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Study on the drug resistance to rifampicin and rifabutin in Mycobacterium tuberculosis

with rpoB gene mutation but phenotypically sensitive
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[Abstract] Objective: To examine the variations in drug resistance between rifampicin (RIF) and rifabutin (RFB)in Mycobacterium
tuberculosis (MTB) with rpoB gene mutations but phenotypically sensitive. Methods: Sputum or bronchoalveolar lavage fluid samples
from pulmonary tuberculosis patients at the Affiliated Nanjing Hospital of Nanjing University of Chinese Medicine from January 2022
to December 2024 were collected. These samples underwent MTB culture , Xpert molecular drug susceptibility testing(DST) , and rpoB
gene sequencing. Strains with rpoB mutations that were phenotypically sensitive, showed low-level resistance; or selected cases of high-
level resistance to RIF were screened. The minimum inhibitory concentrations (MIC) of RIF and RFB were determined using the
concentration gradient method. Results: A total of 298 strains were included, with both molecular and phenotypic DST being positive.
The molecular DST showed a sensitivity of 93.3% and a specificity of 94.6% for detecting RIF resistance, with an overall accuracy of
94.3%. Among 82 molecularly resistant strains, rpoB gene mutations were detected in 96.3% , with common mutation sites at codons

531,526, and 511. Agar-based phenotypic DST results showed that S531L, H526Y, H526R, H526Q, and D516V mutations conferred
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high -level resistance to RIF; S512G, S522L, and 1.533P conferred low-level resistance; while H526L, D516Y, L511P, and P483L
mutations were phenotypically sensitive to RIF. MIC testing revealed that only H526L and L511P mutations were sensitive to both
drugs. In contrast, strains with mutations including S531L, L511P combined with H526Q, H526D, D516Y, S512G, 85221, 1.533P, and
P483L were resistant to RIF but remained sensitive to RFB. Overall, the log-transformed RIF MIC (log, RIF-MIC) value[3.50(1.00,
4.00) ] for rpoB mutant strains was significantly higher than the log-transformed RFB MIC (log. RFB-MIC)value[2.00(-3.00, 3.75) ]
(Z=-4.481, P < 0.001). Conclusion: This study demonstrates that different rpoB mutation sites lead to varying levels of resistance to
RIF and RFB in MTB. Compared to RIF, RFB exhibits lower MIC values and potential clinical effectiveness against various rpoB
mutant strains Ce.g.,L.511P, H526L, D516Y, S522L, etc.). Precise analysis of rpoB mutation sites and evaluation of their susceptibility
to RFB may offer a new strategy to address the clinical dilemma of “molecular resistance-phenotypic sensitivity”and provide a basis for
formulating individualized, stratified treatment plans using rifamycin drugs.
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LA, AR AR R AT 7 AR MRk B X B
S531L A H A I AR A, PR ABCE A R 1M 42355
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1.2.2  Xpert %8 4 35 4 M)

R G U 5 P 9 R R LA 1 500 r/min B0,

2 236 sputum/alveolar lavage

fluid samples from tuberculosis patients

culture and GeneXpert testing

MTB

MTB culture group

Excluded: negative results,
non-MTB and duplicates

778 positive

isolates: phenotypic DST

GeneXpert group

Excluded: negative

results and duplicates

980 positive isolates

298 strains: phenotypic and

genotypic tests were both positive

82 strains:

molecular drug-resistant

rpoB gene sequencing and

phenotypic DST analysis

25 strains: rpoB mutation

(phenotypic sensitive/low

level resistance)

15 strains: rpoB mutation

(phenotypic high level

resistance)

40 strains: MIC testing
(RIF+RFB)

MTB: Mycobacterium tuberculosis; DST: drug susceptibility test; MIC: mininum inhibitory concentration; RIF: rifampicin; RFB: rifabutin.
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Figure 1

Sample screening flowchart
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SR AE ) ) KU B AL ARG 4 S v 26 Tl R AT
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AT LA R R A
13 “%itgsE

KT SPSS 26.0 Gi vt AR AT B im0 b . 1H AL
OB A BN T 2 e[ n(%) 1367 i B B BHE Sha-
piro-Wilk 6 46 1IE SEATF & IEA 047, # AR A7 5 (PY
IIIEOLM(Pasy Pr) 1R 78 o AL SRR 25145 TN
S hRAE, T T 258 (Xpert) F: RIF i 24 1) R A5
JEE R 5 PEE P T 9 A TR e A e B 240 %%
FeH, IR Kappa £6.536 VP4l 1 F0 7 15 (1) — B0 -

NEER rpoB 78 T #k X RIF A RFB [ 24 7K ~F
H MIC 34T X5 08 e (log, MIC) J& 5 K I BC RHREAS
Wilcoxon FRFIRE IR 73 BT 3 22 52 . T B A 3645
BUMEES, P < 0.05 NZE A Giih 2 Lo

2 &% R

2.1 298 % MTB 4T Aok A 25 1 25 R 1L

LN N 298 #k RIF 731155 B 245 835 A B4 1Y)
k. b, T 2 82 #k, 4 FHBUBK 216 #k s KA
i 24 75 #k » R BUBUK 223 bR (R 1D o 7 T 28U
it 245 1) R 85U N 93.3% (95%C1: 87.7%~99.0%) , Hf
5N 94.6% (95%Cl: 91.4%~97.3% ) , B 14 Tl il 48
N 86.4% (95% Cl: 77.7% ~93.0% ) , B 14 Tl I 8 v
96.7% (95%C1: 95.7%~99.7%) , %1 & 16 HU N 88.0%,
HEHR 218 94.3% , 5 R A2 R i) — S
(kappa=0.852, P < 0.001)-

R1 MTBHTHRIAGHLER LK
Comparison of phenotypic and molecular drug

(n=298)

Table 1

sensitivity results of MTB

Molecular drug ~ Phenotypic drug sensitivity of RIF

o - . Total
sensitivity Resistance Sensitivity
Resistance 70 12 82
Sensitivity 5 211 216
Total 75 223 298

22 T AT E A IE RAFAE

82 5 RIF 43+ ifif 24 i =& v A7 4F 1% Oy [41 (38,
56) 1%, B 61.0%. 67.1%F i 45 iR 7 %2,
47.6% A FHHE R o« IR AR A DU v 8 e v R
(61.0%, %2,
23 rpoBARRTEEEAAHEN T X F

82 &k RIF 73 -1 24 B Ak b, 79 #k (96.3% ) K th
rpoB FE PR AL o g i WL 1) TEAR 2 B 531 (TCG

F2 82fIRIF HFifzh & MG RIFE

Table 2  Clinical features of 82 patients with molecular

resistance to RIF [n(%)]
Characteristics Case

Male 50(61.00
Female 32(39.0)
History of tuberculosis 55(67.1)
Diabetes 39(47.6)
Hypertension 17(20.7)
Specimen type

Sputum 32(39.00

Bronchoalveolar lavage fluid 50(61.0)
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ABNTTG) , FE AR 53 R (1 64.6%) , H IR %70 1
526 (CAC %8 2~ TAC. CTC. CGC~ GAC) 4% 11 K
(13.4%) . i1 511(CTG A8 K CCGCIRAE TR (1
8.5%), Fr 5 IKJE HLRAR, 2 YRR 526 (CAC AR
HNGACOFI516(GACAE N GTCO W RAE . H T 516
(GAC M GTCTAC) 5745 4 Ik (1Y 4.9%) , %15 T
512(AGCAE 9 GGC) . 533(CTG A8 Y CCG)522(TCG
AZ R TTG) 483 (CCG AE M CTG) % RAF 11k . T M
[# 4 24 i 45 SR 7 £ S5311L.H526Y W H526R . H526Q
D516V FEAZIRXS RIF /&1 BE M 24, 35 73 S5311L.S512G
S5221L A1 1.533P &A% fk X RIF A1 BE ffif 24, 1 H5261L+

D516YL511P.P483L 7 HR X} RIF BUK (£ 3) .
2.4 rpoB % Z # RIF 5 RFB 49 MIC {85 75

XF 40 BRAR R 1 rpoB 28748 B Mk 33k 4T MIC M 22 .
HAP 45 S531L RAZ 14 B, L511P RAE 7 ¥k 526 i
R4 Fh9RAE (H526Y H526RH526Q H5261) 3t 11 #k
516 fiL A5 %= 4% (D516V. D516Y) 3t 4 #k , S512G.
S5221..1.533P.P483L 548 % 1 ¥k .

RIF ] MIC %5 3% % 75 , H526L F1 L511P Jy iUk
(MIC<1.0 pg/mL), S5221.1.533P . P483L % 1 FRAK R
AF %.(20.34%)S53 1L MK i 25 (MIC=2.0 pwg/mL);
H AR KRN & it 25 (MIC=4.0 wg/mL) . RFB ]

R3 82D FMIZHHRAT rpoB REAR K RIF REVZGHLER

Table 3 The rpoB mutation patterns and RIF phenotypic susceptibility results of 82 molecular resistant strains

The number

Phenotypic drug sensitivity of RIF [n(%) ]

Codon Nucleotide Amino acid of strains High-level Low-level Sensitivity

[n(%)] resistance (n=57) resistance (n=13) (n=12)
531 TCG—TTG Ser—Leu 53(64.6) 42(73.7) 11(84.6) 0
526 CAC—TAC His—Tyr 4(4.9) 4(7.0) 0O 0
526 CAC—CTC His—Leu 3(3.7D 00 0 3(25.00
526 CAC—CGC His—Arg 202.4) 2(3.5) 0O 0
526 CAC—GAC His—GlIn 2024 2(3.5) 0 0
516 GAC—GTC Asp—Val 2(2.4) 2(3.5) 0 0
516 GAC—TAC Asp—Tyr 2(2.4) 00 0 2(16.7)
511 CTG—CCG Leu—Pro 7(8.5) 1(1.8) 0 6(50.0)
533 CTG—CCG Leu—Pro 1(1.2) 00 1(7.7 0
522 TCG—TTG Ser—Leu 1(1.2) 00 1(7.7 0O
512 AGC—GGC Ser—Gly 1(1.2) 1(1.8) 0O 0O
483 CCG—CTG Pro—Leu 1(1.2) 0 0 1(8.3)
- - - 3(4.9) 3(5.3) 0 0O

—:no mutations were detected.

MIC 45 Bt & 75, L511P. L511P + H526Q. H526D.
H526L.D516Y.S512G.S522L. L.533P. P483L ) £ &
(MIC<1.0 pg/mL); L511P+D516 } D516V Jy{i J& ifi
24 (MIC=2.0 pg/mL); S531L.H526Y . H526R A & J&
it 25 (MIC=4.0 pg/mL, % 4)

& 2 & 7R T A B bk RIF AT RFB A MIC A8 23 A
%o B #E e () RIF MIC (log,RIF - MIC) 1 [3.50 (1.00,
4.00) 175 T X BU#% ¥ 7 RFB MIC (log, RFB-MIC) {8
[2.00(-3.00,3.75)](Z=—-4.481,P < 0.001). H3 &
INANTA rpoB ZEA% B Rk RIF A RFB fiif 257 1) LL s

3 3t i

Iy TR ARE T R 24 2 PR A, seEL T
RIF fiif 25 B 7 12 Wi o AHIE 58 Xpert #62l RIF fiif

2y BBUR S N 93.3%, 5 R A 2 i 45 2R i B — 5
(kappa=0.852), iX 5 [H P F Al R & AH 770 4R,
5 12 #4857 rpoB JE [ RAZ Y R MR AE R B | IR
B, $E7R P EARAE 2 7, X AT Be 5l ALK
e BURE B AL A M BRIk, X T A — B
R, T 6 AL TR T
ANEHE X IR AT I MTB =, rpoB 8 AR AU A7 15 22
Ft o A Hb X AR R WL AR AL AE 531, 526 Al
5110 o, S531L o i , iX b5 4 Kk 22 Hohh [X
H— 8 K, 526 A g HE H526Y L H5261.
H526R 1 H526Q iX 4 #JE 20, i I8 i 1 H526S
AR, LS11P 2 A 70 55 3 9 WL AL, LT 7
P [ B M (T 25 B AR R R B AN, AR TS
M F] 516 (D516V #1 D516Y) « L533P. S512G 2 4%
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Table 4 MIC distribution of RIF and RFB in rpoB mutant = 20+ " REB
drug-resistant strains E 154
o MIC(pg/mL)  The number Mutation rate’ é 10
Mutation site RIF RFB of strains (%) Z§ 5
S531L =16.000 =16.000 9 99.30
S531L =16.000  4.000 4 98.82 <0.063 0.125 0.250 0.500 1000 2.000 4.000 8.000 =16.000
S531L 2.000  1.000 1 20.34 MIC(pg/mL)
L511P 0500  0.250 ’ 100.00 El2 MZAE K RIF F1RFB MIC{ERI9 %
L511P 0.500 <0.063 3 98.21 Figure 2 Distribution of MIC values of RIF and RFB in
L511P+D516G  8.000  2.000 1 45.33+49.21 drug-resistant strains
T R R, K
H526Y 216000  8.000 5 9933 i RRDR Z A1 2R A2 R 1 22 (4 P483L) , 7 E
H526D 8000 0.125 ) 100.00 IR T2 T 24 TR PR TR R B R AR T S0 BL HE Y42D
H526L 1.000  0.125 3 99.41 G52A . H87G.1.92S.V441GL450S.1457P, ) 5 RIF
H526R =16.000 =16.000 2 97.84 Mif 25 A9, IR L R B 7R T rpoB 2[R 53 AR i 1)
D516Y 4.000  0.250 2 100.00 ZREME.
D516V =16.000 2.000 2 99.66 EAREENE, FAEATA rpoB RAZERR I A &
S512G 8.000  0.125 1 99.11 KT 25. 258050 5 H MIC BLEEA 5.
o SO - FER I 52 T 25 B 2 S0 24 5 U B b2
PAS3L 5000 <0.063 | 71,04 [B] 9 MILC 43 A A7 76 50 7 8. 21, RNt 11 24 9 ik

*: the mutation rate of a single site in each strain, that is the propor-
tion of mutant bases among all bases. P: proline, L: leucine; G: glycine;

V:valine; Y: tyrosine; R: arginine; D: aspartic; Q: glutamine.

JEEMTE 22 53 220 U DX SN “ BRI E X7,
IXATREAE T BT 24 i AR R AU B AR K i
Lo AL, WHO I FEAR 251 1l Sk P DL e

RIF 483 |511(512|513(514|515|516|517|518|519|520(521(522|523|524|525|526(527|528{529|530(531|532(533
plL|S|Q|F| M|D|QI|N|N|P|L|S|G|L|T|H|K|R|R|[L|S|A]L
High-level Pl|G Y Y L
resistance \Y D
G R
Low-level )
. Lo P L Q P
resistance
Sensitivity P L
483 |511(512|513(514|515|516|517|518|519|520(|521(522(523|524|525|526(527|528{529|530(531|532(533
HED PlL|S|Q|F|M|[D|Q|N|N|P|L|S|G|L|T|H|K|R|R|[L|S|A]L
High-level Y L
resistance R
Low-level P V L
resistance G
I Pl G Y I D p
Sensitivity P L
Q°

High-level resistance (MIC=4.0 pg/mL) , low-level resistance (MIC=2.0 pg/mL), and sensitivity (MIC<1.0 pg/mL). *: double mutations at posi-

tions 511 and 526; #: double mutations at positions 511 and 516; P: proline, L: leucine; G: glycine; V: valine; Y : tyrosine; R: arginine; D: aspartic;

Q: glutamine.

3 rpoB REMZAF kXS RIF #1 RFB i 257k
Figure 3 The drug resistance levels of rpoB mutant drug-resistant strains to RIF and RFB
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