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Abstract
Mycobacterium bovis is a bacterium belonging to the Mycobacterium tuberculosis complex that causes
tuberculosis in cattle and in other domestic and wild animals, as well as in humans. Disease control
measures are carried out by slaughtering animals tested positive in the intradermal tuberculinization test
and sanitation of their original living spaces, in addition to epidemiological surveillance carried out
through the sanitary inspection of bovine carcasses in slaughterhouses. In the latter, o�cial inspection
services collect samples from macroscopic lesions suspected of bovine tuberculosis, which are then sent
for laboratory analysis. Knowledge concerning the variables associated with the occurrence of M. bovis
can aid in decision-making regarding control and disease eradication efforts. In this context, the aim of
this study was to identify the risk factors for a positive M. bovis diagnosis in suspected bovine
tuberculosis lesions obtained during epidemiological surveillance activities in the state of Mato Grosso,
Brazil. A total of 105 suspicious lesions were analyzed using the Nested Polymerase Chain Reaction
(nested q-PCR) method, of which 14 (13.33%) tested positive for M. bovis. Univariate and bivariate
statistical analyses indicated that the variable “animal slaughter” was the only risk factor presenting
statistical signi�cance associated with the diagnosis of M. bovis (p < 0.05), demonstrating that
macroscopic lesions suspected as being caused by bovine tuberculosis from animals with an in vivo
diagnosis were 2.82 - fold more likely to result in a positive M. bovis diagnosis by molecular tests.

Introduction
Bovine tuberculosis (bTB) is a low prevalence disease. However, when diagnosed, it causes economic
losses by reducing the zootechnical value of infected animals and herds, as well as consequent meat and
milk production losses (Azami and Zinsstag 2018).

The etiologic agent of bovine tuberculosis is Mycobacterium bovis (M. bovis), a bacterium belonging to
the Mycobacterium tuberculosis Complex (CMT), distributed worlwide and affecting cattle and several
mammal species, including humans. Humans acquire the infection through contact with aerosols
expelled by infected animals or mainly, through the consumption of milk and other foods from
contaminated animals. It is, therefore, a serious public health problem, as it is a zoonosis (Medeiros et al.
2010; Zarden et al. 2013; Carvalho et al. 2016).

Epidemiological surveillance in slaughterhouses is applied in bTB monitoring, where suspicious lesions
are identi�ed and sent for laboratory diagnosis by bacteriological and molecular tests (Araújo et al.
2014a), allowing for the tracking of remaining disease foci. In the state of Mato Grosso, Brazil, the Joint
Ordinance Sedraf - INDEA/MT 009 of November 14, 2014, established mandatory collection of
granulomatous lesions displaying bTB characteristics from cattle slaughtered in slaughterhouses,
followed bye their shipment to a laboratory indicated by the health authority and noti�cation of the injuris
to the Agricultural Defense Service (Mato Grosso, 2014).
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Characterization of bTB risk factors is important to determine situations that favor the persistence of this
disease in a certain locality and to de�ne strategies for locating remaining disease foci, thus aiding local
health authorities in identifyng regions or properties with animals that present a greater risk of
contracting or spreading the disease.

In this context, the aim of this study was to identify the risk factors concerning the occurrence of
Mycobacterium bovis in macroscopic lesions suspected as being caused by bovine tuberculosis found in
bovine carcasses in the state of Mato Grosso, Brazil.

Material And Methods
Study area

This study was carried out in the state of Mato Grosso, Midwestern Brazil, which is categorized into four
livestock circuits as described by Negreiros et al. (2009), called CP 01 - Pantanal; CP 02 - Milk; CP 03 -
Fattening; CP 04 - Breeding; according to the predominant animal production characteristic, local
ecosystem and animal transit network.

Sampling and zootechnical data

A total of 105 suspected bTB lesion samples were collected between September 2017 and May 2018,
stored in sterile packaging and frozen during the post-mortem inspection procedure carried out in
slaughterhouses in the state of Mato Grosso by Federal (SIF) and state (SISE) inspection authorities.
Zootechnical information was also obtained during sampling, including cattle breed, sex, age group and
geographic location of the animals' property of origin, for later data analysis. Simultaneously, sanitary
inspection and collection of suspicious lesions were carried out following normal routine in all
slaughterhouses in the state.

DNA extraction and quanti�cation

Sample preparation and DNA extraction from bovine tissue fragments containing suspicious lesions were
performed according to Figueiredo et al. (2012), using the commercial Dneasy Blood and Tissue kit
(Qiagen®). Following extraction, DNA was quanti�ed by the �uorometry method using the QUBIT TM 2.0
Kit (Invitrogen®).

Nested q-PCR

Nested q-PCR was performed using the TaqMan PCR Master Mix (Applied Biosystems®), primers and
probe for the Rv2807 gene (Applied Biosystems®), speci�c for species belonging to the Mycobacterium
tuberculosis complex (CMT) and primers and probe for the TbD1 gene (Applied Biosystems®), speci�c
for M. bovis, based on the method described by Araújo et al. (2014a) and Araújo et al. (2014b) and
modi�ed by Carvalho et al. (2015).
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The Nested q-PCR reaction occurred in two stages. During the �rst stage, a conventional PCR was
performed to amplify the Rv2807 and TbD1 regions using external primers, Forward Outer
GGCGGTGGCGGAGTTGAAGGCGATGAG, Reverse Outer CATTGCTGCGTAATTCGATCA; Forward Outer
TTATGGCGGCCACACCCACCCAAAACAG, Reverse Outer GACCTTGGGCGCCTCAT, respectively and
template DNA at 75 ng. This reaction was prepared in a total volume of 25 µL and was carried out
according to the following ampli�cation conditions: 95°C for 4 minutes for initial denaturation, 35 cycles
at 95°C for 90 seconds for denaturation, 60°C for 30 seconds for ringing, 72°C for 45 seconds for
extension and a �nal extension step carried out at 72 ° C for 3 minutes.

During the second stage of the reaction, a nested q-PCR was performed to amplify the Rv2807 and TbD1
regions using internal primers, TaqMan probe, Forward Internal CATTGCTGCGTAATTCGATCA, Reverse
Internal GACCTTGGGCGCCTCAT, Probe 6FAM CATCCACACCTGTTCG MGBNFQ; Forward Internal
GCGGTCTTCGCCAATGTT, Reverse Internal GCAGCCGATGGAATTGCT, Probe 6FAM TCGCGCAAGGCGA
MGBNFQ, respectively and 3 µL of the amplicon obtained during the �rst stage. This reaction was
prepared in a total volume of 12.5 µL and carried out according to the following ampli�cation conditions:
95°C for 10 minutes for initial denaturation and 35 cycles at 95 ° C for 15 seconds for denaturation and
60°C for 30 seconds for annealing/extension.

Data analysis

For the statistical and descriptive analyses, the information contained in the lesion receiving forms was
considered, comprising breed, sex, age group, geographic location and sanitary slaughter. The breed
variable comprised two categories, Zebu and other breeds, the age group variable was formed by the
categories 12–24 months, 24–36 months and > 36 months, variable geographic location comprised the
livestock circuit categories 01 to 04, and the variable slaughter was composed of categories YES (positive
animals in the intradermal tuberculinization test) and NO (animals without an in vivo diagnosis).

A descriptive analysis of the sample variables and a bivariate analysis for the molecular M. bovis
diagnosis using Fisher's exact test, chi-square tests and the crude prevalence ratio, with a 95% con�dence
interval and a signi�cance level of less than 5% (p < 0.05), were performed. The variables aassociated by
the chi-square test were selected to adjust a Poisson regression model. The SPSS® Software (v. 20) was
used for all statistical analyses.

Results
Univariate analysis

A univariate analysis (Table 1) was applied to indicate the probability of 105 suspected bTB lesions
harvested from cattle in the state of Mato Grosso to be associated with one of the established variables,
i.e., sex, breed, age group, livestock circuit, slaughter and a molecular diagnosis of M. bovis.
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Table 1
Frequency and distribution analysis of 105 suspected bovine tuberculosis lesions collected
from cattle in the state of Mato Grosso, Brazil. Frequency, percentage and 95% con�dence

intervals for the variables sex, breed, age group, livestock circuit, slaughter, and a molecular
diagnosis of Mycobacterium bovis, from September 2017 to May 2018, are presented.

Variable Frequency (n = 105) Percentage (%) 95% CI

Sex      

Female 36 34.29 (25.30–44.19)

Male 69 65.71 (55.81–74.70)

Bovine species      

Zebu 86 81.90 (73.19–88.74)

Others 19 18.11 (11.26–26.81)

Age range      

12–24 months 20 19.05 (12.04–27.87)

24–36 months 48 45.71 (35.96–55.72)

> 36 months 37 35.24 (26.16–45.17)

Livestock circuit      

CP 01 (Pantanal) 12 11.43 (6.05–19.11)

CP 02 (milk) 25 23.81 (16.04–33.11)

CP 03 (Fattening) 1 1.0 (0.02–5.19)

CP 04 (Breeding) 67 63.8 (53.86–72.96)

Sanitary slaughter      

No 98 93.33 (86.74–97.28)

Yes 7 6.67 (2.72–13.25)

Molceular M. bovis diagnosis      

Negative 91 86.67 (78.64–92.51)

Positive 14 13.33 (7.49–21.36)

*95% CI: Con�dence Interval 95%.; CP: Livestock Circuit.

From the total of 105 suspected bTB lesions collected, 86.67% (91/105) [IC95%: 78.64–92.51] tested
negative for M. bovis and 13.33% (14/105) [IC95%: 7.49–21.36] tested positive.

Of the total of suspected injuries, 65.71% [IC95%: 55.81–74.70] were from male cattle and 34.29%
[IC95%: 25.30–44.19] from females, indicating a statistically signi�cant difference concerning sex, based
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on the con�dence interval. Regarding breed, 81.9% [IC95%: 73.19–88.74] of the suspected bTB lesions
were obtained from zebu cattle, while 18.11% [IC95%: 11.26–26.81] were from other categories. With
regard to age group, and 19.05% [IC95%: 12.0–27.87] of the suspected bTB lesions were obtained from
cattle aged 12 to 24 months, 45.71% [IC95%: 35.96–55.72], from individuals aged 24 to 36 months and
35.24% [IC95%: 26.16–45.17] from animals over 36 months (Table 1).

The strati�cation concerning livestock circuit origin indicated that 63.8% [IC95%: 53.86–72.96] of the
suspected bTB lesions originated from the livestock breeding circuit (CP 04), followed by the milk
breeding circuit (CP 02), at 23.81% [IC95%: 16.04–33.11], Pantanal livestock circuit (CP 01), 11.43%
[IC95%: 6.05–19.11] and fattening livestock circuit (CP 03), 1% [IC95%: 0.02–5.19]. The health slaughter
variable indicated that only 6.67% [IC95%: 2.72–13.25] of the suspected bTB lesions were obtained from
animals sent for slaughter, while 93.33% [IC95%: 86.74–97.28] of the harvested lesions came from
commercial slaughter.

Bivariate Analysis

The associations between the molecular M. bovis diagnosis results and the other independent variables
(Table 2), identi�ed by a bivariate analysis, allowed for the determination that slaughter (p = 0.048) was
the only variable presenting statistical signi�cance (p < 0.05).



Page 7/14

Table 2
Frequency distribution concerning the variables gender, breed, age group, livestock circuit, slaughter and

molecular Mycobacterium bovis diagnosis in suspicious lesions obtained during the epidemiological
surveillance of bovine tuberculosis in the state of Mato Grosso, Brazil, from September 2017 to May

2018.
Variable Category N° of

injuries
Molecular diagnosis Positive for M.
bovis

p
value

Nº %

Sex Female 36 6 16.67 0.549

  Male 69 8 11.60  

Breed Others 19 2 10.53 1.00

  Zebu 86 12 13.95  

Age range 12–24 months 20 3 15  

  24–36 months 48 5 10.42 0.713

  > 36 months 37 6 16.22  

Livestock circuit CP 01
(Pantanal)

12 0 0  

  CP 02 (milk) 25 5 20 0.206

  CP 03
(Fattening)

1 0 0  

  CP 04
(Breeding)

67 9 13.43  

Sanitary
slaughter

No 98 11 11.22 0.048*

  Yes 7 3 42.86  

* signi�cant at 95% CI; N: number of injuries; CP: Livestock Circuit.

The factors associated with the molecular M. bovis diagnosis and the other assessed variables, after
grouping the most relevant categories, again demonstrated that only slaughter (p = 0.048) exhibited a
statistically signi�cant difference (Table 3).
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Table 3
Frequency distribution and prevalence ratio concerning the occurrence of Mycobacterium bovis by

variable, in injuries obtained from the epidemiological surveillance regarding bovine tuberculosis in the
state of Mato Grosso, from September 2017 to May 2018.

Variable Category M. bovis results RPb 95% CI p < 
0.05

Nº
Pos

% Nº
Neg

%

Sex Female 6 16.7 30 83.3 1.43 (0.54–
3.83)

0.549*

  Male 8 11.6 61 88.4 1.00

Breed Zebu 12 13.9 74 86.1 1.32 (0.32–
5.44)

1.0*

  Others 2 10.5 17 89.5 1.0

Age Range > 36 months 6 16.2 31 83.8 1.38 (0.52–
3.67)

0.557*

  ≤ 36 months 8 11.8 60 88.2 1.00

Livestock circuit CP 02 (milk) 5 20.0 9 80.0 1.49 (0.55–
4.02)

0.515*

  CP 04
(Breeding)

9 13.4 58 86.6 1.00

Sanitary
slaughter

Yes 3 42.9 4 57.1 3.82 (1.38–
10.60)

0.048

  No 11 11.2 87 86.7 1.00

* Fisher's exact test; ** chi-square test for 2 x 2 type table; RPb: Prevalence Ratio or Risk; Pos .:
Positive; Neg .: Negative; p: p-value (< 0.005); 95% CI: 95% con�dence interval; CP: Livestock Circuit.

An analysis of the regression model of the equation indicated that the only risk factor associated with M.
bovis diagnosis was slaughter (p < 0.05), due to a statistically signi�cant difference. The data is
presented in Table 4, indicating the positivity of suspicious bTB lesions from bovines tested positive to
the intradermal tuberculin skin test.
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Table 4
Risk factors associated with the occurrence of

Mycobacterium bovis in macroscopic post-mortem lesions
suspected of being caused by bovine tuberculosis obtained

during the epidemiological surveillance for bovine
tuberculosis in the state of Mato Grosso, Brazil, from

September 2017 to May 2018.
Variable RPa IC95% Valor de p

Sanitary slaughter      

Yes 3.82 (1.38–10.60) 0.01*

No 1.00    

RPa: adjusted Prevalence Risk; CI: Con�dence Interval

Discussion
The present study considered the risk factors associated with slaughtered cattle variables and the
strati�cation of the property of origin of animals presenting suspicious lesions for bTB in the state of
Mato Grosso. The univariate analysis concerning sex indicated a statistically signi�cant difference.
However, when performing the bivariate analysis, this variable became non-statistically different,
demonstrating that samples with suspicious lesions collected by the bTB surveillance service do not
display an associated positive diagnostic relationship to sex. This corroborates the results described by
several authors (Biffa et al. 2011; Clegg, Good and More 2016; Okeke et al. 2014; Pascual-Linaza et al.
2017).

Regarding the univariate analysis, lesions obtained from zebu cattle were statistically different compared
to other breeds. However, the bivariate analysis indicated no signi�cant association between zebu breeds
and other breeds, most likely due to the fact that meat production in the state of Mato Grosso is mainly of
zebu cattle, which is more representative in the sampling due to of the amount of cattle sent for slaughter
during the study period. Similarly, studies carried out in Nigeria indicated no statistically signi�cant
differences concerning positive M. bovis diagnoses associated with breed, thus corroborating the results
obtained herein (Akinseye et al. 2018; Okeke et al. 2014).

A statistically signi�cant difference in the univariate analysis concerning suspicious lesions associated
with age group was observed only between 12–24 months and 24–36 months, and no statistically
signi�cant difference between these two age groups were observed in relation to > 36 months. However,
the bivariate analysis demonstrated that the age group variable was not signi�cantly associated to lesion
positivity for M. bovis, similar to that reported by Okeke et al. (2014) in Nigeria. Other authors described
statistically signi�cant difference, pointing to a higher risk of positive bTB lesions associated with older
animals (Akinseye et al. 2018; Biffa et al. 2011; Boukary et al. 2012; Pascual-Linaza et al. 2017). Other
reports associated young animals to a higher frequency of severe bTB lesions (Biffa et al. 2012),
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demonstrating that lesions obtained from older animals are less likely to test positive for M. bovis (Shittu
et al. 2013).

The univariate analysis regarding livestock circuits indicated no statistically signi�cant difference in the
frequency of injuries obtained from CP 01 and CP 02, and a statistically signi�cant difference between
the CP 03 and CP 04 circuits. In the bivariate analysis, however, no signi�cant difference was observed
among the livestock circuits, despite the constant frequency of bTB outbreaks in CP 02 (Leite) and CP 04
(Breeding). The bTB outbreaks were associated with dairy properties, where the health problem was
attributed to greater animal density and long production cycles, corroborating Néspoli et al. (2016).

The health slaughter variable was statistically different concerning injuries obtained from animals
positive for bTB (07/105) and animals commercially sent for slaughter (98/105) in the univariate
analysis. In the bivariate analysis, slaughter was the only statistically different (p < 0.05) variable,
indicating that animals with a positive diagnosis for bTB (positive for in vivo diagnosis) were 2.82 - fold
more likely to present suggestive lesions con�rmed as being caused by bTB by the nested q-PCR test.

Regarding the descriptive statistical analysis, 42.86% (07/03) of the injuries originating from slaughtered
animals (07/105), were con�rmed as positive for the molecular diagnosis of M. bovis. Cazola et al.
(2015) reported that, from a total of 13 cattle positive in the intradermal test, 84.6% (11/13) were
con�rmed for M. bovis by the bacterial culture method (Cazola et al. 2015), demonstrating a high rate of
disease con�rmation. Fráguas et al. (2008) indicated that, from a total of 97 bovine animals reactive to
the intradermal test, only 11.34% (11/97) were con�rmed as M. bovis in bacterial cultures and postulated
that this low bacterial recovery rate may be related to the di�culty of carrying out M. bovis cultures,
which requires a minimum amount of viable bacilli, in addition to a decontamination technique applied
during the process that can render this microorganism unfeasible.

Zarden et al. (2013) followed the slaughter of 24 cattle reactive to the tuberculin skin test, with 29.16% (n 
= 7) presenting suspicious lesions for bTB. When submitting samples without lesions for laboratory
analysis, it was found that 73.16% (n = 19) of the animals tested positive when using bacterial culture,
while 75.16% (n = 18) tested positive by the molecular method. The authors concluded that the
combination of these methods increased sensitivity and speci�city, with 95.8% (n = 23) of the animals
testing positive for M. bovis, reinforcing that inconclusive tuberculinization results presented greater
diagnosis chances through suspicious lesions. Figueiredo et al. (2009) performed a pool of samples of
individual macroscopic lesions from 34 animals reactive to the tuberculin skin test and obtained a 50%
(n = 17) positive diagnosis in the bacterial culture method, with 88.24% (n = 15) of the samples con�rmed
through multiplex-PCR.

Araújo et al. (2014a) collected 80 lesion samples from animals reactive to the intradermal tuberculin skin
test, and observed presence of M. bovis DNA in 61.25% (n = 49) by the nested-PCR technique, with a
greater number of animals testing positive for the pathogenic agent when compared to bacterial culture
in the group of animals without information or without tuberculin tests (p < 0.05), that is, animals that
were commercially sent to slaughter and observed as presenting lesions in the sanitary inspection line.
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Risk factors may vary between surveys, due to regional differences, such as bTB prevalence, climatic
variation, breed characteristics, management, production cycle, degree of property techni�cation and
strains. Each region may present intrinsic risk factors that must be considered when applying risk-based
surveillance strategies, providing better resource application and promoting improvements in local
agricultural defense management.

Taking into account that sex, breed, age group and livestock circuit were not signi�cantly different or
associated with factors that in�uence the diagnosis of bTB in the state of Mato Grosso and that
slaughter sanitary conditions were statistically different (p < 0.05) in con�rming the diagnosis of bovine
tuberculosis, a greater investment in the in vivo diagnosis of the disease is suggested, as a way of
increasing the chances of identifying and tracking new bovine tuberculosis foci in the state of Mato
Grosso.

Given the above, the combination of intradermal and molecular tuberculin diagnostic tests potentiate the
identi�cation of M. bovis and the location of remaining disease foci, suggesting that the adopted strategy
is appropriate for maintaining the health pro�le of the state of Mato Grosso.
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