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Hospital, Tallinn,5 Estonia, and Microbiology and Tumor Biology Center, Karolinska Institute,2 and Swedish Institute

for Infectious Disease Control,3 Stockholm, and Department of Bacteriology, Biomedicum, Swedish University for
Agricultural Sciences, Uppsala,6 Sweden

Received 27 February 2001/Returned for modification 16 April 2001/Accepted 15 June 2001

Restriction fragment length polymorphism (RFLP) analysis of 209 Mycobacterium tuberculosis clinical iso-
lates obtained from newly detected pulmonary tuberculosis patients (151 male and 58 female; mean age, 41
years) in Estonia during 1994 showed that 61 isolates (29%) belonged to a genetically closely related group of
isolates, family A, with a predominant IS6110 banding pattern. These strains shared the majority of their
IS6110 DNA-containing restriction fragments, representing a predominant banding pattern (similarity,
>65%). This family A comprised 12 clusters of identical isolates, and the largest cluster comprised 10 strains.
The majority (87.5%) of all multidrug-resistant (MDR) isolates, 67.2% of all isolates with any drug resistance,
but only 12% of the fully susceptible isolates of M. tuberculosis belonged to family A. These strains were
confirmed by spoligotyping as members of the Beijing genotype family. The spread of Beijing genotype MDR
M. tuberculosis strains was also frequently seen in 1997 to 1999. The members of this homogenous group of
drug-resistant M. tuberculosis strains have contributed substantially to the continual emergence of drug-
resistant tuberculosis all over Estonia.

An increase in tuberculosis (TB) morbidity accompanied by
an appearance of multidrug-resistant (MDR) TB has been
documented in Estonia since the early 1990s. After a decline in
incidence from 417 per 100,000 population in 1953 to 26 per
100,000 in 1992, the incidence showed a steady increase, which
reached 52 per 100,000 in 1999 (26). This twofold increase in
morbidity was accompanied by an increase in drug-resistant
TB and particularly in MDR TB (i.e., TB that is resistant to at
least isoniazid and rifampin) and has become a serious prob-
lem in Estonia. In 1994 and 1998, MDR TB comprised 10%
(13) and 14% (25) of the new pulmonary cases detected. This
places Estonia among the countries with the highest MDR TB
rates in the world (24).

To understand the epidemiology of tuberculosis, molecular
methods such as restriction fragment length polymorphism
(RFLP) analyses of the infecting organisms have proven to be
very powerful tools (11, 20, 27). The RFLP method can detect
genotypic variations between strains by using repetitive DNA
sequences as probes in Southern hybridization analyses (12).

In outbreak investigations (1, 14, 16), mutual association of
IS6110 RFLP patterns and resistance profiles has often been
described. However, in population-based studies, the molecu-
lar epidemiology and drug resistance pattern of the M. tuber-
culosis isolates (constituting a genetically closely related group
of bacteria) have been studied only in very few geographical
settings (23).

In the epidemiology of drug-resistant disease, molecular ep-
idemiological studies of resistant strains could help identify

current and past failures in TB control and allow tracking of
the transfer path of the resistant strains (6). In this study we
explore the spread of M. tuberculosis strains in Estonia by
molecular epidemiological methods and demonstrate that
transmission of several highly related clones of drug-resistant
M. tuberculosis strains contributes to the emergence of drug-
resistant TB all over Estonia.

MATERIALS AND METHODS

The Estonian TB Register was the source of demographic data and clinical
information on the patients. The majority of TB patients were diagnosed and
treated at either of two lung hospitals, Tartu University Lung Hospital in Tartu
(South Estonia) or Kivimäe Hospital in Tallinn (North Estonia). In 1994, 518
patients (355 men and 163 women; mean age, 41 years) were reported to have
newly detected TB cases, i.e., with no previous history of tuberculosis. Of the 518
newly detected pulmonary TB patients, 299 (63%) had cases that were smear
and/or culture positive.

Patients. In 1994, 209 (70%) of 299 isolates were available for IS6110 RFLP
typing. The mean age of the 209 patients who were included in the study was 41
years; 151 (72%) were male (mean age, 42 years), and 58 (28%) were female
(mean age, 39 years). There was no significant difference in age and sex distri-
bution between these 209 patients with pulmonary TB and the 518 patients
reported as the total of newly detected cases in 1994.

Characterization of mycobacterial isolates. The analyzed M. tuberculosis
strains were isolated at the Tuberculosis Laboratory in Tallinn (central labora-
tory for the North Estonia) and the National Reference Laboratory (NRL) in
Tartu. The species identification of the isolates was based on standard microbi-
ological tests: colony morphology, acid-fast staining, and biochemical tests (10).
It was confirmed by a DNA-RNA hybridization technique (AccuProbe; Gen-
Probe Inc., San Diego, Calif.) at the Swedish Institute for Infectious Disease
Control (SMI) in Stockholm, Sweden.

Drug susceptibility testing. Drug susceptibility testing of all isolates was per-
formed both in Estonia and in Sweden. In Estonia it was done by conventional
culturing on solid media using the proportion method (4), and at SMI it was done
using radiometric respirometry with the Bactec system (18). This method is in
good agreement with the resistance ratio method on Löwenstein-Jensen medium
(9). The TB laboratory at SMI is part of the network of Supranational Reference
Laboratories for drug susceptibility testing of M. tuberculosis, initiated by the
World Health Organization (15), and serves as an external reference laboratory
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for Estonia. The drugs tested included streptomycin (4 mg/liter), isoniazid (0.2
mg/liter), ethambutol (5 mg/liter), and rifampin (2 mg/liter).

RFLP analyses. Extraction of DNA from mycobacterial strains and DNA
fingerprinting with IS6110 as a probe were performed by standardized methods
(20) at SMI. In brief, after 3 to 4 weeks of growth on Löwenstein-Jensen medium,
the bacteria were harvested and heat killed (80°C for 20 min). DNA was ex-
tracted and digested with PvuII. After electrophoresis of the digested DNA on an
agarose gel, the 245-bp sequence of IS6110 was chemiluminescence labeled. The
gels were scanned and the results were analyzed by computer with the Gelcom-
par software (Applied Maths, Kortrijk, Belgium) as described previously (7).

Similarity matrices were generated to visualize the relatedness between the
banding patterns of all isolates. Isolates with banding patterns whose similarity
coefficients were �65% (sharing more than two-thirds of the IS-containing PvuII
fragments) (12, 20) are defined as belonging to a family of strains. Clinical
isolates with identical IS6110 RFLP pattern constituted one cluster.

Spoligotyping. The spoligotyping method, with a slightly lower level of dis-
crimination than that of IS6110-RFLP typing (1, 12), was used as an additional
tool for determining relationships among the isolates belonging to family A (21).
The DR locus in the M. tuberculosis complex genome contains multiple, highly
conserved 36-bp direct repeats (DR). The repeats are separated by 35- to 41-bp
spacer sequences, which are variable. The analysis of this locus by spoligotyping
is based on the fact that the separate spacer sequences are unique and can be
hybridized to synthetic spacer oligonucleotides that are bound to a membrane.
The hybridization pattern will then show which spacer oligonucleotides are
present in each strain (11). The DR-based fingerprint is a good secondary marker
to support or rule out strain clustering. A total of 37 isolates with different RFLP
patterns were selected for spoligotyping, according to the similar distribution of
different families, clones, and nonrelated strains in the investigated samples.
Purified chromosomal DNA from RFLP typing was available. Membranes for
spoligotyping were obtained from Isogen, Bioscience BV, Utrecht, The Nether-
lands. The membranes contained oligonucleotides derived from the spacer DNA
sequences, interspersed with the directly repeated sequences in the DR region of
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
of the amplified DNA of these spacer regions by using primers complementary
to the DR. PCR and hybridization were performed as previously described (11).

Statistics. Data analysis was performed using the Statistica program. Subject
variables were examined using the �2 test of association for categorical variables

and t test for continuous variables. A P value of �0.05 was used to indicate
statistical significance.

RESULTS

IS6110 fingerprints in the study population. The 209 M.
tuberculosis isolates were characterized by IS6110 RFLP anal-
ysis. The number of IS6110 copies per isolate varied between 5
and 19 (mean, 12 bands). The majority, i.e., 195 (93%) of the
isolates, contained 8 to 17 copies, with a mean of 12 bands.

M. tuberculosis isolates of 102 of the 209 patients (49%)
belonged to different clusters, while 107 (51%) clinical isolates
presented unique (individual) RFLP fingerprint patterns.

A total of 140 isolates (67%) (44 with unique patterns and 96
with clustered ones) could be allocated into five major families
on the basis of their RFLP patterns (�65% similarity), families
A to E (Fig. 1). The largest family, family A, comprised 61
isolates in 12 clusters, with largest cluster comprising 10 closely
related or identical isolates (Table 1). Of the 209 patients, 47
(22%) were infected with isolates belonging to families B to E,
and 34 (16%) isolates belonged to 12 clusters outside the five
major families (Fig. 1; Table 1).

Correlation between IS6110 RFLP patterns and drug resis-
tance. Of the 209 M. tuberculosis isolates, 64 (31%) were re-
sistant to one or more of the drugs tested while 24 (11.5%) of
them were multidrug resistant (MDR), i.e., resistant to both
isoniazid and rifampin.

There was a remarkable homogeneity in RFLP banding pat-
terns in drug-resistant isolates, with the majority belonging to
family A (Fig. 2). Family A (n � 61) comprised 21 MDR
isolates and 43 isolates with any drug resistance. The other
families contained only 2 of 24 MDR isolates (8.3%) and 10 of

FIG. 1. Similarity matrix showing the relatedness between the RFLP banding patterns of all isolates. The different RFLP patterns divided the
isolates into five major families (families A, B, C, D, and E). The value of the similarity coefficient between values of 65 and 100% is depicted by
the five different grey tones in the matrices. The diagonal is formed by the 100% similarity coefficient values of the corresponding strains.
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64 isolates with any drug resistance (15.6%) (Table 1). Among
isolates that were not clustered or did not belong to any of the
five families, only 1 of 24 MDR (4.2%) and 64 of 145 fully
susceptible (44%) isolates were found.

Genetic homogenity of family A confirmed by spoligotyping.
The 12 strains from family A showed an identical and unusual
spoligopattern, lacking spacers 1 to 34. This pattern is consis-
tent with the spoligotype pattern of the so-called Beijing ge-
notype M. tuberculosis strains (21). The spoligotypes of the
non-Beijing family strains were highly diverse (Table 2).

Patient characteristics in relation to isolate characteristics.
There was no statistically significant relationship between the

gender or age of the patients and the RFLP patterns of the
isolates. Of 33 clusters, only 6 smaller clusters (two or three
isolates per cluster) represented patients who belonged to the
same age group. In general, there was no clear correlation
between RFLP patterns and the geographical origin of the
isolates. Thus, the predominant family A was made of clusters
which represent patient groups from both Northern and South-
ern part of Estonia (Table 3).

However, on a cluster level, there was a certain correlation
with the geographical origin of the isolates. A comparison of
the geographical origin of the isolates in family A shows that
the isolates belonging to cluster A10 were scattered throughout

TABLE 1. Drug resistance patterns of 140 M. tuberculosis isolates clustered or belonging to family A to E

Family Cluster No. of
isolates Drug resistance patternb Susc. Any res. MDR

A A1 2 AB I � AB II 1 1 0
A2 2 AB I 2 0 0
A3 2 AB I 2 0 0
A4 2 AB II 0 2 0
A5 2 AB IV 0 2 2
A6 4 AB IV 0 4 4
A7 5 AB III � AB V 0 5 0
A8 2 AB I 2 0 0
A9 3 AB III � AB IV 0 3 2
A10 10 AB I � AB III � AB IV � AB V 1 9 4
A11 3 AB IV � AB V 0 3 2
A12 4 AB II � AB IV 0 4 1
Aa (SC 65–99%) 20 AB I � AB II � AB III � AB IV 10 10 6
Total 61 18 43 21

B B1 2 AB II � AB IV 0 2 1
Ba (SC 69–92%) 9 AB I � AB II � AB III 6 3 0
Total 11 6 5 1

C C1 3 AB I 3 0 0
C2 7 AB I 7 0 0
Total 10 10 0 0

D D1 2 AB I � AB II 1 1 0
D2 3 AB I 3 0 0
D3 2 AB I 2 0 0
D4 2 AB I 2 0 0
D5 2 AB I 2 0 0
Da (SC 66–86%) 6 AB I � AB II 5 1 0
Total 17 15 2 0

E E1 2 AB I � AB IV 1 1 1
E2 5 AB I � AB II 3 2 0
Ea (SC 92%) 2 AB I � AB II 1 1 0
Total 9 5 4 1

Other F1 2 AB I 2 0 0
F2 2 AB I � AB III 1 1 0
F3 2 AB I � AB II 1 1 0
F4 3 AB I 3 0 0
F5 2 AB I 2 0 0
F6 6 AB I � AB II 5 1 0
F7 4 AB I 4 0 0
F8 2 AB I 2 0 0
F9 2 AB II 0 2 0
F10 5 AB I 5 0 0
F11 2 AB I 2 0 0
Total 32 27 5 0

a Contains isolates which did not cluster but belonged to a family having a similarity coefficient of �65%.
b AB I, susceptible isolates; AB II, monoresistant isolates; AB III, isoniazid- plus streptomycin-resistant isolates; AB IV, MDR isolates; AB V, isoniazid- plus

streptomycin- plus ethanbutol-resistant isolates.

VOL. 39, 2001 DRUG-RESISTANT TUBERCULOSIS IN ESTONIA 3341



the community while all isolates in cluster A7 and A12 were
more geographically focused. All of the isolates from cluster
A7 originated from Tartu (Southern Estonia), and all isolates
in cluster A12 originated from North Estonia.

DISCUSSION

In this study we analyzed the drug resistance patterns of the
M. tuberculosis isolates from newly detected and culture-veri-

fied pulmonary TB patients in Estonia during 1994 in relation
to their RFLP patterns obtained with the insertion IS6110 as
probe.

This is, to our knowledge, the first time a large group of
closely related drug-resistant M. tuberculosis isolates with a
limited number of different RFLP banding patterns in a human
immunodeficiency virus-(HIV)-negative population has been
demonstrated. A high proportion (49%) of all strains tested
appeared in clusters. A predominant basic 15- to 19-band

FIG. 2. IS6110 fingerprint patterns of the 145 pansensitive (A) and 64 drug-resistant (B) isolates and the corresponding dendrogram and
similarity matrixes. Banding patterns are ordered by similarity. The position of each IS6110 band is normalized so that the banding patterns of all
isolates are mutually comparable. Band positions were determined by using the peak finder function of the Gelcompar software and were
controlled manually by comparison with the original IS6110 autoradiogram. The fingerprint patterns were analyzed for similarity by using the Dice
coefficient, and a dendorogram was calculated with the unweighted pair group method using average linkage as specified by the supplier.
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RFLP pattern was seen among 29% of all isolates, making up
the family A. This family A comprised 12 clusters of identical
isolates where the largest cluster comprised 10 identical iso-
lates. The majority of all MDR isolates and isolates with any
drug resistance belonged to family A.

A study on the population structure of M. tuberculosis strains
in Ethiopia, Tunisia, and The Netherlands suggested that there
are a small number of predominant families of genetically
related strains in Ethiopia and Tunisia whereas no such distinct
groupings predominate in The Netherlands (8, 22). Van
Soolingen et al. have reinforced the idea that the predomi-
nance success of particular clones is related to a high incidence
of TB (21). The current epidemiological situation place Esto-
nia between the high-risk, resource-poor communities (like
Ethiopia and Tunisia) and low-risk, developed communities
(like The Netherlands).

The investigation of the population structure of M. tubercu-
losis in Estonia suggests that one-third of the isolates belonged
to a remarkably homogeneous family of strains (family A).
This family of strains may have contributed to the recent steady

increase in TB morbidity since 1992 and, even more impor-
tantly, may have contributed to the emergence of MDR TB in
the region (24–26).

The high similarity between the drug-resistant isolates indi-
cates that in Estonia these strains are spreading rapidly, in fact
more rapidly than the drug-susceptible strains, although the
forces that contributed to the selection and dissemination of
strains of family A are likely to be multifactorial. One reason
for this rapid spread is probably that patients with drug-resis-
tant strains are difficult to cure (19) and therefore will be
contagious for a longer period.

In other studies where resistant strains were found in clus-
ters, it was clearly demonstrated that transmission of MDR
strains had occurred among HIV-infected patients (2, 16). In
1994, coinfection with tuberculosis and HIV was not reported
in Estonia. Transmission of MDR TB is thus not limited to
HIV-seropositive patients in an institutional setting but occurs
within a community.

The strains included in family A were confirmed by spoligo-
typing as Beijing genotype strains. Van Soolingen et al. have

TABLE 2. Spoligopatterns of 37 M. tuberculosis strains showing representative examples of families A to E and other
clustered and nonclustered strains

Isolatea Spoligotypeb IS6110
clusterc

No. of IS6110
elements

355/94 xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx....xxxxxxx F1 11
3734/94 x.xxxxxxxxxxx.xxxxxxxxxxxxxxxxxx....xxxxxxx F2 9
740/94 xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx....xxxxxxx NC 17
704/94 xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx....xxxxxxx F4 9

3775/94 xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx....xxxxxxx F4 9
1155/94 xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx....xxxxxxx NC 10
2937/94 xxxxxxx.xxxxxxxxxxxxxxxxxxxxxxxx....xxxxxxx F5 10
3748/94 xxxxxxxxxxxx.xxxxxxxxxxxxxxxxxxx....xxxxxxx NC 9
3505/94 xxxxxxxxxxxxxxxxxxxxxxxxx......x....xxxxxxx NC 9
2661/94 xxxxxx.xxxxxxxxxxxxxxxxxxxxxxxxx....xxxxxxx NC 11
461/94 ..................................xxxxxxxxx NC (A) 14

1832/94 ..................................xxxxxxxxx A1 15
1716/94 ..................................xxxxxxxxx A6 15
2403/94 ..................................xxxxxxxxx A6 15
1277/94 ..................................xxxxxxxxx A7 17
1550/94 ..................................xxxxxxxxx A7 17
3032/94 ..................................xxxxxxxxx A7 17
2935/94 ..................................xxxxxxxxx A7 17
3942/94 ..................................xxxxxxxxx NC (A) 17
904/94 ..................................xxxxxxxxx A9 16

1001/94 ..................................xxxxxxxxx A9 16
2356/94 ..................................xxxxxxxxx NC (A) 18
1004/94 xxxxxxx..xxxxxxxxxxxxxxxxxxx...x....xxx.xxx NC (B) 10
2011/94 xxxxxxx..xxxxxxxxxxxxxxxxxxx...x....xxxxxxx NC (B) 12
3754/94 xxxxxxxxxxxxxxxxxxxx....xxxxxxxx....xxxxxxx NC 13
205/94 xxxxxxx..xxxxxxxxxxxxxxxxxxx...x.....xxxxxx C2 10

1221/94 xxxxxxxxxxxx.xxxxxxxxxxxxxxx...x....xxx.xxx NC 6
631/94 xxxxxxxxxxxx.xxxxxxxxxxxxxxx...x....xxxxxxx NC 8

3674/94 xxxxxxxxxxxxx.xxxxxx....xxxxxxxx....xxxxxxx D2 10
1084/94 xxxxxxxxxxxxxxxxxxxx....xxxxxxxx....xxxxxxx D2 10
1485/94 xxxxxxxxxxxxx...........xxxxxxxx....xxxxxxx D3 9
696/94 xxxxxxxxxxxxxx..........xxxxxxxx....xxx.xxx D4 7
795/94 xxxxxxxxxxxxxxxxxxxx....xxxxxxxx....xxxxxxx F1 11
917/94 x..xxxxxxxxxxxxxxxxx....xxxxxxxx....xxxxxxx F4 11
865/94 xxxxxxxxxxxxxxxxxxxxxxxxxxxxxx.x....xxxxxxx NC 8

1667/94 xxxxxxxxxxxxxxxxx.xxxxxxxxxxxx.x....xxxxxxx NC 12
2900/94 xxxx.xxxxxxxxxxxxxxxxxxxxx.....x....xxxxxxx NC 11

aThe isolates are sorted in the same order in which they were sorted by their IS6110 RFLP patterns in Fig. 2.
bx, positive hybridization signals; ., lack of hybridization.
cNC, nonclustered strains.

VOL. 39, 2001 DRUG-RESISTANT TUBERCULOSIS IN ESTONIA 3343



shown that M. tuberculosis isolates grouped into the Beijing
family by their IS6110 fingerprints and spoligopatterns also
have a similar grouping pattern when other genetic markers
are used. These characteristics are not generally shared with
other strains outside the Beijing family (21). Recent observa-
tions suggest that strains of the Beijing family constitute a
genetically closely related group of bacteria. Strains belonging
to this genotype family possibly share particular phenotypic
properties, such as antigens and virulence factors, which may
be expressed as distinct manifestations in the pathology and
the epidemiology of tuberculosis (12).

The Beijing genotype is the predominant clone of M. tuber-
culosis isolates in China (21), and isolates belonging to the
Beijing family have been reported from four continents during
the last few years (5, 21). This is the first countrywide study
showing a correlation between the Beijing family and drug
resistance.

The majority of isolates belonging to family A. i.e., the
Beijing family. were drug resistant, but there was heterogeneity
in resistance patterns among the isolates, ranging from full
susceptibility to resistance to all four drugs tested. Of 12 clus-
ters, 3 small clusters had isolates that were uniformly fully
susceptible in their antibiotic resistance pattern. This fact in-
dicates that drug resistance developed recently and in different
clones among strains belonging to this family of strains.

Alito et al. have shown that some genotypes of MDR M.
tuberculosis strains may have a higher mutation frequency and
that the instability of IS6110 RFLP (highly similar but not
identical RFLP patterns and with identical spoligotype) may be
somehow related to the selective pressure of a combination of
drugs used in therapy (1).

In contrast to our findings, Wilson et al. (23) have studied
the contribution of recent transmission to the spread of non-
Beijing drug-resistant TB in Texas. Based on the low percent-
age of clustered cases and the small cluster size, the authors
concluded that there is no evidence for extensive transmission
of drug-resistant TB.

Sources of TB have been suggested to preferentially trans-
mit infection to people close to their own age (3). In the
present study, when we analyzed cluster data stratified by age,
we found that most of the 33 clusters contained patients of all

age groups whereas only 6 smaller clusters comprised patients
who belonged to same age group.

In general there was no strict correlation between clones and
families with respect to the geographical origin of the isolates.
Even if the MDR strains belonged to the same cluster, they
were isolated from patients from different geographical areas,
indicating that transmission of particular drug-resistant clones
of M. tuberculosis contributes to the emergence of drug-resis-
tant TB all over the country.

M. tuberculosis strains belonging to the Beijing genotype
family have continued to dominate among new MDR TB pa-
tients in Estonia to the present day. There are strong indica-
tions that strains belonging to this family are widespread within
the former Soviet Union and have even spread other parts of
Europe such as Germany (17).

The data obtained during this study will contribute to a more
thorough understanding of TB and MDR TB transmission in
Estonia. Continued surveillance and immediate therapeutic
decisions should be undertaken to prevent the dissemination of
TB, and particularly when caused by such resistant strains.
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