the livestock market evolution both at national
and international levels. The main rules imposed
by PNCEBT cover the certification of free and
monitored herds and the requirement of negative
testing for the movement of animals. Due to the lack
of incentives to producers, voluntary certification
of herds is low; in Minas Gerais only 43 herds
had reached the free status in 2013 (OLIVEIRA,
2016). These activities are developed by accredited
veterinarians who were approved on short courses
of standardization of testing procedures and control
of bovine tuberculosis recognized by MAPA.

Studies on the epidemiological status of bovine
tuberculosis performed in 13 Federative Units of
Brazil, which hold 75% of cattle in the country,
showed herd prevalences ranging from 0.36% in
Distrito Federal to 9.0% in Sao Paulo (BAHIENSE
et al., 2016; BELCHIOR 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; VENDRAME et al., 2016). These
studies also identified the following risk factors:
dairy production usually associated with larger
intensive herds, with higher yields, use of common
pastures by different herds, and animal purchase.

Minas Gerais holds a prominent position in the
country’s livestock industry, accounting for a third
of the country’s milk production (IBGE, 2006). The
State holds the largest dairy herd and the second-
largest cattle herd in the country (ANUALPEC,

2014). In 1999, a survey for bovine tuberculosis
was performed in Minas Gerais. Although it did not
cover the whole state territory, leaving the northern
regions out of the target population, 1586 herds
and 22990 cattle were tested, within an area that
corresponded to approximately 70% of the cattle,
75% of the herds, and 86% of the state’s milk
production, in the year of the study. The apparent
prevalence was estimated at 5.04% (95% CI: 4.96%
— 5.13%) for herds and at 0.81% (95% CI: 0.37% —
1.25%) for animals (BELCHIOR et al., 2016).

Despite the relatively low prevalence of bovine
tuberculosis observed in the Brazilian states, the
situation between them is heterogeneous. The
frequent report of animals with clinical signs of the
disease in the country is a matter of concern because
of its impact on milk and meat production as well as
its zoonotic potential (OIE, 2015).

The main purpose of the present study was to
estimate the prevalence of bovine tuberculosis
in Minas Gerais with a view to identify possible
changes since 1999 and to make up for the lack of
epidemiological information on the northern regions
of'the state, for which there was no structured survey
data available to date.

Material and Methods
Location

An epidemiological cross-sectional study was
carried out in the state of Minas Gerais located in
Brazil’s southeastern region between the parallels
of latitude, south 14°13°58” and 22°54°00”, and
meridians 39°51°32” and 51°02°35”, with an
extension of 58652123.5 hectares, and a total of
317859 cattle farms in 2013 (IMA, 2013). In 2013,
the state of Minas Gerais had 24201256 cattle
(IBGE, 2013), accounting for 26.6% of the national
production and 77% of the Southeast region milk
production.
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Sample design

The state of Minas Gerais was divided into seven
strata (Figure 1), representing different regions
characterized by the frequency of distinct parameters
such as production systems, production purpose,
animal handling, and average herd size (ALVES,

2009; OLIVEIRA, 2016). This stratification was
similar to that used by Gongalves et al. (2009) and
Oliveira et al. (2016) in studies on the prevalence
and risk factors of brucellosis in the state of Minas
Gerais, and it was validated by Alves (2009) and
Oliveira (2016).

Figure 1. Map of Minas Gerais showing the seven strata sampled in this study.
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Sampling was performed by randomly selecting
a preset number of herds in each stratum (primary
sampling units). Then, the sanitary condition of
the herds were assessed by randomly selecting a
predetermined number of cows aged 24 months or
more (secondary units). This two-level sampling
was performed using the register of properties
of Instituto Mineiro de Agropecudria — IMA
(State Animal Health Authorirty) and covered all
853 municipalities of Minas Gerais. Most herds
(99.95%) were sampled in 2013; and a single farm
(0.05%) was sampled in 2014.

The herds in each stratum were randomly
selected and the study focused on herds with

reproductive activity in farms where the animals
were subjected to the same breeding conditions. The
selected farms had been randomly sampled during
the epidemiological study of bovine brucellosis in
the state of Minas Gerais in 2011 (OLIVEIRA et
al., 2016; OLIVEIRA, 2016). For each stratum, the
sample size was determined using the equation for
simple random sampling (THRUSFIELD, 1995;
NOORDHUIZEN et al., 1997). When it was not
possible to collect data on the same farm of the
epidemiological study on brucellosis, either a
neighboring property or a new randomly selected
farm was used.

In order to calculate the sample size, the following
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parameters were used: Zo = value of the normal
distribution for the specified degree of confidence
(95%), P = expected prevalence 7.1% (upper limit
of the confidence interval of the estimated herd
prevalence (GONCALVES et al., 2009), and d =
precision, fixed at 3%.

The resulting number of herds was 2 185, with
approximately 300 herds sampled in each stratum.
From these, 2 130 were the same herds sampled in
the 2011 epidemiological study on brucellosis in
Minas Gerais (OLIVEIRA et al., 2016); 52 herds
were different and a loss of information occurred for
three herds for which the data were not processed in
the import process. Thus, in the present study, 2 182
herds were assessed.

The secondary units were cows aged 24 months
or older in each of the sampled herds. In herds with
up to 99 cows in this age group, 20 cows were
randomly sampled. If the total number of cows was
lower than 20, all cows were sampled. In both cases,
the presence of one positive animal in comparative
cervical tuberculin test (CCTT) classified the herd
as a focus of bovine tuberculosis. In farms with
more than 99 cows in the target age group, 40 cows
were randomly sampled and a herd was classified
as a focus of bovine tuberculosis if at least two
animals were positive in CCTT. This sampling
scheme resulted in a herd sensitivity and specificity
greater than 90% (JORDAN; McEWEN, 1998;
SERGEANT et al., 2009). Cows in the peripartum
period were excluded to avoid false-negative
results. The same thresholds were used to classify
herds with non-specific reactors in CCTT. Finally,
a total of 31 832 animals were subjected to CCTT.

Diagnostic methods

Bovine tuberculosis diagnosis was carried out
using comparative cervical tuberculin test (CCTT),
according to PNCEBT (BRASIL, 2006). Animals
with inconclusive results were re-tested after a
minimum interval of 60 days. Inconclusive results
after the second test were considered positive
(BRASIL, 2006).

Data source

Information was collected from the participating
herds
questionnaire administered by state veterinarians
of the IMA. This questionnaire included the
characterization of breeding processes and sanitary

through an epidemiological survey

conditions, as well as other important factors reported
in the literature regarding the disease, in order to
assess risk factors associated with the occurrence of
bovine tuberculosis, which included the following:
type of farm, the presence of wild animals, herd
size, animal purchase and sale, renting or sharing of
pastures between farms, type of breeding, artificial
insemination, and vaccination.

Statistical analysis: Calculation of the apparent
prevalence and risk factors

In order to calculate the apparent prevalence
within each strata, the ratio between herds with
cattle positive for bovine tuberculosis in the sample
and the total number of herds sampled in the stratum
was used, with confidence intervals calculated by
the exact binomial distribution (ZAR, 2010). The
weighting of herds (sample weight) within each
stratum was carried out to calculate the apparent
prevalence. The inverse of the sample selection
probability was used to obtain the sample weights,
reflecting, therefore, the number of individuals
representing each herd sampled (BENNETT et al.,
1991; DOHOO et al., 2003). Thus, the weight (P1)
corresponding to each herd within the stratum, was
given by the following equation:

N? of herds in the stratum

N? of herds sampled in the stratum

To calculate the prevalence of bovine tuberculosis
among animals, the weighting was performed in two
stages. The first ratio determined the weight of each
animal within the sampled herd and the second ratio
gave the weight of each animal within the stratum
(GONCALVES et al., 2009). Thus, the weight (P2)
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corresponding to each animal in the stratum was
calculated as follows:

cows > 24 months in the herd

cows > 24 months sampled in the herd

cows > 24 months in the stratum

cows > 24 months sampled in the stratum

Table 1 shows herd and cattle population data of
the state of Minas Gerais (IMA VA-1/2013) (IMA,
2013), which were used for the calculation of P1
and P2 for each stratum in 2013. In addition, the
prevalence of herds showing animals with non-
specific reactions, i.e., animals exhibiting a higher
reaction to avian tuberculin compared to bovine
tuberculin on the CCTT (BRASIL, 2006), was also
calculated taking into account the herd’s weight.

Table 1. Cattle population and sampling data for the state of Minas Gerais, Brazil, 2013.

Total numl?er Total number of Number of
Stratum of herds v_v1th Herds females ased >24 females aged
ged >
prod.uc-tlve sampled months >24 months
activity sampled
1 Noroeste, Norte e Nordeste 83439 346 84271 4588
2 Leste 26342 301 83955 5418
3 Central 72462 377 85095 5028
4 Zona da Mata 38044 312 85044 3899
5 Sul e Sudoeste 51579 295 83850 3148
6 Alto Paranaiba 24163 259 84944 4363
7 Triangulo Mineiro 21830 292 84263 5388
Total Minas Gerais 317859 2182 591422 31832

Risk factors were evaluated using the information
obtained in the questionnaire as independent
variables and the result of the diagnostic test for
bovine tuberculosis as dependent variable. The
variable “total number of cows in the herd” was
reclassified based on the median of the variable into
herds up to 29 cows and 30 or more cows. Some
correlated and associated variables were grouped
by creating a new variable “type of herd regarding
intensity of production”
categories: intensive dairy production herds, non-
intensive dairy production herds and beef herds.
Herds that used milk cooling systems, mechanical
milking, artificial insemination and milking carried
out at least twice a day, were considered intensive
dairy production herds. Dairy herds without those

with the following

characteristics were classified as non-intensive

dairy production herds. Beef producing herds were
not reclassified.

Univariate analysis using the chi-square (y*) or
Fisher’s exact test was performed to determine the
variables that were associated with the occurrence
of bovine tuberculosis. The significance level
adopted for the variable selection was P<0.20
(ZAR, 2010). These variables were used to build
multiple logistic regression models with strength of
association estimates by adjusted odds ratio (OR)
and 95% confidence interval (95% CI). The forward
model was used for data entry, developed in design
based-model, that is, taking into account the farm
weights calculated within each stratum, assessing
the population interaction between the factors
associated with P < 0.05 (HOSMER JUNIOR;
LAMESHOW, 2000). All calculations related to
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logistic regression and prevalence were carried
out using the statistical software Stata version 12®
(Statacorp, USA).

Spatial analysis of clustering of positive herds for
bovine tuberculosis

The
referenced at the moment of the tuberculosis

sampled herds were geographically
diagnosis test, and the positive and negative herds
were plotted on a map of Minas Gerais (Figure
2). In order to assess the clustering of bovine
tuberculosis-positive herds, the K function was
applied, which provides a summary of the spatial
dependence between events (randomness) as a

function of the distance (ERSBOLL; ERSBOLL,

2009). Diggle and Chetwynd (1991) suggested the
use of the function D, defined by D (s) = K, (s) —
K, (s)orD (s) =K, (s) /K, (s), where K  and K ,
are the K-functions of event 1 (positive) and event
2 (negative), respectively, and D is the Euclidean
distance between two points within the sample
s. Thus, if D (s) is a significantly positive value it
indicates a grouping of the disease. The calculations
of the K-function and the upper and lower
envelope (K, and K,)), were performed by the R
software (R CORE TEAM, 2014) and its packages
“splancs”,”maptools”,”’rgdal” and “rgeos”, in a total
of 1000 simulations (BIVAND; RUNDEL, 2014;
BIVAND; LEWIN-KOH, 2015; BIVAND et al.,,
2015; ROWLINGSON; DIGGLE, 2015).

Figure 2. Herds that were positive or negative for bovine tuberculosis in the epidemiological study performed in

Minas Gerais, 2013.

300

* Positive properties

C Negative properties

400 km

Results

Among the 2182 herds
bovine tuberculosis-positive animals (4.25%;95%
CL: 3.36% — 5.15%) (Figure 2). Data on herd
prevalence for bovine tuberculosis for each stratum

sampled, 93 showed

showed the highest prevalences at region Sul e

Sudoeste (stratum 5) and region Central (stratum 3)
which were significantly different from the lowest
prevalences found at region Noroeste, Norte e
Nordeste (stratum 1) and region Leste (stratum 2)
(Table 2 and Figure 3). Among the 31832 cattle
tested in the state of Minas Gerais, 188 animals
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were positive for bovine tuberculosis (0.56%;95%
CI: 0.46% — 0.66%). The highest animal prevalences
observed for the region Sul e Sudoeste (stratum 5),
region Zona da Mata (stratum 4) and region Central
(stratum 3) were significantly different from the
lowest ones at region Tridngulo Mineiro (stratum
7), region Noroeste, Norte ¢ Nordeste (stratum 1)

and region Leste (stratum 2) (Table 3 and Figure 3).
From the 2 182 herds sampled, 2086 (95.07%;95%
CI: 94.05% — 96.09%) showed non-specific reactors
to CCTT and 51.09% (95% CI: 50.25% — 51.93%)
of the 31 832 tested cattle were non-specific reactors
(Figure 3).

Table 2. Apparent prevalence of herds with comparative cervical tuberculin test (CCTT)-positive cattle in the seven

strata and in the state of Minas Gerais, 2013.

Herds Prevalence

Stratum Sampled Positive (%) CLO5%)

1 Noroeste, Norte e Nordeste 346 4 1.15 0.02-2.28

2 Leste 301 5 1.65 0.20 - 3.09

3 Central 377 25 6.64 4.12-9.16

4 Zona da Mata 312 15 4.80 2.43-17.18

5 Sul e Sudoeste 295 20 6.77 3.90-9.65

6 Alto Paranaiba 259 11 4.24 1.78 - 6.70

7 Tridngulo Mineiro 292 13 4.45 2.08 - 6.81
Total Minas Gerais 2182 93 4.25 3.36 —5.15

CI — Confidence interval.

Table 3. Apparent prevalence of comparative cervical tuberculin test (CCTT)-positive cattle in the seven strata and in

the state of Minas Gerais, 2013.

Animals Prevalence

Stratum Sampled Positive (%) CLO5%)

1 Noroeste, Norte ¢ Nordeste 4588 6 0.28 0.03-0.53

2 Leste 5418 15 0.28 0.12-0.43
3 Central 5028 61 1.04 0.74 -1.34

4 Zona da Mata 3899 33 1.10 0.69 —1.51

5 Sul e Sudoeste 3148 37 1.36 0.86 —1.86

6 Alto Paranaiba 4363 16 0.47 0.18—-0.77

7 Triangulo Mineiro 5388 20 0.21 0.10-0.33
Total Minas Gerais 31832 188 0.56 0.46 — 0.66

CI — Confidence interval.

The variable “type of herd regarding intensity
of production” was created from the variables milk
cooling systems, use of mechanical milking and
artificial insemination and the number of milkings
per day. In the sample, 82.5% of the herds milk
their cattle; 59.7% were classified as dairy herds
and 22.8% as dual-purpose herds. One hundred and
forty-seven herds, 6.74% of the sampled herds, were
classified as intensive production dairy herds; those

are composed of 10.3% of the previously classified
as dairy herds and of 2.6% of the formerly dual-
purpose herds.

The variables selected in the univariate analysis
(P<0.20 in the chi-square or Fisher’s exact test) for
the multivariate logistic regression are shown in
Table 4. In the logistic regression, only the following
variables were kept in the model: “animal purchased
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from cattle trader”, compared to herds without
animals acquired from cattle traders; “intensive

dairy production herds” and “non-intensive dairy
production herds”, both compared to the baseline

lower risk category “beef herds”; and number of
cows in the herd, using the median threshold of
herds up to 29 cows and 30 or more cows (Table 5).

Figure 3. Prevalence of bovine tuberculosis and non-specific reactions at animal and herd levels in Minas Gerais state,
2013. Strata were: 1 — Noroeste, Norte ¢ Nordeste, 2 — Leste, 3 — Central, 4 — Zona da Mata, 5 — Sul e Sudeste, 6 — Alto

Paranaiba, 7 — Triangulo Mineiro. MG — Minas Gerais.
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Clustering of bovine tuberculosis-positive herds
was observed between approximately 50 and 600
km, as the K-function increased above the upper
simulation envelope between these distances

(Figure 4).
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Table 4. Variables with P<0.20 analyzed with respect to their association with the occurrence of bovine tuberculosis
in cattle herds of Minas Gerais, 2013.

. Exposed / Exposed /
Variable TB Herd Non-TB Herd Pvalue
Type of herd regarding intensity of production <0.001
Beef 6/93 373/2089
Non-intensive production dairy 73/93 1583/2089
Intensive production dairy 14/93 133/2089
Production system <0.001
Extensive 46/91 1445/2071
Semi-confined 45/91 614/2071
Confined 0/91 12/2071
Breed 0.007
Zebu 4/93 247/2045 ’
European Dairy 21/93 172/2045
European Beef 1/93 10/2045
Crossbred 53/93 1433/2045
Other breeds 14/93 183/2045
Presence of equines 0.120
Yes 82/93 1710/2089
No 11/93 379/2089
Presence of birds
Yes 32/93 581/2089 0166
No 61/93 1508/2089
Presence of dogs 0.152
Yes 81/93 1696/2089
No 12/93 393/2089
Presence of cats
Yes 56/93 1108/2089 0175
No 37/93 981/2089
Presence of marsupials 0.119
Yes 34/93 935/2089
No 59/93 1154/2089
Share the pasture with forest 0.136
Yes 65/93 1296/2082
No 28/93 786/2082
Performs test for bovine tuberculosis <0.001
Yes 24/93 232/2076
No 69/93 1844/2076
Acquired animals in the last two years <0.001
Yes 61/93 895/2077
No 32/93 1182/2077
Acquired animal at auction/fair 0.101
Yes 14/61 135/835
No 47/61 760/835
Acquired animal from cattle trader 0.039
Yes 12/61 98/895
No 49/61 797/895

continue
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continuation

Animal slaughter without inspection

Yes 8/49

No 41/49
Animal slaughter under inspection service

Yes 36/49

No 13/49
Share employee with another farm

Yes 3/12

No 9/12
Existence of flooded areas

Yes 38/91

No 53/91
Sell milk in bulk

Yes 58/89

No 31/89
Access to veterinary care

Yes 53/93

No 40/93
Number of cows in the herd

<29 26/93

>29 67/93

365/1154
789/1154

637/1154
517/1154

153/330
177/330

710/2059
1349/2059

806/1940
1134/1940

673/2075
1402/2075

1092/2089
997/2089

0.023

0.012

0.144

0.154

<0.001

<0.001

<0.001

TB — Herd: herds with bovine tuberculosis — positive animals; Non-TB herds: herds with no bovine tuberculosis-positive animals.

Table 5. Multivariate logistic regression analysis for the association of risk factors with bovine tuberculosis in herds

of the state of Minas Gerais, 2013.

Variable 0dds Ratio CI (95%) P
Herd with 30 or more cows 1.97 1.02 - 3.80 0.042
Cattle purchased from animal traders 2.57 1.27-5.16 0.008
Type of herd regarding intensity of production
Beef baseline
Non-intensive production dairy 3.50 1.04 - 11.77 0.042
Intensive production dairy 7.55 1.89 —30.16 0.004
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Figure 4. Differences between K functions for herds that were positive or negative for bovine tuberculosis in the state
of Minas Gerais, 2013 (dashed lines represent the upper and lower limits of the envelope; solid line represents the

spatial pattern observed in 1000 simulations).
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Discussion [95% CI: 4.22% — 6.50%]) to the one observed in
The present study showed that bovine 1999. Those results showed that the actions taken

tuberculosis is still present in all regions of Minas
Gerais at moderate herd (4.25%) and low animal
(0.56%) levels (Tables 2 and 3, Figure 3). Knowing
the epidemiological situation of bovine tuberculosis
in the State more than 10 years after the publication
of PNCEBT and some 15 years after the first
survey of the disease on the State (BELCHIOR et
al., 2016) is very important for the evaluation of
the program and for identifying critical points that
could be improved. Comparing to the results of the
previous study in 1999 (BELCHIOR et al., 2016),
which estimated herd prevalence at 5.04% (95%
CI: 4.96% — 5.13%) and animal prevalence at 0.81
(95% CI: 0.37% — 1.25%), there was no significant
change in the situation of the bovine tuberculosis in
the state of Minas Gerais. It is worth noting that the
1999 survey did not cover the entirety of the State,
but targeted 54% of the territory of Minas Gerais,
excluding region Noroeste, Norte e Nordeste. In
addition, part of the regions Alto Paranaiba and Leste
of the present study, were differently defined in both
studies. However, if data from region Noroeste,
Norte e Nordeste (stratum 1) is withdrawn from
analysis, the herd prevalence is very similar (5.36%

by PNCEBT on Minas Gerais, namely regulatory
tests for breeding stock prior to interstate movement
and to entrance into livestock fairs or exhibitions
and voluntary accreditation of free herds, did not
change the situation of bovine tuberculosis in the
State. In fact, such measures had been in place long
before the onset of PNCEBT. The novel actions of
the PNCEBT, such as the accreditation of free herds,
have barely been implemented in Minas Gerais,
which might explain why the epidemiological
situation remains stable. This contrasts with the
trend observed for bovine brucellosis that had a
significant drop on herd prevalence from the survey
performed on 2002 (GONCALVES et al., 2009) to
the one performed in 2011 (OLIVEIRA et al., 2016),
mostly due to a Brucella abortus S19 vaccination
program started on 1993 (OLIVEIRA, 2016).

The estimated herd prevalence of bovine
tuberculosis at Minas Gerais was similar to those
observed in the states of Goias, Rondonia, Rio
Grande do Sul, and Pernambuco, greater than
those observed in the states of Bahia, Parana, Santa
Catarina, Mato Grosso do Sul, Mato Grosso, and
Distrito Federal, and lower than those reported in
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Sao Paulo and Espirito Santo (BAHIENSE et al.,
2016; BELCHIOR 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; VENDRAME et al., 2016). However, the
comparison of the observed prevalence aggregated
at state level could result in a too rough picture
of the situation which precludes more refined and
useful analyses.

The prevalences of bovine tuberculosis at herd
level were mostly similar among the different strata
in Minas Gerais (Table 2 and Figure 3). The most
striking differences among regions were observed
in region Noroeste, Norte e Nordeste (stratum 1)
that showed the lowest herd prevalence, which
was significantly different from regions Central
(stratum 3), Zona da Mata (stratum 4) and Sul e
Sudoeste (stratum 5) (Table 2 and Figure 3). Region
Noroeste, Norte e Nordeste (stratum 1) is different
from the other strata in Minas Gerais due to being
predominantly a beef cattle raising region, with most
of the herds using extensive production systems
(ALVES, 2009; OLIVEIRA, 2016). The low herd
prevalence found in stratum 1 of the present survey,
region Noroeste, Norte e Nordeste, was similar
to the herd prevalence observed in region Leste,
stratum 2, and in bordering regions of Norte de
Goias (stratum 1) of the state of Goias (ROCHA et
al., 2016) and Sul (stratum 1) and Noroeste (stratum
2) of the state of Bahia (BAHIENSE et al., 2016).
Region Norte de Goias (stratum 1) is also a major
beef cattle producing region in the state of Goias
(ROCHA et al., 2016) and regions Sul (stratum 1)
and Noroeste (stratum 2), although showing the
highest bovine tuberculosis herd prevalence in the
state of Bahia and having important dairy herds,
are also characterized by a large beef cattle raising
area (BAHIENSE et al., 2016). Therefore, this
large area from the North of Goias to the East of
Minas Gerais and the South of Bahia, mainly the
regions Norte de Goias, stratum 1 (ROCHA et al.,

2016) and Noroeste, Norte e Nordeste, stratum 1 of
the present survey, which have a high frequency of
beef herds, showed comparable low prevalence of
bovine tuberculosis. Animal production practices
influence the occurrence of bovine tuberculosis,
which is related to animal crowding in high
intensive production systems, due to the high aerial
transmissibility of the disease (BRASIL, 2006;
REILLY; COURTENAY, 2007). This was also
observed in Minas Gerais, where regions Sul e
Sudoeste (stratum 5), Central (stratum 3), Zona da
Mata (stratum 4), Triangulo Mineiro (stratum 7) and
Alto Paranaiba (stratum 6) had bovine tuberculosis
herd prevalences between 4.24% and 6.77% (Table
2 and Figure 3), significantly higher than the
prevalence observed for region Noroeste, Norte
e Nordeste (stratum 1), and for most of the strata,
also for region Leste (stratum2). All those regions
with higher prevalences of bovine tuberculosis
have a very high frequency of dairy herds (over
75%), usually using intensive or semi-intensive
production systems (OLIVEIRA, 2016). High
bovine tuberculosis herd prevalences were also
observed in region Campinas, Piracicaba, Braganca
Paulista, Limeira, Mogi Mirim e Sdo Jodo da Boa
Vista, stratum 5 of the state of Sdo Paulo (DIAS et
al., 2016), which borders the region Sul e Sudeste,
stratum 5, and region Sul e Sudeste, stratum 2, of
the state of Goias (ROCHA et al., 2016), which
borders regions Alto Paranaiba, stratum 6, and
Triangulo Mineiro, stratum 7. All those regions are
important dairy producing areas. Thus, all the dairy
producing area from the South / Southeast of Goias,
through most of Minas Gerais, up to the North of the
state of Sdo Paulo have high prevalence of bovine
tuberculosis.

These results highlight the public health risks
as the consumption of raw milk is considered the
major source of infection of bovine tuberculosis
for the human population (MICHEL et al., 2010).
A study performed on the Southeast region of Sao
Paulo found 24 of 300 milk samples from cooling
tanks from individual herds or cooperative herds
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positive for Mycobacterium spp (FRANCO et al.,
2013).

Results of the spatial analysis showing clustering
of bovine tuberculosis-positive herds over distances
between 50 and 600 km (Figure 4) are probably
due to the low prevalence of the disease in regions
Noroeste, Norte e Nordeste, stratum 1, and Leste,
stratum 2 (Tables 2 and 3 and Figure 2 and 3).
This is also corroborated by the continuous areas
of low and high bovine tuberculosis prevalences
in Minas Gerais and the bordering states of Goias,
Bahia and Sao Paulo. This suggests that an integrate
control policy for those states could be beneficial
for them all in the control and eradication of bovine
tuberculosis.

The study identified as risk factors for bovine
tuberculosis in the state of Minas Gerais the
purchase of animals from cattle traders, having 30
or more cows in the herd and being a dairy herd. The
purchase of animals directly from livestock traders
may be associated with the lack of supervision
and evaluation of the health status of the animals
before the introduction into the herd, which
favors the transmission of bovine tuberculosis to
new vulnerable herds (JOHNSTON et al., 2005;
GRISI-FILHO et al., 2011). This is a risk factor,
not only for the farm receiving these animals, but
also for contiguous herds, given the potential of
dissemination of the disease (GOPAL et al., 20006).

Herds with up to 29 cows represented the median
of the number of cows per herd in Minas Gerais
(OLIVEIRA, 2016), and our results shows that in
larger herds there was a two-fold increase in the risk
of having bovine tuberculosis reactors in the herd.
Similar findings were also reported in the states of
Bahia, Espirito Santo, Parand, Santa Catarina and
Sao Paulo where larger herds had a higher risk for
bovine tuberculosis (BAHIENSE et al., 2016; DIAS
etal.,2016; GALVISetal.,2016; SILVAetal.,2016;
VELOSO et al., 2016). It is known that the larger is
the herd, the higher is animal exposure to infection
and consequently the higher is the prevalence of
bovine tuberculosis (SKUCE et al., 2012).

Dairy herds were at higher risk of bovine
tuberculosis, especially intensive production dairy
herds, which had almost eight times higher risk for
bovine tuberculosis compared to beef herds (Table
5). Thus, this new variable was able to catch the
variances contained in the original variables and
produced a more robust estimator when used in
logistic regression. Intensive production dairy herds
usually have higher density and more stressful
conditions, both being risks factors for bovine
tuberculosis due to closer contact among animals,
enhancing the probability of transmission by direct
contact, and decreasing cattle’s immunity, hence
making animals more prone to infection (SKUCE
et al., 2012; COWIE et al., 2014; BELCHIOR et
al., 2016). Moreover, in dairy production, animals
used to stay for longer time in the herds, compared
to beef cattle, increasing the probability of contact
with the infectious agent due to chronic presentation
of bovine tuberculosis (ACHA; SZYFRES, 2003;
PORPHYRE et al., 2008; BROOKS-POLLOCK et
al., 2013).

Other important findings of the study were the
very high prevalence of herds (more than 95%) and
a high prevalence (more than 50%) of animals with
non-specific reactions (Fig. 3). These findings had a
direct impact on the diagnosis of bovine tuberculosis
in Minas Gerais. PNCEBT recommends the use
of the single cervical tuberculin test (SCTT) or
the caudal fold test (CFT), only for beef cattle, as
screening tests for bovine tuberculosis (BRASIL,
2006). Therefore, with such high prevalences of
non-specific bovine tuberculosis reactions, the use
of SCTT or CFT could postpone the right diagnosis
of bovine tuberculosis in 60 to 90 days, until a new
confirmatory CCTT would be performed, whilst
increasing the cost of the diagnosis. Thus, in herds
with non-specific reactors or in herds with unknown
status, the use of the CCTT, a decision of the
accredited veterinary, would be advisable to avoid
delays in the implementation of appropriate sanitary
measures.
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Conclusions

Bovine tuberculosis showed moderate herd and
low animal prevalences in the state of Minas Gerais.
A greater number of test positive herds were detected
in regions where the dairy sector is important. The
observed risk factors for bovine tuberculosis were
the purchase of animals from traders, having 30
or more cows in the herd and being a dairy herd,
especially intensive production dairy herd. The
prevalence of non-specific reactor animals and
herds were very high in Minas Gerais. The state of
Minas Gerais should consider the implementation of
surveillance systems for the detection and sanitation
of bovine tuberculosis preferably incorporating
risk-based surveillance elements, targeted at the
main dairy basins.
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