
JOURNAL OF CLINICAL MICROBIOLOGY, Mar. 2005, p. 1390–1394 Vol. 43, No. 3
0095-1137/05/$08.00�0 doi:10.1128/JCM.43.3.1390–1394.2005
Copyright © 2005, American Society for Microbiology. All Rights Reserved.

Genetic Diversity of Multidrug-Resistant Mycobacterium tuberculosis
Isolates and Identification of 11 Novel rpoB Alleles in Taiwan
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Of 162 multidrug-resistant Mycobacterium tuberculosis isolates from Taiwan, 60.5% were found to belong to
the Beijing family on the basis of spoligotyping results. IS6110 restriction fragment length polymorphism
fingerprinting showed genetic diversity among the multidrug-resistant isolates. Furthermore, 90.1% of the
multidrug-resistant isolates had mutations in the rpoB gene, and 11 novel alleles were recognized.

The emergence of multidrug resistance in Mycobacterium
tuberculosis has become a global problem (5). The prevalence
rates of multidrug-resistant (MDR) M. tuberculosis isolates
have been reported to range from 0 to 26.8% (21). An esti-
mated 90% of rifampin (RMP)-resistant isolates are also iso-
niazid (INH) resistant; therefore, RMP resistance in M. tuber-
culosis can be referred to as a surrogate marker for MDR. The
resistance of M. tuberculosis to RMP is caused by mutations
confined in a short 81-bp-long DNA region in the gene rpoB
encoding the �-subunit of RNA polymerase (14, 16, 17, 20).
Beijing family genotypes strains have been reported to be as-
sociated with transmissions of drug-resistant tuberculosis in
Germany, Azerbaijan, Cuba, Estonia, Russia, New York, and
South Africa (7).

The prevalence of antituberculosis drug resistance in M.
tuberculosis has been on the increase in Taiwan. The rates of
primary anti-tuberculosis drug resistance from 1990 to 2002
were 9.2 to 19% resistance to INH, 5.7 to 10% resistance to
streptomycin (SM), 1.5 to 6.1% resistance to RMP, 0.7 to
15.7% resistance to ethambutol (EMB), and 1.2 to 5.1% resis-
tance to MDR (11, 27). Molecular epidemiology of MDR M.
tuberculosis in Taiwan has not been well known and was thus
investigated by using spoligotyping and standard IS6110 re-
striction fragment length polymorphism (RFLP) analysis in
this study. The prevalence of rpoB mutations associated with
RMP resistance among MDR isolates was also investigated.

MDR isolates. A total of 162 MDR isolates of M. tubercu-
losis were collected during 1998 to 2003 at the Center for Chest
Diseases, Taipei, Taiwan, and 40 susceptible isolates were
collected from Taipei Veteran General Hospital, Taipei,
Taiwan, in 2003. Among the 162 MDR isolates, 37 (22.8%)
isolates were resistant to INH and RMP, 62 (38.3%) iso-
lates were resistant to INH, RMP, and EMB, 15 (9.3%)
isolates were resistant to INH, RMP, and SM, and 48 (29.6%)
isolates were resistant to all four drugs.

Spoligotyping and RFLP fingerprinting. Spoligotyping was
performed with a commercial kit (10) according to the manu-
facturer’s instructions. Standard IS6110 RFLP fingerprinting
was performed as described previously (25).

Computer analysis. The spoligotypes were scanned and an-
alyzed using Bionumerics software, version 2.0 (Applied
Maths, Kortijk, Belgium). A statistical analysis was performed
using EpiInfo 6.04 (Centers for Disease Control and Preven-
tion, Atlanta, Ga.).

rpoB genotyping. The rpoB gene was amplified with primers
rpoB-F (5�-TCGGCGAGCCCATCACGTCG-3�) and rpoB-R
(5�-GCGTACACCGACAGCGAGCC-3�), which yielded a
541-bp fragment containing the hot-spot region. PCR products
were purified with a commercial kit, and both strands of each
product were sequenced.

In the spoligotyping analysis, 39 spoligotypes were resolved,
including 17 clusters (Fig. 1). Overall, 98 (60.5%) of the 162
MDR isolates showed the Beijing family genotypes. The pro-
portion of isolates resistant to at least three drugs was higher
among the Beijing family genotypes (80%) than among non-
Beijing genotypes (73.4%). A sufficient quality of genomic
DNA for IS6110 RFLP fingerprinting was obtained from 155
MDR isolates, and genetic diversity of the MDR isolates was
found. Overall, a RFLP dendrogram revealed 139 patterns that
included 14 clusters (18.7% of isolates) at a 98% similarity
level: 12 clusters had two strains, one cluster had three strains,
and one cluster had four strains (Fig. 2). One cluster with a
single IS6110 band was excluded because of distinct spoligo-
types.

Of the 162 MDR isolates, 146 (90.1%) had mutations in the
81-bp core region whereas no mutation was found in the 40
susceptible strains. A total of 80 (49.4%), 33 (20.4%), and 14
(8.6%) MDR isolates carried the mutated codons at positions
531, 526, and 516, respectively (Table 1). Overall, 91.8% of the
mutated isolates exhibited single site changes. There was no
statistical association between Beijing family genotypes and the
mutation frequencies of each mutated codon.

Genetic diversities of drug resistance isolates might be at-
tributable to some host factors beside strain evolution in dif-
ferent geographic regions. The frequency of occurrence of
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FIG. 1. Dendrogram of 162 MDR-TB isolates analyzed by spoligotyping.
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FIG. 2. Dendrogram of 155 MDR-TB isolates analyzed by IS6110 RFLP genotyping.
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MDR isolates without mutation is comparable to the results
seen in studies conducted in some Asia countries (Table 2). It
is lower than the results seen in another two studies of RMP-
resistant isolates reported from Taiwan but higher than results

obtained from other countries. One of the studies analyzing 20
strains revealed four substitutions and one insertion (19), while
the other study analyzing 53 RMP-resistant isolates revealed
16 types of mutations and five novel alleles within the 69-bp
core region (19). In contrast, our study revealed a total of 32
mutations, 11 new alleles, and the highest frequencies of mu-
tations at codons 513, 526, and 531 (Table 2). Together with
results obtained from worldwide studies, these results might be
helpful in developing a thorough rapid single-nucleotide-poly-
morphism detection method, such as microarray, for high-
throughput testing. For isolates without mutations, N-terminal
codon 146 for low-level resistance and codon 562 might be also
involved in RMP drug resistance (30). An additional gene, the
arr gene (1, 23), found to be associated with RMP resistance in
Pseudomonas aeruginosa and other mycobacteria, may be also
involved in the development of MDR tuberculosis.

In the RFLP analysis, a cluster with three strains belonged to
Beijing genotypes; the three isolates had the same drug resis-
tance profiles (they were resistant to INH, RMP, and EMB
and susceptible to SM) and had a single mutation at codon 531
(TCG3TTG, Ser3Leu). In the cluster with four strains,
which were resistant to all four drugs (except for one isolate,
which was susceptible to EMB), all had a universal TTC (Phe)
insertion mutation between codons 513 and 514. The epide-
miological relatedness of these four isolates was investigated
on the basis of the exhibited RFLP patterns, and possible
household contact transmission was linked to two of four
strains, while the other clusters had no apparent epidemiolog-
ical links. Besides, no RFLP pattern identical to that of the
MDR W strain (3, 15) was observed in this study population.
However, 54.9% of the 162 MDR isolates analyzed had the
same mutation site as the W strain in rpoB of either codon
526(His3Tyr) or 531(Ser3Leu) (3). MDR M. tuberculosis
could be developed through an acquired resistance or come
from an exogenous new infection. These data suggest that the
prevalence of RMP resistance among M. tuberculosis isolates in
Taiwan might be due to the development of mutations in the

TABLE 1. Mutations in an 81-bp region of the rpoB gene in 162
M. tuberculosis MDR isolates

Mutated
codon

Specific
mutation

Amino acid
change

No. of
strains

Frequency
4 (%)

508 ACC3ATC Thr3Ile 1 0.6
513 CAA3CCA Gln3Pro 5 3.1

CAA3AAA Gln3Lys 2 1.2
CAA3CCG Gln3Pro 1 0.6

515 ATG3GTG Met3Val 1 0.6
516 GAC3TAC Asp3Tyr 5 3.1

GAC3GTC Asp3Val 4 2.5
GAC3GGC Asp3Gly 2 1.2
GAC3GCC Asp3Ala 1 0.6
GAC3TTC Asp3Phe 1 0.6
GAC3GAG Asp3Glu 1 0.6

517 CAG3CCG Gln3Pro 1 0.6
522 TCG3TTG Ser3Leu 2 1.2

TCG3TGG Ser3Trp 1 0.6
TCG3TTC Ser3Phe 1 0.6

526 CAC3TAC His3Tyr 14 8.6
CAC3GAC His3Asp 5 3.1
CAC3CTC His3Leu 5 3.1
CAC3CGC His3Arg 3 1.9
CAC3TGC His3Cys 2 1.2
CAC3AAC His3Asn 1 0.6
CAC3ACC His3Thr 1 0.6
CAC3CGA His3Arg 1 0.6
CAC3GGC His3Gly 1 0.6

531 TCG3TTG Ser3Leu 75 46.3
TCG3TGG Ser3Trp 2 1.2
TCG3CAG Ser3Gln 1 0.6
TCG3GTG Ser3Val 1 0.6
TCG3GGG Ser3Gly 1 0.6

533 CTG3CCG Ser3Pro 6 3.7
509–511 DELETION 1 0.6
513–514 INSERTION TTC (Phe) 4 2.5

a The mutated codons with corresponding amino acids are indicated. New
alleles were indicated in boldface characters.

TABLE 2. Frequency of codon mutations in RMP-resistant M. tuberculosis isolates from different geographic regionsa

Country (reference; no. of isolates)

Frequency (%) of mutated codon:

533 531 526 522 516 513 511 508 No mutation within
hot-spot region

United States (26; n � 61) 8.2
Greece (13; n � 17) 52.9 17.6 12.0 5.9 5.9
Asia (8; n � 90) 53.3 16.7 1.1 14.0 5.6 1.1 6.5
Australia (29; n � 33) 30.3 6.1 9.1 3.0
Italy (18; n � 37) 2.7 59.4 35.1 8.1 2.7 0.0
Brazil (24; n � 82) 1.2 55.7 23.2 2.4 7.4 1.2 1.2 3.6
Hungary (2; n � 29) 31.0 6.9 38.0 6.8 10.3
India (12; n � 44) 2.2 63.6 22.7 4.5 2.2 6.8 2.2 2.3
Spain (6; n � 50) 2.0 48.0 22.0 14.0 2.0 6.0 0.0
East Asia (19; n � 66) (China, 20;

Japan, 3; Korea, 18)
3.0 51.5 10.6 17.0 6.0 10.6

East Asia (19; n � 66) (Taiwan, 20) 5.0 40.0 10.0 15.0 20.0
Latvia (22; n � 34) 41.2 20.6 32.0
Turkey (4; n � 41) 4.8 56.1 19.5 4.9 7.2 2.4 2.4
China (28; n � 86) 2.0 41.0 40.0 3.0 4.0 2.0 2.0 10.0
Kaohsiung, Taiwan (9; n � 63) 7.5 41.5 18.9 1.9 15.1 6.3 15.9
Taiwan (this research) (n � 162) 3.7 49.4 20.4 2.4 8.6 4.9 0.0 0.6 9.9

a Studies on RMP drug-resistant strains isolated in Taiwan as to the multimutation frequency of the rpoB gene are indicated with boldface characters.
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rpoB gene in various M. tuberculosis strains rather than due to
the transmission of MDR clones.

Nucleotide sequence accession numbers. The sequences
with mutations in new alleles found in this study were depos-
ited in GenBank under accession numbers AY823310,
AY823311, AY823312, AY823313, AY823314, AY823315,
AY823316, AY823317, and AY823318.
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