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ABSTRACT
The diagnosis of bovine tuberculosis (TB) by molecular techniques has been broadly studied. These methods allow accelerating 
the diagnosis, in addition to presenting high specificity and sensitivity in the identification of the pathogen, critical characteristic 
for public health, especially when it comes to the direct diagnosis of the biologic samples, which has been little explored. This 
paper has evaluated a multiplex polymerase chain reaction (mPCR) as a tool to diagnose TB, which was performed directly on the 
granulomatous material of suspicious lesions collected in a cold chamber under state inspection in the state of Bahia, Brazil. Of 
the 74 samples evaluated, 14.86% were positive, with 10.81% positive for mPCR and culture, 4.05% negative for cultivation 
and positive for mPCR. The correlation between the cultivation and the mPCR presented agreeance higher than 61.54% of 
the cases. The results have indicated that the protocol proved itself effective, fast and very promising in the surveillance in 
slaughterhouses for the diagnosis of tuberculosis directly from the granuloma.
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INTRODUCTION

Among the main epidemiologically relevant species of the genus Mycobacterium, those belonging to the Mycobacterium 
tuberculosis complex (MTC) stand out: Mycobacterium bovis, M. tuberculosis, Mycobacterium bovis BCG, Mycobacterium 
africanum, Mycobacterium caprae, Mycobacterium pinnipedii, Mycobacterium canettii, Mycobacterium microti (PRODINGER 
et al., 2005; SKORIC et al., 2007) and the newest member, Mycobacterium mungi (ALEXANDER et al., 2010). This group is 
responsible for most tuberculosis cases (TB), both in humans and animals (MURAKAMI et al., 2009). Therefore, man can 
contract them and transmit them to animals (TORRES-GONZALEZ et al., 2013; VAN INGEN et al., 2012). In bovines, 
the disease is caused by M. bovis, which generates big economic damages (MÜLLER et al., 2013) and risks to the health 
of the human population consuming animal products, considering that the main species of MTC are resistant to boiling 
(TEWART et al., 2013; VAN DER MERWE et al., 2009). PACHECO et al. (2007) describe that the most reliable methods of 
diagnosis are the ones performed directly. Due to the difficulties found in the diagnosis of bovine TB, such as the limitations 
of tuberculin and serum tests and the long time demanded the identification of the agent in the bacterial methods, the 
interest for molecular tests has increased. The same way as the polymerase chain reaction (PCR), especially for detecting 
of the agent in the clinical samples, stresses two relevant points: the correct choice for the primers and the quality of the 
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DNA extraction technique (OLIVEIRA et al., 2007). Proved by HALSE et al. (2011), studies in the difference regions of the 
bacterial genomes have demonstrated that the presence or absence of these regions may be useful in telling apart the members 
of this complex. Though some tests for humans have already been described, this methodology for diagnosis has still been 
little explored in animals (COSTA et al., 2013; UEYAMA et al., 2014). Among the advantages of such a technique are the 
reduction of time to achieve the diagnostic result, detection of several species in a single reaction, independence of bacterial 
cultivation and the viability of the microorganism for its detection, and also the possibility of diagnosing samples conserved 
for longer periods (COSTA et al., 2013; FURLANETTO et al., 2012a. PARRA et al. (2008) and ARAÚJO (2014) claim that it 
is necessary to develop diagnosis systems directly applicable to biological samples collected directly from the slaughterhouse. 
Molecular tests, such as described by WARREN et al. (2006), who has used a multiplex PCR (mPCR) to identify species of 
genus Mycobacterium, have become interesting for the inspection in routine labs, being adapted and tested through cultivation 
(ALZAMORA FILHO et al., 2014). Thus, this study aimed to evaluate an mPCR as a tool for diagnosing TB performed directly 
in granulomatous material from suspicious bovine lesions arising from slaughterhouses cold chambers under state inspection 
in the regions of Recôncavo Baiano and the southwestern Bahia, Brazil.

MATERIAL AND METHODS

Local and clinical specimen

The study was carried out in Bahia in two slaughterhouse cold chambers under state inspection, both important places for 
performing inspected slaughters. A total of 91,473 bovines from 226 municipalities from Bahia were slaughtered and underwent 
a systematic assessment of carcasses and viscera by sanitary inspection. During the exam, a search for suggestive TB lesions 
was performed within the guidelines for inspection according to the Regulation for Industrial and Sanitary Inspection of 
Animal Products. When suspicious, the sanitary decision was made pursuant to article 196 of the same regulation, proceeding 
with total condemnation or partial rejection of the carcasses (BRAZIL, 1997). A total of 74 samples of granulomas were 
collected between March 2012 and January 2014 at slaughterhouses with state inspection, located in Recôncavo Baiano and 
the Southwestern Bahia. The samples were collected considering regions presenting nodular lesions varying in size and format 
containing purulent, caseous or calcified exudate (in this case lungs, liver and lymph nodes, Fig.1), from healthy bovines at the 
antemortem examination and were considered suggestive of TB, without distinction of age, race, gender or region of origin. 
The fragments with an approximate size of 2×2 cm were collected with a sterile universal collector and stored at –20 °C, from 
3 to 12 months. Then, they were sent to the Infectious Diseases Laboratory (LDI) of the Federal University of Recôncavo da 
Bahia (UFRB) for the performance of an mPCR; duplicates of the samples were made and sent to the Laboratory of Bacterial 
Zoonoses (LBZ) from the University of São Paulo (USP) for cultivation and identification. The LBZ is a reference laboratory 
in Brazil for diagnosing bovine TB using traditional and molecular techniques.

 

Figure 1. A representative lesion in the thoracic lymph node from an animal with suggestive TB injury. Note the granulomatous 
mass with yellowish color and doughy consistency.
Source: Elaborated by the authors.
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Cultivation
The samples were decontaminated with hexadecyl pyridinium chloride (HPC) at 1.5% for 30 min with subsequent 

sowing in Löwenstein–Jensen and Stonebrink–Leslie media and incubation at 37 °C. The tubes were observed weekly for 
60 days to follow up on the bacterial growth. The samples that presented characteristic genus growth were identified by 
PCR. DNA extraction was conducted directly from the granuloma. The extraction protocol was adapted for the first time 
for bovines, aiming at the lysing of Mycobacterium sp.’s cell wall, using QIAamp DNA Mini Kit (QIAGEN, Brazil) according 
to the manufacturer’s instructions. Modifications in the time of action of the lysozyme and the proteinase K were carried 
out according to FEHLBERG (2010). Briefly, 25 mg of the center of the content of the granulomas were macerated and 
resuspended in 180 µL of solution (20 mg·mL–1 lysozyme; 20 mol·L–1 Tris-HCl, pH 8.0; 2 mmol·L–1 EDTA; 1.2% triton 
X-100) containing 3.6 mg of lysozyme for each 180 µL of definitive solution; and incubated for 2 h at 37 °C. Then, 20 µL of 
proteinase K solution is 600 mAU·mL–1 solution (or 40 mAU·mg–1 protein) (QIAGEN, Brazil) and 200 µL lyse AL buffer 
(QIAGEN, Brazil) were added, followed by a 1-h incubation at 56 °C and, right afterward, 15 min at 95 °C for the inactivation 
of the proteinase K, and washed. DNAs were eluted with 50 µL of AE buffer (10 mol·L–1 Tris-CL; 0.5 mol·L–1 EDTA; pH 9.0), 
and the concentrations and purity rate were determined by a nanodrop spectrophotometer Thermo Scientific 2000c. The 
concentration of the samples was adjusted to 25 ηg·μL–1 and stored at –20 °C the mPCRs were carried out.

Primers
The sequence of the primers used for identifying and differentiating the five species (M. tuberculosis, M. bovis, M. canettii, 

M. microti and M. bovis BCG) of the Mycobacterium complex were obtained from the paper published by WARREN et al. 
(2006). According to WARREN et al. (2006), the test conditions occurred, and the enzyme used was the HotStarTaq plus 
DNA polymerase (QIAGEN, Brazil). As positive controls, DNAs of M. bovis, M. tuberculosis, M. avium, and M. kansasii 
were gently granted by the Laboratory of Immunology and Molecular Biology of Federal University of Bahia, Brazil. DNA 
extraction and amplification were performed in physically separated areas to minimize the risks of contamination. The 
electrophoresis (6 V∙cm–1) of the amplified products occurred in 3% (w∙v–1) agarose gel submerged in TBE 1X buffer and 
using the colorant Blue Green Loading Dye I (LGC Biotecnologia, Brazil).

Statistical analysis
To evaluate the results, the generalized linear model (GLM) was used for a binomial distribution, ANOVA, logit 

connection function, having the averages evaluated by Bonferroni’s average test at 5% significance. The program selected 
was the R/2011. To determine the sensitivity and relative specificity of the mPCR tests, the formula described by MATHIAS 
et al. (1998) (Eqs. 1 and 2) was used. As a standard gold test, culture detection of positive samples was considered.

			   Sensibility =         Positive samples detected by the mPCR test×100      
Total positive samples by gold standard method (culture) � (1)

			   Specificity         Negative samples detected by the mPCR test×100     
Total negative samples by gold standard method (culture) � (2)

RESULTS

Considering the 74 samples analyzed, the percentage of positivity in isolation was 14.86% (11/74). Among them, 10.81% 
(8/74) positive samples were positive in mPCR and culture, and 4.05% (3/74) were negative in culture and positive in mPCR 
(Table 1). The crops identified present characteristic growth for M. bovis in Stonebrink–Leslie medium, confirmed by  
PCR through isolated colonies. No growth in Löwenstein–Jensen medium was observed for any of the samples cultivated. 
In the molecular analysis, the concentrations of the DNAs extracted directed from the granulomas varied between 115.2 
and 6,404.1 ng∙µL–1, and they all presented an adequate level of purity. An amplification profile characteristic for M. bovis 
was observed in 24.3% of the samples (Fig. 2.) The sensibility of mPCR was calculated considering eight positive samples 
by mPCR among 11 true positive samples by culture; therefore, the sensibility of the mPCR test was 72.73%. Equally, the 
specificity was 94.64% (53/56). A statistical correlation was performed between the two techniques and a concordance of 
61.54% between the cultivation and mPCR.
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Table 1. Relationship between cultivation and mPCR from granulomatous material suspicious lesions for diagnosis of bovine TB in 
slaughterhouses of the regions of Recôncavo Baiano and the southwestern Bahia, Brazil.

Slaughterhouses/ 
Cultivation

mPCR
Total

POS NEG

POS 8 (10.81%) 03 (4.05%) 11 (14.86%)

NEG 10 (13.51%) 53 (71.62%) 63 (85.14%)

TOTAL 18 (24.32%) 56 (75.68%) 74 (100%)

Source: Elaborated by the authors.

Figure 2. Amplification profiles of the samples collected directly from the material of bovine abscesses. Lane 1, positive control 
for Mycobacterium tuberculosis; lane 2, positive control for Mycobacterium bovis; lanes 3 and 4, positive samples; lane 5, negative 
control; lane 6, negative sample and lane M, molecular marker (100 pb ladder).
Source: Elaborated by the authors.

DISCUSSION

In the control of bovine TB, surveillance in cold chamber slaughterhouses is an important tool. Data collections performed 
in cold chambers for bovines demonstrate the differences in the rates of lesions suspected with TB (ALZAMORA FILHO et 
al., 2014; COSTA, 2012). The justifications for such contrast are various, and the sensitivity of the inspection and the breeding 
system must also be considered. This surveillance occurs through observation and collection of suspicious samples, being 
subsequently investigated through cultivation, and molecular detection can take months for confirmation can take months.

PARRA et al. (2008), SANTOS et al. (2010), and CORNER et al. (2012) defend that, due to the fact of the number of 
viable bacteria being small in some tissues, the efficiency of cultivation, as the main method for the identification of the  
M. bovis must be discussed. They also consider, with valid arguments, the interval of time from the collection of samples to 
their arrival at the laboratory; sensitivity of the bacilli to the process of decontamination; difficulty in growing in cultivation 
media; death of the Mycobacterium after the production of the granuloma; and the lesion being caused by others infectious 
agent. CORNER (1994) affirms that, even after the storage for one year at –20°C, 78% of the positive samples remain 
detectable through microbiological examination, which was reaffirmed by this paper. The reported difficulties encountered in 
diagnosing  TB using caseous material pointed to the use of molecular techniques to overcome such problems of molecular 
techniques for the diagnosis of TB, especially in the detection through the caseous material. The efficiency of these tests 
depends on several factors, such as the quality of the DNA extracted, low levels of contaminants, the correct choice of the 
primers for amplification, as well as the application of adequate protocols for the extraction of the nucleic acids, especially 
for paucibacillary samples (RIBEIRO, 2006; SALAZAR, 2005; TAYLOR et al., 2007).

In the process of nucleic acid extraction, one of the key steps is cellular lysis, which, if not optimized, will not extract 
the DNA of the microorganisms in sufficient quantity, which becomes more difficult in the case of mycobacteria for their 
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thick layer of mycolic acids and reduced quantity in the sample arising from the granuloma. The procedure for extraction 
used for this paper, based on FEHLBERG (2010), allowed the extraction of the genetic material in adequate quantity 
and purity similar to what was cited in the paper. The impact of different extraction techniques on the diagnosis for 
TB is widely discussed and calls attention to the steps of collection and extraction as essential for an accurate diagnosis 
(BARANDIARAN et al., 2013; NAKATANI et al., 2004; TAYLOR et al., 2007; THACKER et al., 2011). The results obtained 
in this study show the extraction process seems to be adequate for the success of the diagnosis. Inhibitory factors are 
other significant inconveniences that may make amplification difficult (ARAÚJO, 2014; BARANDIARAN et al., 2013); 
however, a high sensibility was achieved in the present study suggesting the sample preparations in this study had a low 
inhibitory factor for the mPCR.

In a study carried out by PARRA et al. (2008) with 125 samples of bovine tissues, no positivity in negative samples 
during real-time PCR negative samples in culture. However, there were positive samples in the culture and not detected by 
the real-time PCR. A total of 111/125 was positive in cultivation, and 82/125 (65.6%) were positive on real-time PCR. The 
samples positive during the PCR may be explained by the unviability of the pathogen for isolation but with genetic material 
preserved for detection by the molecular technique. Unviability may arise from the aggressive process of decontamination 
performed for the cultivation to be carried out, resulting in the bacilli’s death. Contamination of samples is another problem 
that makes mycobacterial growth more difficult (GORMLEY et al., 2014). The results of the bacterial tests may also be 
affected by the growth and incubation conditions used, as well as the restricted distribution of mycobacteria in the tissues 
(CORNER et al., 2012) positive samples found in isolates may be due to contamination.

A study performed in Rio de Janeiro with 24 bovines presenting TB history, slaughtered and necropsied, resulted in 
78.3% positivity while analyzed by an mPCR, against 83% positive results during collection (ZARDEN et al., 2013). These 
results are superior to those presented in this paper, considering the performance of the PCR from isolates.

There are reports of protocols successfully diagnosing tuberculosis from caseous material (CARDOSO et al., 2009; 
FURLANETTO et al., 2012b) stressing, within this context, the association of the methods and the establishment of the 
correlation with the gold standard methods pattern that are still vital. Protocols demonstrated higher sensitivity and specificity 
than found during this paper; however, these approaches involved nested PCR with more experimental steps and the 
possibility of higher rates of contamination (ARAÚJO, 2014; COSTA et al., 2013; THACKER et al., 2011). FURLANETTO 
et al. (2012b) have used three methods of diagnosis for samples from cold chambers and have demonstrated that the mPCR 
(7.5% positive results for M. bovis) presented different performance against, which has presented 1.5% isolation. CARDOSO 
et al. (2009) analyzed 35 lymph node samples in Paraná, collected from bovines with macroscopic TB lesions during the 
inspection in a slaughterhouse and related a frequency of positive results during PCR similar to the results of the positive 
cultivation (51.5% versus 54.5%). MARASSI et al. (2013) suggest that none has made it possible to identify all the animals 
infected among the existing methods. CEZAR et al. (2016), studying qPCR for direct detection of M. bovis in milk and 
blood samples of cattle from Pernambuco, Brazil, demonstrated the effectiveness of technical and detectable M. bovis DNA 
in one milk sample what may pose a risk to public health.

In conclusion, the mPCR test has demonstrated its ability to detect the pathogen causing bovine TB directly from lesions 
suggesting the disease and make it possible to detect other species of mycobacteria important for the epidemiologic surveillance.

AUTHORS’ CONTRIBUTIONS
Conceptualization: Bahia, R.C. Data curation: Santos, E.S.V.; Fernandes, B.P.; Fehlberg, I.; Alcântara, A.C.; Silva, B.P. Formal 
analysis: Santos, E.S.V.; Fernandes, B.P.; Fehlberg, I.; Alcântara, A.C.; Silva, B.P.

AVAILABILITY OF DATA AND MATERIAL
All data generated or analyzed during this study are included in this published article.

FUNDING
This work did not receive any specific grant from funding agencies in the public, commercial, or not-for-profit sectors.

CONFLICTS OF INTEREST
The authors declare there is no conflict of interests.

ETHICAL APPROVAL
Not applicable.

ACKNOWLEDGEMENTS
Not applicable.



66 Arq. Inst. Biol., v.88, 1-8, e00592020, 2021

E. Santos et al.

REFERENCES

ALEXANDER, K.A.; LAVER, P.N.; MIVHEL, A.L.; WILLIAMS, M.; VAN HELDEN, P.D.; WARREN, R.M.; VAN PITTIUS, N.C.G. Novel 
Mycobacterium tuberculosis complex pathogen, M. mungi. Emerging Infectious Diseases, Atlanta, v.16, n.8, p.1296-1299, 2010. https://
doi.org/10.3201/eid1608.100314

ALZAMORA FILHO, F.; VANCONCELLOS, S.E.G.; GOMES, H.M.; CAVALCANTE, M.P., SUFFYS, P.N.; COSTA, J.N. Múltiplas estirpes 
de isolados de Mycobacterium bovis identificados por tipagem molecular em bovinos abatidos em matadouros-frigoríficos. Pesquisa 
Veterinária Brasileira, Rio de Janeiro, v.34, n.2, p. 103-108, 2014. https://doi.org/10.1590/S0100-736X2014000200001

ARAÚJO, C.P. Desenvolvimento de nested PCR para a detecção de DNA de membros do complexo Mycobacterium tuberculosis em tecidos 
de bovinos e bubalinos. 2014. Dissertation (Doctoral in Animal Science) – Faculdade de Medicina Veterinária e Zootecnia, Universidade 
Federal de Mato Grosso do Sul, Campo Grande, 2014.

BARANDIARAN, S.; GARBACCIO, S.G.; KIERNICKI, M.C.; VIVOT, M.M.; ZUMARRAGA, M.J. Evaluación de distintas metodologias de 
extracción de ADN para la detección de Mycobacterium bovis em tejidos. Revista Argentina de Microbiología, Buenos Aires, v.45, p.91, 2013. 

BRAZIL. Ministério da Agricultura, Pecuária e Abastecimento. Portaria n° 368, de 4 de setembro de 1997. Considerando a necessidade 
de padronizar os processos de elaboração dos produtos de origem animal, resolve: Art. 1º Aprovar o Regulamento Técnico sobre as 
Condições Higiênico-Sanitárias e de Boas Práticas de Fabricação para Estabelecimentos Elaboradores/Industrializadores de Alimentos. 
Diário Oficial da União, 1997.

CARDOSO, M.A.; CARDOSO, R.F.; HIRATA, R.D.C.; HIRATA, M.H.; LEITE, C.Q.F.; SANTOS, A.C.B.; SIQUEIRA, V.L.D.; OKANO, 
W.; ROCHA, N.S.; LONARDONI, M.V.C. Direct Detection of Mycobacterium bovis in Bovine Lymph Nodes by PCR. Zoonoses and Public 
Health, Weinheim, v.56, n.8, p.465-470, 2009. https://doi.org/10.1111/j.1863-2378.2008.01199.x

CEZAR, L.C.; CRUZ, W.S.; PEREIRA, L.A.; CAMARINI, R.; FELICIO, L.; BERNARDI, M.M.; TEODOROV, E. Efeitos do tratamento 
agudo com agonista opioidérgico na modulação da expressão do receptor opioide tipo delta em diferentes regiões do encéfalo de ratas 
virgens: papel dos hormônios esteróides. Revista de Educação Continuada em Medicina Veterinária e Zootecnia do CRMV-SP, v.14, n.1, 
p.46, 2016. Available from: https://www.revistamvez-crmvsp.com.br/index.php/recmvz/article/view/31072. Access on: 19 Nov. 2021.

CORNER, L.A. Post mortem diagnosis of Mycobacterium bovis infection in cattle. Veterinary Microbiology, Melbourne, v.40, n.1–2, 
p.53-63, 1994. https://doi.org/10.1016/0378-1135(94)90046-9

CORNER, L.A.L.; GORMLEY, E.; PFEIFFER, D.U. The primary isolation of Mycobacterium bovis from bovine tissues: Conditions to 
maximising the number of positive cultures. Veterinary Microbiology, Melbourne, v.156, n.1–2, p.162-171, 2012. https://doi.org/10.1016/j.
vetmic.2011.10.016

COSTA, L.B. Caracterização da tuberculose bovina em regiões de relevância econômica no Estado da Bahia. 2012. Thesis (Master in Animal 
Science in the Tropics) – Escola de Medicina Veterinária, Universidade Federal da Bahia, Salvador, 2012.

COSTA, P.; FERREIRA, A.S.; AMARO, A.; ALBUQUERQUE, T.; BOTELHO, A.; COUTO, I.; CUNHA, M.V.; VIVEIROS, M.; INÁCIO, 
J. Enhanced Detection of Tuberculous Mycobacteria in Animal Tissues Using a Semi-Nested Probe-Based Real-Time PCR. PLoS ONE, 
San Francisco, v.8, n.11, e81337, 2013. https://doi.org/10.1371/journal.pone.0081337

FEHLBERG, I. Estudo da ocorrência de infecção por Corynebacterium pseudotuberculosis e/ou Mycobacterium spp. em caprinos com 
suspeita clínica de linfadenite caseosa. 2010. Thesis (Master in immunology) – Instituto de Ciências da Saúde, Universidade Federal da 
Bahia, Salvador, 2010.

FURLANETTO, L.V.; FIGUEIREDO, E.E.S.; CONTE JÚNIOR, C.A.; SILVA, F.G.S.; DUARTE, R.S.; SILVA, J.T.; LILENBAUM, W.; 
PASCHOALIN, V.M.F. Prevalência de tuberculose bovina em animais e rebanhos abatidos em 2009 no estado de Mato Grosso, 
Brasil. Arquivo Brasileiro de Medicina Veterinária e Zootecnia, Belo Horizonte, v.64, n.2, p.274-280, 2012a. https://doi.org/10.1590/
S0102-09352012000200004

https://doi.org/10.3201/eid1608.100314
https://doi.org/10.3201/eid1608.100314
https://doi.org/10.1590/S0100-736X2014000200001
https://doi.org/10.1111/j.1863-2378.2008.01199.x
https://www.revistamvez-crmvsp.com.br/index.php/recmvz/article/view/31072
https://doi.org/10.1016/0378-1135(94)90046-9
https://doi.org/10.1016/j.vetmic.2011.10.016
https://doi.org/10.1016/j.vetmic.2011.10.016
https://doi.org/10.1371/journal.pone.0081337
https://doi.org/10.1590/S0102-09352012000200004
https://doi.org/10.1590/S0102-09352012000200004


7Arq. Inst. Biol., v.88, 1-8, e00592020, 2021

Detection of Mycobacterium sp. by multiplex PCR directly from suspicious granulomas from cold chambers in the state of Bahia, Brazil

FURLANETTO, L.V.; FIGUEIREDO, E.E.S.; CONTE JÚNIOR, C.A.; CARVALHO, R.C.T.; SILVA, F.G.S.; SILVA, J.T.; LILENBAUM, 
W.; PASCHOALIN, V.M.F. Uso de métodos complementares na inspeção post mortem de carcaças com suspeita de tuberculose bovina. 
Pesquisa Veterinária Brasileira, Rio de Janeiro, v.32, n.11, p.1138-1144, 2012b. https://doi.org/10.1590/S0100-736X2012001100011

GORMLEY, E.; CORNER, L.A.L.; COSTELLO, E.; RODRIGUEZ-CAMPOS, S. Bacteriological diagnosis and molecular typing of 
Mycobacterium bovis and Mycobacterium caprae. Research in Veterinary Science, Rome, v.97, p.S30-S43, 2014. Supplement. https://doi.
org/10.1016/j.rvsc.2014.04.010

HALSE, T.A.; ESCUYER, V.E.; MUSSER, K.A. Evaluation of a single-tube multiplex real-time PCR for differentiation of members of 
the Mycobacterium tuberculosis complex in clinical specimens. Journal of Clinical Microbiology, Washington DC, 49, p.2562-2567, 2011. 
https://doi.org/10.1128/JCM.00467-11

MARASSI, C.D.; MEDEIROS, L.; FIGUEIREDO, E.; FONSECA, L.S.; DUARTE, R.; PASCHOALIN, V.; OELEMANN, W.M.R; LILENBAUM, 
W. A multidisciplinary approach to diagnose naturally occurring bovine tuberculosis in Brazil. Pesquisa Veterinária Brasileira, Rio de 
Janeiro, v.33, n. 1, p.15-20, 2013. https://doi.org/10.1590/S0100-736X2013000100004

MATHIAS, L.A.; CHAVES, L.F.; GIRIO, R.J.S.; DEL FAVA, C. Avaliação de um teste imunoenzimático competitivo no diagnóstico 
sorológico da brucelose em búfalos (Bubalus bubalis). Pesquisa Veterinária Brasileira, v.18, n.3-4, p.111-114, 1998. https://doi.org/10.1590/
S0100-736X1998000300004

MÜLLER, B.; DÜRR, S.; ALONSO, S.; HATTENDORF, J.; LAISSE, C.J.M.; PARSONS, S.D.C.; VAN HELDEN, P.D.; ZINSSTAG, J. 
Zoonotic Mycobacterium bovis-induced tuberculosis in humans. Emerging Infectious Diseases, Atlanta, v.19, n.6, 899-908, 2013. https://
doi.org/10.3201/eid1906.120543

MURAKAMI, P.S.; FUVERKI, R.B.N.; NAKATANI, S.M.; BARROS FILHO, I.R.; BIONDO, A.W. Tuberculose bovina: Saúde animal 
e saúde pública. Arquivos de Ciências Veterinárias e Zoologia da UNIPAR, Umuarama, v.12, n.1, p.67-74, 2009. Available from: https://
revistas.unipar.br/index.php/veterinaria/article/viewFile/2936/2148. Access on: 19 Nov. 2021.

NAKATANI, S.M.; BURGER, M.; ASSEF, M.C.; BROCKELT, S.R.; COGO, L.L.; MESSIAS-REASON, I.J.T. Efficient method for mycobacterial 
DNA extraction in blood cultures aids rapid PCR identification of Mycobacterium tuberculosis and Mycobacterium avium. European 
Journal of Clinical Microbiology and Infectious Diseases, v.23, p.851-854, 2004. https://doi.org/10.1007/s10096-004-1236-z

OLIVEIRA, M.C.S.; REGITANO, L.C.A.; ROESE, A.D.; ANTHONISEN, D.G.; PATROCINIO, E.; PARMA, M.M.; SCAGLIUSI, S.M.M.; 
TIMOTEO, W.H.B.; BELICUAS, S.N.J. Fundamentos teórico-práticos e protocolos de extração e de amplificação de DNA por meio da técnica 
de reação em cadeia da polimerase. São Carlos: Embrapa Pecuária Sudeste, 2007.

PACHECO, L.G.C. et al. Multiplex PCR assay for identification of Corynebacterium pseudotuberculosis from pure cultures and for rapid 
detection of this pathogen in clinical samples. Journal of Medical Microbiology, London, v.56, n.4, p.480-486, 2007. https://doi.org/10.1099/
jmm.0.46997-0

PARRA, A.; GARCIA, N.; GARCIA, A.; LACOMBE, A., MORENO, F.; FREIRE, F.; HERMOSO DE MENDOZA, J. Development of a 
molecular diagnostic test applied to experimental abattoir surveillance on bovine tuberculosis. Veterinary Microbiology, Melbourne, 
v.127, n.3–4, p.315-324, 2008. https://doi.org/10.1016/j.vetmic.2007.09.001

PRODINGER, W.M. et al. Characterization of Mycobacterium caprae isolates from Europe by mycobacterial interspersed repetitive unit 
genotyping. Journal of Clinical Microbiology, Washington DC, v.43, n.10, p.4984-4992, 2005. https://doi.org/10.1128/JCM.43.10.4984-4992.2005

RIBEIRO, D.C. Comparação de protocolos de extração de DNA para detecção de Mycobacterium bovis através da PCR em homogeneizados 
de órgãos bovinos. 2006. Thesis (Master in experimental and applied epidemiology for zoonoses) – Faculdade de Medicina Veterinária e 
Zootecnia, Universidade de São Paulo, São Paulo, 2006.

SALAZAR, F.H.P. Ocorrencia de tuberculose causada por Mycobacterium bovis em bovinos abatidos em frigoríficos no estado de Mato 
Grosso, Brasil. 2005. Thesis (Master in Animal Science) – Universidade Federal de Mato Grosso do Sul, Campo Grande, 2005.

https://doi.org/10.1590/S0100-736X2012001100011
https://doi.org/10.1016/j.rvsc.2014.04.010
https://doi.org/10.1016/j.rvsc.2014.04.010
https://doi.org/10.1128/JCM.00467-11
https://doi.org/10.1590/S0100-736X2013000100004
https://doi.org/10.1590/S0100-736X1998000300004
https://doi.org/10.1590/S0100-736X1998000300004
https://doi.org/10.3201/eid1906.120543
https://doi.org/10.3201/eid1906.120543
https://revistas.unipar.br/index.php/veterinaria/article/viewFile/2936/2148
https://revistas.unipar.br/index.php/veterinaria/article/viewFile/2936/2148
https://doi.org/10.1007/s10096-004-1236-z
https://doi.org/10.1099/jmm.0.46997-0
https://doi.org/10.1099/jmm.0.46997-0
https://doi.org/10.1016/j.vetmic.2007.09.001
https://doi.org/10.1128/JCM.43.10.4984-4992.2005


88 Arq. Inst. Biol., v.88, 1-8, e00592020, 2021

E. Santos et al.

© 2021 Instituto Biológico  
This is an open access article distributed under the terms of the Creative Commons license.

SANTOS, N.; GERALDES, M.; AFONSO, A.; ALMEIDA, V.; CORREIA-NEVES, M. Diagnosis of tuberculosis in the wild boar (Sus 
scrofa): A comparison of methods applicable to hunter-harvested animals. PLoS One, San Francisco, v.5, n.9, e12663, 2010. https://doi.
org/10.1371/journal.pone.0012663

SKORIC, M.; SHITAYE, E.J.; HALOUZKA, R.; FICTUM, P.; TRCKA, I.; HEROLDOVA, M.; TKADLEC, E.; PAVLIK, I. Tuberculous 
and tuberculoid lesions in free living small terrestrial mammals and the risk of infection to humans and animals: A review. Veterinarni 
Medicina, Prague, v.52, n.4, p.144-161, 2007. https://doi.org/10.17221/2032-VETMED

STEWART, L.D.; MCNAIR, J.; MCCALLAN, L.; GORDON, A.; GRANT, I.R. Improved detection of Mycobacterium bovis infection in 
bovine lymph node tissue using immunomagnetic separation (IMS)-based methods. PloS ONE, San Francisco, v.8, n.3, e58374, 2013. 
https://doi.org/10.1371/journal.pone.0058374

TAYLOR, G.M.; WORTH, D.R.; PALMER, S.; JAHANS, K.; HEWINSON, R.G. Rapid detection of Mycobacterium bovis DNA in cattle 
lymph nodes with visible lesions using PCR. BMC Veterinary Research, Liverpool, v.3. n.12, 2007. https://doi.org/10.1186/1746-6148-3-12

THACKER, T.C.; HARRIS, B.; PALMER, M.V.; WATERS, W.R. Improved specificity for detection of Mycobacterium bovis in fresh tissues 
using IS6110 real-time PCR. BMC Veterinary Research, Liverpool, v.7, n.50, 2011. https://doi.org/10.1186/1746-6148-7-50

TORRES-GONZALEZ, P. et al. Prevalence of latent and active tuberculosis among dairy farm workers exposed to cattle infected by 
Mycobacterium bovis. PLoS Neglected Tropical Diseases, San Francisco, v.7, n.4, e2177, 2013. https://doi.org/10.1371/journal.pntd.0002177

UEYAMA, M. et al. Sub-speciation of Mycobacterium tuberculosis complex from patients with tuberculosis in Japan. Tuberculosis, London, 
v.94, n.1, p.15-19, 2014.

VAN DER MERWE, M.; BEKKER, J.L.; VAN DER MERWE, P.; MICHEL, A.L. Cooking and drying as effective mechanisms in limiting 
the zoonotic effect of Mycobacterium bovis in beef. Journal of The South African Veterinary Association, Cape Town, v.80, n.3, p.142-145, 
2009. https://doi.org/10.4102/jsava.v80i3.189

VAN INGEN, J.; RAHIM, Z.; MULDER, A.; BOEREE, M.J.; SIMEONE, R.; BROSCH, R.; VAN SOOLINGEN, D. Characterization of 
Mycobacterium orygis as M. tuberculosis complex subspecies. Emerging Infectious Diseases, Atlanta, v.18, n.4, p.653-655, 2012. https://
doi.org/10.3201/eid1804.110888

WARREN, R.M. et al. Differentiation of Mycobacterium tuberculosis complex by PCR amplification of genomic regions of difference. The 
International Journal of Tuberculosis and Lung Disease, Paris, v.10, n.7, p.818-822, 2006.

ZARDEN, C.F.O; MARASSI, C.D.; CARVALHO, A.C.; FIGUEIREDO, E.E.S.; LILENBAUM, W. Bacteriological and molecular detection of 
Mycobacterium bovis in cattle with inconclusive results to tuberculin tests. Epidemiology and Infection, Cambridge, v.141, n.7, p.1390-1393, 
2013. https://doi.org/10.1017/S0950268812002105

https://doi.org/10.1371/journal.pone.0012663
https://doi.org/10.1371/journal.pone.0012663
https://doi.org/10.17221/2032-VETMED
https://doi.org/10.1371/journal.pone.0058374
https://doi.org/10.1186/1746-6148-3-12
https://doi.org/10.1186/1746-6148-7-50
https://doi.org/10.1371/journal.pntd.0002177
https://doi.org/10.4102/jsava.v80i3.189
https://doi.org/10.3201/eid1804.110888
https://doi.org/10.3201/eid1804.110888
https://doi.org/10.1017/S0950268812002105

