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A PCR procedure based on the intergenic region (IR) separating two genes encoding a recently identified
mycobacterial two-component system, named SenX3-RegX3, was developed and was shown to be suitable for
identifying Mycobacterium bovis BCG. The senX3-regX3 IR contains a novel type of repetitive sequence, called
mycobacterial interspersed repetitive units (MIRUs). All tested BCG strains exclusively contained 77-bp MIRUs
within the senX3-regX3 IR, whereas all non-BCG M. tuberculosis complex strains contained a 53-bp MIRU, in
addition to the 77-bp MIRUs. All 148 strains analyzed so far could be divided into eight different groups ac-
cording to the copy numbers of the 77-bp MIRU and to the presence or absence of the 53-bp MIRU. BCG
strains contained either one, two, or three 77-bp MIRUs. The other strains contained one to five 77-bp MIRUs
invariably followed by a 53-bp MIRU. The consistent absence of the 53-bp MIRU in BCG strains and its pres-
ence in virulent strains allowed us to develop an enzyme-linked immunosorbent assay using specific capture
oligonucleotide probes to distinguish between BCG and other M. tuberculosis complex strains.

Mycobacterium tuberculosis is the most devastating human
pathogen, and yet, its virulence mechanisms are poorly under-
stood. It is estimated that one-third of the world’s population
is infected with M. tuberculosis and that 3 million people die of
tuberculosis each year (22). In addition to M. tuberculosis sensu
stricto, other members of what is generally referred to as the
M. tuberculosis complex can also cause this disease. The other
species of this complex are Mycobacterium africanum, Myco-
bacterium microti, and Mycobacterium bovis. The latter species
includes the Bacille de Calmette et Guérin (BCG) derived
from M. bovis. Its virulence has been attenuated through 230
successive passages on media impregnated with beef bile be-
tween 1908 and 1921 (3). BCG is today the only available
vaccine against tuberculosis.

Since its introduction for clinical use as a tuberculosis vac-
cine (18) and for immunotherapy against bladder cancer (2),
the original BCG vaccine strain has been subcultured many
times and has been distributed to a large number of production
centers throughout the world. As a consequence, several sub-
strains of the original vaccine strain are now in circulation, and
there is evidence that they vary in certain characteristics, such
as their antigenic structures (9), their mycolic acid patterns
(21), their secreted protein profiles (1), and their IS986 copy
numbers (6). The three most commonly used BCG vaccine
strains are the Pasteur strain, the Japanese strain, and the
Glaxo strain. Other daughter strains include the Moreau (Bra-
zilian), the Montreal, the Russian, the Prague, and the Danish
strains.

Although largely considered nonpathogenic, in certain cir-
cumstances BCG can nevertheless cause disease in humans
(16, 17). This risk may be substantial for immunocompromised
hosts (4). However, the prevalence of BCG infection is not
known, because most laboratories cannot quickly differentiate
between BCG and other members of the M. tuberculosis com-
plex. Several DNA fingerprinting methods which differentiate

M. tuberculosis strains are available, but none of them segre-
gate BCG from other M. tuberculosis strains.

We have recently identified an operon coding for new my-
cobacterial two-component system called SenX3-RegX3 (24).
The senX3-regX3 intergenic region (IR) was found to contain
mycobacterial interspersed repetitive units (MIRUs) of 77 bp
and, in certain strains, MIRUs of 53 bp (19, 24). This senX3-
regX3 IR can be used for the detection of M. tuberculosis
complex strains by PCR since it was found in all members of
the M. tuberculosis complex but in none of the other mycobac-
terial species tested (19). In the study described in this report,
we showed that the senX3-regX3 IR can also be used to differ-
entiate between BCG and virulent strains of the M. tuberculosis
complex, because all the virulent strains contained the 53-bp
MIRU, whereas none of the BCG strains did.

MATERIALS AND METHODS

Bacterial strains. Eight M. bovis strains were used. Four M. bovis strains
(strains 60 and 63 isolated from goats and strains 76 and 78 isolated from cows)
were kindly provided by C. Martin (University of Zaragoza, Zaragoza, Spain).
M. bovis AN5 was obtained from G. Marshall (Institut Pasteur, Paris, France).
Two M. bovis mtp40-containing strains (strains 89936 and 88367) were provided
by B. B. Plikaitis from the Centers for Disease Control and Prevention (Atlanta,
Ga.). One M. bovis strain (strain 1) was obtained from the Centre Hospitalier
Régional de Lille (Lille, France).

The M. bovis BCG strains included eight vaccine strains and 10 clinical isolates
from BCG-osis patients. The Glaxo, Russian, Moreau (Brazilian), Danish, Mon-
treal, and Prague M. bovis BCG vaccine strains were provided by M. Lagranderie
(Institut Pasteur, Paris, France), and the 1173P2 (Pasteur) and Japanese strains
were obtained from the World Health Organization collection in Stockholm,
Sweden. The 10 clinical isolates from BCG-osis patients were from the Institut
Pasteur de Lille (strains 1 to 5) and the Centre Hospitalier Régional (Lille,
France) (strains 6 to 10). The M. tuberculosis strains included the following: three
M. tuberculosis strains isolated in Vietnam and lacking IS6110 (strains V.729,
V.761, and V.808) were kindly provided by G. Marshall (Institut Pasteur, Paris,
France), M. tuberculosis 2296207 was described previously (19, 24), and six
clinical isolates (strains 1033, 1035, 1036, 1037, 1038, and 1039) came from the
Centre Hospitalier Régional (Lille, France).

Isolation of chromosomal DNA. The mycobacterial genomic DNA was iso-
lated as described previously (19). Briefly, the mycobacteria were grown in the
medium described by Sauton (23), and protoplasts were obtained by incubating
the mycobacteria in a lysozyme-containing solution. The protoplasts were then
lysed with proteinase K, and the DNA was extracted with phenol-chloroform,
precipitated with isopropanol, resuspended, and treated with RNase. The DNA
was extracted again with phenol-chloroform and chloroform, precipitated with
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ethanol, and resuspended in double-distilled water. The final DNA concentra-
tion was approximately 0.33 mg/ml.

PCR amplification of the senX3-regX3 IR and analysis of the PCR products.
The senX3-regX3 IRs of the various mycobacterial strains were amplified by PCR
as described previously (19), with oligonucleotides C5 (59-GCGCGAGAGCCC
GAACTGC-39) and C3 (59-GCGCAGCAGAAACGTCAGC-39) used as prim-
ers. The negative controls contained the PCR mixture without template DNA.
The positive controls contained pRegX3Mt1 or pRegX3Bc1 (24) as template
DNA. The PCR products were analyzed by electrophoresis on a 2.5% agarose gel
and were visualized with ethidium bromide. The PCR products were then cloned
and sequenced with the Zero background/kan cloning kit (Invitrogen Corpora-
tion, San Diego, Calif.) as described previously (19).

Hybridization analysis of the senX3-regX3 IR PCR products. The senX3-regX3
IR PCR products were also analyzed by hybridization with the digoxigenin (DIG)-

labeled senX3-regX3 IR of M. tuberculosis 2296207 isolated from pRegX3Mt2 as
described previously (19). Alternatively, specific DIG-labeled oligonucleotides
were used for hybridization. These oligonucleotides were 39 end labeled by using
the Boehringer Mannheim 39 end labeling kit (catalog no. 1362372) as specified
by the supplier (Boehringer Mannheim, Mannheim, Germany) and had the fol-
lowing sequences: 59-CCACTCCTCCTCATC-39 for oligonucleotide O53, which
is specific for the 53-bp MIRU present in the senX3-regX3 IR, and 59-GGGTG
GTGCCCCCAC-39 for oligonucleotide O77, which is specific for the 77-bp
MIRU present in the senX3-regX3 IR.

ELISA. For the detection of the 77-bp or the 53-bp MIRU by enzyme-linked
immunosorbent assays (ELISAs), two kits provided by Boehringer Mannheim
were used: the PCR ELISA DIG labeling kit (catalog no. 1636120) and the PCR
ELISA DIG detection kit (catalog no. 1636111). First, the senX3-regX3 IR was
amplified by using the PCR ELISA DIG labeling kit to obtain DIG-labeled PCR
products. The second kit was used to immobilize biotinylated oligonucleotides
(O53, O53R, or O77) onto streptavidin-coated microtiter plates. The sequence
of the O53R oligonucleotide, specific for the 53-bp MIRU, was 59-GCGCCAC
TCCTCCTCATC-39 and was thus three bases longer than that of O53. The
DIG-labeled senX3-regX3 IR PCR products were added to the captured oligo-
nucleotide probes in the microtiter plates, and the plates were incubated at room
temperature or at 40°C. The bound hybrids were detected by incubation with an
anti-DIG-peroxidase conjugate and the colorimetric substrate 2,29-azino-di(3-
ethylbenzthiazoline sulfonate) (ABTS) (Boehringer Mannheim) at 37°C for 1 to
4 h. The absorbence at 405 nm was then measured with an automated microplate
reader (model EL340; Bio-Tek Instrument, Inc., Winooski, Vt.).

RESULTS

Amplification of the senX3-regX3 IR. We have previously
shown that MIRUs are present in the senX3-regX3 IR of all 122
strains of the M. tuberculosis complex tested so far but that
their copy numbers vary between different strains (19). The
previous study principally focused on clinical M. tuberculosis
isolates, and only two BCG strains were analyzed in that study.
Interestingly, the senX3-regX3 IRs of these two BCG strains
were composed of only 77-bp MIRUs, whereas those of the
other strains of the M. tuberculosis complex contained an ad-
ditional 53-bp MIRU (19, 24). To assess whether this differ-
ence could generally distinguish BCG strains from other M. tu-
berculosis complex strains, the senX3-regX3 IRs of a total of 26
M. bovis strains including 18 BCG strains were analyzed by
PCR. In all cases the senX3-regX3 IR PCR gave rise to a DNA
fragment, as detected by electrophoresis on a 2.5% agarose
gel, which hybridized with the senX3-regX3 IR of M. tubercu-
losis 2296207, confirming the specificity of the PCR products
that were obtained. Results of electrophoresis and hybridiza-
tion analyses of representative samples are shown in Fig. 1.
Although a PCR fragment was amplified for each strain, their
sizes varied somewhat. On the basis of this size variation, as
well as on the basis of this size variation, as well as on the basis
of that observed previously (19), all the strains of the M. tu-
berculosis complex could be subdivided into eight different
groups (groups I to VIII, from the longest to the shortest DNA
fragment) (Table 1). In addition to the strains tested in this
study, Table 1 presents data for several M. tuberculosis strains

FIG. 1. Agarose gel electrophoresis and Southern blot analysis of senX3-
regX3 IR PCR products. The PCR products were analyzed by electrophoresis
and ethidium bromide staining with a 2.5% agarose gel (A) and by Southern blot
hybridization with a DIG-labeled 221-bp DNA fragment of M. tuberculosis
2296207 containing the senX3-regX3 IR as a probe (B). The senX3-regX3 IR PCR
products were obtained from the Japanese (lanes 1), Russian (lanes 2), Glaxo
(lanes 3), Montreal (lanes 4), and Prague (lanes 5) M. bovis BCG strains and
from non-BCG M. bovis strains 60 (lanes 6), 63 (lanes 7), 78 (lanes 8), AN5
(lanes 9), 76 (lanes 10), and 1 (lanes 11). Positive (pRegX3Mt1 [lanes 12] and
pRegX3Bc1 [lanes 13]) and negative (lanes 14) controls are also shown, as are
molecular size markers (1-kb ladder; left and right lanes). The sizes of the PCR
products that were obtained are indicated in the left and right margins.

TABLE 1. Distribution of mycobacterial strains within eight groups by numbers of MIRUs

Group Strain(s) senX3-regX3 IR PCR
product length (bp)

No. of 77-bp
MIRUs

No. of 53-bp
MIRUs

I M. tuberculosis V.808 and V.761 560 5 1
II M. tuberculosis V.729 and M. bovis 60 483 4 1
III M. bovis 63, 78, AN5, and 89936 406 3 1
IV BCG Japanese vaccine strain and BCG 1, 2, 3, 6, 7, and 8 (from pa-

tients with BCG-osis)
353 3 0

V M. bovis 76 and 88367 and M. tuberculosis 2296207 329 2 1
VI BCG 1173P2, Glaxo, Russian, Moreau, and Danish (vaccine strains)

and BCG 4, 5, 9, and 10 (from patients with BCG-osis)
276 2 0

VII M. bovis 1 252 1 1
VIII BCG Prague and Montreal (vaccine strains) 199 1 0
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that have been studied previously. The majority of the M. tu-
berculosis strains are included in group V, and strain 2296207
is shown as a representative. Three M. tuberculosis strains lack-
ing IS6110 correspond to groups I and II.

The 26 M. bovis strains tested in this study were distributed
throughout seven of the eight groups (groups II to VIII; Table
1). The 18 BCG strains analyzed were restricted to three dif-
ferent groups (groups IV, VI, and VIII) (Fig. 1; Table 1). The
Japanese BCG vaccine strain and six BCG strains isolated
from patients with BCG-osis (strains 1, 2, 3, 6, 7, and 8) yielded
a 353-bp PCR fragment (group IV). Another group of nine
BCG strains (the 1173P2, Glaxo, Russian, Moreau, and Danish
strains, as well as the remaining four BCG strains isolated from
patients with BCG-osis) yielded a 276-bp PCR fragment (group
VI). Finally, two BCG strains (strains Prague and Montreal)
yielded a PCR fragment of 199 bp (group VIII).

The other eight M. bovis strains which are not BCG fell into
four different classes (groups II, III, V, and VII) (Fig. 1; Table
1). Four of these eight strains (strains 63, 78, AN5, and 89936)
were found in group III on the basis of the presence of a 406-
bp PCR fragment. One M. bovis strain (strain 60) was in group
II and had a 483-bp fragment, two strains (strains 76 and 88367)
were in group V and each had a 329-bp fragment, and one
strain (strain 1) was in group VII and had a 252-bp fragment.

Sequence analysis of the senX3-regX3 IR. The senX3-regX3
IR PCR products obtained from all 26 M. bovis strains were
cloned and sequenced (Fig. 2; Table 1). The senX3-regX3 IR
was always found to contain one or several copies of the 77-bp
MIRU, whereas the 53-bp MIRU was present only in groups I,
II, III, V, and VII. In all cases, the nucleotide sequences of the
77-bp and the 53-bp MIRUs were identical to those reported
previously (19, 24). Interestingly, all the BCG strains invariably
fell within those groups (groups IV, VI and VIII) that did not
contain the 53-bp MIRU. They only contained either one (group
VIII), two (group VI), or three (group IV) 77-bp MIRUs. All
the other M. bovis strains, as well as the previously analyzed
M. tuberculosis, M. microti, and M. africanum strains, contained
a 53-bp MIRU.

Differentiation between BCG and other strains of the M. tu-
berculosis complex by hybridization. The invariable presence of
the 53-bp MIRU in all strains except BCG and its invariable
absence in BCG strains prompted us to use specific probes to
distinguish between the 53-bp and the 77-bp MIRUs in the
senX3-regX3 IR (Fig. 2). For this purpose oligonucleotides O53
and O77, specific for the 53-bp and the 77-bp MIRUs, respec-
tively, were designed for hybridization with the senX3-regX3 IR
PCR products used as a matrix (Fig. 2B). On dot blotted PCR
products, hybridization with O53 at 45 or 40°C, followed by
washing at room temperature or at 40°C, respectively, yielded
positive signals for PCR fragments obtained from non-BCG
strains only (data not shown). Hybridization and washing at
45°C were too stringent, and the signal was lost. The strongest
signal was observed after hybridization at 45°C and washing at
room temperature. When the same conditions were used after
Southern blotting of the senX3-regX3 IR PCR products, O53
was also found to give a positive signal only for PCR fragments
obtained from non-BCG strains (Fig. 3A).

In contrast to O53, oligonucleotide O77 yielded strong sig-
nals for the senX3-regX3 IR PCR products obtained from all
strains of the M. tuberculosis complex tested (Fig. 3B) after
hybridization at 55°C and washing at room temperature. The
combination of O53 and O77 therefore allowed us to develop
a test which includes a positive control in itself, since hybrid-
ization with O77 yielded a positive signal for each amplified
senX3-regX3 IR, whereas hybridization with O53 yielded a pos-
itive signal only for the senX3-regX3 IR PCR products of the

non-BCG strains. This allowed us to easily distinguish between
BCG and non-BCG strains of the M. tuberculosis complex.

ELISA-based distinction between BCG and non-BCG strains.
Since the combined use of O77 and O53 allowed us to distin-
guish between BCG and non-BCG strains, we developed an
ELISA using specific oligonucleotides as immobilized capture
probes. When biotinylated O77 was immobilized on strepta-
vidin-coated microtiter plates, DIG-labeled senX3-regX3 IR
PCR fragments of all tested strains hybridized to the probe at
room temperature or at 40°C, yielding optical density at 450
nm (OD450) values of 1.5 or more for 10 ml of the PCR mixture
(Fig. 4). In contrast, when the biotinylated oligonucleotide O53
was immobilized, only the DIG-labeled senX3-regX3 IR PCR
fragments of non-BCG strains hybridized to the probe (data
not shown). However, this DNA hybridized only weakly at
room temperature or at 40°C, which was not sufficient for a
clear distinction between BCG DNA and non-BCG DNA.

To increase the sensitivity of the assay, oligonucleotide
O53R, which had a higher melting temperature, was thus de-
signed. When this oligonucleotide was used, hybridization with
the PCR fragments from 10 ml of the reaction mixture of the
non-BCG strains gave OD450 values of more than 1.5 at 40°C,
whereas the values for BCG strains were less than 0.2 (Fig. 4).
However, at room temperature, this assay could not sufficiently
discriminate BCG strains (OD450, 0.8) from non-BCG strains
(OD450, 1.5). Thus, by using O77 and O53R in parallel at a

FIG. 2. Schematic representation of the mycobacterial senX3-regX3 IR. (A)
The 3.2-kb EcoRI-BamHI fragment containing the senX3-regX3 operon is shown
by the thin line. The senX3 and regX3 genes are indicated by the thicker arrows.
The IRs of the different strains can be divided into eight groups. Five groups
(groups I, II, III, V, and VII) correspond to virulent, non-BCG strains and
contain variable copies of the 77-bp MIRU (thick arrows) and one copy of the
53-bp MIRU (thin arrow). Three groups (groups IV, VI, and VIII) correspond
to avirulent, BCG strains and contain exclusively one to three 77-bp MIRUs. (B)
The nucleotide and amino acid sequences of the 77- and 53-bp MIRUs are in-
dicated by the single-letter code. The sequence differences between the 77- and
53-bp MIRUs are circled. The O77 oligonucleotide specific for the 77-bp MIRU
and O53 specific for the 53-bp MIRU are boxed.
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hybridization temperature of 40°C with as little as 10 ml of the
PCR mixture, the ELISA includes a positive control to permit
the discrimination between BCG and non-BCG strains.

The OD450 values were routinely measured 1 to 4 h after
the addition of the ABTS substrate. Overnight incubation with
the substrate did not change the sensitivity or the specificity of
the test.

DISCUSSION

BCG is one of the world’s most widely used vaccines. It is
also used as one of the most effective medications in the im-
munotherapeutic treatment of human bladder carcinoma. Al-
though considered relatively safe, BCG can occasionally cause
disease such as sepsis, osteitis, and meningitis (15–17). There-
fore, timely and unequivocal diagnosis of BCG infection is of
importance in order to provide appropriate therapy for BCG-
mediated illness. However, it has been notoriously difficult to
distinguish BCG from the other members of the M. tuberculosis
complex. This distinction may be particularly important for
patients suffering from cellular immunodeficiencies (4) or for
patients undergoing bladder cancer treatment (2). It has been
estimated that approximately 5% of BCG-treated cancer pa-
tients experience adverse reactions to the treatment (15).

BCG strains can be distinguished from other M. tuberculosis
complex strains on the basis of differences in certain biochem-
ical and growth characteristics and on the basis of the resis-

tance and sensitivity to cycloserine. However, these methods
and other, nonstandardized methods (5, 8, 12, 13) are time-
consuming, may be laborious, sometimes require specialized
and expensive equipment, and do not always provide definitive
proof that a clinical isolate is BCG. The insertion sequence
IS1081 has been proposed as a useful tool that can be used to
recognize BCG by restriction fragment length polymorphism
analysis (26). However, some M. tuberculosis strains have re-
cently been shown to contain IS1081 also (11). Mahairas et al.
(20) have identified genetic differences between BCG and the
other members of the M. tuberculosis complex, and on the basis
of these differences Talbot et al. (25) have developed a multi-
plex PCR method for the identification of BCG. However, the
method has not been tested with mycobacteria that are not
part of the M. tuberculosis complex. Frothingham (7) has used
sequevar differences within the major polymorphic tandem
repeats to distinguish BCG from other M. tuberculosis complex
strains, but these repeats can also be found in mycobacteria
that are not part of the complex (10).

In this study, we have developed a PCR method based on
the senX3-regX3 IR, which we have recently demonstrated to
be specific for M. tuberculosis complex strains (19). This region
is composed of two types of novel repetitive sequences, named
MIRUs (24). Our results show that BCG strains exclusively
contained 77-bp MIRUs in the senX3-regX3 IR, whereas the
other strains of the M. tuberculosis complex contained both
77-bp and 53-bp MIRUs. This difference allowed us not only to
distinguish BCG from other strains on the basis of size differ-
ences of the PCR-amplified DNA fragments but also to de-
velop a discriminative ELISA using two synthetic oligonucle-
otide probes.

Although all BCG strains contained only the 77-bp MIRU in
the senX3-regX3 IR, the copy number of this MIRU varied
somewhat between BCG strains. They could therefore be clas-
sified into three different groups on the basis of the sizes of the
PCR products. These products contained three, two, or one
77-bp MIRU, respectively. None of the other M. tuberculosis
complex strains analyzed in this study or in a previous study
(19) fell within any of these three groups. On the basis of

FIG. 3. Southern blot analysis of the senX3-regX3 IR PCR products. DIG-
labeled O53 (A) and O77 (B) were used as probes for Southern blot analysis of
the senX3-regX3 IR PCR products obtained from M. tuberculosis V.808 (lane 1),
V.729 (lanes 2), and 2296207 (lane 6); from non-BCG M. bovis AN5 (lane 3), 76
(lane 4), 88367 (lane 5), and 1 (lane 7); and from the Japanese (lane 8), 1173P2
(lane 9), Glaxo (lane 10), and Prague (lane 11) BCG strains. The group numbers
and sizes of the amplified DNA fragments are given in the left and right margins.

FIG. 4. ELISA of the senX3-regX3 IR PCR products. Biotinylated oligonu-
cleotides O77 and O53R were immobilized on streptavidin-coated microtiter
plates and incubated with 10 ml of the DIG-labeled senX3-regX3 IR PCR prod-
ucts obtained from M. tuberculosis strains 1033 (wells 1), 1035 (wells 2), 1036
(wells 3), 1037 (wells 4), 1038 (wells 5), 1039 (wells 6), and 2296207 (wells 7) and
the Japanese (wells 9), 1173P2 (wells 10), Glaxo (wells 11), Russian (wells 12),
Danish (wells 13), Prague (wells 14) and Montreal (wells 15) BCG strains. Wells
8 contained no PCR product, and wells 16 contained neither the PCR product
nor the oligonucleotides.
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MIRU copy numbers, all 148 strains of the M. tuberculosis
complex analyzed so far could be divided into eight distinct
groups, two more than was reported previously (19). Figure 5
depicts the relative frequency of the strains within each group
and shows that the majority of the strains fell by far within
group V. All the BCG strains fell in group IV, (three 77-bp
MIRUs), VI (two 77-bp MIRUs), or VIII (one 77-bp MIRU),
whereas all the other strains fell in group I, II, III, V, or VII,
each containing one 53-bp MIRU in addition to variable num-
bers of copies (from one to five) of the 77-bp MIRU.

The original BCG strain was initially derived from virulent
M. bovis between 1908 and 1921 and was subsequently distrib-
uted and cultured under different conditions with various
growth media (3, 18). This resulted in the generation of several
BCG substrains which differ in antigenic and biochemical
properties (20, 21), as well as in their contents of certain in-
sertion sequences (6). Two subgroups have been distinguished
(1, 6, 21). Group A comprises the Japanese, Russian, and
Moreau strains, derived from the original Pasteur BCG strain
prior to 1925, and group B comprises the 1173P2, Glaxo, Dan-
ish, Montreal, and Prague strains (Table 2). Interestingly, the

BCG strain that possesses the longest senX3-regX3 IR belongs
to group A, and the BCG strains possessing the smallest senX3-
regX3 IR belong to group B. The BCG strain with an interme-
diate senX3-regX3 IR length belongs either to group A or to
group B.

Different BCG strains have also recently been evaluated for
their capacity to survive in mice and to trigger immune re-
sponses. The 1173P2, Glaxo, and Russian strains were found to
multiply actively in mice and to persist for several months,
whereas the Japanese and Prague strains did not (Table 2).
These differences were attributed to differences in the genetic
characteristics of the various BCG strains (14). We observed
that the more persistent and immunogenic strains (1173P2,
Russian, and Glaxo) contained two 77-bp MIRUs in the senX3-
regX3 IR, whereas the less persistent strains contained either
three (Japanese) or one (Prague) 77-bp MIRU. However,
there is no evidence of any direct link between the number of
MIRUs and persistence or immunogenicity, and this observa-
tion may be fortuitous.

In conclusion, the MIRUs contained within the senX3-regX3
IR can be used as a target to differentiate BCG from other
strains of the M. tuberculosis complex either by size analysis of
the PCR products or by ELISA with specific capture oligonu-
cleotides.
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