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Rifampin (RMP) is a most important drug in the treatment of tuberculosis
so that resistance to this antibiotic often results in incurable tuberculosis. 
Over 96% of RMP resistant M. tuberculosishave missense mutation,
deletion, or insertion within 81bp core region (codons 507 - 533) of RNA
polymerase b-subunit gene (rpoB). KRM-1648 is considering as an effec-
tive drug for RMP resistant M. tuberculosis. This study aimed to analyze
and compare activity of RMP and KRM-1648 on rpoB gene mutation
site. RMP resistant strains were obtained from the routine drug suscepti-
bility tests using the conventional method. Twenty-three RMP resistant
strains, which had various mutation sites revealed by the Line Probe
Assay (INNO-LiPA Rif. TB, Innogenetics Co), were selected for this
study. Approximately 3’106 bacilli of RMP resistant strain were inocu-
lated on Middlebrook 7H11 agar media containing KRM-1648 with a
range of concentrations, 0.1 mg/mL, 1 mg/mL, and 16 mg/mL and incu-
bated for 4 weeks at 37°C
We found KRM resistant M.tuberculosisstrains with double mutations in
the rpoB gene from KRM susceptible and RMP resistant strains. Some
progenies derived from a strain with mutation in codon 516 (GAC ->
GTC) had various double mutations, in codon 533 (CTG -> GTG), 529
(CGA -> CTA), 526 (CAC -> TAC), or 513 (CAA -> GAA). The other
double mutations or novel mutations were also found. Except mutation in
codon 526 (CAC -> CCC, TAC, GAC), and 531 (TCG -> TGG, TTG),
the other mutation sites of RMP resistant strains showed considerably
susceptibility to KRM, but they may be prone to develop resistance to
KRM through double mutations. 
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Molecular Mechanism of Kanamycin Resistance in
Mycobacterium tuberculosis

M OGAWA, M NOMOTO, H MIYAMOTO, B CHANG, 
K FUKUDA, H TANIGUCHI

Department of Microbiology, School of Medicine, University of
Occupational and Environmental Health, Kitakyushu, Japan

Control of tuberculosis caused by multiple-drug resistant
Mycobacterium tuberculosisis one of the major problems through-
out the world. Understanding of the molecular mechanisms of drug
resistance may offer useful informations to a development of novel
and rapid detection methods for drug resistant M. tuberculosis.
Kanamycin is one of second-line antituberculosis agents. This drug
directly binds to ribosomes and inhibits protein synthesis. We have
previously shown that nearly 70% of kanamycin resistant M.
tuberculosisstrains possessed a mutation at the A site of the 16S
rRNA gene. In this study, we analyzed the molecular mechanisms of
the remaining 30% kanamycin resistant strains, which are other than
a mutation on the 16S rRNA gene. 
We used eleven kanamycin resistant and two kanamycin sensitive
clinical M. tuberculosisisolates which didn't have any mutation on
the 16S rRNA gene. We determined nucleotide sequences of the
23S, 5S rRNA genes and the tap gene encoding a putative efflux
pump, and compared them. Ten of eleven kanamycin resistant
strains possessed an identical insertional mutation of C residue at the
581st nucleotide position of the tap gene. Therefore, we cloned the
mutated and wild type tap genes into E. coli plasmid vector, and
obsereved the growth pattern and the morphological change of the E.
coli transformants possessing the recombinant plasmids. The mutat-
ed tap gene offered severe damage onto the growth and caused a bit
filament formation of host E. coli cell. It is in progress to detect the
effects of the genes onto mycobacteria. 
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SETTING Retrospective cohort analysis of the multidrug-resistant
tuberculosis patients treated at an outpatient chest clinic of the Korean
National Tuberculosis Association. 
OBJECTIVE: To evaluate treatment outcomes and contributing factors to
it. 
DESIGN A review with clinical records of 1,011 pulmonary MDR-TB
patients treated with individualized regimens selected on the basis of pre-
vious chemotherapy and drug susceptibility testing from 1988 to 1996.
Patients who had taken second-line drugs or surgical treatment prior to
retreatment were excluded. 
RESULTS Patients (mean age, 38.6 years) had resistant strains to an
average of 3.7 drugs and retreated with 4.2 previously unused, suscepti-
ble drugs in regimen. Treatment outcomes were as follows: 487 cases
(48.2%) cured, 82 (8.1%) failed, 394 (39.0%) defaulted, 45 (4.5%) trans-
ferred out, and 3 (0.3%) expired. Treatment efficacy of those who com-
pleted chemotherapy was 85.6%. Favorable response was significantly
associated with a greater number of previously unused susceptible drugs
in regimen (odds ratio[OR] 3.6; 95% confidence interval[CI] 1.3-9.5),
younger age (OR 2.0; 95%CI 1.1-3.9), less number of resistant drugs
(OR 1.8; 95%CI 1.1-3.1) in a multivariate analysis. After completion of
treatment, 335 cases of those cured were followed-up for an average of
2.1 (°æ 2.1) years ranging from two months to nine years: eight cases
relapsed and three died within one year. 
CONCLUSION The cure rate of MDR-TB patients treated at an outpa-
tient clinic was 48.2% because of high defaulter rate (39.0%). However
85.6% of those who completed treatment was cured. 

E-4

In Vitro Activities of Fluoroquinolones against
Mycobacterium tuberculosis

CY CHAN, C AU YEANG, Y HO, ML CHIN, WW YEW*, AFB CHENG
Mycobacterial Group, Antibacterial Unit, Department of Microbiology,

The Chinese University of Hong Kong & Tuberculosis and Chest
Unit, Grantham Hospital*, Hong Kong SAR, China

Tuberculosis continues to cause major public health problem around
the world and new drugs are urgently needed to combat the increas-
ing problem of resistant organisms. Agents of the fluoroquinolone
class have shown distinct activity against Mycobacterium tuberculo-
sisand have been used as component drugs in the treatment of mul-
tidrug-resistant cases.  In this study, six fluroquinolones: DU-6859a,
gatifloxacin (GTFX), moxifloxacin (MXFX), sparfloxacin (SPFX),
levofloxacin (LVFX), and ofloxacin (OFLX) were assessed for their
in vitro activities against M. tuberculosis.  One hundred and forty-
nine clinical isolates, including 31 strains sensitive to all convention-
al antituberculous drugs (TBS), 42 strains resistant to one or more
antituberculous drugs (TBR) and 76 strains resistant to isoniazid and
rifampicin or more drugs (MDR), were tested using the macro-broth
dilution method with Middlebrook 7H9 medium.  SPFX was the
most active quinolone tested against the group TBS followed by
LVFX while DU-6859a, GTFX, MXFX and OFLX yielded identical
MIC90 and MBC90. Against the group TBR, DU-6859a, GTFX,
MXFX and SPFX showed similar MICs and MBCs and were slight-
ly better than LVFX which has one twofold smaller MICs and
MBCs than OFLX.  Again, DU-6859a, GTFX, MXFX and SPFX
demonstrated comparable in vitro activities against the group MDR
but the MICs and MBCs were two to four twofolds greater than
those of the TBR group.  Promising in vitro results of newly synthe-
sized fluoroquinolones, such as DU-6859a, GTFX and MXFX merit
further evaluation of these agents in in vivo studies as well as in
combined regimens for the treatment of tuberculosis.
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BACKGROUND Nontuberculous mycobacteria(NTM) are reported as such
without further identification by the most of hospitals in Korea. However, to
understand its pathogenic role in chronic lung disease and species-specific dif-
ferences in drug susceptibilities, species identification of NTM would be high-
ly desirable. This study was purposed to evaluate the clinical significance of
NTM isolated from patients with chronic lung disease.
METHOD Thirty-five NTM isolates, for which susceptibility testing was
requested by the treating physicians during the year of 1999 at Asan Medical
Center, were identified to species level by HP 1090 liquid chromatography
(Hewlett Packard, USA) using UV detector. Patients' medical records were
reviewed to confirm the NTM lung disease by American Thoracic Society cri-
teria.
RESULT Thirty-five isolates of NTM included M. intracellulare(6), M. avi-
um(5), M. abscessus(5), M. gordonae(5), M. terrae complex(4), M. szulgai(2),
M. kansasii(2), M. fortuitum(2), M. peregrinum(1), M. mucogenicum(1), M.
celatum(1), M, chelonae(1). All thirty five patients were symptomatic but only
15(40%) patients were found to satisfy the criteria of NTM lung disease. On
the basis of their laboratory findings including AFB cultures and smears, lung
biopsy and radiological studies. The NTM isolated from the 15 patients
included five of six M. intracellulare and four of five M. abscessus. M.
abscessuswhich is the most pathogenic among rapidly growing species of
NTM according to the literature, had not been reported as a pathogenic species
in Korea., probably because NTM were not usually identified to species level.
And all 9 patients were treated with second-line drugs.
CONCLUSION Species identification helps the clinician to evaluate the clin-
ical significance of NTM isolates from patients with chronic lung disease and
determine the choice of drugs for the optimum management of the patient.
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The Prevalence of Mutations in the folP1 Gene of the
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Association to Clinical Resistance to Dapsone
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The present study was designed to examine the prevalence of muta-
tions in M.lepraefolP1 gene among clinically dapsone-resistant cas-
es in isolates from Korea. We used PCR-single strand conformation
polymorphism (SSCP)-DNA direct sequencing assay.
Among 50 cases analysed with SSCP, 17 cases (34 %) showed aber-
rant bands, compared to M.lepraeThai-53. Sequencing analysis of
these aberrant bands showed that 1) 10 cases (58.8 %) had a A to G
transition at nt 157 (Thr to Ala at codon 53), 2) 5 cases (29.4 %) had
a C to G transversion at nt 163 (Pro to Arg at codon 55), 3) 1 case
(5.9 %) had a C to T transition at nt 162 (Pro to Ser at codon 55),
and 4) 1 case (5.9 %) had double mutations ; a G to A transition at nt
162 (Arg to Arg at codon 54, silent mutation) and a C to G transver-
sion at nt 163 (Pro to Arg at codon 55). Consistent with previous
reports, our result also showed that the mutations of folP1 gene of
dapsone-resistant M.lepraewere confined to nucleotide site 157-165
(codon 53-55) of folP1 gene. The prevalence of mutations examined
in this study suggest that the mutations in codon 53 or 55 of M. lep-
rae folP1 are, at least, responsible for some part of dapsone resis-
tance in Korea. The method and finding of our study may be helpful
to set up new strategies to circumvent dapsone resistance in Korea. 
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BACKGROUND Azole antifungal compounds are important in the
treatment of Cryptococcosis. The target enzyme for azoles is lanos-
terol 14alpha-demethylase encoded by ERG11. One of the major
mechanisms of fluconazole resistance is mutations in the ERG11 in
Candida. We have tested the efficiency of a mutation in the 1148
strain of C.neoformans, which was isolated from the patient who has
been failed in fluconazole therapy against meningitis. 
Material and methods: A hypersusceptible S.cerevisiaestrain,DKY1,
and YEp351G that is 2um vector and contains a GAL1, 10 promoter
were used in this study for gene expression. ERG11 genes of both
1147 and 1148 C.neoformansstrain were cloned into YEp351G as
p47ergS and p48ergR respectively. Then, these plasmids were trans-
formed into DKY1 by the Lithium Acetate method. The effect of
different ERG11 base sequences was evaluated by S.cerevisiaesus-
ceptibility test system. 
RESULTS Sequencing analysis revealed single amino acid change
in the cloned ERG11 gene in an azole resistant 1148 strain. This
mutation was a replacement of the glycine at potent haem-binding
site, serine. Etest results in transformants indicated that the MIC to
fluconazole was 2ug/mL for DKY1 transformed with p47ergS,
8ug/mL with p48ergR. 
DISCUSSION It was suggested that this single amino acid change
in the 1148 strain contributed to increased resistance to azole deriva-
tives. This is the first example of a base change in the target enzyme
conferring resistance to azoles in C.neoformans. 
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BACKGROUND The incidence of tuberculosis is increasing in many
countries despite the implementation of national TB control programmes.
This is partly due to the emergence of multi-drug resistant strains of
Mycobacterium tuberculosis.An effective means of studying the epidemi-
ology of resistant TB is DNA fingerprinting of resistant strains.
Spoligotyping based on the amplification and recognition of spacer DNA
sequences in the DR locus has often been used to differentiate M. tubercu-
losisstrains. In this study, the spoligotypes of drug-susceptible and resistant
strains are compared to see if phenotypic resistance occurs more frequently
in certain genotypes.
METHODS Sputum samples from patients with pulmonary TB were col-
lected for culture on Lowenstein-Jensen agar. Isolates confirmed to be M.
tuberculosiswere tested for susceptibility to streptomycin, rifampicin and
isoniazid by the absolute concentration method on L-J medium and
processed for spoligotyping using the Isogen Bioscience B.V. spoligotyp-
ing kit. Two reference strains, H37Rv and BCGP3, were included in each
batch of tests as controls.
RESULTS A total of 104 drug-susceptible and 112 drug-resistant isolates
were studied. Of the resistant strains, 80.4% were resistant to one drug,
13.4% to 2 drugs and 6.2% to 3 drugs. Only 11 (10.6%) and 28 (25.0%) of
drug-susceptible and resistant isolates respectively showed clustering by
spoligotype patterns. Each cluster consisted of 2-5 strains. The 3 most fre-
quently seen deletions are 29-32, 33-36 and 1-34 (Beijing strain) but there
is no significant difference in their distribution among drug-susceptible and
resistant strains. 
CONCLUSION Although there appears to be more and larger spoligotype
clusters among drug-resistant strains, preliminary findings in this study did
not identify particular genetic mutations in the DR locus that are associated
with drug resistance in Malaysian strains of M. tuberculosis.
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