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Mycobacterium tuberculosis complex strains cultured in Denmark have been analyzed by IS6110 restriction
fragment length polymorphism (RFLP) on a routine basis from 1992 and onwards. Due to the influx of
immigrants with tuberculosis, the number of strains harboring only one to five copies of IS6110 has increased
steadily. Since the discriminatory power of IS6110 fingerprinting for such strains is poor, we have performed
additional genotyping of all low-copy-number strains by the recently described PCR-based method known as
spoligotyping. A total of 311 clinical strains were typed: 14 Mycobacterium bovis BCG, 48 M. bovis, and 249 M.
tuberculosis strains. Spoligotyping correctly differentiated M. bovis and M. bovis BCG from M. tuberculosis
strains, but it did not differentiate M. bovis from M. bovis BCG. All M. bovis BCG strains exhibited identical
spoligotype patterns. The discriminatory power of spoligotyping of low-copy-number M. tuberculosis strains was
higher than that of IS6110 fingerprinting. Based on RFLP typing solely, 83% of the low-copy-number M.
tuberculosis strains were found to form part of a cluster, and 75% were found to form a cluster on the basis of
spoligotyping. When the two techniques were combined, the amount of clustering decreased to 55%. The
combination of these two techniques might be valuable in studying the epidemiology of M. tuberculosis strains
harboring few copies of the IS6110 element.

Restriction fragment length polymorphism (RFLP) typing
performed by using the insertion element IS6110 as a probe
has become the most widely used method for strain differen-
tiation of Mycobacterium tuberculosis isolates. The RFLP typ-
ing results are stable and reproducible and exhibit a high de-
gree of discrimination. Furthermore, RFLP typing has proven
useful for detection of outbreaks (6, 8), control of laboratory
cross-contamination (3, 24), and population-based epidemio-
logic studies of tuberculosis (TB) (1, 23, 30, 31). Due to the
development of a standardized methodology (27), it has be-
come possible to exchange DNA fingerprints between labora-
tories and to establish research collaboration and surveillance
efforts within the European Union (28). The detection of clus-
tered strains (i.e., strains exhibiting identical patterns) has
been used as a marker of recent transmission (1, 23, 30, 31).
However, studies have shown that clustering of strains harbor-
ing less than five copies of IS6110 frequently shows discordant
results if further typing systems are used (5, 29).

IS6110 RFLP has been used to type TB-associated strains
cultured in Denmark from 1992 and onwards (4), and isolates
from approximately 93% of the patients have been analyzed.
Since the beginning of 1997 the results have been directly used
in the control of TB in Denmark; regular reports are supplied
to the physicians who use this information in contact tracing
and source case identification. Because clustering as an indi-
cator of recent transmission is considered unreliable for strains
carrying a low number of IS6110 copies, the results for these
strains have not been used for this purpose so far. The number
of low-copy-number strains has increased (from 17 in 1992 to
70 in 1997). This can be explained by the increasing percentage

of strains originating from immigrants (from 41% of culture-
verified cases in 1992 to 68% in 1997). Strains isolated from
native Danes almost exclusively exhibit high-copy-number pat-
terns (4). A number of additional typing methods for IS6110
low-copy-number strains have been used (10, 15, 21, 25, 29).
One of those methods is the PCR-based spoligotyping based
on DNA polymorphism of the direct repeat (DR) region (15).
Spoligotyping is a rapid method that allows large numbers of
isolates to be handled in a short time. The aim of this study was
to evaluate spoligotyping as a method for subtyping the IS6110
low-copy-number M. tuberculosis complex strains cultured in
Denmark.

MATERIALS AND METHODS

Bacterial isolates. TB notifications in Denmark are registered at the Statens
Serum Institut in Copenhagen, where the diagnostics of TB in Denmark, Green-
land, and the Faeroe Islands are centralized at the Department of Mycobacte-
riology. In addition, this department serves as a reference laboratory for TB

* Corresponding author. Mailing address: Department of Mycobac-
teriology, Statens Serum Institut, Artillerivej 5, 2300 Copenhagen S,
Denmark. Phone: 45 3268 3705. Fax: 45 3268 3871. E-mail: jba@ssi.dk.

TABLE 1. IS6110 low-copy-number M. tuberculosis complex isolates
classified by species and by nationality of patients

Nationality
No. (%)

M. tuberculosis M. bovis M. bovis BCG

Danish 27 (12) 41 (84) 10 (73)
Foreigna 222 (88) 7 (15) 4 (27)

Total 249 48 14b

a Patients of foreign nationality were defined as persons born outside Den-
mark and their children up to the age of 25 years.

b Ten complications that occurred following vaccinations are included. In
three other cases BCG was cultured from urine following treatment of bladder
cancer with BCG, and in one case disseminated BCG infection occurred follow-
ing vaccination of a human immunodeficiency virus-infected child.
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diagnostics in Iceland. Of the notified cases of TB in Denmark, 83 to 91% are
culture positive (16–19). Isolates from approximately 93% of the patients with
culture-verified cases from 1992 and onwards have been analyzed by RFLP (4,
31). From the beginning of 1995, these analyses have been performed as part of
the routine diagnostic procedures. As soon as growth is obtained—usually in the
BACTEC culture system (Becton Dickinson and Company, Sparks, Md.)—and
species identification by AccuProbe (Gen-Probe Inc., San Diego, Calif.) has
revealed the presence of M. tuberculosis complex, the isolate is subcultured in
Dubos medium containing Tween 80. Further species identification of Mycobac-
terium bovis and M. bovis BCG is performed by susceptibility testing (pyrazin-
amide, thiopheno-2-carboxylic acid hydrazide, and cycloserine), niacin accumu-
lation testing, and evaluation of the ability to reduce nitrate.

RFLP analyses. After 3 to 4 weeks of growth in Dubos media, the bacteria are
harvested by centrifugation and heat killed (90°C for 30 min), and RFLP is
performed by using the standardized method (27). In brief, DNA is extracted and
digested with PvuII. After electrophoresis on agarose gel the digested DNA is
transferred to nylon membranes (Hybond N1; Amersham) and probed with a
chemiluminiscence-labelled 245-bp sequence of IS6110. The results are scanned
and analyzed by computer by using the Gelcompar software (Applied Maths,
Kortrijk, Belgium) as described previously (14).

Spoligotyping. Strains collected from January 1992 through June 1998 carrying
fewer than six copies of IS6110 were selected for spoligotyping. Furthermore,
clustered strains (i.e., strains exhibiting 100% identical RFLP patterns) with six
copies were also included. From a few strains, purified chromosomal DNA from
RFLP typing was still available. For the remaining strains, DNA extraction was
performed by mechanical disruption of the cells (either a few colonies from solid
media or 100 ml of the frozen culture stock) with glass beads by vortexing (26).
Membranes for spoligotyping were obtained from Isogen, Bioscience BV,
Utrecht, The Netherlands. The membranes contained oligonucleotides derived

from the spacer DNA sequences, interspersing with the directly repeated se-
quences in the DR region of the M. tuberculosis strain H37RV and M. bovis BCG.
The presence or absence of these spacers in M. tuberculosis complex strains can
be detected by hybridization following amplification of these spacer regions by
primers complementary to the DR. PCR and hybridization were performed as
previously described (15). The spoligotyping patterns were scanned and com-
pared by using the Gelcompar program and visually.

RESULTS

A total of 2,745 cases of TB were reported from 1992 to
1997. Of these, 2,336 (85%) were culture positive. From Jan-
uary through June 1998, a total of 280 patients were identified
as culture positive for M. tuberculosis complex. Isolates from
approximately 93% of the patients with culture-verified cases
from January 1992 through June 1998 were previously ana-
lyzed by RFLP. For the same period, isolates collected from
213 patients from Greenland, 27 patients from Iceland, and 5
patients from the Faeroe Islands have been analyzed by RFLP.

Bacterial strains with one to five IS6110 copies. Of 316
M. tuberculosis complex strains with five or fewer IS6110 copies
collected from 316 patients and identified, 311 (98%) were
available for spoligotyping. The species of the 311 low-copy-
number strains are shown in Table 1. Of these strains, 309
originated from patients diagnosed in Denmark (these com-
prised 13% of RFLP-analyzed isolates). One M. bovis BCG
strain originated from a patient in Greenland, and one origi-
nated from a patient in the Faeroe Islands. Except for these
two, all isolates from Greenland, Iceland, and the Faeroe Is-
lands exhibited RFLP patterns with more than five copies of
IS6110. The regions of origin of the patients infected with
strains containing few IS6110 copies and of patients with cul-
ture-verified TB are shown in Table 2.

RFLP typing. All M. bovis BCG strains exhibited the same,
one-band pattern (low-copy-number strain cluster 12 [LC-12],
Fig. 1A). Among the 48 M. bovis strains, nine different patterns
were observed. Three strains (6%) yielded unique patterns and
45 strains (94%) belonged to one of six different low-copy-
number strain clusters, of which three (LC-10 [n 5 2], LC-11
[n 5 2], and LC-12 [n 5 38], Fig. 1A) comprised M. bovis
strains or M. bovis BCG strains only. Three other strains be-
longed to clusters (LC-3 [n 5 1], LC-4 [n 5 1], and LC-9 [n 5
1], Fig. 1A) also comprising M. tuberculosis strains. Among the
249 M. tuberculosis strains, 56 different patterns were observed.
Forty strains (16%) were unique, and 209 strains (84%) be-

FIG. 1. RFLP patterns and spoligotyping patterns. (A) Computer-generated, normalized image showing representative examples of the RFLP patterns of 19 IS6110
low-copy-number clusters. LC-10, LC-11, and LC-12 comprise M. bovis and M. bovis BCG only. The last lane contains reference strain MT14323. (B) Computer-
generated, normalized image showing representative examples of 26 spoligotyping clusters. S-15 and S-16 comprise M. bovis and M. bovis BCG only.

TABLE 2. Regions of origin of patients with M. tuberculosis
culture-verified TB and with IS6110 low-copy-number

M. tuberculosis isolates

Region or country of
origin of patients

No. (%) of patients with
culture-verified TBa

No. (%) of low-copy-
number isolatesb

Denmark 1,035 (44) 27 (11)
Central and East Africa 565 (24) 135 (54)
West Africa 25 (1) 2 (1)
North Africa 27 (1) 3 (1)
Asia 360 (15.5) 64 (26)
Europe 173 (7.5) 11 (4)
North America 63 (3) 2 (1)
South America 9 (0.5) 0
Unknown 79 (3.5) 5 (2)

Total 2,336 249

a Patients with culture-verified TB identified between 1992 and 1997.
b Low-copy-number isolates from 1992 to June 1998.
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longed to one of a total of 16 clusters comprising strains col-
lected from 2 to 80 patients (Fig. 1A and 2A).

Spoligotyping of low-copy-number strains. All of the M.
bovis and M. bovis BCG strains lacked spacers 39 through 43
and contained all spacers from 33 to 38. All 14 M. bovis BCG
strains exhibited the same spoligotyping pattern (S-15, Fig.
1B). Among the M. bovis strains, 20 different spoligotyping
patterns were observed. Eighteen strains exhibited unique pat-
terns (37%), and 30 strains (63%) belonged to one of two clus-
ters, which comprised 27 and 3 strains (S-15 and S-16, respec-
tively; Fig. 1B).

Among the 249 M. tuberculosis isolates 87 different spoligo-
typing patterns were observed. Sixty-three (25%) of the 249
isolates exhibited a unique pattern, while 186 (75%) belonged
to 1 of 24 different clusters comprising strains from 2 to 23
patients (Fig. 1B and 2B).

Spoligopatterns of RFLP clusters with six IS6110 copies.
Twelve M. tuberculosis isolates each containing six IS6110 cop-
ies that belonged to five different clusters consisting of strains
from 4, 2, 2, 2, and 2 patients, respectively, were analyzed by
spoligotyping. The spoligotyping differentiated the 12 isolates
into the same five clusters as did the RFLP analysis. Thus, the

results of the spoligotyping were consistent with the results of
IS6110 typing, and the ability of spoligotyping to differentiate
the isolates was the same as that of RFLP.

Combination of RFLP and spoligotyping for M. tuberculosis
strains. Eleven of the low-copy-number strain clusters identi-
fied by RFLP could be further differentiated by spoligotyping,
as shown in Table 3, which also shows the differentiation of
spoligotyping clusters by RFLP. However, the two five-band
clusters both exhibited identical patterns by spoligotyping. Of
the 249 M. tuberculosis isolates typed by both RFLP and spo-
ligotyping, 136 (55%) belonged to 1 of 26 combined RFLP and
spoligotyping clusters comprising isolates from 2 to 18 patients
(Fig. 2C).

DISCUSSION

The aim of the present study was to evaluate spoligotyping
as a technique for further characterizing IS6110 low-copy-
number M. tuberculosis complex strains cultured in Denmark.
Spoligotyping has been shown to exhibit less discriminatory
power than IS6110 RFLP when used for subtyping of high-
copy-number strains (9, 12) but has proven useful for subtyping

FIG. 2. (A) Numbers of patients in 19 low-copy-number RFLP clusters. (B) Numbers of patients in 26 spoligotyping clusters. (C) Numbers of patients in 26
combined RFLP and spoligotyping clusters.
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IS6110 low-copy-number strains (12, 15), including M. bovis
strains (7, 22). The low-copy-number strains in our study in-
cluded a mixture of M. tuberculosis, M. bovis, and M. bovis
BCG. Our results confirmed those of previous studies showing
the ability of spoligotyping to differentiate M. tuberculosis from
M. bovis and M. bovis BCG (2, 7, 15). All BCG strains tested
gave the same pattern as described previously (i.e., they lacked
spacers 39 to 43 plus spacers 3, 9, and 16) (11). This absence of
the M. tuberculosis-specific spacers was also observed in 27 of
48 bovine isolates; thus, spoligotyping did not differentiate
between M. bovis and M. bovis BCG. However, the differenti-
ation of M. bovis isolates achieved by spoligotyping was supe-
rior to the differentiation achieved by RFLP.

A considerable proportion of the patients infected with low-
copy-number M. tuberculosis strains originated from Asia and
Central and East Africa. Confirming previous observations (11,
15), the polymorphism obtained by spoligotyping of IS6110
low-copy-number M. tuberculosis isolates proved to be superior
to the polymorphism obtained by RFLP; 56 patterns were
identified among 249 isolates examined by RFLP, whereas 87
patterns were identified by spoligotyping. The RFLP clusters
comprising one to four bands could, with few exceptions, be
discriminated by spoligotyping. However, the clusters compris-
ing five or six bands gave identical spoligotyping clusters as
well. This confirms a previous study, where it was found that
IS6110 clusters with fewer than five bands frequently could be
further differentiated by a supplementary technique (5).

The percent clustering among TB-associated isolates de-
creased from 84% when examined with IS6110 fingerprinting
alone to 75% when examined with spoligotyping alone and
further decreased to 55% when examined with a combination
of the two techniques. The number of patients for the com-

bined clusters (2 to 18) was smaller than those for RFLP
clusters (2 to 80) and spoligotyping clusters (2 to 23). By a
combination of the two techniques, it is thus possible to obtain
a cluster percentage close to the one obtained with RFLP of
high-copy-number strains for which data are deposited in the
Danish database (49%) (4). We did not try to link the patients
in the combined clusters epidemiologically, since the majority
of the patients were immigrants with noninfectious extrapul-
monary TB. However, the combined clusters confirmed several
cases of known transmission (data not shown). For example, 10
patients in one of the combined clusters were involved in a
known outbreak in an apartment house (20), and two other
combined clusters comprised the patients involved in known
cases of family transmission. From the names and addresses
of the patients in other combined clusters it was possible to
detect family transmission (data not shown). Furthermore, the
nationalities of the patients in each of the combined clusters
were almost exclusively the same (data not shown). These
findings suggest that the clustering on the basis of the two
typing methods will improve the correlation of DNA finger-
printing results and the epidemiological relatedness of cases
encountered in practice.

In our laboratory spoligotyping has, furthermore, become
a valuable tool in quality assurance, since it offers a rapid
method of typing suspected cases of cross-contamination. Dur-
ing the last few years IS6110 RFLP has revealed that labora-
tory cross-contamination is a considerable problem in many
laboratories (3, 13, 24). However, RFLP typing is hampered by
the time delay required to obtain sufficient growth for DNA
extraction. This is particularly a problem for specimens sus-
pected of contamination, since these typically have a very small
amount of bacterial growth. By spoligotyping it is possible to
obtain results within a day after growth has been observed in
BACTEC vials.
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