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1. Introduction

Mycobacterium bovis is a member of the M. tuberculosis complex (MTC), a group of species
(Mycobacterium tuberculosis, M. bovis, M. africanum, M. microti, and M. canetti) with a high
genetic homology. M. bovis is the causative agent of tuberculosis in a range of animal
species and humans, with worldwide annual losses to agriculture of $3 billion. The
human burden of tuberculosis caused by the bovine tubercle bacillus is still largely
unknown. M. bovis was also the progenitor for the M. bovis bacillus Calmette-Guérin
vaccine strain, the most widely used human vaccine. Garnier et al. (2003) described the
4,345,492-bp genome sequence of M. bovis AF2122/97 and compared it with the genomes
of Mycobacterium tuberculosis and Mycobacterium leprae. Strikingly, the genome sequence of
M. bovis is >99.95% identical to that of M. tuberculosis, but deletion of genetic information
has reduced the genome size.

Bovine tuberculosis (BTB) is a major infectious disease of cattle in many countries. Although
cattle are the main host and reservoir of this chronic infection, other mammalian species,
including humans, are also susceptible to Mycobacterium bovis (Romano et al.,, 1996).
Considering that more than 94% of the world population lives in countries where the
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control of bovine tuberculosis is limited or absent (Vordemeier, 2006), there is a consensus
about the risks regarding human health.

Humans can develop latent TB infection, active TB or reactivation of latent TB infection. In
veterinary medicine, the distinction between latent TB infection and active TB disease is not
as important as it is in human beings, since in both cases the animal must be slaughtered.
According to the National Control Program implemented in Brazil, treatment of reactive
animals is not allowed, and all reactive animals must be slaughtered (Brasil, 2004).

Zoonotic TB is a recognized public health threat in the developing world. In some countries,
control measures against bovine tuberculosis are limited or nonexistent (Cosivi, 1998;
Thoen, 2006). Human infection by M. bovis can occur by the aerogenous route, ingestion of
infected milk (WHO, 1994), or, less frequently, by contact with mucous membranes and
broken skin. The disease caused by M. bovis is clinically, radiologically and pathologically
indistinguishable from that caused by M. tuberculosis, while, differently from the typical
tuberculosis and due to the infection route, the non-pulmonary presentation is most
frequent (Grange, 2001). Considering the standard treatment for M. tuberculosis infection, the
lack of differentiation between M. bovis and M. tuberculosis is a problem. M. bovis is naturally
resistant to pyrazinamide, a drug that is frequently used to treat TB in humans. Thus,
individuals infected by M. bovis may present a treatment failure, which makes them
potential transmitters of these resistant strains to other people and animals (Abrahao, 2005).

In industrialized countries, human infection with M. bovis has been largely controlled by
pasteurization of cow's milk, inspection in slaughterhouses, and culling of cattle reacting to
the compulsory diagnosis (Romero et al., 2006). In Brazil, despite the existence of a National
Eradication Plan, clandestine meat and milk are marketed without sanitary control, which is
a threat to public health; the ingestion of these products is a possible route of infection to
humans (Abrahdo, 2005). In some developing countries with uncontrolled bovine
tuberculosis, most human cases occur in young persons, and result from drinking or
handling contaminated milk (Cosivi, 1998).

Zoonotic TB can also be considered a socio-economic disease; it causes direct economic
losses in agricultural areas and hampers the commercial exchange of animal products
(Zumarraga et al., 1999). Many countries around the world support the control or
eradication of bovine tuberculosis by national control programs, based on a test-and-
slaughter policy. Brazilian policies regarding the control and eradication of bovine
tuberculosis include the National Plan for Control and Eradication of Bovine Brucellosis and
Tuberculosis (PNCEBT), written in 2001 and revised in 2004, which is based on the
slaughtering of all animals reactive to the tuberculin tests. However, this traditional policy
has not been fully successful in many countries, and new tools, including additional
diagnostic tests and new vaccines, are urgently required (Pollock et al., 2005).

In cattle, tuberculous lesions are most often found in organs rich in reticuloendothelial
tissue, particularly the lungs and associated lymph nodes, and the liver (Corner, 1990).
Other studies conducted on naturally and experimentally infected cattle have demonstrated
that the lesions are most commonly observed in the lower respiratory tract; however, the
upper respiratory tract and associated tissues may also display disease in a significant
number of cases. Although tubercles are not a pathognomonic lesion of cattle TB, the
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presence of clinical signs of the disease is directly associated with their distribution and
quantity (Medeiros, 2010).

Airborne infection is the most common transmission route, and more than 15% of cattle with
BTB shed the mycobacteria, mainly early in the course of the infection (Cassidy et al., 1998).
Studies with molecular markers have shown that infected cattle are a potential source of
tuberculosis transmission to humans (Serrano-Moreno et al., 2008). Milk can be an important
transmission route, resulting in extra-lung presentation of the illness (Wedlock et al., 2002).
This was demonstrated in New York City, where 35 cases of infection by M. bovis were
reported from 2001 to 2004; when they were traced back, some of the cases were associated
with the consumption of cheese made with non-pasteurized milk, imported from an
endemic area of BTB (CDC, 2005).

Using bacteriological culture methods, it has been calculated that only about 5% of
tuberculin-reacting cattle (TRC) can eliminate M. bovis in milk. In such animals, the
incidence of visible gross lesions in the mammary gland (MG) or supramammary lymph
nodes (LN) is less than 0.5% (Goodchild and Clifton-Hadley, 2001). M. bovis has been
isolated from milk samples from storage tanks, inadequately pasteurized milk, and milk
samples from tuberculin non-reacting cattle (Pardo et al., 2001; Leite et al., 2003). This
situation dramatizes the need for sensitive and accurate procedures for rapid identification
of the bacteria in milk, to assist in the control of this zoonosis. PCR techniques offer high
sensitivity, and have been successfully used for diagnosing BTB in several types of naturally
infected organic materials such as tissue, blood and nasal exudates (Figueiredo et al., 2010;
Cardoso et al., 2009; Romero et al., 1999). However, PCR techniques have been seldom
tested for use in milk, particularly in Brazil (Zanini et al., 1998)

According to OIE, the proportion of zoonotic TB cases in Brazil is unknown (OIE, 2007),
since bacteriological culturing for diagnosing TB is not employed routinely for all samples
(Sequeira, 2005). The most recently published data estimating the incidence of zoonotic TB
in Brazil (Kantor et al., 2008) reported the occurrence of only one occasion in 20 years (1987-
2006), where M. bovis was confirmed as the etiological agent of human tuberculosis at the
Hélio Fraga National Reference Laboratory (NRL) at the Federal University Hospital, Rio de
Janeiro. In a two-year study, nearly 8,000 clinical samples were cultured for detection of
mycobacteria, and no M. bovis isolate was obtained (Sobral, 2009). In the Sao Paulo
laboratory network (Adolfo Lutz Institute), a total of 355,383 cultures were performed in the
period 2001-2005, and only two M. bovis strains were recovered from two patients, one in
2001 from a lymph-node biopsy, and another in 2002 from a cerebrospinal-fluid sample. At
the State Reference Laboratory in Rio Grande do Sul (1997-2005), of approximately 5,000
mycobacterial isolates phenotyped, no M. bovis was confirmed (Kantor et al., 2008).

Despite the presence of the disease in Brazil, there is a lack of official data concerning the
current prevalence of bovine tuberculosis in the country. From 1989 to 1998, data from
official reports indicate a national mean prevalence of 1.3% of infected cows (BRASIL, 2008).
Since the implementation of PNCEBT in Brazil, the few studies reporting on the prevalence
of the disease have provided estimates ranging from 0.7% to 3.3% (Baptista et al., 2004;
Oliveira, 2007; Poletto et al., 2004; Ribeiro et al., 2003). According to the epidemiology of the
disease, the higher incidence in dairy than in beef herds will also determine the
geographical distribution. Roxo (2005) reported the rate of infection in different areas in

www.intechopen.com



414 Understanding Tuberculosis — Global Experiences and Innovative Approaches to the Diagnosis

Brazil, and not surprisingly, the region with the lowest rate of infection is the one where
beef herds are most predominant. Nevertheless, these data represent only particular regions,
and cannot be used for estimates in the national context. It is important to keep in mind the

enormous size of the Brazilian herd, which comprises approximately 200 million bovines
(PAHO/WHO, 2006).

There is a growing perception that no single method is sufficient for detecting all cattle
infected with BTB (Salfinger et al., 1994); therefore, a multidisciplinary approach must be
employed, based on currently available methods. Some of the diagnostic methods and
combinations of methods that are regularly used for diagnosing BTB are shown in Figure 1.

Bovine tuberculosis infection in cattle is usually diagnosed in the live animal. The
diagnosis is based on delayed hypersensitivity reactions (intradermal tuberculin tests), a
method that may lack both sensitivity and specificity. However, a definitive diagnosis is
still established by isolation and identification of the etiological agent (M. bovis) from
clinical samples, using a combination of traditional culture and biochemical methods,
which is considered the “gold standard”. These methods are slow, cumbersome,
unreliable, and time-consuming (it may take more than 4 weeks to grow the
microorganism, and an additional 2 weeks to identify it). Several alternative approaches
have been attempted for the rapid and specific diagnosis of tuberculosis, but molecular
methods, especially polymerase chain reaction (PCR) assays, are the most promising for
diagnoses in live cattle (Serrano-Moreno et al., 2008; Figueiredo et al., 2010) and direct-
detection post mortem diagnosis in bovine tissue samples (Cardoso et al., 2009; Liebana et
al., 1995; Meickle et al., 2001; Romero et al., 1999; Vitale et al., 1998, Wards et al., 1995;
Zanini et al., 1998; Zanini et al., 2001;).

BACTERIOLOGIC
CULTURING
AND

MOLECULAR
METHODS

ALERGIC TESTS
CERMVICAL SIMFLE TEST
CERVICAL COMPARATIVE TEST
AND-CALDAL TEST

DIRECT OR INDIRECT
DIAGNOSES

SEROLOGICALTESTS
ELISA
CRUDE ANTIGENS
PURIFIED ANTIGENS
RECOMEINANT AHTIGEMS

HISTOPATHOL OGY

HEMATOXILIN-EQSIN

ZIEHL-NEELSEMN
IMMUNOHISTOCHEMISTRY

Fig. 1. Methods currently used to diagnose bovine tuberculosis (Medeiros et al., 2010).

The purpose of this chapter is to present new diagnostic approaches for the Mycobacterium
tuberculosis complex in particular. We focus on discriminating Mycobacterium bovis by the use
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of multiplex PCR and HPLC methods, which have been used to decrease the prevalence of
this infection in countries where the disease still occurs.

2. Molecular methods in the diagnosis of bovine tuberculosis: Experiences
from the field with a dairy herd in Brazil

Our studies were conducted on a dairy herd comprised of 270 adult crossbred Holstein and
Gir cows, located in the Municipality of Macaé, state of Rio de Janeiro in southeast Brazil.
Prior to the study, 21 adult cows had positive reactions to a Single Intradermal Tuberculin
Test (SITT) and were kept in quarantine for 90 days, awaiting confirmatory tests. After 90
days, a Comparative Intradermal Tuberculin Test (CITT) was performed on these 21 cows
(Group A), plus 29 selected cows that were negative for the first SITT test, including those
with inconclusive results in the first test (Group B). A total of 34 animals reacted in the CITT
(21/21 from Group A and 13/29 from Group B). From all 34 cows, milk samples and nasal
swabs were collected and subjected to bacteriological culture, and the isolates were
identified by the HPLC method and m-PCR, and also direct detection by m-PCR. All 34
cows were slaughtered 30 days after the injection of PPD, and thorough necropsies were
performed. Mediastinal, scapular and retropharyngeal lymph nodes, as well as samples
from the lungs were collected and also were analyzed by bacteriological tests, as well as
HPLC and m-PCR.

2.1 Identification of Mycobacterium bovis isolates by a multiplex PCR
(Figueiredo et al., 2009)

Several PCR systems have been developed for the detection of species belonging to the M.
tuberculosis complex (MTC). The most commonly used system is based on primers that
amplify segments of the IS6110 element, particularly targeting the 123-bp (Eisenach et al,,
1990) and 245-bp fragments (Hermans et al., 1990). Another PCR system that has yielded
successful identification of M. bovis isolates is focused on the amplification of a 500-bp DNA
fragment in the RvD1Rv2031c genomic sequence (Rodriguez et al., 1999). A combination of
conventional culture and biochemical techniques is the gold-standard method currently
used for the identification of M. bovis, combining the isolation of the etiological agent and
the unequivocal identification of the isolate. Mycobacteria were isolated form suggestive
bovine tuberculous lesions, and the pure cultures of acid-fast bacilli (AFB) were identified
by molecular analysis. The molecular assay consists of a single-step multiplex PCR (m-PCR),
based on two set primers already tested and proved to be reliable, but not yet combined in a
single PCR system. The combined PCR assay targets simultaneously the RvD1Rv2031c and
IS6110 sequences, aiming to identify bacteria as MTC members as well as to distinguish M.
bovis isolates from the other members of this complex.

Among the 50 adult cows from this herd that were tested by the intradermal tuberculin test
according to official standards (Brasil, 2004), 34 animals were reactive, and were euthanized
and necropsied. During the necropsy, a total of 91 samples of lymph nodes and lungs were
collected, although not all the animals presented typical lesions. Samples were maintained
under refrigeration, and tissues of each animal were processed together as one pooled
sample per animal, totaling 34 samples. Samples were decontaminated using the Petroff
method, inoculated on slopes of Lowenstein- Jensen medium with sodium pyruvate and
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incubated for three months at 37°C. After growth, AFB-positive colonies were screened by
m-PCR. Briefly, the mycobacterial DNA was extracted as described previously (Meickle et
al., 20073). m-PCR was performed in a reaction mixture (50 pL) containing 5 pl of 10 x PCR
buffer (Invitrogen®), 200 ptM dNTP (GE Healthcare®), 2.5 U of recombinant Tag polymerase
(Invitrogen®), 0.2 M of each primer (Invitrogen®) JB21 (5
TCGTCCGCTGATGCAAGTGC-3") and JB22 (5"-CGTCCGCTGACCTCAAGAAAG-3") (4)
and INS1 (5’-CGTGAGGGCATCGAGGTGGC-3') and INS2 (5-
GCGTAGGCGTCGGTGACAAA-3) (10), 20 mM MgCl2, and 5 pL of purified DNA
template. Amplification was carried out in a GeneAmp PCR System 9600 (Applied
Biosystems®) with the following cycling parameters: 94°C for 5 min, followed by 30 cycles
of 1 min at 94°C, 1 min at 68°C and 1 min at 72°C, with a final extension at 72°C for 7 min.
PCR products were checked by electrophoresis on 1.5% agarose gels stained with ethidium
bromide (10 pg/mL). Negative samples were analyzed by PCR restriction analysis (PRA),
using  primers Tbll (5'-ACCAACGATGGTGTGTCCA T-3') and Tbl2 (5'-
CTTGTCGAACCGCATACCCT-3") targeting for the hsp65 gene (Telenti et al., 1993). The
amplification products were digested with BstE II and Haelll and the resulting fragments
were fractionated by agarose gel electrophoresis and stained with ethidium bromide.

Mycobacteria colonies were isolated in Lowenstein-Jensen medium with sodium pyruvate
from 17 of 34 (50%) processed samples, therefore confirming the infection. This herd had
been TB-free in the last test, performed six months before the study. Therefore, we believe
that the reactive cows had a recent infection, where visible lesions are not always present
and the bacterial load is low. Considering the decontamination method used, it is not
surprising that not all cultures yielded M. bovis. Nevertheless, it is noteworthy that the
presence of some positive cultures is sufficient to characterize the outbreak of TB in this
herd.

In these 17 isolates, m-PCR successfully amplified both target regions (the 500-bp fragment
specific for M. bovis and the 245-bp fragment diagnostic for MTBC) in 15 of them (88.24%)
(Figure 2, lanes 1-15). The two (11.76 %) m-PCR-negative isolates (Figure 2, lanes 16 and 17)
were confirmed by PCR-restriction analysis as Mycobacterium sp., but were not included in
the Mycobacterium tuberculosis complex (results not shown).

PCR assays using primers JB21/JB22 have been considered to be highly reliable in
identifying M. bovis isolates, showing 100% concordance with the conventional
microbiological method (Rodriguez et al.,, 1999). However, the absolute specificity of
JB21/]B22 primers for M. bovis has been disputed by another study, which reported that
13.3% (4/30) of M. bovis isolates failed to produce the 500-bp fragment (Sechi et al., 2000).
Using specific primers for the 1S6110 sequence, the 500-bp negative isolates were identified
as belonging to the MTC, leading the authors to suggest that these isolates may lack the
genomic target for JB21/JB22 primers. As this genotypic characteristic may not be
infrequent, the use of a single primer pair can produce false negative results. On the other
hand, an additional primer pair targeting for a different sequence, as in m-PCR, minimizes
the occurrence of such false-negative results. The two sets of primers, although already
described in the literature (Hermans et al., 1990; Rodriguez et al., 1999), as explained before,
for the first time were combined to optimize a mPCR assay able to identify unequivocally
M. bovis among mycobacterial isolates. The mPCR method was fast, reproducible and useful
for the study of slow-growing mycobacteria, particularly in cultures where the small
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number of bacilli hinders identification by classical methods. It also can be a valuable tool
for the rapid identification of acid-fast bacilli isolated from suggestive bovine TB lesions.

Fig. 2. Identification of ABF isolates by m-PCR. DNA extracted from 17 different acid-fast
bacilli isolates was used as a template for m-PCR amplification of the RvD1Rv2031c and the
IS6110 sequences. Amplification products were separated by electrophoresis on 1.5%
agarose gel and stained with ethidium bromide (10 pg/mL). Lane M: 100-bp DNA ladder
(Fermentas®); lanes 1-17: m-PCR products of acid-fast bacilli isolated from suggestive BT
lesions; lane 18: negative control. Arrows indicate the positions of the fragments of 500 bp
(diagnostic for M. bovis) and 245 bp (diagnostic for MTBC members).

2.2 Detection of Mycobacterium bovis DNA in nasal swabs from tuberculous cattle by
a multiplex PCR (Figueiredo et al., 2010)

The multiplex PCR-based method for the simultaneous detection of mycobacteria belonging
to MTC and the specific identification of M. bovis was adapted to screen nasal swabs
collected from live cows, suspected to be tuberculous. A total of 50 adult cows from a dairy
herd with a previous history of bovine tuberculosis, including clinical cases, from Macaé
were tested by the cervical comparative intradermal tuberculin test (ITT) with PPD (purified
protein derivative) according to official standards (Brasil, 2004). In parallel, samples of nasal
mucus were collected using sterile swabs and submitted to both microbiological culture and
m-PCR. All 34 ITT-reactive animals (68% of the total of cows examined) were slaughtered;
the lungs and lymph nodes were removed and processed for bacteriology according to the
OIE Terrestrial Manual (OIE, 2009). Briefly, after decontamination by the Petroff method,
samples from lungs, lymph nodes and nasal swabs were inoculated on Lowenstein-Jensen
and Stonebrink agar slopes and the tubes were incubated at 37°C for up to 12 weeks. The
presence of M. bovis and other mycobacteria belonging to MTC in nasal mucus was
investigated by a single-step multiplex PCR (m-PCR) using two sets of primers, as
previously described (Figueiredo et al., 2009), that targets simultaneously the RvD1-Rv2031c
(specific for M. bovis) and 1S6110 (present in all MTC species) genomic sequences, but that to
date had not yet been combined together in a single m-PCR assay. DNA was extracted from
nasal swabs by a modification of a QIAamp Blood and Tissue Kit (Qiagen). The bacterial
pellet was suspended in 180 ul of 20 mg/mL lysozyme in 20 mM Tris HCI, pH 8.0; 2 mM
EDTA; 1.2% Triton and incubated for 30 min at 37°C prior to the proteinase K treatment, in
order to improve the process of bacterial lysis. DNA eluted from the QIAamp Mini spin
columns was concentrated by precipitation with absolute ethanol at -80°C. m-PCR was
performed in a reaction mix (50 pL) as described by Figueiredo et al. (2009). No
mycobacterial growth was observed on agar slopes inoculated with nasal swab samples
collected either from ITT-reactive or ITT-negative cows. On the other hand, mycobacterial
colonies were observed in cultures from lung or lymph-node samples isolated from 17 of 34
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PPD-positive cows (50% of the total of positive cows). In parallel, nasal swabs were
examined for the presence of mycobacteria by m-PCR. DNA was extracted from nasal swabs
collected from 34 ITT-reactive and 16 ITT-negative cows, using a modification of a QIAamp
blood and tissue kit (Qiagen) that was devised to improve bacterial lysis and concentrate
DNA. The nucleic acids isolated from all samples using the above-modified procedure
showed high quality in terms of integrity and purity, and were suitable for use as templates
in the m-PCR. The 500-bp fragment specific for M. bovis and the 245-bp fragment diagnostic
for MTC were simultaneously observed in 2 of 34 (5.9%) of m-PCR reactions performed
using nasal-swab DNA from ITT-reactive cows. Importantly, neither the 500-bp band nor
the 245-bp band was found as m-PCR reaction products when swabs from ITT-negative
cows were tested (results not shown).

M. bovis has been recovered from nasal exudates collected from cattle in naturally infected
herds by using conventional culture techniques (de Kantor & Roswurm, 1978; Mcllroy et al.,
1986; Meickle et al., 2007). In these reports, recovery efficiencies varied from 8.7 (4) to 28.5%,
when solely ITT-reactive animals were assessed (Meickle et al., 2007), regardless of the
difficulty of the procedure, since it requires the presence of 10-100 viable organisms in the
sample for a positive result, a condition attained only in advanced stages of the disease
(Barry et al., 1993). Using PCR-based methods, the presence of species of the MTC group in
nasal exudates of ITT-reactive animals was detected in 26% of the tested samples (Tejada et
al., 2006), with some studies reporting detection rates of 50 or 58% (13,23), even though
some PCR techniques may detect M. bovis using as little as 5 fg of DNA, which is equivalent
to the amount of nucleic acid in a single mycobacterial genome (Estrada-Chévez et al., 2004).

The number of positive animals was smaller than expected, which was probably caused by
limitations in the current PCR protocols for detection of mycobacteria in nasal exudates,
such as intermittent shedding, inefficient DNA extraction, or the presence of PCR inhibitors
in the samples (de la Rua-Domenech et al., 2006). None of the nasal-exudate samples from
34 ITT-reactive cows were found to be positive for the growth of M. bovis. Furthermore, 2 of
34 nasal-exudate samples (5.9%) were positive by m-PCR, a more sensitive and specific
method than culturing (Meickle et al., 2007; Zanini et al., 1998; Zumarraga et al., 2005). These
figures are lower than those previously obtained by using culture- or PCR-based methods to
evaluate the presence of M. bovis in nasal exudates (de la Rua-Domenech et al., 2006; Meickle
et al., 2007; Tejada et al., 2006; Vitale et al., 1998). The low rate of positive results may
possibly be a consequence of the small numbers of viable bacteria present in nasal-swab
samples, because the growth of the etiological agent was observed in cultures of lung and
lymph-node samples from 17 of these cows, using the same procedure.

It has been well documented that in cattle experimentally infected with M. bovis, after each
infection there is a lag period during which the etiological agent cannot be isolated from
nasal mucus (Neill et al., 1998; McCorry et al., 2005; Kao et al., 2007). In a previously
reported study, all experimentally infected animals shed M. bovis in the nasal mucus (Neill
et al., 1998); but failure of some experimental animals to shed mycobacteria has also been
reported (McCorry et al., 2005; Kao et al., 2007). Importantly, differences in the shedding
profiles were observed, where those animals shedding M. bovis in nasal exudates were
classified as either intermittent or as persistent shedders. It also appears that the overall
level of shedding increases during the first four weeks after exposure and then begins to
decline (Kao et al., 2007), although shedding can still be detected for many weeks, and in
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some cases for several months. In conclusion, we have successfully used m-PCR assay to
detect M. bovis in nasal exudates of naturally infected cattle, as previously reported (Meickle
et al., 2007; Tejada et al., 2006; Vitale et al., 1998). Indeed, Vitale et al. (1998) reported high
specificity and positive predictive value in the detection of MTC in nasal swabs by PCR, and
Romero et al. (1999) demonstrated that nasal-mucus samples work better for the in vivo
PCR-based detection of the microorganism than other fluids such as blood or milk.
However, all these previous reports utilized primers to detect MTC species, and the
identification of M. bovis was presumptive. The mPCR used here has the advantage of being
specific for M. bovis, but simultaneously identifies the presence of M. bovis and other non-M.
bovis mycobacterial species belonging to MTC. Although limited by the natural evolution of
the infection, since shedding of mycobacteria in nasal mucus is required, the use of m-PCR
for detecting live tuberculous animals by testing the nasal mucus could be an effective and
highly specific ante-mortem ancillary method for surveillance of bovine tuberculosis in herds,
if a periodic sampling scheme is followed; or as a confirmatory method for animals with
inconclusive intradermal testing, thus assisting the bovine tuberculosis control and
eradication program.

2.3 Detection of Mycobacterium bovis DNA in milk by m-PCR

Another valuable tool in confirming tuberculous cows is the identification of M. bovis in
milk produced by the suspected animals. A PCR assay was developed for direct detection of
M. bovis DNA in artificially and naturally contaminated milk. The assay used a pair of
primers that were previously tested and proved reliable in targeting putative gene RvD1-
Rv2031c.

Milk previously seeded with M. bovis was used as the starting material. The procedure
involved DNA extraction by enzymatic lysing (proteinase K and lysozyme) and
phenol:chloroform:isoamyl alcohol, followed by ethanol precipitation and m-PCR. The m-
PCR was performed according to Figueiredo et al. (2010), and allowed us to detect M. bovis
DNA in artificially contaminated milk, with a detection limit of 100 CFU/mL.

The use of the PCR method in spiked milk samples does not guarantee that it would
perform equally effectively in the analysis of naturally infected samples. One could expect
that in the latter, the interaction between the bacilli and the milk matrix could be more
complex, and even that bacilli in milk might have already been killed by mammary
macrophages (Zumarraga et al.,, 2005) and the DNA partially degraded. Therefore, the
mPCR described here was evaluated for detection of M. bovis DNA in fresh unprocessed
milk from CITT-reactive cows. A total of 50 adult cows from a dairy herd with a previous
history of bovine tuberculosis, including clinical cases, from Macaé were tested by the
cervical comparative intradermal tuberculin test (CITT) with PPD (purified protein
derivative) according to official standards (Brasil, 2004). Thirty-four animals were CITT-
reactive, and from all 50 cows, milk samples were collected (on the day that PPD was
injected) and were subjected to bacteriological culture and m-PCR assay.

No mycobacterium growth was observed in CITT-negative cows (0/16). but in five milk
samples collected from CITT-reactive cows (5/34) mycobacterial growth was observed.
Only one isolate was confirmed as M. bovis by m-PCR (Figure 1, lane 1). Mycobacterial
colonies were also observed in cultures from lung or lymph-node samples isolated from 17
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of the 34 PPD-positive cows, and were confirmed as M. bovis by m-PCR (Figueiredo et al.,
2009). In parallel, milk samples were tested for the presence of mycobacterium DNA using
the m-PCR. The 500-bp fragment specific for M. bovis and the 245-bp fragment diagnostic for
MTC were simultaneously observed in 4 of 34 (12%) m-PCR reactions performed with milk
DNA templates from CITT-reactive cows (Figure 4). Importantly, neither the 500-bp nor the
245-bp amplicons were found when milk from CITT-negative cows was tested.

Similarly, in analyzing milk samples of cows from infected herds, previous studies have not
detected any positive animal (Perez et al., 2002), while others targeting for the RvD1-
Rv2031c, I1S6110 sequence and MPB70 gene have reported amplifications from 2% to 28% of
the cows (Romero et al., 1999, Zumarraga et al., 2005). Other studies using nested PCR
(Serrano-Moreno et al., 2008; Vitale et al., 1998) also showed that the presence of M. bovis in
milk is heterogeneous. The variable PCR results can be explained since the bacilli shed may
be associated with cell-mediated immunity (CMI) in tuberculous cows (Pollock et al., 2001;
Romero et al, 2006), as well as with epidemiological factors such as viral
immunosuppression, metabolic imbalance, corticosteroids and peripartum (Doherth et al.,
1995, 1996; Sordillo et al., 1997; Piccinini et al., 2006).

Thirty of the milk samples from ClIT-reactive cows were negative by PCR. This suggests
that some periods of bacterial excretion might have been missed, due to the design of the
study, which included only one sampling. The intermittent character of bacilli secretion after
a short constant post-infection period was documented by Menzies and Neill (2000).
Another important point is that the 500-bp band was not found as a PCR product when milk
from CITT-negative cows was tested, and mycobacterial colonies could not be isolated by
culturing. The lack of recovery of Mycobacterium sp. could be due to the small number of
excreted bacteria, or to the presence of dead or non-viable bacilli due to the action of
macrophages, or even to the use of the Petroff decontamination method and reduced
sensitivity of culturing compared with PCR (Zumarraga et al., 2005).

Fig. 3. Direct Detection of M. bovis DNA in milk samples from CITT-reactive cows. DNA
templates obtained from 1 mL of milk samples were amplified by m-PCR of the
RvD1Rv2031c and the 156110 sequences. Amplicons were resolved on a 1.5% agarose gel
stained with ethidium bromide. Lane M: 100-bp DNA ladder (Promega®); lane 1: positive
control, M. bovis IP; lanes 2-5: milk samples from CITT-reactive cows; lane 6: negative
control (water); lane 7: negative control (DNA template from M. fortuitum ATCC 6841).
From each cow, three samples were analyzed and three independent experiments were
performed.
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The PCR assay allowed us to detect M. bovis DNA in artificially contaminated milk, with a
detection limit of 100 CFU/mL, and also proved to be able to detect the bacilli in naturally
infected milk. This method could be useful to assist the in wvivo diagnosis for BTB,
complementing the serological or microbiological tests, and is an alternative option in cases
of mammary tuberculosis where the efficiency of serological diagnosis is nil. The method
will be useful in epidemiological studies of BTB transmission and in quality control for the
dairy industry, to prevent contaminated milk from entering the food supply.

2.4 Detection of Mycobacterium bovis DNA in bovine tissues by m-PCR

We adapted the m-PCR assay targeting the RvD1Rv2031c and 1S6110 sequences, which are
specific for M. bovis and MTC respectively, to identify M. bovis DNA in tissues from
slaughtered positive-skin-test animals. The results are compared with those from the skin
test and conventional culture for M. bovis.

Of 270 adult crossbred Holstein and Gir cows in a herd located in Macaé, 34 cows were
considered CITT-reactive and also infected, by IFN assay (Marasi et al., 2010). At 30 days
after CIIT, all 34 reactive animals were slaughtered and necropsied. Tissue samples were
collected and analyzed by bacteriological methodology and m-PCR. DNA was extracted
from lymph nodes, lung and udder tissues taken from the slaughtered animals, by a
modification of a QIAamp Blood and Tissue Kit (Qiagen). One sample was selected per
animal. A small piece of tissue (1-2 g) was macerated and an aliquot of 1 mL was taken. The
pellet was suspended in 180 pl of 20 mg/mL lysozyme in 20 mM Tris HCl, pH 8.0; 2 mM
EDTA; and 1.2% Triton, and incubated for 1 h at 37°C prior to proteinase K treatment, in
order to improve the process of bacterial lysis. DNA eluted from the QIAamp mini spin
columns was concentrated by precipitation with absolute ethanol at -80°C and eluted with
200 pL of the buffer.

The m-PCR was performed according to Figueiredo et al. (2010). In 17/34 (50%) samples
Mycobacterium sp. isolates were obtained, and 15/17 were confirmed as M. bovis by m-PCR
(Figueiredo et al., 2009). Direct m-PCR on tissue samples from CITT-reactive cows was
positive for M. bovis DNA in 25/34 (73.5%) of the samples. All positive-culture specimens
were also positive for m-PCR; and 10 (59%) samples that were negative by culturing yielded
a positive result after m-PCR assay. It should be mentioned that the PCR was sensitive
enough to detect M. bovis in a large proportion (59%) of those samples that failed to grow in
culture, as also reported by Liebana et al. (1995), Zanini et al. (2001) and Aratjo et al. (2005).
The efficiency of the culture method used as a first criterion for M. bovis identification is low,
because of the small number of live bacilli present in some tissues. Small numbers of live
bacilli may be a consequence of a short delay in getting tissues to the laboratory, or may be
due to the sensitivity of mycobacteria to the NaOH used in the Petroff method.

The improved identification shown here can be attributed to the removal of unwanted
inhibitors. Ward et al. (1995) and Liebana et al. (1995) stated that “mycobacteria are difficult
organisms from which to extract DNA and because they often exist as intracellular
pathogens, may also be difficult organisms to purify from clinical samples, particularly
tissues”. Some compounds present in tissues, such as eukaryotic DNA or blood-originated
inhibitory substances such as hemoglobin, lactoferrin and undegraded nucleic-acid samples
from inflamed tissue can inhibit DNA amplification (Cardoso et al., 2009). On the other
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hand, the use of the QIAamp Blood and Tissue Kit (Qiagen) circumvented those problems
and supplied DNA templates suitable for amplification.

The nine remaining CITT-reactive cows were negative by both the culturing and m-PCR
assays. Those results could be attributed to an inhibitory effect in the PCR assay (Al-Soud
and Radstrom, 2001; Cardoso et al., 2009), and additional inquires are needed with regard to
DNA extraction methods. In addition, it should be considered that the tissue samples
collected from those animals contained a low pathogen load, characterizing paucibacillary
lesions that are commonly observed in recent infections occurring intra-herd. Two previous
studies (Zanini et al.,, 2001; Cardoso et al., 2009) also reported a decreased efficiency in
detecting mycobacteria in paucibacillary tissue samples. It is generally accepted that the
CITT is a correlate of M. bovis infection and not necessarily of disease (Neill et al. 1994). In
this study, ClIT-reactive animals developed disease, as demonstrated by the presence of
lesions.

The results presented here indicate that m-PCR can detect M. bovis DNA in tissue samples,
and represents a valid additional tool for the post-mortem diagnosis of BTB. Multiplex PCR is
faster than culture-based detection, reducing diagnosis time from 120 to approximately 2
days, even when automated culturing with broth medium is used. Moreover, m-PCR is
useful when the bacilli are non-viable and cannot be detected by culture methods. It can be
of valuable help during sanitary inspection at slaughterhouses for condemnation of
carcasses that show suspected lesions, or slaughtered animals suspected of having the
disease. It is also important to note that a detailed inspection of bovine organs performed
during necropsy in the field is more efficient than a rapid inspection at the slaughterhouse,
because in the latter situation small lesions may be not detected.

2.5 Identification of species of the Mycobacterium tuberculosis complex by adapted
High-Performance Liquid Chromatography (HPLC)

Complex high-molecular-weight p-hydroxyl fatty acids with a 22- or 24-carbon alkyl chain
at the a-position are structural characteristics of mycolic acids, a fatty acid found in the
Moycobacterium cell wall. By using several methods of fatty acid analysis, mycolic acids have
been considered to be species- or group-specific (Butler et al., 1991). High-performance
liquid chromatography (HPLC) analysis of mycolic acids has emerged as a reliable method
for the diagnosis of mycobacteria, due to its rapid and reproducible nature, and because the
mycolic-acid elution pattern observed for each mycobacterial species has generally been
found to be unique, except for a few species that share the same pattern profile (Hagen &
Thompson, 1995). The HPLC method has been considered a standard test for
chemotaxonomic classification and rapid identification of Mycobacterium species by the
Centers for Disease Control and Prevention (CDC) (http:/ /www.cdc.gov), since 1990, and
has been reported to achieve accuracy above 96% compared with DNA probe tests (Butler &
Guthertz, 2001). A dedicated database, using adapted local protocols, must be developed in
order to obtain chromatogram profiles from reference strains in the new analytic conditions,
accrediting the local methodology and allowing for the correct analysis of clinical samples.

An HPLC method to identify Mycobacterium species, originally developed on a short column
(CDC, 1996), was transferred to a longer column with similar stationary phase properties,
but with a length of at most 33% of the initial one. Protocol modifications improved the
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separation capabilities and the methodology specificity. Mycolic acids from 35 different
reference Mycobacterium strains were saponified, extracted, derivatized, analyzed and
successfully identified by the adapted HPLC method. The identification of mycobacteria
was based on the relative retention times (RRT) of the chromatograms, comparing the
profile obtained from the reference strains with profiles available in external databases.
Although an internal standard was not used to align the chromatograms, the method
showed good reproducibility and standardization, using the range of the relative standard
deviation (RSD) of absolute retention time (ART) and the RRT, which varied from 0.68% to
097% and from 0.39% to 0.72%, respectively. The adapted method improved the
identification of Mycobacterium species of clinical and veterinary interest, by comparing the
new isolates with a database of mycolic acid chromatogram patterns from 35 reference
mycobacteria strains, and comparing those profiles with those previously reported in the
literature to enable identification of MTC species.

A suspension of acid-fast bacteria grown in L] medium was removed with a swab and
saponified with 2 ml KOH 25% in methanol:H>O (v:v) autoclaved for 1 h at 121°C, 15 psi, to
cleave the mycolic acids bound to the cell wall (Butler et al., 1991). Mycolic acids were then
separated by acidification with HCL:HO (v:v) and extraction in chloroform. After
conversion to ultraviolet (UV)-absorbing p-bromophenacyl esters (Pircen®) (Butler &
Guthertz, 2001) and clearing with HCl:H,O:Methanol (1:1:2, v:v:v), the mycolic acids were
analyzed on a reverse-phase C18 100 x 4.6 mm column (Kromasil®) using high-performance
liquid chromatography (Cage, 1994; Duffey et al, 1996). A gradient of methanol and
dichloromethane (methylene chloride) generated by microprocessor-controlled pumps was
used to separate the mycolic acid esters (Butler et al., 1991, Viader-Salvadé et al., 2007),
which were detected with a UV detector at 260 nm (Du et al.,, 2008). Reproducible
chromatographic patterns containing combinations of different diagnostic peaks (Butler et
al., 1991, Glickman et al., 1994) were obtained by using reference strains (M. abscessus ATCC
19977, M. africanum ATCC 25420, M. agri ATCC 27406, M. aichiense ATCC 27280, M.
asiaticum ATCC 25276, M. aurum ATCC 23366, M. avium ATCC 25291, M. bovis ATCC 19210,
M. bovis BCG INCQS 00062, M. chelonae ATCC 35752, M. flavescens ATCC 14474, M. fortuitum
ATCC 6841, M. gastri ATCC 15754, M. godornae ATCC 141470, M. intracellulare ATCC 13950,
M. malmoense ATCC 29571, M. mucogenicum ATCC 49650, M. scrofulaceurn ATCC 19981, M.
simiae ATCC 25275, M. terrae ATCC 15755, M. tuberculosis ATCC 25177, M. wvaccae
ATCC15483 and M. triviale ATCC23292). Pattern recognition was done by visual comparison
of the results for the reference strains with mycolic acid patterns from species of known
mycobacteria (CDC, 1996, 1999). Identification of mycobacterial species by mycolic acid
analysis was performed by visually comparing the UV patterns obtained from the samples
with UV patterns from reference species, following recommendations of Butler and
collaborators (Butler et al., 1991; Butler and Guthertz, 2001). Chromatographic patterns for
each strain were examined for differences in the heights for pairs of peaks. HPLC patterns
were grouped according to species, and the calculated values for each ratio were combined,
sorted in numerical order, and examined for their ability to discriminate species, using the
range of the relative standard deviation (RSD) of absolute retention time (ART) and the
relative retention time (RRT). The 35 species were grouped into three general patterns
(single, double and triple clusters) and divided accordingly into subgroups, according to
Butler and Guthertz (2001).
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A total of 21 M. bovis isolates from tissue, milk and nasal-swab samples from a dairy herd
comprised of 270 adult crossbred Holstein and Gir cows, located in Macaé were
confirmed by multiplex PCR (m-PCR) targeting for RvD1Rv2031c and IS6110 sequences,
which are specific for the M. bovis and M. tuberculosis complexes, respectively (Figueiredo
et al.,, 2009). Spoligotyping (Kamerbeek et al., 1997) was used to validate the HPLC
methodology.

It has been reported that BCG-attenuated strains of M. bovis could be successfully
differentiated from the MTC by HPLC (Floyd et al., 1992). This observation was
confirmed in the present study, by comparing the chromatograms obtained from
reference strains (Fig. 4). Other members of the complex, such as M. bovis and M.
tuberculosis, were known to produce very similar chromatogram patterns, making it
impossible to discriminate between them by this methodology. However, although
requiring further work, the chromatogram profiles generated by the adapted elution
protocol showed discrete and consistent differences in their chromatograms that could be
used to discriminate them (Fig. 5-A). The simple and late-emerging single-cluster peak
pattern group also included M. asiaticum, M. gordonae chromotype I (Fig. 5-B) and M.
kansasii (Fig. 5-B). M. triviale was the only mycobacterium species present in this group,
and it can be easily recognized (Fig. 5-B).

In these 21 isolates, m-PCR successfully amplified both target regions (the 500-bp fragment
specific for M. bovis and the 245-bp fragment diagnostic for MTBC) in all isolates. A total of
four spoligotypes were identified among the 21 M. bovis isolates. Two spoligotypes (SB0120
and SB0833) were described in the M. bovis spoligotype database (Brudey et al., 2006;
www.mbovis.org). The other two represent novel, previously undescribed spoligotypes.
The HPLC assay also identified the clinical M. bovis isolates as members of the
Mycobacterium tuberculosis complex (Figure 6).

M. bovis BCG

M. bovis 3%/

50 7‘5 1C|l,0 12I 5 15‘,0 1?r 5
Retention time (min)

Fig. 4. Mycolic acid chromatograms from M. bovis BCG (INCQS0062) and M. bovis (ATCC
19210). * peaks showing a high degree of separation (appearing as a “double peak”), named
according to Butler et al. (1991).
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Fig. 5. Characteristic HPLC chromatograms of Mycobacterium species with late-emerging,

simple, single-cluster peak patterns. A) M. tuberculosis H37Ra (ATCC 25177) and H37Rv

(ATCC 27294) and M. bovis (ATCC 19210). B) M. gordonae chromotype I (ATCC 14470), M.

kansasii (ATCC 12478) and M. triviale (ATCC 23292). *peaks showing a high degree of
separation (appearing as a “double peak”), named according to Butler et al. (1991). M.

triviale strain: xpeaks showing a high degree of separation (appearing as a “double peak”),

compared to the chromatogram profile described by Butler & Guthertz (2001).
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Fig. 6. Representative reverse-phase HPLC chromatograms of mycolic acid methylesters

from reference strains and isolates: (A) M. bovis ATCC 19210; (B) 21 clinical M. bovis isolates

from dairy herds in Brazil.
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Identification of mycobacterium species using HPLC for mycolic acid analysis has proven to
be rapid, reproducible and easily executed by several laboratories, making this approach
one of the most appropriate methods to distinguish among the species. The separation
capability using the modified method was superior to CDC patterns, and could be an
alternative to allow discrimination between species with homologous HPLC chromatogram
profiles.

3. Conclusion

Despite all efforts to control BTB, the disease persists, with serious implications for human
health and the economy, particularly in the context of global trade. Because of the particular
and complex characteristics of BTB, there is a growing realization that no single method by
itself is sufficient to detect all the reactive animals in every stage of infection. Therefore, a
multidisciplinary approach must be employed, using various categories of currently
available methods. In a modern approach to the diagnosis and control of BTB,
bacteriological, molecular, histopathological, and immunological assays must be employed,
considering the indications, advantages, and disadvantages of each method. In this study
we found that molecular diagnosis, combined with ante mortem and post mortem inspection,
appeared to be a promising technique to improve the surveillance of BTB in herds,
slaughterhouses, and the dairy industry, contributing to the success of the bovine
tuberculosis eradication program.

4. References

Abrahao, RM.C.M.; Nogueira, P.A. & Malucelli, M.I.C. O comércio clandestino de carne e
leite no Brasil e o risco da transmissao da tuberculose bovina e outras doencas ao
homem: Um problema de satide publica (Meat and milk black market - Bovine
tuberculosis). Archives of Veterinary Science. v. 10, n. 2, p. 1-17, 2005.

Araujo, C.P., Leite, C.Q.F.; Prince, K.A. Jorge, K.S.G. & Osorio, A.L.R. (2005). Mycobacterium
bovis identification by a molecular method from post-mortem inspected cattle
obtained in abattoirs of Mato Grosso do Sul, Brazil. Mem. Inst. Oswaldo Cruz 100,
749-752.

Al-Soud, W.A., & P. Radstrom. (2001). Purification and characterization of PCR-inhibitory
components in blood cells. |. Clin. Microbiol. 39, 485-493.

Baptista, F; Moreira, E. C; Santos, W. L. M & Naveda, L. A. B. (2004). Prevaléncia da
tuberculose em bovinos abatidos em Minas Gerais/ Prevalence of tuberculosis
among bovines slaughtered in Minas Gerais, Brazil. Arq. bras. med. vet. zootec; 56(5):
577-580.

Barry, T.; Glennon, M.; Smith, T. & Gannon, F. (1993). Detection of Mycobacterium bovis
in bovine blood by combined PCR and DNA probe methods. Vet Rec. 132 (3), 66-
67.

Brasil. PNCEBT-Ministério da Agricultura Pecuéria e Abastecimento do Brasil. Manual
técnico, 2004.

Brasil. MAPA-Ministério da Agricultura Pecuaria e Abastecimento do Brasil.
www.agricultura.gov.br. Acessed 03 Sept 2008.

www.intechopen.com



Molecular Techniques for Identification of Species of the Mycobacterium tuberculosis Complex:
The use of Multiplex PCR and an Adapted HPLC Method for Identification of Mycobacterium... 427

Butler, W. R; Jost. K. C,; Kilburn, J. O. Identification of mycobacteria by high-performance
liquid chromatography. J. Clin. Microbiol. 29:2468-2472, 1991.

Butler, W.R.; Guthertz, L.S. Mycolic acid analysis by high-performance liquid
chromatography for identification of Mycobacterium species. Clin. Microbiol. Rev.
14:704-726, 2001.

Brudey, K., Driscoll, J. R., Rigouts, L., Prodinger, W., Gori, A., Al-Hajoj, S. A. M., Allix,
C., Aristimun’o, L., Arora, J.,, Baumanis, V., Binder, L., Cafrune, P., Cataldi, A.,
Cheong, S., Diel, R., Ellermeier, C., Evans, J. T., Fauville, M., Ferdinand, S., Garcia
de Viedma, D., Garzelli, C., Gazzola, L., Gomes, H. M., Guttierez, M. C,,
Hawkey, P. M., van Helden, P. D., Kadival, G. V., Kreiswirth, B. N., Kremer, K.,
Kubin, M., Kulkarni, S. P., Liens, B., Lillebaek, T., Ly, H. M., Martin, C., Martin,
C., Mokrousov, I., Narvskaia, O., Ngeow, Y. F., Naumann, L., Niemann, S.,
Parwati, 1., Rahim, M. Z., Rasolofo-Razanamparany, V., Rasolonavalona, T.,
Rossetti, M. L., Ru“sch-Gerdes, S., Sajduda, A., Samper, S., Seth, P., Shemyakin, I,
Singh, U. B., Somoskovi, A., Skuce, R., van Soolingen, D., Streicher, E. M., Suffys,
P. N., Tortoli, E., Tracevska, T., Vincent, V., Victor, T. C., Warren, R., Yap, S. F.,
Zaman, K., Portaels, F., Rastogi, N. and Sola, C., 2006. Mycobacterium tuberculosis
complex genetic diversity: mining the fourth international spoligotyping
database (SpolDB4) for classification, population genetics and epidemiology.
BMC Microbiol. 6, 23-39.

Cage, G.D. (1994). Direct identification of Mycobacterium species in BACTEC 7H12B medium
by high-performance liquid chromatography. J. Clin. Microbiol. 32: 521-524.

Corner, L.A.; Melville, L.; McCubbin, K.; Small, K.J.; McCormick, B.S.; Rothel, J.S. (1990).
Efficiency of inspection procedures for detection of tuberculous lesions in cattle.
Aust. Vet. ]. 67 (11), 389-392

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. and Lonardoni, M. V. C. Direct
Detection of Mycobacterium bovis in Bovine Lymph Nodes by PCR. (2009).
Zoonoses Public Health.

CDC. Human tuberculosis caused by Mycobacterium bovis. New York City, 2001-2004.
MMWR, 54, 605-608, 2005.

CDC. Centers for Disease Control and Prevention. Mycolic Acid Pattern Standards for
HPLC Identification of Mycobacteria. U.S. Department of Health and Human
Services, Public Health Service. Atlanta, 1999. 86 p.

CDC. Centers for Disease Control and Prevention. Standardized Method for HPLC
Identification of Mycobacteria. U.S. Department of Health and Human Services,
Public Health Service. Atlanta, 1996. 99 p.

Cosivi, O., ET AL, Zoonotic Tuberculosis due to Muycobacterium bovis in Developing
Countries, Emerging Infectious Diseases; Vol. 4 Numberl.

Corner, L.A., Melville, L., McCubbin, K., Small, K.J., McCormick, B.S., Rothel, ].S.. Efficiency
of inspection procedures for detection of tuberculous lesions in cattle. Australian
Veterinary Journal, Vol.67, n°11, November, 1990.

Cassidy, J. P.; Bryson D. G; And Neill, S. D. Tonsillar lesions in cattle naturally infected with
Mycobacterium bovis. Vet. Rec. 144, 139-142, 1999.

www.intechopen.com



428 Understanding Tuberculosis — Global Experiences and Innovative Approaches to the Diagnosis

De Kantor, ILN.; Roswurm, J.D. (1978). Mycobacteria isolated from nasal secretions of
tuberculin test reactor cattle. Am. J. Vet. Res. 39 (7), 1233-1234.

de la Rua-Domenech, R.; Goodchild, A.T., Vordermeier, H.M., Hewinson, R.G.;
Christiansen, K.H.; Clifton-Hadley, R.S. (2006). Ante mortem diagnosis of
tuberculosis in cattle: a review of the tuberculin tests, gamma-interferon assay and
other ancillary diagnostic techniques. Res. Vet. Sci. 81 (2), 190-210.

Doherty, M. L., M. L. Monaghan, H. F. Bassett, P. J. Quinn, And W. C. Davis. Effect of
dietary restriction on cellmediated immune responses in cattle infected with
Mycobacterium bovis. Vet. Immunol. Immunopathol. 49, 307-320, 1996.

Du Rong, Chen B., Guo L., Li Y., Xie J, Wang G. & Zhou H. (2008). Identification of
Mycobacterium species using reversed-phase high performance liquid
chromatographic analysis of mycolic acid. Chin | Chromatogr, , 26(5): 534-539.

Duffey, P.S., Guthertz, L.S. & Evans, G.C. (1996). Improved rapid detection of mycobacteria
by combining solid-phase extraction with high-performance liquid
chromatography analysis of BACTEC cultures. J. Clin. Microbiol. 34: 1939-1943.

Estrada-Chavez, C.; Otero, F.D.; Diaz, C.A,; Villegas-Septulveda, N.; Gonzalez, R.P.; Salazar,
D.G. (2004). Concordancia de la PCR y métodos rutinarios para el diagnoéstico de
tuberculosis bovina. Vet. Mex. 35, 225-236.

Figueiredo, E.E.S,; Silvestre, F.G.; Campos, W.N.; Furlanetto, L.V.; Medeiros, L.; Lilenbaum,
W.; Fonseca, L.S.; Silva, ].T.; Paschoalin, V.M.F. Detection of Mycobacterium bovis
DNA in nasal swabs from tuberculous cattle by a multiplex PCR. Brazilian Journal of
Microbiology, v. 41, n.2, 2010.

Figueiredo, E.E.S; Silvestre, F.G.; Campos, W.N.; Furlanetto,L.V.,Medeiros, L.; Lilenbaum,
W.; Fonseca, L. S.; Silva, J.T.; Paschoalin, V. Identification of Mycobacterium bovis
Isolates by a multiplex PCR. Braz. ]. Microbiol., v.40: 231-233, 2009.

Floyd, M. M.; Silcox, V. A.; Jones, W. D.; Butler, W. R.; Kilburn, J. O. Separation of
Mycobacterium bovis BCG from Mycobacterium tuberculosis and Mycobacterium
bovis by using high-performance liquid chromatograph of mycolic acids. J. Clin.
Microbiol. 30:1327-1330, 1992.

Garnier T, Eiglmeier K, Camus JC, Medina N, Mansoor H, Pryor M, Duthoy S, Grondin
S, Lacroix C, Monsempe C, Simon S, Harris B, Atkin R, Doggett ], Mayes R, Keating
L, Wheeler PR, Parkhill ], Barrell BG, Cole ST, Gordon SV, Hewinson RG. The
complete genome sequence of Mycobacterium bovis. Proc Natl Acad Sci U S A. 2003
Jun 24;100(13):7877-82.

Goodchild, A.V.; Clifton-Hadley, R. S. Cattle-tocattle transmission of Mycobacterium bovis.
Tuberculosis 81, 23-41, 2001

Glickman, S.E., Kilburn, J.O., Butler, W.R. & Ramos, L.S. (1994). Rapid identification of
mycolic acid patterns of mycobacteria by high-performance liquid chromatography
using pattern recognition software and a Mycobacterium library. | Clin Microbiol 32:
740-745.

Grange, ].M. Mycobacterium bovis infection in human beings Tuberculosis, 81 (1-2), February
2001, Pages 71-77

www.intechopen.com



Molecular Techniques for Identification of Species of the Mycobacterium tuberculosis Complex:
The use of Multiplex PCR and an Adapted HPLC Method for Identification of Mycobacterium... 429

Hagen, S.R.; Thompson , ].D. Analysis of mycolic acids by high-performance liquid
chromatography and fluorimetric detection Implications for the identification of
mycobacteria in clinical samples. J. Chromatogr. A. 692:167-172, 1995

Kamerbeek, J., Schouls, L., Kolk, A., vanAgterveld, M., vanSoolingen, D., Kuijper, S.,
Bunschoten, A., Molhuizen, H., Shaw, R., Goyal, M., vanEmbden, J., 1997.
Simultaneous detection and strain differentiation of Mycobacterium tuberculosis for
diagnosis and epidemiology. J. Clin. Microbiol. 35, 907-914.

Kantor, IN.; Ambroggi, M.; Poggi, S.; Morcillo, N.; Telles, M.A.S.; Ribeiro, M.O., Torres,
M.C.G.; Polo, C.L,; Ribén, W.; Garcia, V.; Kuffo, D.; Asencios, L.; Campos, LM.V.;
Rivas, C.; Waard , ].H. Human Mycobacterium bovis infection in ten Latin American
countries. Tuberculosis, Volume 88, Issue 4, July 2008, Pages 358-365
Kao, R.R,; Gravenor, M.B.; Charleston, B.; Hope, J.C.; Martin, M.; Howard, C.J.
(2007). Mycobacterium bovis shedding patterns from experimentally infected
calves and the effect of concurrent infection with bovine viral diarrhoea virus. . R.
Soc. Interface 4, 545-551.

Leite, C. Q. F.; Anno, LS,; Leite, S. R.; Roxo, E.; Morlock, G. P.; Cooksey, R. C. Isolation and
identification of mycobacteria from livestock specimens and milk obtained in
Brazil. Mem. Inst. Oswaldo Cruz 98, 319-323, 2003.

Liebana E, Arana A, Mateos A, Vilafranca M, Gomez-Mampaso E, Tercero JC, Alemany J,
Suarez G, Domingo M & Dominguez L (1995). Simple and rapid detection of
Mycobacterium tuberculosis complex organisms in bovine tissue samples by PCR. |
Clin Microbiol 33: 33-36.

Marassi, C.D.; Medeiros, L.; Lilenbaum, W. The use of a Gamma-Interferon assay to confirm
a diagnosis of bovine tuberculosis in Brazil. (2010). Acta Tropica 113, 199-201.

McCorry, T.; Whelan, A.O.; Welsh, M.D.; McNair, J.; Walton, E.; Bryson, D.G.; Hewinson,
R.G.; Vordermeier, H.M.; Pollock, ].M. (2005). Shedding of Mycobacterium bovis in
the nasal mucus of cattle infected experimentally with tuberculosis by the
intranasal and intratracheal routes. Vet. Rec. 157, 613-618.

Mcllroy, S.G.; Neill, S.D.; McCracken, R.M. (1986). Pulmonary lesions and Mycobacterium
bovis excretion from the respiratory tract of tuberculin reacting cattle. Vet. Rec. 118,
718-721.

Meikle, V.; Schneider, M.; Azenzo, G.; Zumarraga, M.; Magnano, G. and Cataldi A.
Individual Animals of a Cattle Herd Infected with the Same Mycobacterium bovis
Genotype Shows Important Variations in Bacteriological, Histopathological and
Immune Response Parameters. Zoonoses Public Health. 54 (2007) 86-93.

Medeiros, L.S.; Marassi, C.D.; Figueiredo, E.E.S.; Lilenbaum, W. Potential Aplication of New
Diagnostic Methods for Controlling Bovine Tuberculosis in Brazil. Brazilian Journal
Microbiology, v.1, 531-541, 2010.

Menzies, F. D., & Neill, S. D. Cattle-to-cattle transmission of bovine tuberculosis. Vet. ]. 160,
92-106, 2000.

Neill, S.D.; Cassidy, J.; Hanna, J.; Mackie, D.P.; Pollock, J.A.; Clements, A.; Walton, E. &
Bryson, D.G. (1994). Detection of Mycobacterium bovis infection in skin test-negative
cattle with an assay for bovine interferon-gamma. Vet. Rec. 135 (6), 134-135.

www.intechopen.com



430 Understanding Tuberculosis — Global Experiences and Innovative Approaches to the Diagnosis

Neill, S.D.; Hanna, J.; O'Brien, ].J.; McCracken, R.M. (1998). Excretion of Mycobacterium
bovis by experimentally infected cattle. Vet. Rec. 123, 340-343.

Oliveira, 1., Melo, H., Camara, A., Dias, R, Soto-Blanco, B., Prevaléncia de tuberculose no
rebanho bovino de Mossord, Rio Grande do Norte. Braz. J. vet. Res. anim. Sci., Sao
Paulo, v. 44, n. 6, p. 395-400, 2007.

OIE, 2007; http:/ /www.oie.int/ wahid-prod/public.php. WAHID Interface Acessed 12 Aug
2008.

OIE, Terrestrial Manual (2008). Captured January 2009.
http:/ /www.oie.int/eng/normes/mmanual /2008 /pdf/2.04.07_bovinetb.pdf.

Perez, A.; A. Reniero, A.; Forteis, S.; Meregalli, B.; Lopez, And V. Ritacco. Study of
Mycobacterium bovis in milk using bacteriological methods and the polymerase
chain reaction. Rev. Argent. Microbiol. 34, 45-51, 2002.

PAHO/WHO, 2006. http:/ /bvs.panaftosa.org.br/docs/level2. Acessed 22 Jan 2009.

Pardo, R.B.; H. Langoni, L.J.P.; Mendoca, & K. D. Chi. Isolation of Mycobacterium spp. In
milk from cows suspected or positive to tuberculosis. |. Vet. Res. Anim. Sci. 38, 284~
287.2001.

Piccinini, R.; C., Luzzago, M.; Frigerio, V.; Dapra, E.; Liandris, And Zecconi, A. Comparison
of blood non-specific immune parameters in Bovine virus diarrhea virus (BVDV)
persistently infected and in immune heifers. |. Vet. Med. B. Infect. Dis. Vet. Public.
Health 53, 62-77, 2006.

Poletto, R.; Kreutz, L.C.; Gonzales, J.C.; Barcellos, L.J].G. Prevaléncia de tuberculose,
brucelose e infecgdes viricas em bovinos leiteiros do municipio de Passo Fundo,
RS/ Prevalence of tuberculosis, brucelosis and viral infections in dairy cattle
from the county of Passo Fundo, RS, Brazil. Ciéncia Rural; 34(2): 595-598, mar.-abr.
2004.

Pollock, ].M., Welsh, M.D., McNair, J.. Immune Response in bovine tuberculosis: Towards
new strategies for the diagnosis and control of disease. Veterinary Immunology and
Immunopathology 108 (2005), 37-43.

Pollock, J. M., J.; Mcnair, M. D.; Welsh, R. M,; Girvin, H. E.; Kennedy, D. P.; Mackie, & Neill,
S. D. Immune responses in bovine tuberculosis. Tuberculosis 81, 103-107, 2001.

Ribeiro, A. R. P; Lobato, F. C. F; Abreu, V. L. V; Faria, E. S; Silva, ]J. A. Prevaléncia de
tuberculose e brucelose bovina no municipio de Ilhéus/ Prevalence of bovine
tuberculosis and brucellosis in Ilhéus, Bahia - Brazil. Arg. bras. med. vet. zootec; 55(1):
120-122, fev. 2003.

Romano, M.I., Alito, A., Fisanotti, J.C., Bigi, F., Kantor, I, Cicuta, M.E., Cataldi, A.
Comparision of different genetic markers for molecular epidemilogy of bovine
tuberculosis. Veterinary Microbiology 50 (1996), 59-71.

Romero, B., Aranaz, A., Juan, L, Alvarez, J., Bezos, ]., Mateos, A., Mampaso, E.G,,
Dominguez, L. Molecular Epidemiology of Multidrug-Resistant Mycobacterium
bovis Isolates with the Same Spoligotyping Profile as Isolates from Animals. ] Clin
Microbiol. 2006 September; 44(9): 3405-3408.

Romero, R. E,; Garzon, D. L.; Mejia, G. A.; Monroy, W.; Patarroyo, M. E.; Murillo, L. A.
Identification of Mycobacterium bovis in bovine clinical samples by PCR species-
specific primers. Can. J. Vet. Res. 63, 101-106, 1999.

www.intechopen.com



Molecular Techniques for Identification of Species of the Mycobacterium tuberculosis Complex:
The use of Multiplex PCR and an Adapted HPLC Method for Identification of Mycobacterium... 431

Romero, T. A, C. Arriaga, V. ]J. Guevara, S. J. A. Garci’A, L. R. A. Torres, & C. Estrada-
Chavez. (2006). Confirmacio n de la Excreciéon de Mycobacterium bovis en Exudados
Nasales Mediante PCR Anidada en un Hato Lechero. Vet. Méx. 37, 137-142.

Salfinger, M.; Ptyffer, G.E. (1994). The new diagnostic mycobacteriology laboratory. Eur. J.
Clin. Microbiol. Infect. Dis. 13(11), 961-979.

Sequeira, M.D., Ritacco, V., Kantor, I.N., 2005. In: Thoen, O., Gilsdorf, M.]., Steele, J. (Eds.),
Mycobacterium bovis Infection in Animals and Humans. Blackwell Publishing,
Ames, TA.

Serrano-Moreno, B. A.; Romero, T. A.; Arriaga, C.; Torres R. A.; Pereira-Suarez, A. L,
Garcia-Salazar, J. A.; Estrada-Chavez, C. High Frequency of Mycobacterium bovis
DNA in Colostra from Tuberculous Cattle Detected by Nested PCR. Zoonoses Public
Health. 55, 258-266, 2008.

Sobral, L.F. Pesquisa de Mycobacterium bovis entre cepas de micobactérias isoladas no
Complexo Hospitalar HUCFF/IDT-UFR] no periodo de 2005-2006; 2009.
Dissertacdo (Mestrado) - Programa de Poés-Graduacdo em Clinica Médica
Programa académico de tuberculose, Universidade Federal do Rio de Janeiro.

Sordillo, L. M., K,; Shafer-Weaver, And D. Derosa. Immunobiology of the mammary gland.
J. Dairy Sci. 80, 1851-1865, 1997.

Viader-Salvado, J.M., Molina-Torres, C.A. & Guerrero-Olazardn, M. (2007). Detection and
identification of mycobacteria by mycolic acid analysis of sputum specimens and
young cultures. . Microbiol. Methods, 70(3): 479-483.

Vitale F, Capra G, Maxia L, Reale S, Vesco G, Caracappa S 1998. Detection of Mycobacterium
tuberculosis complex in cattle by PCR using milk, lymph node aspirates, and nasal
swabs. | Clin Microbiol 36: 1050-1055.

Vordermeier, H.M., Chambers, M.A., Buddle, B.M., Pollock, Hewinson, R.G.. Progress in the
development of vaccines and diagnostic reagents to control tuberculosis in cattle.
Veterinary Journal 171 (2006), 229-244.

Tejada, A.R; Diaz, C.A.; Vivero, ].G.; Salazar, ].A.G.; Leon, R.A.T.; Estrada-Chavez, C. (2006)
Confirmation of Mycobacterium bovis excretion in nasal exudates by means of
nested PCR in a dairy cattle herd. Vet. Mex. 37, 137-146.

Thoen, C.; LoBue, P.; de Kantor, I. The importance of Mycobacterium bovis as a zoonosis.
Veterinary Microbiology, 112 (2-4), 2006, 339-345.

Wards BJ, Collins DM, Lisle GW 1995. Detection of Mycobacterium bovis in tissues by
polymerase chain reaction. Vet Microbiol 43: 227-240.

Wedlock, D. N.; M. A. Skinner, G. W.; De Lisle, And B. M. Buddle. Control of
Mycobacterium bovis infections and the risk to human populations. Microbes Infect.
4, 471-480, 2002.

Zumaérraga, M. J., Martin, C., Samper, S., Alito, A., Latini, O., Bigi, F., Roxo, E., Cicuta,
M.E., Errico, F., Ramos, M.C., Cataldi, A., Soolingen, D & Romano, A.A. (1999).
Usefulness of Spoligotyping in Molecular Epidemiology of Mycobacterium bovis-
Related Infectious in South America. Journal of Clinical Microbiology. p.296-303.

Zanini, M.S, Moreira E.C, Lopes, M.T.P., Oliveira, R.S, Ledo, S.C., Fioravanti, R.L., Roxo, E
, Zumarraga, M , Romano, M.l , Cataldi, A & Salas, C.E. (2001). Mycobacterium
bovis: Polymerase Chain Reaction Identification in Bovine Lymphonode Biopsies

www.intechopen.com



432 Understanding Tuberculosis — Global Experiences and Innovative Approaches to the Diagnosis

and Genotyping in Isolates from Southeast Brazil by Spolygotyping and
Restriction Fragment Length Polymorphism. Mem Inst Oswaldo Cruz, Rio de
Janeiro, Vol. 96.

Zanini, M.S.; Moreira, E.C.; Lopes, M.T.P. & Salas, C.E. (1998). Detection of Mycobacterium
bovis in milk by polymerase chain reaction. |. Vet Med 45, 1129-1132, 1998.

Zumarraga, M.].; Meickle, V.; Bernardelli, A.; Abdala, A.; Tarabla, H.; Romano, M. I. &
Cataldi, A. (2005). Use of touch-down polymerase chain reaction to enhance the
sensitivity of Mycobacterium bovis detection. J. Vet. Diagn. Invest. 17, 232-238.

www.intechopen.com



Understanding Tuberculosis - Global Experiences and Innovative

UNDERSTANDING
TUBERCULOSIS

Approaches to the Diagnosis

INNOWATIVE

SIS Edited by Dr. Pere-Joan Cardona

ISBN 978-953-307-938-7

Hard cover, 552 pages

Publisher InTech

Published online 15, February, 2012
Published in print edition February, 2012

Mycobacterium tuberculosis is a disease that is transmitted through aerosol. This is the reason why it is
estimated that a third of humankind is already infected by Mycobacterium tuberculosis. The vast majority of the
infected do not know about their status. Mycobacterium tuberculosis is a silent pathogen, causing no
symptomatology at all during the infection. In addition, infected people cannot cause further infections.
Unfortunately, an estimated 10 per cent of the infected population has the probability to develop the disease,
making it very difficult to eradicate. Once in this stage, the bacilli can be transmitted to other persons and the
development of clinical symptoms is very progressive. Therefore the diagnosis, especially the discrimination
between infection and disease, is a real challenge. In this book, we present the experience of worldwide
specialists on the diagnosis, along with its lights and shadows.

How to reference
In order to correctly reference this scholarly work, feel free to copy and paste the following:

Eduardo Eustaquio de Souza Figueiredo, Carlos Adam Conte Junior, Leone Vinicius Furlanetto, Flavia
Galindo Silvestre Silva, Rafael Silva Duarte, Joab Trajano Silva, Walter Lilenbaum and Vania Margaret Flosi
Paschoalin (2012). Molecular Techniques for Identification of Species of the Mycobacterium tuberculosis
Complex: The use of Multiplex PCR and an Adapted HPLC Method for Identification of Mycobacterium bovis
and Diagnosis of Bovine Tuberculosis, Understanding Tuberculosis - Global Experiences and Innovative
Approaches to the Diagnosis, Dr. Pere-Joan Cardona (Ed.), ISBN: 978-953-307-938-7, InTech, Available from:
http://www.intechopen.com/books/understanding-tuberculosis-global-experiences-and-innovative-approaches-
to-the-diagnosis/molecular-techniques-for-identification-of-species-of-the-mycobacterium-tuberculosis-
complex-the-use

INTECH

open science | open minds

InTech Europe InTech China

University Campus STeP Ri Unit 405, Office Block, Hotel Equatorial Shanghai

Slavka Krautzeka 83/A No.65, Yan An Road (West), Shanghai, 200040, China

51000 Rijeka, Croatia FE EBHIERFEK6SS EEPrRE ARG DA 4058 7T
Phone: +385 (51) 770 447 Phone: +86-21-62489820

Fax: +385 (51) 686 166 Fax: +86-21-62489821

www.intechopen.com



© 2012 The Author(s). Licensee IntechOpen. This is an open access article
distributed under the terms of the Creative Commons Atiribution 3.0
License, which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited.




