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Background: Fluoroquinolones (FQs) are important
drugs for treating multidrug-resistant tuberculosis
(MDR-TB). However, due to widespread use of FQs,
the resistance rates to FQs have been increasing
among Mycobacterium tuberculosis. Rapid and reli-
able FQ drug susceptibility testing (DST) is crucial
for successful treatment of MDR-TB. In this study,
the feasibility of molecular detection of FQ resistance
was evaluated.

Methods: A total of 95 MDR-TB isolates were col-
lected from Jan through Oct 2009 at the Korean
Institute of Tuberculosis. DST for ofloxacin (OFL),
levofloxacin, and moxifloxacin was performed using
the Lowenstein-Jensen media absolute concentration
method. Minimum inhibitory concentrations (MIC) of
these were determined using the broth microdilution
method. DNA was extracted from cultured isolates
using bead beating method. The quinolone resist-
ance-determining region (QRDR) of gyrA and gyrB
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were amplified and those sequences were analyzed.
Results: Of 95 isolates, 79 were resistant to at least
one of FQs. Of these, 71 (89.9%) harbored mutation
in the QRDR of gyrA or gyrB. None of FQ suscep-
tible strains possessed any mutation in gyrA or gyrB.
Mutations in codon 94 of gyrA were most common;
only two isolates had mutation in only the gyrB gene.
OFL MICs for isolates with gyrA mutation ranged
from 1 to 32 pg/mL, but FQ susceptible isolates
showed MICs ranging from <0.06 to 0.5 zg/mL.
Conclusion: Mutation analysis of QRDR of gyrA and
gyrB showed 89.9% sensitivity and 100% specificity
for detecting FQ resistance in MDR-TB. Therefore,
molecular DST can be useful for rapid detection of
FQ resistance in MDR-TB. (Ann Clin Microbiol 2014;
17:80-85)

Key Words: Fluoroquinolone, gyrA, gyrB, Multidrug-
resistant tuberculosis

2 QJol A 71 a3 ekAlo|t). 2L} FQ_‘:_ olg] 7+edA A
3} X 5ol] &3] ALE3 glov] thANA Al ol 2}t &

WA el Al Boll 445 971 wol A Lao] $2i%)
T3], wehA EMMWMM A3 A 8F a4 FQ
ol g Selshs Zo] BAoldt. FQ UAE Helel]
slaix 71E R } 2 ol g3k 7% 28l A7) 4o

[ =1
i AP slttge, s Bl AR AR el el o
& AAR 54 A4 S99 AL Lasict, 0134

an“

e dAel BAEE Hakbl Aol R ¢
£ Azste ASHAZ ol A= gl UMMVJ
thS $18) rifampicin $-2 rifampicin¥} isoniazidoﬂ o
AR AP o] MU= ofe] vetellA 2 f-8A4e]
HAeH5,6]. HToll= olAbekAl WS A& 5 de Al

ﬁ%#i%ﬂ
o £ op Moy
(o]

o r =

0

oE

Received 30 April, 2014, Revised 6 June, 2014, Accepted 13 June, 2014

Correspondence: Kyungwon Lee, Department of Laboratory Medicine, Yonsei University College of Medicine, 50 yonsei-ro, Seodaemun-gu, Seoul 120-752,

Korea. (Tel) 82-2-2228-2446, (Fax) 82-2-313-0956, (E-mail) leckcp@yuhs.ac

© The Korean Society of Clinical Microbiology.

@ This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

80



Chang—Ki Kim, et al. : Molecular Detection of FQ Resistance in MDR-TB Isolates 81

A5k AlokEol 27 IeH7-11]. et FQell that A4
Q7N RIS} BolEs) theA] BaHw glor ol
& ) Qs lulg Aold.

3 QoA SRS ko2 FQ ulgst dat
o] g Ao Al gsh g SAA Wl EAeln
0|2 o83k FQ A% AL §842 Hrlelart sigint.

e =

1)

MATERIALS AND METHODS

=

that 2

I
T

200040 193] 109744 AT 02 4547047 <)

2®l A FollA] isoniazid®} rifampicinel] FA|WHAI Q] ThA|
WA FS o2 sk Ofloxacin (OFL) WAlQl #5et 74
TR FFE Tt s Al S AdE
A3NA 10% skim milkS o] g3le] —70°CollA] Hkaslgict.
2. SHAEN 2raAEA

AN A <A 7 A= Lowenstein-Jensen (LJ) ¥IA| & o] &
L AdisE o Agelglon Bl WAzl E s o
S-3} 7} isoniazid (Sigma-Aldrich, St. Louis, MO, USA) 0.2
¢ g/mL, rifampicin (Sigma-Aldrich) 40 ¢ g/mL, OFL, levoflox-
acin (LEV) (Sigma-Aldrich) & moxifloxacin (MOX) (Sigma-
Aldrich) 2 p#gmL. HEFY(inoculum)S Al=s}7] 3l Wi
o1 2% Ogawa ¥l ARl AA|H o2 Fol A RelA
T A IR felTgol B2 McCartney Holl
s sl shfaiglon olojzFo] Theheke Foll g
B8 do] 8% & McFarland No.1Z2 Z39ith A=ag =24
A B FH FA oAl SO R 111002 B3 ¥
25 LA obal} E5h8 wiAle) izelAel 27t el
HER A= 37°C h712AellA] 4771wkt § ohzulA)
A0l 3+ B2 4+E Fskar oA wiAlellA 2070 o] el A
2ho] PA= 75 WA o2 BAeie. tizulA) S4o] B
W3 A 25 FTbilEE AARE Sl 23S B 6
T2 wiekell e thzulA) o] FAo] FEehAl e A A

3

S A A

of

>N

Table 1. Primers used for PCR amplification and sequencing
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Primer Target gene Nucleotide sequence (5°-3”) Product size (bp) Reference
grd F grd GATGACAGACACGACGTTGC 398 [12]
grd R GGGCTTCGGTGTACCTCAT [12]
grA2 F GGGCAACTTCGGCTCGC 1,883 This study
grd2 R GCAGATAGGTGCCTTCACG This study
A2 seq CGGGTCGGTTTACGCATCG This study
GYRB-1 grB CCACCGACATCGGTGGATT 428 [13]
GYRB-2 CTGCCACTTGAGTTTGTACA [13]
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Table 2. Mutations in gyr4 and gyrB genes of multidrug-resistant tuberculosis isolates and susceptible isolates

Mutation in gene

No. of isolates resistant to OFL, LEV and MOX

Total
grd grB R to all I;ngo I%F\I; R to only OFL S to all

Gly88Ala Asn499Lys 1 - - - 1
Ala90Val WT 6 4 - - 10
Ala90Val Met4741le - 1 - - 1
Ala90Val Asp461Asn 1 - - - 1
Ala90Val Gly512Arg - 1 - - 1
Ser91Pro WT 6 1 1 - 8
Asp94Ala WT 5 1 - - 6
Asp94Ala Leu479Phe 1 - - - 1
Asp94Gly WT 22 - - - 22
Asp94Gly Asn499Lys 1 - - - 1
Asp94Gly Ala504Val 1 - - - 1
Asp94Gly Gly512Arg 5 - - - 5
Asp94His WT 1 1 - - 2
Asp94Asn WT 5 - - - 5
Double peaks at 280, 281 WT 1 - - - 1
Ala90Val, Asp94Gly WT 2 - - - 2
Ala90Val, Ser91Pro WT - 1 - - 1
WT Asp461Lys 1 - - - 1
WT Asn499Asp - - 1 - 1
WT WT 4 2 2 16 24
Total 63 12 4 16 95

Abbreviations: WT, wild type; OFL, ofloxacin; LEV, levofloxacin; MOX, moxifloxacin; R, resistant; S, susceptible.

RESULTS
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Fig. 1. Distribution of fluoroquinolone minimum inhibitory conce-
ntration (MIC) of FQ-resistant multidrug-resistant tuberculosis
(MDR-TB) isolates (n=71) and FQ-susceptible control isolates
(n=25) according to gyr4 and gyrB mutation patterns. This figure
displays the number of isolates at each MIC and mutation patterns.
The MICs of FQ-resistant isolates are close to but clearly
discriminated from those of FQ-susceptible isolates. There is no
apparent distinction in the MIC distribution between gyr4 and gyrB
mutation groups. (GyrA, GyrB and GyrA+B) (A: Ofloxacin, B:
Levofloxacin, C: Moxifloxacin.) Abbreviations: SC, susceptible
control; WT, wild type; gyrB, isolates with mutation in gyrB; gyrA,
isolates with mutation in gyrB; gyrA+B , isolates with mutations in
both gyrd and gyrB.
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