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SUMMARY

Bovine tuberculosis is a zoonotic disease that not only causes huge economic losses but also

poses an important risk for human infection. The definitive identification of a clinical isolate relies
on time-consuming, highly specialized and laborious biochemical tests. We have developed a
method for the rapid and reliable identification of Mycobacterium bovis and for its simultaneous
differentiation from other members of the M. tuberculosis complex. Furthermore, the technique
also allowed us to distinguish M. tuberculosis complex members from other Mycobacterial
species. The method comprises both a single PCR and a multiplex-PCR and can be confidently

applied to samples of both veterinary and human origin.

INTRODUCTION

Bovine tuberculosis is an infectious, chronic and
progressive disease with a worldwide distribution,
caused primarily by M. bovis. The presence of the
disease in a herd is of the outmost relevance to public
health since it could be a great risk of infection for
human beings [1].

Even though the worldwide incidence of bov-
ine tuberculosis has noticeably diminished in recent
years, it remains a risk factor in many Latin American
countries like Mexico and Argentina, where its preva-
lence has been calculated to be 2% and 4 % respect-
ively [2]. Even in developed countries such as Eng-
land, the veterinary disease is prevalent. Indeed, there
were 1031 infected herds and 9000 cases estimated
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during 2000, compared with 89 herds and 600 cases
in 1979 [3].

Human tuberculosis caused by M. bovis is clini-
cally indistinguishable from the disease caused by
M. tuberculosis. Many cases occur in young people
as a consequence of drinking contaminated milk. The
incidence of tuberculosis in slaughterhouse and rural
workers suggests that contact with cattle can lead
to this disease [1, 4]. In Latin America it is estimated
that 2% of human pulmonary tuberculosis and 8 %
of human non-pulmonary tuberculosis is caused by
M. bovis [4]. However, in some areas of Mexico, this
percentage has been calculated to be as high as 14%
for human pulmonary tuberculosis [5].

Furthermore, some HIV patients have developed
tuberculosis caused by either reactivation of a pre-
vious BCG vaccination [6], or non-tuberculous my-
cobacteria [7]. Accurate identification of the pathogen


https://doi.org/10.1017/S095026880300829X

486 L. Cobos-Marin and others

has not only epidemiologic implications but is also
relevant for the management of patients, given that
bovine strains can be resistant to some antibiotics like
pyrazinamide [1].

M. bovis is a member of the M. tuberculosis complex
(MTC), which also includes M. canetii, M. tubercu-
losis, M. africanum and M. microti [8]. The routine
identification of M. bovis after the bacteriological iso-
lation is based on colony morphology and biochemical
tests; however these tests are both time-consuming,
and highly sophisticated [9].

Several molecular biology techniques have been
explored in order to identify the pathogen rapidly
with a high degree of sensitivity. Some of the tests that
have been used to confirm the presence of M. bovis
in clinical samples include RFLP analysis [10-13] or
spoligotyping [14]. Most of these techniques, how-
ever, are not suitable for routine analysis in clinical
laboratories.

In this work, a PCR technique was designed using
primers of proven reliability [15-17]. The procedure
allows the user to determine simultaneously whether
a clinical isolate belongs to the Mycobacterium genus,
to the M. tuberculosis complex and to the M. bovis
species. A set of primers was used to amplify region of
difference 4 (RD4), which is present in the genome of
all members of the MTC except M. bovis [8, 15, 18];
these primers were combined with another set that
amplified a region located within the 3’ end of the
murA gene and a sequence within the 16 S rRNA
gene; this fragment has been shown to be present in
all mycobacteria [16, 19]. In parallel, another sample
was analysed by PCR with a set of primers that
specifically amplify a fragment containing the pro-
moter region of the rRNA operon (rrnA4) and the 5’
end of the 16 S rRNA gene; this fragment has been
shown to be present only in members of the MTC
[16, 20]. The products obtained by the use of the three
sets of primers rapidly revealed both the presence of
M. bovis in clinical isolates and its differentiation from
the other MTC.

MATERIALS AND METHODS
Bacterial strains and media

M. bovis BCG Danish strain (provided by the
Instituto Nacional de Higiene, Mexico) was used
in this study because it is the main strain used for
vaccination locally; other strains investigated were
M. bovis ANS, M. tuberculosis H37Rv TMC102,
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M. microti NCTC OV254, M. africanum ATCC
25420, M. canetii 17727, M. avium TMC 716, M. phlei
TMC 1516, M. smegmatis NCTC 8159 and M. fortui-
tum ATCC 6841. Strains were grown on Lowenstein—
Jensen slopes. Bacillus megaterium ATCC 14581 and
B. subtilis ATCC 6051 were grown on BHI medium
(Difco Lab., Detroit, MI, USA). Fifty-eight clinical
isolates identified as M. bovis by biochemical tests
(niacin and nitrate negative) were included; these
were obtained from the liver, lung and lymph nodes of
cows with a tuberculous lesion and were grown on
Stonebrink medium [21]. Sputum was collected from
120 patients suffering from tuberculosis. Each sample
was cultured on Lowenstein—Jensen slopes and 97
samples developed growth. All strains were analysed
by standard biochemical tests (niacin and nitrate).
M. bovis was identified in three samples and confirmed
by the gyrB PCR-RFLP testing [12]. M. tuberculosis
was identified in the remaining samples and confirmed
by the gyrB PCR-RFLP testing [12]. The 3 M. bovis
isolates and 20 representative isolates from M. tuber-
culosis were selected for further study.

DNA isolation

A loopful of bacterial mass from solid cultures
was resuspended in 0-5 ml of 10 mm Tris—HCI/1 mm
EDTA/1% Triton X-100, and submitted to three
cyclesof freeze-boiling (5 min, — 70 °C; 10 min, 100 °C)
as described by Da Silva et al. [11]. M. lepraec DNA
isolated from armadillos (batch CD213) was pro-
vided by Dr M.J. Colston (NIMR, London, UK)
and Streptomyces coelicolor DNA, ETHZ1174 (Insti-
tute des Eidgenossische Technischen Halschule,
Switzerland) was provided by Dr C. Hernandez
(Departamento de Microbiologia, Escuela Nacional
de Ciencias Biologicas, IPN, Mexico).

DNA polymerase chain reaction (PCR)

Bacterial DNA (50-100 ng) was subjected to PCR
using a standard Taq polymerase (Life Technologies,
Rockville, MD, USA) in a total volume of 50 ul.
One gene fragment was amplified using the primer
combination of RACI1 (5-TCGATGATCACCG-
AGAACGTGTTC-3") and RACS8 (5-CACTGGTG-
CCTCCCGTAGG-3’) coding for the last 99 codons
of the murA gene, the promoter region of the rrnA
operon and the 5 end of the 16 S TRNA gene (Fig. 1a).
The target for primer RACI1 is the sequence
complementary to positions 46—69 of the 3’ end of
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Fig. 1. Amplification by a PCR of genomic regions of different mycobacterial species. (¢) Genomic DNA regions of the
M. tuberculosis complex, amplified with the MTB-F/MTB-R and RAC1/RACS primers. = , primer binding sites; V2, variable
region 2; HMPR, hypervariable multiple promoter region. (b) Products obtained by amplifying a fragments corresponding to
the last 99 codons of the murA gene to position 357 of the 16 S rRNA gene (primers RAC1/RACS). Lane 1, molecular-size
markers; lane 2, no DNA ; lane 3, M. africanum;lane 4, M. bovis; lane 5, M. bovis BCG; lane 6, M. canetti;lane 7, M. microti;
lane 8, M. tuberculosis H37Rv; lane 9, molecular-size markers; lane 10, M. avium; lane 11, M. leprae; lane 12, M. fortuitum,
lane 13, M. phlei; lane 14, M. smegmatis. (c) Products obtained by amplifying the region from the last five codons of murA4
gene, to the V2 region of the 16 S TRNA gene (primers MTB-F/MTB-R). Lane 1, molecular-size markers; lane 2, no DNA;
lane 3, M. africanum; lane 4, M. bovis; lane 5, M. bovis BCG; lane 6, M. canetti; lane 7, M. microti; lane 8, M. tuberculosis
H37Rv; lane 9, molecular-size markers; lane 10, M. avium; lane 11, M. leprae; lane 12, M. fortuitum;lane 13, M. phlei; lane

14, M. smegmatis.

murA gene of M. tuberculosis (EMBL Data Bank,
accession number X87944; see also [19]). The target
for RACS is positions 339-357 of the 16 S rRNA
coding region [19]. Amplification was achieved using
I-:5mm MgCl,, 200 um dNTPs, 10% DMSO and
0-4 um of primers RACI/RACS8. The amplification
procedure consisted of 36 cycles at 95 °C/30's, 55 °C/
I min and 72 °C/2 min followed by a final extension
step at 72 °C/5 min.

Another gene fragment coding for the last five
codons of murA gene, the promoter region of the rrnA
operon and the 5" end of the 16 S rRNA gene was syn-
thesized using the primer combination MTB-F (5
CGGGTATGCTGTTAGGCGACG-3') and MTB-R
(5'-CCACCACAAGACATGCATG-3') (see Fig. 1a).
The target for primer MTB-F is the sequence comp-
lementary to the last 15 nucleotides of the murA4 gene
and the first 6 nucleotides of the promoter region of
the rrnAd operon [16]. The target for primer MTB-R
is positions 192-210 of the V2 region located within
the 16 S rRNA gene [20]. Amplification was achieved
using 1'7mm MgCl,, 200 um dNTPs, and 0-4 um
of each primer in a total volume of 50 ul. The
amplification procedure consisted of 36 cycles at
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94 °C/1 min, 58 °C/1 min and 72 °C/2 min followed
by a final extension step at 72 °C/5 min.

Multiplex-PCR

Two gene fragments were amplified using a multi-
plex-PCR. One of these amplified with primer set
RACI1/RACS, the other coding for 1031 bp of the
RD4 M. tuberculosis; this region was synthesized using
the primer combination previously reported (Y277-
32F5-GACATGTACGAGAGACGGCATGAG-3'/
Y277-32R5-AATCCAACACGCAGCAACCAG-3)
[15]. Multiplex-PCR reactions were carried out using
1-5 mm MgCl,, 200 um dNTPs, 10% DMSO, 0-1 um
of primers RAC1/RACS and 0-4 um of primers Y277-
32F/Y277-32R. The amplification procedure consisted
of 36 cyclesat 95 °C/30 s, 55 °C/1 minand 72 °C/2 min
followed by a final extension step at 72 °C/5 min. All
PCR tests were repeated at least three times.
Amplification products were run in a 1% neutral
agarose gel and TBE (89 mm Tris, 89 mm borate,
2mmMm EDTA). In all cases, a 1 kb plus DNA ladder
(Life Technologies, Rockville, MD, USA) was used as
molecular-size marker. Attempts to find conditions
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Fig. 2. Amplification by PCR of genomic regions of M. tuberculosis complex members and some M. bovis and M. tuberculosis
clinical isolates. (@) Products obtained by amplifying two fragments (multiplex-PCR); one corresponding to 1031 bp of the
RD4 region (primers Y27732F/Y25532R) [15], and another from the last 99 codons of the murA gene to position 357 of the
16 S rRNA gene (primers RAC1/RACS. Lane 1, molecular-size markers; lane 2, no DNA; lane 3, M. africanum; lane 4,
M. canetti; lane 5, M. microti; lane 6, M. tuberculosis; lane 7, M. bovis; lane 8, M. bovis BCG. (b) Products obtained
by amplifying the region from the last five codons of murA gene, to the V2 region of the 16 S rRNA gene (primers MTB-F/
MTB-R). Lane 1, molecular-size markers; lane 2, no DNA ; lane 3, M. bovis ANS; lanes 4-6, M. tuberculosis clinical isolates ;
lane 7, molecular-size markers; lanes 8-10, M. bovis human clinical isolates; lanes 11-13, M. bovis bovine clinical isolates. (c)
Products obtained by amplifying two fragments (multiplex-PCR); one corresponding to 1031 bp of the RD4 region (primers
Y27732F/Y25532R) [15], and another from the last 99 codons of the murA gene to position 357 of the 16 S rRNA gene
(primers RAC1/RACS). Lane 1, molecular-size markers; lane 2, no DNA; lanes 3, M. bovis ANS; lane 4, M. tuberculosis
H37Rv; lanes 5-7, M. tuberculosis clinical isolates; lane 8, molecular-size markers; lanes 9—11, M. bovis human clinical

isolates; lanes 12—14, M. bovis bovine clinical isolates.

where all three set of primers (RAC1/RAC8, MTB-F/
MTB-R and Y277-32F/Y277-32R) could be used in a
single reaction were not successful.

RESULTS

One of the regions of the genome of interest (the
murA/16 S TRNA intergenic region) and the primers
used for amplification by PCR are illustrated in
Figure 1a.

Figure 15 shows the amplification products of all
bacterial strains using primers RAC1/RACS. Only
those bacteria belonging to the genus Mycobacterium
(M. africanum, M. bovis, M. bovis BCG, M. canetii, M.
microti, M. tuberculosis H3TRv, M. avium, M. leprae,
M. fortuitum, M. phlei and M. smegmatis) showed
an amplification product, the size depending on the
species under investigation [17] (Fig. 15, lanes 3-8
and 10-14). Members of the M. tuberculosis complex
yielded a product of the expected size (934 bp)
(Fig. 1b, lanes 3-8). No product was observed when
DNA from B. megaterium, B. subtilis and S. coelicolor
was amplified using RAC1/RACS (data not shown),
confirming the specificity of primers RAC1/RACS.

Figure 1c¢ shows that the MTB-F/MTB-R primers
amplified a region of 488 bp only in members of the
M. tuberculosis complex (lanes 3-8). No PCR product
was obtained when the substrate was genomic DNA
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from another mycobacteria: M. avium, M. leprae,
M. fortuitum, M. phlei or M. smegmatis (lanes 10—14).
It has been demonstrated by sequencing studies that
the region amplified by this set of primers is identical
in all members of MTC (unpublished observations).
Likewise, no PCR product was obtained when samples
from other genera were analysed, namely, B. mega-
terium, B. subtilis or S. coelicolor (data not shown).
These results strongly suggest that the MTB-F/
MTB-R set of primers is specific for the five members
of the MTC.

The results of multiplex-PCR (with primers RAC1/
RAC8 and Y277-32F/Y277-32R) are shown in Figure
2a. As expected two fragments were amplified when
genomic DNA from M. africanum, M. canetti, M.
microti and M. tuberculosis were used: one of 934 bp
(RACI1/RACR) and another of 1031 bp (RD4) (lanes
3-6), whereas from genomic DNA of M. bovis ANS
and M. bovis BCG only a single 934 bp fragment
was amplified (lanes 7 and 8). These results showed
that the multiplex-PCR (RACI1/RACS8 and Y277-
32F/Y277-32R) can be used to distinguish between
M. bovis and other members of the MTC, and when
combined with the single PCR using MTB-F/MTB-R
primers, the identification of M. bovis is indeed un-
ambiguous.

When primers MTB-F/MTB-R were used, all 58
bovine and 23 human clinical isolates amplified the
expected product (488 bp). Figure 2b shows three
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M. tuberculosis human isolates (lanes 4—6), three
M. bovis human isolates (lanes 8—10) and three M.
bovis bovine isolates (lanes 11-13).

When the multiplex PCR was applied to DNA
from isolates mentioned in Figure 2b, all M. bovis
isolates regardless of origin yielded a single product
of 934 bp, corresponding to the size expected using
primers RAC1/RACS; Figure 2¢ (lanes 9-14), shows
the results from some of these clinical isolates. Two
products were obtained: one of 934 bp and other
of 1031 bp (a product of RD4) when genomic DNA
from the 20 M. tuberculosis isolates was analysed.
Figure 2 ¢ (lanes 5-7) shows the results obtained with
three M. tuberculosis clinical isolates.

DISCUSSION

In this work we have developed a useful and practical
strategy for the identification of clinical isolates of
M. bovis and its differentiation from other members
of the MTC. The method is based on the amplifi-
cation of DNA sequences by PCR using primers of
proven reliability.

We propose that this technique could be used
both as an alternative tool for the identification of
M. bovis in veterinary and human clinical isolates
and as a feasible test for epidemiological studies in
Latin American countries such as Mexico, where a
lack of reliable data about the prevalence of M. bovis
in human tuberculosis is notorious.

Our procedure does not distinguish between
M. bovis and M. bovis BCG. In most cases M. bovis
BCG is not found in clinical specimens; however, in
immunosuppressed patients, M. bovis BCG can be
pathogenic. In these cases an additional amplification
exploring the presence or absence of the region RD1
[22] can be carried out to identify M. hovis BCG.

The clinical samples of M. bovis were not tested for
their resistance towards pyrazinamide because there
is no indication that any resistance or sensitivity af-
fects the nucleotide sequences of the regions of DNA
that were selected for amplification. However, the 58
bovine and 3 human M. bovis clinical isolates are now
being examined for their resistance to pyrazinamide.

Other procedures based on PCR amplification of
some genomic regions such as I1S1081 [23], MPB70
[24], MPT40 [25] or a 500 bp region [26-28], have been
proposed to identify M. bovis. However, all these
techniques are not entirely specific for M. bovis, since
the regions amplified are not present exclusively in
M. bovis. For instance, MPT40 is present in most, but
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not all, M. tuberculosis isolates [29, 30], and can be
present in some M. bovis isolates [30].

Recently, two new methods that can distinguish
between M. bovis and M. tuberculosis have been
developed: One is based on a multiplex-PCR that
amplifies a region of the pncA gene that is mutated in
M. bovis [31]; the other is based on a PCR amplifi-
cation of some regions of difference (RD) [32]. Our
test can give more information, since it can identify
whether or not a pathogen is a member of the M.
tuberculosis complex, and since it is also specific for
M. bovis.
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