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Amplification of a specific, 500-bp fragment from Mycobacterium bovis isolates and use of the fragment to
differentiate between Mycobacterium tuberculosis and M. bovis was previously reported (J. G. Rodriguez, G. A.
Meja, P. Del Portillo, M. E. Patarroyo, and L. A. Murillo, Microbiology 141:2131–2138, 1995). In the present
study, 30 M. bovis isolates from Sardinian cattle were examined for the presence of this 500-bp fragment; 4 of
the 30 isolates lacked the fragment. This result indicates that identification of M. bovis strains by amplification
of the 500-bp sequence may lead to false-negative results.

Mycobacterium tuberculosis is the most common cause of
tuberculosis in humans, but an unknown proportion of human
tuberculosis is caused by Mycobacterium bovis (2, 6, 9, 14, 17).
Human M. bovis infections are more common in areas of the
world where bovine tuberculosis is uncontrolled and pasteur-
ization of milk is not universal (2, 9). It is difficult to discrim-
inate between M. tuberculosis and M. bovis with conventional
methods (3, 11, 16). Recently, different molecular techniques
have been proposed to rapidly identify and differentiate M.
bovis, even directly in biological samples (6, 8, 12, 19, 20). The
PCR assay reported by Rodrı́guez et al. (10, 11) is a simple and
accurate method to identify and differentiate M. bovis.

In a surveillance study in Sardinia, Italy, we isolated 30 M.
bovis strains from cattle. All isolates were confirmed to belong
to the M. tuberculosis complex by PCR-restriction fragment
polymorphism analysis (PRA) of the gene for the 65-kDa heat
shock protein (hsp65) as previously described by Telenti et al.
(18). The isolates were further identified as M. bovis by bio-
chemical methods. PCR ribotyping and DNA fingerprinting
with IS6110, enterobacterial repetitive intergenic consensus
(ERIC)-PCR, and GTG5-PCR have already been reported for
22 of these isolates (14). In this study, the isolates were eval-
uated by the PCR assay described by Rodrı́guez et al. (10).

Thirty strains of M. bovis were isolated from cattle in various
regions of Sardinia from 1996 to 1999. M. bovis ATCC 27290
was used as the positive control; M. tuberculosis strain H37Rv
(American Type Culture Collection) and 20 M. tuberculosis
clinical isolates were used as negative controls. All strains used
in this study were identified as M. bovis by the following bio-
chemical properties: scarce growth in glycerol, lack of detect-
able niacin production (kit from Difco Laboratories, Detroit,
Mich.), negative results in tests for catalase and pyrazinami-
dase, and susceptibility to thiophene carboxylic hydrazide (8)
(Sigma Chemical Co.). Isolates were maintained on Lowen-
stein-Jensen slants until subjected to further analysis.

Mycobacterial strains were grown in 10 ml of 7H9 medium
with albumin dextrose catalase, and genomic DNA was ex-
tracted and analyzed as described previously (15).

All DNA amplifications were performed in a DNA thermal
cycler (Hybaid, model TR3CM220; Omnigene, Teddington,
United Kingdom). Strains were identified as belonging to the
M. tuberculosis complex by PRA of the hsp65 gene (22). PRA
was performed with primers tb11 (59-ACCAACGATGGTGT
GTCCAT) and tb12 (59-CTTGTCGAACCGCATACCCT).
Twenty microliters of the PCR product was digested by BstEII
(Promega, Madison, Wis.) and HaeIII (New England Biolabs,
Inc., Beverly, Mass.), and 15 ml of the restriction digest was
loaded on a 2% (wt/vol) Metaphor agarose gel (FMC Bio-
products, Rockland, Maine) and visualized by staining with
ethidium bromide.

The species-specific PCR proposed by Rodrı́guez et al. (10)
was used to identify M. bovis strains. Primers JB21 (59-TCGT
CCGCTGATGCAAGTGC) and JB22 (59-CGTCCGCTGAC
CTCAAGAAG) were used at a concentration of 20 pmol each,
and the reaction was performed in a total volume of 50 ml
containing 2.5 U of Taq polymerase, 20 mM Tris (pH 8.3), 50
mM KCl, 1.5 mM MgCl, and 200 mM deoxynucleoside triphos-
phate (Gibco BRL Life Technology, Paisley, United King-
dom). Reaction mixtures were overlaid with 1 drop of paraffin
oil and then incubated for 2 min at 94°C, followed by 35 cycles
of 94°C for 1 min, 68°C for 1 min, and 72°C for 10 min and a
final extension at 70°C for 20 min. The amplification products
were visualized after electrophoresis at 90 V for 90 min in a
1.8% Metaphor agarose gel and staining with ethidium bro-
mide.

Sequencing of the 500-bp fragment was performed using the
dideoxy chain termination method of Sanger et al. (13) with
Sequenase (United States Biochemical Corporation, Cleve-
land, Ohio). A GenBank search (1) of the 500-bp sequence of
strain 621-11 revealed identity with the M. bovis BCG 500-bp
region sequenced by Gordon et al. (5). The 500-bp fragment is
part of a 4,999-bp fragment that is not present in the M.
tuberculosis H37Rv chromosome (1, 5). It is located at the 39
end of a putative gene called RvD1-Rv2031c.

Each of the isolates from Sardinian cattle was identified as
M. bovis by biochemical methods. However, 4 of the 30 strains
did not generate the 500-bp fragment (strains 868-30, 621-1,
621-2, and 621-10) (Fig. 1, lanes 4, 5, 6, and 7, respectively)
when evaluated in the M. bovis PCR assay described by Rod-
rı́guez et al. (10) and assessed by ethidium bromide staining.
The 500-bp sequence also was not detected in chromosomal

* Corresponding author. Mailing address: Dipartimento di Scienze
Biomediche, Sezione di Microbiologia Sperimentale e Clinica, Univer-
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DNA from these four strains as determined by hybridization
(Fig. 2, lanes 1, 2, 3, and 4). These strains were confirmed as
belonging to the M. tuberculosis complex by PRA of hsp65 (Fig.
3, lanes 1, 2, 3, and 4).

The results of other molecular characterizations of these
four strains (14) were reviewed to determine if there were
genetic differences between isolates lacking the 500-bp frag-
ment. The four strains produced two different IS6110 finger-
printing patterns: strains 621-10 and 868-30 did not hybridize
with the probe, whereas strains 621-1 and 621-2 produced a
band of hybridization at 5.5 kb (14). The strains were also
differentiated with two other previously published PCR-based
fingerprinting methods, GTG5-PCR and PCR ribotyping (14).
Strain 621-1 (which generated a 5.5-kb band of hybridization
with IS6110 probe) and strain 621-10 (generating no bands
with IS6110 fingerprinting) could not be differentiated by PCR
ribotyping, whereas strains 868-30 and 621-2 produced differ-
ent patterns after endonuclease digestion. GTG5-PCR discrim-
inated strains 621-1 and 621-10 from strains 621-2 and 868-30

(14). Strains 621-1, 621-2, and 621-10 were isolated from dif-
ferent cattle of the same herd.

Our results have implications for the application of PCR in
laboratory diagnosis of M. bovis infections. PCR has the po-
tential to provide a more rapid, sensitive, and specific diagnos-
tic assay than conventional methods for M. bovis identification
in clinical specimens. Rodrı́guez et al. showed with PCR the
presence of the 500-bp fragment in the chromosomes of 121 M.
bovis isolates and 4 M. tuberculosis strains isolated from sea
lions (10). The present study demonstrates that not all M. bovis
strains can be detected with primers directed toward the
500-bp fragment. Use of such primers can lead to false-nega-
tive results. Other PCR techniques, such as PCRs based on
amplification of IS6110 (7), also can lead to false-negative
results if used alone; we have found five M. bovis strains with
no IS6110 insertions in their genomes (14). Strains 868-30 and
621-10 were negative in both the 500-bp fragment PCR and the
IS6110 hybridization. Only the PRA of the hsp65 gene identi-
fied these strains as belonging to the M. tuberculosis complex.
Thus, even the combined molecular tests (in this case, assays
for IS6110 and the 500-bp fragment) can give false-negative
results, and only the use of multiple molecular techniques and
biochemical methods will ensure the proper identification of
isolates.

Previous molecular data on the four isolates lacking the
500-bp fragment were reviewed (14). Two of the strains neg-
ative for the 500-bp fragment (868-30 and 621-10) generated
the same pattern with GTG5-PCR and also with PCR ribotyp-
ing after HaeIII digestion (14), but they showed slightly differ-
ent patterns with ERIC-PCR and PCR ribotyping after PvuII
digestion (14). The GTG5-PCR pattern of these isolates was
not found elsewhere among the Sardinian isolates examined
(14). This indicates that the isolates were very similar; the
herds from which these isolates originated are very close geo-
graphically and a common progenitor may have infected both
herds.
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FIG. 1. Agarose gel electrophoresis (Metaphor 1.8%) of DNA amplifications
of the 500-bp fragment of different M. bovis clinical isolates. Lane M, molecular
marker consisting of a 100-bp ladder (Gibco Life Science); lane 1, strain 621-11;
lane 2, strain 621-13; lane 3, strain 621-15; lane 4, strain 868-30; lane 5, strain
621-1; lane 6, strain 621-2; lane 7, strain 621-10; lane 8, M. bovis ATCC 27290;
lane 9, negative control.

FIG. 2. Southern blot of chromosomal DNA of different M. bovis isolates
showing hybridization with the labeled 500-bp fragment. Lane 1, strain 868-30;
lane 2, strain 621-1; lane 3, strain 621-2; lane 4, strain 621-10; lane 5, strain
621-11; lane 6, strain 621-13; lane 7, strain 621-15; lane 8, strain 621-16; lane 9,
M. bovis ATCC 27290; lane M, molecular marker consisting of a 100-bp ladder;
l, molecular marker consisting of HindIII-digested DNA.

FIG. 3. Agarose gel electrophoresis (Metaphor, 1.8%) of amplified DNA of
the hsp65 gene digested with HaeIII and BstEII. Lane M, molecular marker V
(Boehringer Mannheim, Monza, Italy); lane 1, strain 868-30; lane 2, strain 621-1;
lane 3, strain 621-2; lane 4, strain 621-10; lane 5, strain 621-11; lane 6, M. bovis
ATCC 27290; lane 7, M. avium as a negative control.
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