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Bovine tuberculosis (BTB) is a zoonotic disease caused bygddgcterium bovis, a member of the Mycobacterium
tuberculosis complex (MTC). The quick and spfectetection of this species is of extreme importance, sifid B
may cause economic impacts, in addition to presenting imemimrisks to human health. In the present study a
nested real-time PCR test (nested q-PCR) was used in podtema@valuations to assess cattle carcasses with
BTB-suspected lesions. Atotal 0f41,193 cattle slaughdeneslaughterhouses located in the state of Mato Grosso,
were examined. Of the examined animals, 198 (0.48% showi®dsBspected lesions. M. bovis was isolated in
1.5%(3/198) of the samples. Multiplex-PCR detected MTC % (24/198) of the samples. The nested q-PCR
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test detected MTC in 28%(56/198) of the BTB-suspected lesjademonstrating higher fe¢iency when
compared to the multiplex-PCRand conventional microbigldNested q-PCRcan therefore be used asa comple-
mentary test in the national program for control and eratiocaof bovine tuberculosis.

© 2015 Elsevier Ltd. All rights reserved.

1. Introduction

Tuberculosis (TB) is a zoonotic disease characterized bgrmic infec-
tion and debilitating effects, caused by members of the Ndpaderium
tuberculosis complex (MTC). This group includes Mycobaitten bovis,
the causative agent of bovine tuberculosis (BTB), whiclsjthes affecting
cattle, can infect different mammal species, including fama (Medeiros,
Marassi, Figueiredo, & Lilenbaum, 20)10This important zoonosis is dis-
tributed worldwide, with a marked prevalence in developaogintries.
It may be regarded as a socioeconomic disease, affectinigtegrral
activities and causing severe impacts on livestock proiigtleading
to signficant economic lossed-@rlanetto et al., 201)2 Cattle infection
by M. bovis translates into imminent risk to human healtlher in the
form of an occupational disease or through the consum pticanon al
products contaminated with the bacilluBr&zil, 2004.

* Corresponding author. Tel.: + 55 65 3615 8675.
E-mail addressfigueiredoeduardo@hotmail.co(i.E.S. Figueiredo).

http://dx.doi.org/10.1016/j.meatsci.2015.03.017
0309-1740/© 2015 Elsevier Ltd. All rights reserved.

Detection of the pathogen responsible for BTBis requiredtfoe
control and eradication of the disease. This is performedthbyadermal
tuberculin testing and/or monitoring in slaughterhouseswell as
animal tracking and sanitatior)(E, 2009. With the aim of reducing
the prevalence and incidence of new disease outbreaks, 01 20e
National Program for the Control and Eradication of Anim aliBellosis
and Tuberculosis (Programa Nacional de Controle e Erradicada
Brucelose e Tuberculose AnimatPNCEBT) was established in Brazil,
based on tuberculin testing and slaughter of infected atdnassociat-
ed with surveillance of animals from cefig@d or monitored herds in
slaughterhouses, held by théfiafal inspection serviceBrazil, 2009.

However, the tuberculin test may present sensitivity peois (or
lack thereof). It may present false positive results, cagglisease-free
animals to be slaughtered, consequently leading to ecoativeistock
losses, or false negative results, leading to infected atsmemaining
in the herd and spreading the disease. These failures imadisig are
worrying, since the reference microbiological methodssidered for
confirmatory diagnosis have low sensitivity, requiring large ammts
of viable bacilli (= 100 bacilli mLC 1) for detection. In addition, they
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are also laborious and time-consuming procedures, whiké b&tween
1 and 3 months for bacterial isolation and an additional twahree
weeks for biochemical iderftcation of the isolates@orner, 1994.

The state of Mato Grosso has emerged in Brazil's nationalses
the largest beef cattle producer and second largest beedrégpin
the country Brazil, 2014, leading to annual increases in the amount
of meat exported to the EU countries. Consequently, the gueson
Brazil by countries that buy Brazilian products to implamt effective,
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CGGTGACAAA-3) (Hermans et al., 1990present only in MTCmembers,
and RvD1Rv2031c (500 bp) Jb21:'¢5CGTCCGCTGATGCAAGTGC-3 and
Jb22: (8-CGTGAACGTAGTCGCCTGC-3 (Rodriguez et al., 1999present
only in M. bovis.

2.4. DNAextraction from the BTB-suspected tissue fragnsent

The DNAfrom the BTB-suspected tissue fragments was exgact

rapid and dénitive diagnosis of BTBin tuberculosis-suspected lesionsusing a Qiagen extraction and pticiation commercial kit (DNeasy®

has also increased.

In 2012, the Ministry of Agriculture, Livestock and Supply
(Ministério da Agricultura, Pecuéria e AbastecimenrtdMAPA), deter-
mined that farms where BTB cases have been detected can meifon
export beefto the Customs Union of Belarus, Kazakhstan amssR,
recalling all lots from these animal farms until the diagsosf suspi-
cious lesions in samples collected after slaughter coulddreducted
at an oficial MAPA laboratory @raujo et al., 2014b; Brazil, 2012

In view of these dificulties in tuberculosis diagnosis, some alterna-
tives for the quick and spefee identfication of BTBin clinical samples
or in isolated colonies have emerged, such as molecular omdth
based on PCR and its variants (simplex PCR, multiplex PCRi&e
PCR, real-time PCR and nested real-time PCR)ajo et al.,, 2014a,
2014b; Soini & Musser, 2001

In this context, the purpose ofthe present study was to eatelthe
performance of nested real-time PCR (nested g-PCR) in theafien of
MTCspecies directly from suspected BTBlesions, in adaitio compar-
ing nested g-PCR, th'gold standard methodologwfbacterial cultures
and multiplex-PCR (m-PCR).

2.Methodology
2.1. Cattle carcass inspections at slaughterhouses

The slaughter and sanitary inspection 0of41,193 cattleasses were
monitored in slaughterhouses inspected by the Federalelotspn
Service (Servigo de Inspecdo FederalSIF), located in the state of
Mato Grosso. From May to October 2009, the rulings awardedhzy
SIFregarding tuberculosis and lymphadenitis located ia lilead, neck
or chest cavity of the carcasses (BTB-suspected lesionsgwecorded
and the samples were collected. Suspicious lesions werenexed
macroscopically according to the post-mortem SHra@él standards of
inspection Brazil, 1952, photographed, divided and properly packed
for bacteriological culturing and m-PCR and nested g-PCRibhe.

2.2.Isolation of M. bovis colonies

Approximately 3 g ofeach sample were crushed and maceratéd w
ground glass and decontaminated by hexadecylpyridiniuhoréthe

Blood & Tissue Kit), applying the protocol mofications as described
by Figueiredo et al. (2012)A 1 g tissue fragment was removed per
animal. The tissue was macerated with a scalpel and thenesidspd

in 180 pL of lysis buffer (20 mg mL?* lysozyme, 20 mM TrisHCI
(pH8.0),2 mM EDTAand 1.2%Triton) and incubated for 1 h at & °
After this step, DNA extraction followed the recommendatsoof the
extraction kit manufacturer. DNA was quafiéd in a Nanodrop
ND1000 (Thermo Scienfiic, USA).

2.5. m-PCRtesting on the DNAextracted from the animal #skagments

Five microliters of template DNA (about 100 ng) were used tioe
m-PCR test based on the method describedrigyeiredo et al. (2009)
using 5L of buffer (Invitrogen, USA), 0.2 mM dNTPs (Fermentas,
USA), 1.5 U of recombinant Taq polymerase (Platinum®Taq
Invitrogen, USA), 5 mM Mgd (Invitrogen, USA) and 20 pmol of each
primer (Invitrogen, USA) in the reaction for the amfpdiation of geno-
mic sequences 1S6110 (245 bp) INS1:'{BGTGAGGGCATCGAGGTG
GC-3) and INS2: (5-GCGTAGGCGTCGGTGACAAA-3) (Hermans et al.,,
1990 present only in MTC members, and RvD1Rv2031c (500 bp)
Jb21: (B-TCGTCCGCTGATGCAAGTGC-3 and Jb22: (5CGTGAACGTA
GTCGCCTGC-3) (Rodriguez et al., 1999present only in M. bovis. The
final volume was 5QL Amplification of the target sequence was per-
formed accordingto the following parameters: 94 °Cfor 5 piatiowed
by 37 cycles for 1 min at 94 °C, 1 min at 68 °Cand 1 min at 72 °Cwath
final extension at 72 °C for 7 min. The resulting PCR productgeve
analyzed by ultrapure agarose gel (1.5% (Invitrogen, USAxined
with ethidium bromide (10 mg miL) and visualized/documented on
a MiniBISpro system (DNR Bio-imaging Systems, USA).

2.6. Nested g-PCR testing on the DNA extracted from the ahiisaue
fragments

Primers for the Rv2807 gene presentonlyin the genome of megmb
ofthe MTC (Table J) were used for the nested g-PCRtesting, which was
performed in two steps, according to the method describedrbyjo
et al. (2014a,2014hwith some modications.

During the first step, conventional PCR was performed using
10 pmol of each primer (Applied Biosystems, USA), 10 mM dNTPs

(HPC 0.75% and by the adapted Petroff method (NaOH 4%(Invitrogen, USA), 2.5uL of 10 x buffer (Sigma, USA), 1.25 U of Taq

(Ambrosio, Oliveira, Rodriguez, Ferreira Neto, & Amaku, B)0After
decontamination, the samples were plated, in duplicate tnbes
containing Stonebrink and Lowensteifensen culture media and incu-
bated at 37 °C for 90 days. After the growth of the isolated klvib
colonies, the colonies were stained by the Zidli¢elsen method, to
highlight the presence of acid fast bacilli (AFB) in acconda with the
recommendations by the Brazilian Ministry of Health, dicd in the
national surveillance manual laboratory of tuberculosislaother
mycobacteria Brazil, 2009.

2.3. Identfication of the isolated colonies by m-PCR

The DNA from the isolated colonies from the lesion sampleswa
extracted by thermal lysis at 100 °Cfor 10 min and arfipti by m-PCR
according to conditions previously set Bigueiredo et al. (2009)using
primers for the ampfication of genomic sequences I1IS6110 (245 bp)
INS1: (5-CGTGAGGGCATCGAGGTGGC-3 and INS2: (3-GCGTAGGCGT

DNA polymerase (Sigma, USA), 100 ng of template DNA, infinal
reaction volume of 2%L The PCR ampfication conditions were 95 °C
for 4 min, 35 cycles at 95 °Cfor 90 s, 65 °Cfor 30 s, 72 °Cfor 45ishw
afinal extension at 72 °Cfor 3 minAgaujo et al., 2014p.

Table 1
Target genes, primer sequences and probes of nested q-P&Reddentfication of
species from the M. tuberculosis complex (MTC).

Target Sequence primers'53’ Reference
gene
Rv2807 Forward outer—GGC GGT GGC GGA GTT GAA GGC Aratjo et al.
GAT GAG (2014b

Forward internal—CAT TGC TGC GTAATT CGATCA
Probe—6FAM CAT CCA CAC CTG TTC G MGBNFQ
Reverse internal—GAC CTT GGG CGC CTC AT

Reverse outer—GCC GCG AG GAG TCT GGG CGATGTC

Target gene, GenBank, NCBI Reference Sequence ID: 888907.
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The real-time PCR (g-PCR) tests were performed during tlcerséd
step, using 5 pmol of each primer (Applied Biosystems, USApmol
of TagMan probe (Applied Biosystems, USA), 6.26of TagMan PCR
Master Mix (Applied Biosystems, USA), 3L of conventional PCR
amplicon generated by the conventional PCR conducted duttire
first stage, in dinalreaction volume of 12 6L Amplification conditions
ofthe g-PCRwere 95 °Cfor 10 min for initial denaturation,@®&natur-
ation cycles at 95 °Cfor 15 s and annealing/extension at 682130 s
(Araljoetal.,2014a,2019bAllreactions were performed on a StepOne
Plus thermocycler (Applied Biosystems, USA), in duplicatesed
template DNAfrom M. bovis AN5 and M. tuberculosis H37Rv assfiive
reaction controls.

2.7. Determination ofthe limit of detection of the m-PCR amebkted g-PCR
assays

The target sequences IS6110, and RvD1Rv2031c and Rv280F use

in the m-PCR and nested g-PCR assays, respectively, wenmeedlo
separatelyin the plasmid pGEM®-T Easy vector (Promega )UB#e re-
combinant plasmids obtained were propagated in Escheraiii DH5a
and purfied with Wizard Plus Miniprep Kits (Promega, USA). Each plas-
mid DNAwas quanfied by Qubit® (Invitrogen, USA) and the number
of DNA copies was estimated as described previouslyKaeyet al.
(2006). Plasmid DNAwas serially diluted (£010* 10° 10% 10" and
10° copies/mL) in milli-q water, and was used to spike 1 g of lymph
node tissue free of the M. bovis bacillus. Samples of ympli@tissue
were spiked with the six concentrations of each plasmid CIDMA tem-
plates were prepared from the spiked samples using a Qiageaction

kit (DNeasy® Blood &Tissue Kit), as described Bigueiredo et al. (2012)

3. Results

According to the criteria adopted in this study, of the 4 BE¥Xam-
ined cattle carcasses, 198 (0.48% showed BTB-suspectsidns.
According to the SIF, the suspicious lesions were not cfeesias tuber-
culosis, being ruled as common or non-sdeclymphadenitis. The
criteria adopted for this study were for the collection diwihphadeni-
tis samples from the head, neck and chest cavity lymph nod é&seo
carcasses. The distribution and clde=ition of the BTB-suspected
lesions are described ifable 2

M. bovis was isolated in 03 samples (03/198), or 1.5% of t®8 1
samples tested by conventional bacteriological methodsilevthe
m-PCR detected, in addition to the previously mentioned &3 ples,
another 11 BTB-positive samples (14/198), ioming the presence of
bovine tuberculosis in 7.0%of all the examined cattle cases. The
nested g-PCRtest detected MTCin 28%(56/198) ofthe andljgsions,
including the same 14 samples detected by m-PCR.
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Table 2
Confirmed and suspected tuberculosis lesionsin 41.193 cattéassaes slaughtered in the
state of Mato Grosso, Brazil.

Member and percentage of lesions

Animal body parts Macroscopic Culture m-PCR Nested
examination gq-PCR

Respiratory apparatus 29 (14.69%9 0 (0% 4 (2% 6 (3%

Lung 6 3 0 0 1 0.5 1 0.5

Apical lymph node 4 2 0 0 1 0.5 2 1

Esophageal lymph 7 3.5 0 0 0 0 0 0
node

Mediastinal lymph 4 2 0 0 0 0 1 0.5
node

Tracheo-bronchial 6 3 0 0 2 1 2 1
lymph node

Thoracic cavity 2 1 0 0 0 0 0 0

Head 22 (11.1% 3 (15% 5 (25% 7 (3.5%

Retropharyngeal 19 9.5 3 15 5 25 7 3.5
lymph node

Parotid lymph node 1 0.5 0 0 0 0 0 0

Sublingual lymph 2 1 0 0 0 0 0 0
node

Carcass 147 (7429 0 (099 5 (2.5% 43 (21.5%

Pre-pectoral lymph 108 545 0 0 4 2 32 16
node

Pre-scapular lymph 37 186 0 0 1 0.5 10 5
node

Ischiatic lymph node 2 1 0 0 0 0 1 0.5

Total 198 100 3 15 14 7.0 56 28

86%of BTB lesions occur in the head or chest cavity lymph nodé
the animals Asseged, Woldesenbet, Yimer, & Lemma, 2004; Corner
etal., 1990; Whipple, Bolin, &Miller, 19985 The criterion used for sam-
ple collection was for the consideration of all lesions cheerized by
the SIF as tuberculosis or lymphadenitis located on thetfportion of
the carcass as BTB-suspicious lesioBsazil, 1952, due to the frequen-
cy with which these lesions are involved in the disease disigy We,
thus, attempted toincrease the chance of BTBdetectionerirthpected
carcasses, in the case of any errors in the macroscopic atiatuand
interpretation of the lesionsA6seged et al., 2004

The identfication of M. bovis and, consequently, bovine tuberculosis
diagnosis, has been enhanced with the aid of molecular tigal®s such
as PCR and its variations. The g-PCRtechnique, besidegusgieciic
primers, also usesfiuorescent probe that increases the sfeity of
the amplfication of target DNAfragments, allowing for real-time vl
ization during each cycle, eliminating the need for am piidoaction-
ation by electrophoresis, simplifying and speeding up tiegdosis for
result visualization Parashar, Chauhan, Sharma, & Katoch, 2006
When comparing conventional PCRto g-PCR, several adveedage

When compared to the other methods tested in the presenystudobserved with regard to q-PCR, such as the quicker and m ogeifsp

the nested g-PCR assay is 18 times more effective than bakttetture
and 4 times more effective than the m-PCR assay in detectif@ M
species in BTB-suspected lesions. The higficééncy of the nested
g-PCRtechnique is due to the two PCRs performed during thehode,
where an initial ampfication of DNA by standard PCR is conducted,
followed by amplfication of the amplicon by the g-PCR technique.
Nested g-PCR assay showed a better performance than m-RGRIse
minimum limit of detection for DNA from MTC members in this say
was 100-fold higher than that of the m-PCR assay. Nested R -@%Say
was able to quantify genomic MTC-DNA as few as 133 copies pé&iom
spiked bovine macerated tissuld. 1). The spedicity of nested q-PCR
was 100% since the negative controls were not afrgaliand all positive
controls, including all MTC DNAtemplates tested were.

4. Discussion

The reason for studying suspicious lesions localized in ltimeph
nodes of the front portion of the carcass is due to reportg tipato

identification of several pathogenic specie€olirtney, Kostelnik,
Zeidner, & Massung, 2004; Kim et al., 20D, 4Ancluding mycobacteria
(Lim, Kim, Lee, &Kim, 2008), allowing for the detection and quafita-

tion of different microorganisms simultaneously, besitles possibility

of processing a larger number of samples at a titdim(et al., 2007; Lim

et al.,, 2008; Monis, Giglio, Keegan, &Andrew Thompson, 2005

Itis known that the success of g-PCRdirectly depends on thedity
ofthe template DNAused,the correct design ofthe primebs e cor-
rect choice of target genes for the unambiguous idfecetion of the
pathogen Zanini et al., 200). The target gene chosen for the nested
g-PCRin the present study is presentonly in the genome ofdhgeted
species, referenced in the NCBI-GenBartktp://www.ncbi.nim.nih.
gov), which ensures the analytical spgcity of 100%of this assay for
MTC, corroborating recent results froAradjo et al. (2014b)

The nested g-PCR assay was 100 times more sensitive than the
m-PCRassay, since the former was able to detect 133 coptbgdarget
gene per mLofmacerated tissue (1.33 ¥ t0pies/mL), while the latter
detected 13,300 copies (1.33 x “léopies/mL), explaining the better
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Fig. 1. Minimum detection limit ofthe nested q-PCR assay infacially contaminated tissue samples. One gram of bovine lgmpde tissue free of Mycobacterium bovis was spiked with
10° to 10° copies/m Lof plasmid DNA carrying the Rv2807 sequence. Rsifie control (M. bovis DNAtemplates); N: negative cont(®NAtemplates from lymph node tissue free of

Mycobacterium bovis); 10to 10? plasmid DNA copies/mLof macerated tissue.

performance of the nested q-PCR assay in analyzing BTB-ecte le-

diagnosis of tuberculosis. Recommendations for the adoptof

sions (Table 2. Other studies have also demonstrated that real-timeadditional rapid diagnostic tests should also be made, stschested

PCRshows better analytical sensitivity in the detectioMafovis in bo-
vine tissue Costa et al., 2013; Tacker, Harris, Palmer, & Waters, 2011
Conventional PCR analysis and q-PCR already reported ifitéme-

ture for the diagnosis of Mycobacterium spp.in cattle aré specfic for
pathogen idenfication, being restricted only to idefidgation of mem-
bers of the M. tuberculosis or Mycobacterium avium complexgm
et al., 2008; Shrestha et al., 2003he ddinitive identfication of the
Mycobacterium species has been conducted only by bioch&lnmests
after months of microbiological culture, delaying the id&ication of
the etiologic agent in suspected cases of BMBlliams, Ling, Jenkins,
Gillespie, and McHugh (20079tandardized a q-PCR test for the identi-
fication oftuberculosis, using 194 clinical isolates. Frdme total isolates
used in this study, 172 (89% were idefi¢id as belonging to the
M. tuberculosis complex, proving the effectiveness of thegfprmed
test, being, however unable to distinguish M. bovis from Wvbérculosis.
In the present study the nested q-PCRtechnique was able pdifgm
the Rv2807 region, spefce for the MTC, in 56 of the suspected lesion
samples. These 56 samples, thus tomed as tuberculosis lesions,
were from mostly pre-pectoral, pre-scapular and retroyhgeal

g-PCR using template DNA obtained directly from tissue fregnts
presenting BTB-suspicious lesions obtained from affectgohph

nodes. The implementation of effective surveillance sysseadapted
to local conditions may contribute to the detection of remag BTB

foci, accelerating the eradication of tuberculosis in tloemtry.

5. Conclusions

The nested g-PCR test applied directly to BTB-suspiciousades
sampled from slaughterhouses was considered a sensipeefis and
quick technique, allowing for the detection of the preseéMTC
species in 2 working days. The nested g-PCR assays were showea
more sensitive than conventional m-PCR and can be consilenery
robust technique, since there is low risk of contaminatiord ano
appreciable false negative or false positive results wdrgeoved.

Although the method stillrequires interlaboratory valitha, it may
be used as a complementary method in post-mortem inspextond
may contribute sigrficantly to the bovine tuberculosis control and
eradication program, in disease surveillance in cattlegleterhouses

lymph nodes Table 2, which had previously been ruled by the SIFas and refrigerators and in the tracking and sanitation of reving tuber-
“common lymphadenitis However, the fate of the carcasses adopted culosis foci in the country.

by the SIF (partial condemnation of the carcass) was coasistvith

the“Section 196 standards of the Regulation of Industrial and Sanitary ack nowledgments

Inspection of Animal Products (Regulamento de Inspecadagidal e
Sanitaria de Produtos de Origem AnimalRIISPOA) (Brazil, 1952,
with regard to the presence of lesions suggestive of tublesis in
only one part or area of the carcass.

Using the nested g-PCRtechnique as a method of compariken, t
macroscopic post-mortem examination correctly ruleddasiin 71.7%
(142/198) ofthe suspected BTBcases. This proves that edoindeed
occur during macroscopic lesion analyses of tuberculssispected
lesions in slaughterhouses, in this case, quite possibly tduthe fact
that sick animals are slaughtered early and with recentciide . For
this reason, the use of complementary diagnostic methodsraspec-
tion personneltraining are required in order to perform final inspec-
tion. Macroscopic examinations in slaughterhouses araiai@rstep in
the BTB-eradication program, since, as the prevalence efdisease

The authors would like to thank the funding agencies FAPEMAT
(Process n.472914/2011), FAPERJand CNPq (PRONEM/FAPERIAF
cess 472914/2011) for thefimancial support and CAPES (SOCIAL DE-
MAND PROGRAM) for the research and development scholarsaip
to the Federal Superintendence of Agriculture of Mato Goo6SFA-
MT/MAPA) for their cooperation in obtaining information @msamples
from the slaughterhouses.
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