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Abstract

~ Background: Rifampin plays an important role in tuberculosis treatment. In recent years,

'.) the introduction of molecular testing techniques has enabled the rapid detection of

Cheok for rifampin resistance, leading to discrepancies with conventional methods. The World Health
updates

Organization (WHO) has analyzed mutations in the rpoB gene that induce rifampin resistance
a OPEN ACCESS and identified certain mutations causing borderline resistance, which are often undetected
) using conventional tests. Consequently, the WHO has lowered the rifampin resistance
z:ggn:'ggg:gggg criterion concentration from 1.0 to 0.5 ug/mL in 7H10 and MGIT 960. The present study aimed
to evaluate the impact of this change in critical concentration on the detection of borderline
Ann Clin Microbiol 2023 December, 26(4): 139145 rifampin resistance in Mycobacterium tuberculosis.
https://doi.org/10.5145/ACM.2023.26.4.139 Methods: Tuberculosis strains submitted for antituberculosis drug susceptibility testing from
C . May 2021-2022 were analyzed. Three institutions participated; the Seoul Clinical Laboratories
orresponding author
Chang-Ki Kim used the agar proportion method, whereas the Samsung Medical Center and Seoul National
E-mail: psoas95@gmail.com University Bundang Hospital utilized the MGIT 960 system to test both the original and revised
concentrations. Mutations were confirmed through rpoB gene sequencing for strains showing
discrepancies.
Results: A total of 1,596 valid susceptibility tests were conducted during the study period.
Rifampin resistance was detected in 35 cases (2.19%) at 1.0 ug/mL and in 38 cases (2.38%) at
0.5 pg/mL, whereas isoniazid resistance was observed in 158 cases (9.90%). Among the three
rifampin discrepancy strains, one harbored an H445L mutation, whereas the remaining two
exhibited an L452P mutation. These mutations were classified as borderline resistant.
This s an Open Access artice Conclusion: Applying the new rifampin critical concentration resulted in a 0.19% increase
AT distributed under the terms of in resistance rate and an 8.57% increase in detection cases. Additionally, despite testing
mﬁmﬁmﬂ@mﬁ with large number of rifampin-susceptible strains, no false resistance results were obtained.
/A which permitsunvestricted norrcommercil Therefore, the application of the new critical concentration is considered beneficial for the
use, distribution, and reproduction in any medium, management of rifampin-resistant tuberculosis.
provided the original work is properly cited.
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Introduction
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o] 7
=] IeH3]. £3] Xpert MTB/RIF (Cepheid, Sunnyvale, CA, USAy= 23l DNAS} 2183 WS 5
Ao AET 4 a1 AARPY o] AFE3tE| o] HAAIH o & ARgo] IA| &4l JITH3]. FZol=
2l vdo] ohAu/d 23 2] o2} 2] E(surrogate marker) = 0]% 31 QITH4). vt Bab AL
7I¥e] =z 2l NEUddEo] 7HsslAI A 71 Za/d aArH el A 54X 7}

AYsto] ghaptkejol] &40 11 Jlok5-7). AlAIEZA 7]?011*1 EH%’ e wis

FrAte] Hol & B8 1, A1 Ui d (borderline resistance)2 -3-d6h= Y Ho 7t 54 <

BAIM HEEA] O A7F 1= UTH2]. A AlA| 7] el = 2l ZAVE W

A EE-2 =0]7] Y3l Middlebrook 7H102} BACTEC MGIT 960 (Becton Dickinson, Sparks, MD,

USA)"“ ofet 2 W7 12552 1.0 pgmLollA] 05 pgml 2 SHEgick2), 2 AoA: 2
B U715 7o) 27 Ul A Eol il Qe B skt slelc,

E

Materials and methods

2021 5ERE 2022 5E7HA] A2ojafetlta, AV Y, 1345'— EAE T ol
A AlegE FHAA 2 AL Aikg ZARSHIT A&-2]aketed 4= Middlebrook 7H10 3F
AH|SHS, AR Qe Bt 92 BACTEC MGIT 960 (MGIT) (Becton Dickinson)

o]-&5to] A AARE AL, 71 W UA7]EE%(1.0 ug/mL)oll A= HAZH
d71%-55(0.5 pg/mLyS F7Fsto] A ARE AlsEiH: o] aYoA & U7 &=
SPdul& 2] 7% 02 pgmLE MGITY] 7% 0.1 ug/mL< ©]- &5t 2l g 744 2
Z| 7ol sl ipoB 732 A7 D242 Aldgste] ¥lol& EIsttt. w55 McFarland
0.5 5o NS THE T boiling methodE F3lA] DNAS FE5H3UT} poB F-412F S
1 F7N M EEAS QJ3)A S 9] primer (RSF: 5'-GATGACCACCCAGGACGTGGAG-3', RSR:
5'-TCGATCGGCGAATTGGCCTGTG-3")E AH2-5}FITHS). Polymerase chain reaction (PCR)-
AccuPower Taq PCR Premix (Bioneer, Dagjeon, Korea)°ll 10 pmol#] 2] primer, 10 ng®] DNAS- go] &
20 ULZ TH= 5, GeneAmp PCR system 9700 (Applied Biosystems, Foster City, CA, USAYE AF-&-5]
o 98°Col|A] 3027+ HIAAIZ] 3 98°C 10, 66°C 25, 72°C 3022 35%] HHE 51 72°Cof| A 28
ZHERGAIZATE PCR - 3AHE 2] A7]+= 438 bpol L, 1% o H2 @ A 2 24 7] 95510 Gel Doc
system (Bio-Rad, Hercules, CA, USA)C.2 o|0| x| & =513t 7| A E2 H37Ry 59
71X B2} 8] 5tod ppoB -FAALe] #ol & gl

o [

Results
AL7)7E 59t ASSH A S 5-5 A QST 1,59670 (A2 Q) TFshd 114 1,269, A A
299l 177, B2 Y: 150)0] S-&5H 7HeAATHE SR8 CHTable 1). 2T WA
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1.0 ug/mLoll A 3574(2.19%), 0.5 ugmLolA 3873(2.38%)°l1A AEE 1, o]AU oA & Al
15871(9.90%)°1 2t} 2l EE EUx] F5= 3710] et B SHPduix & o 2 AL A&
ojufst Aol A HEEQUCE MGITR AR F 7| BollMs EUx] 457 S =] Qotct
Ed 2] 750l thgt poB 52 G771 -GS 53l HA45L (H526L) Hio) 7} gk 71, L 2] 2740])
A1hL452P(L533P)Hj1017P FolE|gl o, sigio) s B A Ulg Blol 2 Rl th Table
YA #5371 F 271004 o] Aok & WA o] EI=| QT 2lubR e ol = Wi4do] ik L
°P 719] 73%- o] Ay oRA| Eojli= 74/ 0] %1 21} fluoroquilonone 2FAI Q! ofloxacin, levofloxacin,
1] 31 moxifloxacin®l] 25 WH/d 0| 211 71 ] ofAf|o] thgt LA HEEA] ket

A

=

Table 1. DST results from three institutes

SMC SNUBH SCL Total
Drugs (CCs)
S R S R S R S R
RIF (0.5 pg/mL) 172 5 148 2 1238 31 1,558 38
RIF (1.0 pg/mL) 172 5 148 2 1241 28 1,561 35
INH (0.1/0.2 pg/mL) 154 23 139 11 1,145 124 1,438 158

Abbreviations: DST, drug susceptibility testing; CCs, critical concentrations; SMC, Samsung Medical Center;
SNUBH, Seoul National University Bundang Hospital; SCL, Seoul Clinical Laboratories; RIF, rifampin; INH,
isoniazid; S, susceptible; R, resistant.

Table 2. Conventional DST results and rpoB gene sequencing data of three rifampin resistant isolates with new critical concentration

e poB gene Conventional DST results of anti-TB drugs (CC [ug/mL])
No. Date Sequencing  INH INH SM EMB ETH CAP KM AMK OFL LEV MOX PAS RBT LIN
(E. colinumbering) (02) (1.0) (20) (50) (50) (100) (50) @0) (0) (1.0) (05 (0 (05 (1.0)
1 2021-06-02 H445L(H526L) S S S S S S S S R R R S S S S
2 2021-11-09 LA452P(L533P) R R S S S S S S S S S S R S S
3 2021-12-16 LA52P(L533P) R R S S S S S S S S S S R S S

PZA

Abbreviations: DST, drug susceptibility testing; TB, tuberculosis; CC, critical concentration; INH, isoniazid; SM, streptomycin; EMB, ethambutol; ETH,
ethionamide; CAP, capreomycin; KM, kanamycin; AMK, amikacin; OFL, ofloxacin; LEV, levofloxacin; MOX, moxifloxacin; PAS, para-aminosalicylic acid;
RBT, rifabutin; LIN, linezolid; PZA, pyrazinamide; S, susceptible; R, resistant.

Discussion

A2 A BEA o, uid et o] = A7 AEAl EAYstaL k). !
849 gt Ao o] 7P 2 A-hE F shutoloh WdAsE 8t o 2 Belst| 95
A Al ekt Y g RIe E9do] mi F85HH23]. A& AP AR 54 A4/d At
of) w3 Aol ZzkA o HIZFE 7} izof QUFHA R E AP 7Fs e o] it 1.2]. &
QFA S0l M = EAFARR o] 7] ZdARE ol Hs] E A QbASITH9). o213t o] -2 HAlUE =
2 2 EH WS HEShs Tt A2 AAP S o) 7HEE QI TH3]. 53] Xpert MTB/RIF= A
SSHE AR 0 2 ZHh ARduko 2 & AR} 75 3h| AllA| E 7|2 5] endorsement

S A A 2 AREo] A S0 A BFERIHH O = o] 85|11 QITH3,10]. Xpert MTB/RIF
£ A8t 2l WS Aol AEsH He=t = 27] 2l Ui Aol st 95
7h=oti11]. 2 e B 7Hs Aol =2 Bkt tl o & ohH fuld 7Hs g2 WA
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[¢]

AREA 0l A3l ol A ekAbE T o 2 & 749 /Ui Hlgo] o 4= Qlrkal sl 3iTh wkA
Z7] AIARZA7] 7 A3 A= W 7s/d o] 2 EAloll A Xpert MTBRIFE A28 749
o] WdolH M2 A2 AfAArsteta HarstiTH11]. AA 2 B4 1r4/d HAAket Xpert
MTB/RIF 7+2] 23} 52U 2|7} Q1% 9=t 53] Xpert MTB/RIF YU/do] th-2-2 2}A|5HA T
[6,11]. F312} 240l A o] ELX|E foh= B4 f4xE Hol7h EelE] /It 7,12-14]. o] 5 ¥
o]+= disputed mutation, | =U/gFH 0] 50 & E2|ql=t] sl #lol& 71 7= 2l 2 4]
A7} 2H4/go] ol BlsiA = oy W7 e s ol ZHsAY W2 497F wek
[5,14,15]. ©]+=mpoB 7312} o] o whe} 2j /g H =7} o2 7] whE Q1| Xpert MTB/RIFS] 74
9 Bo| THE ERIT 4= glof 2l EYA] Zfs Aol o Fo] AUTH14,16,17]. 01 F AT-E
55l Xpert MTB/RIFO AT 2] WA Q1 S50 | 8 73 2E ERlstl=tl 24| 5 ekAlof o
o3| & AdF-Eo] tiF-E WokTH1s].

S ARl A 48 AARe] EYAIE Eol il AV U A8 AES AT
A g W7 lEsx Mol tish & .8 /do] otxltH14]. AlAI R A7 ol A=
W7 IEs =5 7o Sl AAIA o & A 5E 47sto] AU, i A 71&
ST 5 7ol uket thA A5kl o Zolo glupntol4l Al eFAle} o] AU oA = WA 7]
s HAS 9ot HEZF AR TS /J5I9ith ARR T e E A EYA S B3
A= poB A SR 0| S A1 W/d o2 A fst Al 771 W0 (H445L (H526L), D435Y
(D516Y), L452P (L533P), L430P (L511P), H445N (H526N), 91F (I572F), H445S (H526S))7} ©1710]]
£3tH2]. o) EARIOIE 7H e A o= 2l U o= wdsio] tAu A A
Alegete & P skl Qlok2,3). weka] M7t AFEHol A= AAKS W Blolg 71 #=
171 91aliA] 7H102 MGITl| Tt 23 W75 EE 1.0 ug/mLollA] 0.5 ugmL= W
oH2]. W A] Ly 2] 2} 7HIL v ] oll thelAl = 43 A Als = J 17 E5-Eote] 7]
5 HSHA] 2ttt
AHoMe MEE 2 W7 e s s A&sto] g WWdFE 31 = A4S
Ar}. o & F= B A W 2ol & 7R A o2 SRl 2lu o]l
A Wido] elxlof el Wi oz AEA| ) 24 2lid W E2 0.19% 3715
T WAeE 857%7t Stk EYE & 4 Jlelom Ui Ak gl SO
122 W7 IEsEs 2-8s13le wl shduiAlule S Alast 7| ol ARt A1 W
AZEE AT MGITE Alshe 7] 8ol A= HEE A Lttt SHdufR]H] &S 0] 85
o5t A0] HARIS7F MGITS ]85 7|3t Y55] 7| tigd = etk 1
U 3 AT Ao 7RI & Sl 7|2 WA IR s =5 488 7 Ly H|[ &R0l 1
3 MGIT =3 A Al A 2l A W8 AEEo] f-oatA R Ao & LA glrh19,20].
wfebA] W71 E 525 1.0 pg/mLolA] 05 pgmL2 W30l = T ZH/d 7 Ak ol Bla MGIT
O] AAV WA AEE ol A &S 4 Utk vu 59 A7 2170 w2 M E MGIT WA 7|
Frr 2 AP w AN U AEE0] 438%2 Wekon, 7|1E UA7EsEo HEE
(37.5%)2 2 2ol 7k STt MGITS] A1 WA Mol HEES =017] oM W7 Ies s
o] W W o AT RS Aot RS st 2 87} Sl
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o] Aol A BE thi/d w0l thisl ipoB 734 H71M B2 2AI5HA] 8ot 71E U7 IE
TR AR R W7 S w0 RIZES ek B7te 4 ‘Si‘ZiEP UMz Ud71Es

EEAESI0E W AAVd W 95 = AEslaL, 2 “”OJ = °F 1,500 &
oA Ui/d At o 7= WA= A et kA AlA ]E7J7HL94 e WdrEs

O P S ey

g0t
H7: 28 2| 5oA 2jgH F8/82 v Ak 2| 2AF AAP|He Yo elgd A4
WdAZo| 7hsaiAIRA 7|2 /g Ak ake] Zat EY A7 ExptE]o] S F
AIARZ 7)ol A= 2l WS ks mpoB 5-402ke] #lolE B3I, A
(borderline resistance)y & F-& ok Y- Ho 7}/ A4/d AARIA HEEA] e EAIZH RIS
At kAl AjA| R 7 7] 7Ll A= Middlebrook 7H10ZF BACTEC MGITOl| Tt 2] U4
L5 1.0 ugmLolA] 05 pg/mLE WAt & Atolla= W7 s 7ol 2lEd uiid A
2ol tisl vl x|+ Y& B7kekaA} sigich
HE: 2021 5Y R E1 2022\ 5€71A) FEAHA| 423 3
37]2o] Fofstlom Agortstl AE SHdH| SRS, A S YT A St Y2
BACTEC MGIT 9602 ]85} 7]& sxot HAH s=ol tisl] 2= AlFsict 2UAE 2
ol= w50l thal ipoB R A7 A DA S Algsto] Hol & EhelstelT
A3k 54771751 ARt T3 AL B 1,596 (A &S] kel A 1,269, A A2 177,
A=Y 15009] f-ast A7HE SRlskelT). 2lE U/ 1.0 pgmLolA 3573(2.19%),
0.5 pg/mLol A 3871(2.38%)014 HEEI AL, o] Ao E W2 15871(9.90%)°I AT, 2]
H EYx| #5371 5 poB FAIAL A7 | M EEA S 53l H445L o7} 3t 7, L 2] 2710l A=
1452P §1o|7F 1= Qi) s R ol = B 737 /g ¥io| 2 BRHch
A2 AR HAE fuy WA7|EsEE A8 A4S 2EE WEE2 0.19%, HEDsE
8.57% 7Vttt &= thro] el h/d F2 Bt Sl YU/ 2k Ay
oroket whetA 2R WA7 1R s =S 488 79 U2 we]o] 5-88 71 o 2 whehec
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