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Mutations in the rpoB gene of 90 rifampin-resistant Mycobacterium tuberculosis isolates mostly from Asian
countries were analyzed. Ten distinct single-nucleotide substitutions were found among the isolates by auto-
mated sequencing. A 3-nucleotide insertion was found in two isolates, and no mutation was found in five
isolates (5.6%). A reverse hybridization-based line probe assay (INNO-LiPA Rif TB) for rapid detection of the
mutations was evaluated with these isolates. Concordance rates with sequencing results for five wild-type
probes (S probes) and four probes for specific mutations (R probes) were 96.7 and 100%, respectively. The
overall concordance rate with the in vitro susceptibility testing results was 92.2% (83 of 90 isolates). These
results indicate that a commercial line probe assay kit may be useful for rapid diagnosis of rifampin-resistant
tuberculosis.

Dramatic outbreaks of multidrug-resistant tuberculosis oc-
curred in human immunodeficiency virus-infected patients in
the United States (2, 7, 9, 26) and Europe (12, 21). These
outbreaks had high case fatality rates. The need for rapid
identification of mycobacteria and rapid drug susceptibility
testing of the isolates has increased.

Multidrug-resistant tuberculosis is thought to occur either
through infection with organisms already resistant to antimi-
crobial agents (primary drug resistance) or by treatment of a
strain that was originally drug sensitive (acquired drug resis-
tance). The latter process is believed to be a result of the
selection of drug-resistant mutants of the original strain as a
consequence of inadequate treatment (3, 34).

Isoniazid resistance is well known to be associated with al-
terations in the catalase-peroxidase gene (katG) or the inhA
gene (1, 37). Pyrazinamide-resistant Mycobacterium tuberculo-
sis strains lose their pyrazinamidase activity (18). Mutations in
the pncA gene encoding the pyrazinamidase of M. tuberculosis
could be involved in the loss of pyrazinamidase activity (14, 20,
25). Mutations in genes encoding the ribosomal S12 protein
(rpsL) and 16S rRNA (rrs) have always been detected in strep-
tomycin-resistant M. tuberculosis isolates (10, 17, 22). It was
also reported that kanamycin resistance is associated with the
rrs gene mutations (29, 30). Amino acid substitutions in EmbB
alter the drug-protein interaction and thereby cause ethambu-
tol resistance (4, 27). Missense mutations in the DNA gyrase
gene (gyrA) have always been associated with increased levels
of resistance to fluoroquinolones (5).

Rifampin is one of the major antituberculosis drugs (3, 34),
and the mechanism of rifampin resistance was the first char-
acterized mechanism of drug resistance in M. tuberculosis (31).
The rpoB gene encodes the b-subunit of the RNA polymerase.
Rifampin specifically interacts with prokaryotic RNA polymer-
ase to inhibit transcription, which leads to and causes cell

death, and specific mutations in rpoB produce drug resistance
and diminishing rifampin binding affinity for the RNA poly-
merase (15, 16).

In this study, mutations in the rpoB genes of rifampin-resis-
tant isolates mostly from Asian countries were analyzed, and a
recently described reverse hybridization-based line probe assay
for rapid detection of the mutations was evaluated with these
isolates.

MATERIALS AND METHODS
M. tuberculosis isolates. M. tuberculosis strains which were mostly isolated in

Asian countries as well as Canada were used for this study (Table 1). We used 2
isolates from Bangladesh (A. M. Ishaque, Nuclear Medicine Centre, Dhaka,
Bangladesh), 13 isolates from Canada (A. Laszlo, Laboratory Centre for Disease
Control, Ottawa, Ontario, Canada), 6 isolates from India (P. Seth, All India
Institute of Medical Science, New Dehli, India), 5 isolates from Indonesia (P.
Sudarmono, University of Indonesia, Jakarta, Indonesia), 3 isolates from Korea
(S.-N. Cho, Yonsei University, Seoul, Korea), 20 isolates from Malaysia (R.
Soshila, Institute of Respiratory Medicine, Kuala Lumpur Hospital, Kuala Lum-
pur, Malaysia), 18 isolates from Myanmar (D. Ti Ti, Union Tuberculosis Insti-
tute, Yangon, Myanmar), 2 isolates from Nepal (K. Yamakami, National Tuber-
culosis Centre, Bhaktapum, Nepal), 4 isolates from the Philippines (T. T. Torres,
Philippine General Hospital, Manila, the Philippines), 19 isolates from Thailand
(S. Twmwasorn, Chulalongkorn University, Bangkok, Thailand), and 24 isolates
from Yemen (M. Nakayama, Yemen Tuberculosis Control Project of Japan
International Cooperation Agency, Sana’s, Yemen).

Identification of mycobacterial isolates. All isolates were differentiated and
identified by an RNA-DNA hybridization assay with commercial kits for culture
confirmation and identification of species belonging to the M. tuberculosis com-
plex (Gen-Probe, San Diego, Calif.) and by conventional culturing or biochem-
ical testing.

Drug susceptibility testing. The proportion method with Löwenstein-Jensen
egg slants was used to test susceptibility to rifampin (6, 35, 36). Organisms were
grown in a Middlebrook 7H9 liquid medium at 37°C until the optical density at
540 nm reached about 0.1, which corresponds to a McFarland no. 0.5 standard.
One hundred microliters of a 1:100 dilution of the bacterial cultures was inoc-
ulated onto drug-containing medium, and two dilutions (1:100 and 1:10,000)
were inoculated onto drug-free control media. The slants were incubated at
37°C. A preliminary reading was made at 3 weeks, and a final reading was made
at 4 weeks. The number of CFU on the rifampin-containing slant was compared
with the number on control medium inoculated with a 1:10,000 dilution. The
breakpoint was 1% (a value of .1% was used to classify the organisms as
resistant).

PCR amplification and sequencing of the products. Bacterial suspensions
containing approximately 105 bacteria in 100 ml of distilled water were prepared
from M. tuberculosis isolates grown on Ogawa egg slants for 3 to 4 weeks, and
they were treated by the repetition of freezing-thawing for PCR amplification.
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Twenty microliters of the crude bacterial cell lysates was added to the PCR
mixture. Two primers with the sequences reported by Williams et al. (33), Rif-1
(59-CAG ACG TTG ATC AAC ATC CG-39) and Rif-2 (59-TAC GGC GTT
TCG ATG AAC-39) were used to amplify a 305-bp fragment of the rpoB gene of
M. tuberculosis. After the reaction mixtures were incubated at 94°C for 10 min,
PCR was carried out in a Perkin-Elmer 9600 thermal cycler for 40 cycles, with
each cycle consisting of denaturation at 94°C for 30 s, annealing at 60°C for 30 s,
and primer extension at 72°C for 90 s. Filtration with Suprec-02 tubes (Takara,
Kyoto, Japan) was used to separate the unincorporated nucleic acids and primers
from amplified DNA. Sequencing reactions with a DNA sequencing kit (Dye
Terminator Cycle Sequencing Ready Reaction; Applied Biosystems Inc., Foster
City, Calif.) were performed with 5 ml of PCR-amplified DNA and 3.2 pmol of
the primer, either Rif-1 or Rif-2. Centri-sep spin columns (Applied Biosystems
Inc.) were used to separate the unincorporated dye terminators and primers
from the extension products. The products were dried in a vacuum centrifuge,
resuspended in loading buffer, heat denatured for 2 min at 90°C, and immedi-
ately loaded onto a 4% acrylamide gel in an Applied Biosystems Prism 377
automated DNA sequencer. Both strands were sequenced.

Line probe assay. Two primers with the indicated sequences, IP1 (59-GGT
CGG CAT GTC GCG GAT GG-39) and IP2 (59-GCA CGT CGC GGA CCT
CCA GC-39), were used to amplify a 256-bp fragment of rpoB (8, 24). They were
biotinylated at their 59 ends. PCR was carried out for 35 cycles, with each cycle
consisting of denaturation at 94°C for 45 s, annealing at 64°C for 60 s, and primer
extension at 72°C for 45 s, followed by a final cycle of 10 min at 72°C.

The line probe assay (INNO-LiPA Rif TB; Innogenetics, Zwijndrecht, Bel-
gium) is based on the reverse hybridization principle (8, 24). Specific oligonu-
cleotides are immobilized at known locations on membrane strips and are hy-
bridized under strictly controlled conditions with the biotin-labeled PCR
product. Five partially overlapping probes (S1 through S5) of 19 to 23 bases were
designed. These S probes exclusively hybridize to the wild-type sequence. If a
mutation is present in one of the five regions, the corresponding probe will be
prevented from hybridizing under the stringent hybridization and washing con-
ditions (SSC [13 SSC is 0.15 M NaCl plus 0.015 M sodium citrate] buffer
containing 0.1% sodium dodecyl sulfate at 62°C) used. In addition, four R probes
(19 or 23 bases) were designed. These R probes, probes R2, R4a, R4b, and R5,
hybridize with amplicons carrying the following mutations: Asp-516-Val, His-
526-Tyr, His-526-Asp, and Ser-531-Leu, respectively (Fig. 1). INNO-LiPA Rif
TB kits were kindly provided by Nissho Cooporation (Kusatsu, Shiga, Japan).
The assay was performed by using an automated system (AUTO-LiPA; Innoge-
netics) according to the manufacturer’s instruction.

RESULTS

The evaluation of 90 rifampin-resistant M. tuberculosis
strains from 10 countries identified 11 mutations within a 75-bp
region of the rpoB gene (Table 2). Ten were point mutations,
and two isolates contained a 3-base insertion that encoded a
phenylalanine residue inserted between Gln-513 and Phe-514.
No other missense mutations, deletion mutations, or two mu-
tations in separate codons were found in any of the 90 ri-
fampin-resistant M. tuberculosis isolates. Mutations of Ser-531
were present in 48 (53.3%) of 90 rifampin-resistant isolates.
The second most dominant mutation was observed at His-526
(16.7%), followed by Asp-516 (14.4%), indicating that approx-
imately 85% of rifampin-resistant isolates have mutations in
one of the above three dominant amino acids between amino

acid position 511 and 533 analyzed. Five rifampin-resistant
isolates (5.6%) contained no mutations within the 305-bp re-
gion of the rpoB gene. None of the rifampin-susceptible strains
tested had mutations within the 305-bp region of the rpoB
gene.

A reverse hybridization-based line probe assay for the rapid
detection of the rpoB gene mutations was evaluated with 90
rifampin-resistant and 26 rifampin-susceptible isolates. The hy-
bridization patterns obtained with the wild-type probes corre-
lated with the sequencing results for 87 of 90 rifampin-resistant
isolates and all of the susceptible isolates. Four distinct nucle-
otide substitutions that accounted for resistance were correctly
identified in 70 of 90 rifampin-resistant isolates (77.8%) with R
probes specific for these mutations (Table 3). The rate of
concordance with the phenotypic rifampin susceptibility testing
results was 92.2% (83 of 90 rifampin-resistant isolates). Two
isolates that possessed a 3-nucleotide insertion (TTC, which
codes for Phe-514) and four isolates that had no mutations in
the 75-bp region were identified as rifampin sensitive by line
probe assay results. The line probe assay revealed in one in-
stance the presence of a mixture (wild-type plus an R2 strain)
which had a resistance phenotype by rifampin susceptibility
testing but no mutations in the 75-bp region. All 26 strains
which were sensitive to rifampin according to the susceptibility
testing were correctly identified by the line probe assay.

DISCUSSION

Spontaneous mutations that lead to drug resistance occur
rarely in M. tuberculosis, and multidrug regimens can prevent
the emergence of clinical drug resistance. The problem of
resistance results from treatment that is inadequate, often be-
cause of an irregular drug supply, inappropriate regimens, or
poor compliance. Multidrug resistance appears to result from
the stepwise acquisition of new mutations in the genes for
different drug targets (13). Patients infected with strains resis-
tant to multiple drugs are less likely to be cured, and their
treatment is more toxic and more expensive than the treatment
for patients infected with susceptible organisms (11, 19).

Rifampin resistance is observed less frequently than isonia-
zid and streptomycin resistance (23, 35). Resistance to ri-
fampin, however, is usually associated with isoniazid resistance
(13, 32). Therefore, these facts emphasize the need for fast and
reliable methods for the detection of M. tuberculosis and the

FIG. 1. Representative hybridization patterns obtained with line probe
strips. S1 through S5, probes for wild-type (WT) sequences in the 75-bp hyper-
variable region of rpoB gene. Probes for specific mutations were as follows: R2,
Asp-516-Val; R4a, His-526-Tyr; R4b, His-526-Asp; R5, Ser-531-Leu.

TABLE 1. M. tuberculosis isolates used in the study

Isolate source
No. of isolates

Rifampin resistant Rifampin susceptible

Bangladesh 2 0
Canada 13 0
India 3 3
Indonesia 2 3
Korea 0 3
Malaysia 14 6
Myanmar 15 3
Nepal 2 0
Philippines 4 0
Thailand 14 5
Yemen 21 3

Total 90 26
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detection of its drug susceptibility both for optimal patient
treatment and for control of the disease.

The nucleotide sequences of the rpoB genes of M. tubercu-
losis strains isolated mostly from Asian countries were ana-
lyzed. A total of 85 (94.5%) of 90 rifampin-resistant isolates
had mutations in the hot-spot variable region of the gene. No
mutations were observed within the 305-bp region for any of
the rifampin-sensitive strains tested. These results indicate that
sequencing of the DNA of the rpoB gene may result in the
early detection of rifampin-resistant strains.

The most frequent mutations were Ser-531-Leu, Asp-516-
Val, and His-526-Tyr. No significant differences in the distri-
bution tendencies of the mutations were observed among the
M. tuberculosis isolates from the different countries. These
results are consistent with those of Telenti et al. (31), who
analyzed M. tuberculosis strains isolated mostly in European
and African countries, Williams et al. (33), who analyzed
strains mostly isolated in the United States, and Suzuki et al.
(28), who analyzed Japanese isolates (Table 4).

Five rifampin-resistant isolates (5.6%) contained no muta-
tions within the 305-bp region of the rpoB gene. A similar
tendency was reported by others (8, 24, 28, 31, 33). These
results may imply a mutation in another part of the rpoB gene
or the existence of at least one additional gene that participates
in rifampin resistance.

INNO LiPA Rif TB based on the reverse hybridization prin-
ciple is a kit that is used for the rapid identification of muta-
tions in the rpoB gene and that is commercially available for
research purposes (8, 24, 32). The susceptibility or resistance of
109 of 116 isolates that were rifampin sensitive and resistant in
vitro was correctly identified with the LiPA Rif TB kit. The
LiPA Rif TB kit failed to distinguish the TTC insertion muta-
tion at position 514 from the wild-type sequence. This was not
entirely unexpected since codon 514 is located close to the 39
end of the S1 probe. This mutation occurs less frequently but
is not rare; 2.5% among rifampin-resistant isolates in this study
and 4% among isolates from New York City (8). Further
studies for the improvement of the kit for the precise diagnosis
of rifampin-resistant tuberculosis are needed.

In a laboratory that used the proportion method with Lö-
wenstein-Jensen medium (6, 35, 36), resistance was defined as
at least 1% colony growth at critical concentrations of the
drugs (40 mg/ml for rifampin). One isolate that was resistant in
vitro (isolate R2) had a line probe assay profile for a mixed

TABLE 2. Sequence analysis of rifampin-resistant M. tuberculosis isolates from different countries

Rifampin susceptibility and
amino acid substitution

No. (%)
of isolates Origin of isolatesa

Rifampin resistant
Leu 511 Pro 1 (1.1) Nep (1)
Gln 513 Pro 5 (5.6) Mal (1), Mya (1), Thai (2), Yem (1)
514 Phe ins.b 2 (2.2) Mal (1), Yem (1)
Asp 516 Tyr 1 (1.1) Mal (1)
Asp 516 Val 12 (13.3) Ban (1), Mal (2), Mya (2), Nep (1), Thai (2), Yem (4)
Ser 522 Leu 1 (1.1) Yem (1)
His 526 Arg 3 (3.3) Can (1), Thai (2)
His 526 Asp 4 (4.4) Ind (1), Mya (1), Thai (2)
His 526 Tyr 8 (8.9) Indn (1), Mal (2), Mya (1), Phi (1), Thai (1), Yem (2)
Ser 531 Leu 46 (51.1) Can (12), Mal (7), Mya (9), Phi (3), Thai (4), Yem (11)
Ser 531 Trp 2 (2.2) Ind (2)
None 5 (5.6) Ban (1), Ind (1), Mya (1), Thai (1), Yem (1)

Rifampin susceptible, none 26 (100) Ind (3), Indn (3), Kor (3), Mal (6), Mya (3), Thai (5), Yem (3)

a Ban, Bangladesh; Can, Canada; Ind, India; Indn, Indonesia; Kor, Korea; Mal, Malaysia; Mya, Myanmar; Nep, Nepal; Phi, Philippines; Thai, Thailand; Yem, Yemen.
b Phe ins., Phe insertion.

TABLE 3. Comparison of results obtained by line probe assay
and sequencing

Line probe profile No. of isolates Mutation(s) identified by
sequencinga

DS1 6 511 cCg (1), 513 cCa (5)
DS2 1 516 Tac (1)
DS3 1 522 tTg (1)
DS4 3 526 cGc (3)
DS5 2 531 tGg (2)
R2 12 516 gTc (12) (Asp3Val)
R4a 8 526 Tac (8) (His3Tyr)
R4b 4 526 Gac (4) (His3Asp)
R5 46 531 tTg (46) (Ser3Leu)
WT/R2b 1 None
WT 6 514 TTC ins.c (2), none (4)

a Capital letters in the codon indicate the change in nucleotide sequence.
Values in parentheses are number of isolates.

b Mixed culture (a wild-type [WT] plus an R2 strain).
c ins., insertion.

TABLE 4. Frequency of mutations in rifampin-resistant isolates
reported by four groupsa

Mutation position

Frequency of codon substitution (no. [%] of isolates)a

Telenti et al.
(n 5 66)

Williams et al.
(n 5 110)

Suzuki et al.
(n 5 46)

This study
(n 5 90)

Leu-511 2 (3.0) 1 (1.1)
Gln-513 2 (3.0) 1 (0.9) 5 (5.6)
514-Phe ins.b 1 (0.9) 2 (2.2)
Met-515 1 (2.1)
Asp-516 6 (9.1) 8 (7.3) 4 (8.5) 13 (14.4)
Asn-518 del.c 1 (1.5) 1 (0.9)
Leu-521 1 (0.9)
Ser-522 1 (1.5) 2 (1.9) 1 (2.1) 1 (1.1)
His-526 18 (27.3) 37 (33.6) 13 (27.6) 15 (16.7)
Ser-531 33 (50.0) 46 (41.7) 23 (48.9) 48 (53.3)
Leu-533 1 (1.5) 3 (2.7)
Ser-509, His-526d 1 (0.9)
His-526, Lys-527d 1 (0.9) 1 (2.1)
None 2 (3.0) 8 (7.3) 3 (6.4) 5 (5.6)

a Refer to the reports by Telenti et al. (31), Williams et al. (33), and Suzuki et
al. (28).

b Phe ins., Phe insertion.
c Asn del., Asn deletion.
d Double mutation.
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culture: a wild-type and a resistant organism. On the other
hand, sequencing analysis did not reveal mutations within the
305-bp region of the gene of the isolate. These discrepant
results indicate that the DNA sequence of a more dominant
population with a mixture of two strains may be analyzed by
automated sequencing. Although the pattern may be indistin-
guishable from that for a wild-type strain for mixtures of two
strains in which a mutant is not recognized by one of the R
probes (DS) or strains with a DS and a wild-type profile, which
were infrequent, the LiPA Rif TB would also have clinical
usefulness for the detection of mutations in mixed cultures.

AUTO-LiPA is a fully automated test from hybridization to
color development. Results of tests for susceptibility to ri-
fampin were obtained within 2 h after the addition of ampli-
cons to the tray of the AUTO-LiPA. In addition, the rate of
concordance of the results of the line probe assay with the
results of the in vitro susceptibility test was high (92.2%).
Although the kit could not detect insertion mutations and in
vitro resistant isolates with the wild-type sequence in the hot-
spot region of the rpoB gene, it may be useful for the rapid
diagnosis of rifampin-resistant tuberculosis.
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