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Abstract : Objective To explore the clustering of drug — resistant Mycobacterium tuberculosis (MTB) in Zigong from 2018 to
2020, analyze the genetic relationship between strains, and speculate whether there is a potential correlation between drug —
resistant strains isolated from different patients, so as to provide a reference for the prevention and treatment of drug — resistant
tuberculosis in Zigong. Methods The drug — resistant MTB strains isolated from Zigong from 2018 to 2020 were used as the
research objects and the standard MIRU — VNTR 12 - loci method was used for typing study. The band sizes of the amplified
products were analyzed by PCR and agarose gel electrophoresis to obtain the number of replicates of different loci of the strains.
The data were imported into the MIRU — VNTRplus database and the SITVIT2 website to construct the phylogenetic tree
diagrams and the minimum spanning trees, and the global source analysis of the isolated strains was performed. The
discriminatory ability of the 12 — locus method was evaluated by locus polymorphism analysis, and the local prevalence and
transmission of drug — resistant TB were analyzed by calculating the cluster formation rate and recent transmission rate. Results

The overall resolution HGI index of MIRU — VNTR standard 12 —loci typing was 0. 974. MIRU26 and MIRU31 showed high
polymorphism; MIRU10, MIRU16, MIRU39, and MIRU40 showed moderate polymorphism, and the remaining loci showed
low polymorphism. The most concentrated locus was MIRU2, and the most dispersed locus was MIRU26. The 120 drug -

resistant strains contained 77 genotypes, with a clustering rate of 46. 67 % and a recent transmission rate of 34.17 % . The
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minimum spanning tree showed that 120 drug — resistant strains could be divided into three clonal complexes, CC1, CC2, and

CC3, according to the VNTR typing results. Among the 120 valid strains, 12 genotypes of 32 strains could be found on the

SITVIT2 website, and the corresponding 12 MIT numbers were distributed in 14 countries on five continents worldwide.

Conclusion The standard VNTR - 12 locus method resolves drug — resistant tuberculosis strains well. There is a certain range

of transmission of drug — resistant TB in Zigong, and the recent transmission rate is high, targeted surveillance is helpful in the

prevention and control of tuberculosis.

Keywords: Zigong City; Drug — resistant Mycobacterium tuberculosis; Molecular epidemiology
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Table 1 MIRU - VNTR 12 - locus primer sequences

H37Rv
e SIMFEE) (57 -3") FEHIR/N
(bp)

MIRU2 F: TGGACTTGCAGCAATGGACCAACT 508
R: TACTCGGACGCCGGCTCAAAAT

MIRU4 F: GCGCGAGAGCCCGAACTGC 353
R: GCGCAGCAGAAACGTCAGC

MIRU10 F. GTTCTTGACCAACTGCAGTCGTCC 643
R: GCCACCTTGGTGATCAGCTACCT

MIRU16 F: TCGGTGATCGGGTCCAGTCCAAGTA 671
R: CCCGTCGTGCAGCCCTGGTAC

MIRU20 F. GCCCTTCGAGTTAGTATCGTCGGTT 375
R: CAATCACCGTTACATCGACGTCATC

MIRU23 F: CTGTCGATGGCCGCAACAAAACG 465
R: AGCTCAACGGGTTCGCCCTTTTGTC

MIRU24 F. CGACCAAGATGTGCAGGAATACAT 447
R: GGGCGAGTTGAGCTCACAGAA

MIRU26 F. TAGGTCTACCGTCGAAATCTGTGAC 438
R: CATAGGCGACCAGGCGAATAG

MIRU27 F. TCGAAAGCCTCTGCGTGCCAGTAA 657
R: GCGATGTGAGCGTGCCACTCAA

MIRU31 F. ACTGATTGGCTTCATACGGCTTTA 651
R: GTGCCGACGTGGTCTTGAT

MIRU39 F. CGCATCGACAAACTGGAGCCAAAC 646
R: CGGAAACGTCTACGCCCCACACAT

MIRU40 F: GGGTTGCTGGATGACAACGTGT 408
R: GGGTGATCTCGGCGAAATCAGATA
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Table 2 Product length comparison of different site repetition times (bp)

IR/ € MIRU2  MIRU4 MIRUI0O MIRUI6 MIRU20 MIRU23 MIRU24 MIRU26 MIRU27 MIRU31 MIRU39 MIRU40
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2 508 276 590 671 375 253 501 385 604 598 646 462

3 561 353 643 724 452 306 555 436 657 651 699 516

4 614 430 696 71 529 359 609 487 710 704 752 570

5 667 507 749 830 606 412 663 538 763 757 805 624

6 720 584 802 883 683 465 717 589 816 810 858 678

7 773 661 855 936 760 518 771 640 869 863 911 732

8 826 738 908 989 837 571 825 691 922 916 964 786

9 879 815 961 1042 914 624 879 742 975 969 1017 840
10 932 892 1014 1095 991 677 933 793 1028 1022 1070 894
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Fig. 1 Agarose gel electrophoresis results of PCR amplification of
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Fig.3 Phylogenetic tree of MIRU typing of 120 strains of drug —

resistantMycobacterium tuberculosis
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Fig. 4 Minimum spanning tree of MIRU typing of 120 strains of

drug — resistant Mycobacterium tuberculosis
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3 W B I, LY g B A A R B A 0 i A5 728 55

it 245 45 4% 9 IR IT B T 25 RIE R T R
K RN R RN RA R JRYT S R R AR R Y
DU, TR R BUR B IR IT RUR 22808 T, X /R A
Sp U M FL A A B E R . oy BT R
AV I 47 1) 235 A% 0 1 49 LA B RG: I A T 55 A 0 2 e A
F1BIF B, Xl e A %) B G 4 i BOR B A A
fi, MIRU - VNTRI2 i i ik 2 —METEE F50
FFHEYEER, T 854% 55 KA T 0 85 Bk i AR R
MIRU — VNTR {3 5 43 #1953 1, MIRU — VNTR 12 {3/
SRR HATE ) iz 5k, O e A SR AR E AR
JEEN A B R R G . MIRU -
VNTR JEFE5 8 AR i L Al i J R B EE 2 )7
A1), 3K By 21 AN [R) 8) T PR 1] 2 A AN ] B 52 il 35 H
PRI AT AR X o0 AN TR O TR AR o 3K B 7 32k B P A 7
T, AT VAAEVF 22 AN [R) A TR PR R a4 T R RS PR 1)
AT H A HE R m , MIRU - VNTR 12 3 5 3% 53 7Y
Yool F1 39T 1S6110 — RFLP 43 % (i % ol H . A Ui,
MIRU — VNTR #)"7Z  FH T 858008 W T A 7 24 0F 58

AW T H 51 2018 Z 2020 4F 114 120
it 245 PRAR AT 434, MIRU — VNTR 12 3 f3 75539 )
HGI B Jy 0.974, e ™ Jestt ™ 4pf ¢
W5 HE 85 RAFF Ao B T MIRUO2 4b, Hi4y 11 A4
MR —E NS, Hp, MIRU26 1
MIRU31 f#§ HGL 850K+ 0. 6, 2B m 280, M 7E A
I 2010 4 B AR A0 20 BOF 98 L MIRU26 5 B
Z 251, {H MIRU31 () HGI 2 0. 592 1, 2 $ 4 = ) 22
SRR =Y BORIE S 4R | ST AT A S
AT PR DR R 8 T of 16 P BB AR TR 3 /N o

X 1% B TR AR IR T DL & PR, 3xX 120 #1254
MR U 34 45. 83% , it v T [ 2810 iy =oAL 5%
UWNEE (12.15%) " Hisi (7. 93% )1 ik R
JLWR T 3K BE PR BRAFAE— E WSR2 G 2R, T RE 2 3T 30 Jk
P, TEARDS IR WAL R R 35% , = T[]
SR A AT ST T R e [ BT A TR 24 T A —
FE BRI, 1 S TR MR IR Y S8 5 P REAFE— 2 Y
23 ) 3C 4R | I PR PR [B) J2 T A7 A T A 30 27 R I T
— L IIE



- 1498 -

PRACTRBT =27 2024 4F5f 51 4255 8 )] Modern Preventive Medicine, 2024, Vol. 51, NO. 8

SITVIT2 7 Mr 45 R Won, KRR WA A
26. 7% V4B Wk T LAAE D90 3ty L 5 20 A0 ) 769 550 %) BT ok 4
P, 3 L AH [F) 20 ) () R AR OR: B 423k 14 AN EZR A,
ALHG 12 AH50, 12 AR A 5 A0 H A b
KA 4 A R E NG BT fGE . T e g
() b A& B R AR AE 2012 4F RLRT, DI T LA H 78 fe it
10 A B 1] 5L, ply 45 0S8 [ 3R 1Y 57 5 it T 1 R 34
T, —SERRSE E K AT HR B s I AR N R,
AP TR R K i 245 9 TR 25 L mT D, () 780 5310 AS [) B e
(TR 2515 0 & Z2 BE 1L Y, B MIRU — VNTR #4 51| 5
T 245 F4) 2 ZR AN T, S 43 PR 245 R A8 I 326 T 000 B e 1) i
EE il

AWFFEEEHRAUESE MIRU — VNTR 43 RUZAF T X 35k
B2 MTB 5t fG Z R A 0 T H, A3 A 57
TR 25 25 R A AE — o WAE 355 [, I B 36 R A
1, PR AE 2 BT 25 N 1A 7 BRI — 5
(IRt o SR, 3 TR 58 A A S AR XT3 /DN, 4 I i
FAT LY KA, %% MIRU - VNTR 43R 7 i 5 1
fih 53797572 (4N spoligotype 1 186110 RFLP) #HZE A,
A B TXEFERE S B o3 B AR AT T2 W X . 2R
e AR ST B DT AR 24 25 A% A3 R A B ) SR
PR AR AT NS S #E AT T O &, VNTR - 12
2333251735337 AU Ry [ BT T 3 AF TR 24 TR AR R B
FERATIAY, R B AR LEA B ST BB AT A
WUTE [ BT Bl Pt %o i 24 235 A2 B0 ke 14 6 00 0 i
25 TAE H 9 2% %+ VNTR - 12%233325173533 7 %4 3|
FR) TR AR A B i AN 5 b ] s A e 2 56 T i 24 4%
W RE B S, s DX 8] i T AR W 55 B 4 A1
I E by N S e e R R I ETRUIEN

B2k

[1]  World Health Organization. Global tuberculosis report 2022 [ EB/
OL]. [2024 —03 —=20]. https://www. who. int/teams/global —
tuberculosis — programme/th — reports/global — tuberculosis — report
-2022.

[2] Uplekar M, Weil D, Lonnroth K, et al. WHO’ s new end TB
strategy[ J]. Lancet, 2015, 385(9979) . 1799 - 1801.

[3]  Liu DX, Huang F, Zhang GL, et al. Whole — genome sequencing
for surveillance of tuberculosis drug resistance and determination of
resistance level in China[ J]. Clinical Microbiology and Infection,
2022, 28(5): 731.¢9 -731.el5.

[4]  Munro — Rojas D, Fernandez — Morales E, Zarrabal — Meza J, et
al. Genetic diversity of drug and multidrug - resistant
Mycobacteriumtuberculosis circulating in Veracruz, Mexico [ J].
PLOS One, 2018, 13(3): e0193626.

[5]  Gonzalo — Asensio J, Pérez I, Aguil6 N, et al. New insights into
the transposition mechanisms of IS6110 and its dynamic distribution
between Mycobacteriumiuberculosiscomplex lineages [ J ]. PLOS
Genetics, 2018, 14(4) : e1007282.

[6] Garzon — Chavez D, Garcia — Bereguiain MA , Mora — Pinargote C,
et al. Population structure and

genetic  diversity  of

Mycobacteriumtuberculosis in Ecuador [ J ]. Scientific Reports,

2020, 10(1) : 6237.

(7]

[11]

[13]

[14]

[15]

[16]

[17]

[18]

Dezhkhi H, Farnia P, Haddadi A, et al. Characterization of
clinical isolates of Mycobacterium simiae using drug susceptibility
tests and molecular analyses[ J]. Current Microbiology, 2021, 78
(6): 2324 -233].

T, 2R ALIT 4. 2015—2019 47 4 [l 45 1% e e s
aHrLI]. o E B PE g 2021 ,43(2) 1107 - 112.

Wang Q, Li T, Du X, et al. The analysis of national tuberculosis
reported incidence and mortality [ J ]. Chinese Journal of
Antituberculosis, 2021, 43(2) . 107 - 112.

Shamebo T, Gumi B, Zewude A, et al. Molecular epidemiology
and drug sensitivity of Mycobacteriumtuberculosis in homeless
individuals in the Addis Ababa city, Ethiopia [J].
Reports, 2023, 13(1): 21370.

Bakuta Z, Marczak M, Bluszcz A, et al. Phylogenetic relationships

Scientific

of Mycobacteriumtuberculosis isolates in Poland; The emergence of
Beijing genotype among multidrug — resistant cases[ J]. Frontiers in
Cellular Infection Microbiology, 2023, 13.:1161905.

Chawla K, Kumar A, Shenoy VP, et al. Strain diversity and
relative transmission of Mycobacteriumtuberculosis in South coastal
Karnataka , India[ J]. The International Journal of Tuberculosis and
Lung Disease : the Official Journal of the International Union
Against Tuberculosis and Lung Disease, 2018, 22(8) : 878 —883.
Asgharzadeh M, Kafil HS, Roudsary AA, et al. Tuberculosis
transmission in Northwest of Iran; using MIRU — VNTR, ETR -
VNTR and 1S6110 — RFLP methods [ J ].
Evolution, 2011, 11(1): 124 —131.

Zhang D, An J, Wang YF, et al. Genetic diversity of multidrug —

Infection Genetics and

resistant tuberculosis in a resource — limited region of China[J].
International Journal of Infectious Diseases, 2014, 29 7 —11.

Liu HC, Deng JP, Dong HY, et al. Molecular typing characteristic
and drug susceptibility analysis of Mycobacterium tuberculosis isolates
from Zigong, China[J]. BioMed Research International, 2016,
2016: 6790985.

ZEPE WIGELL, TRBTUR , 55 LB M DX S5 AL S B TR L 5 Ak PR A
PRS2 J VNTR 43 AU [ 3], o gk e 2 ) 24 3K, 2022, 21
(3):232 -238.

Li D, Hu XH, Xu X]J, et al. Identification and VNTR typing of
Beijing genotype
Yichangarea[ J ]. Chinese Journal of Infection Control, 2022, 21
(3):232-238.

XIS 7 56 b DX 205 A% 4 A AP T R 3 28 5 T 24 00 347 A DG
WESELD]. T BTk =,2019.

Deng W. Research ofMycobacterium tuberculosis complex genotyping

strains  of Mycobac teriumtuber culosis in

and drug — resistance frequency distribution correlation in Xinjiang
area[ D]. Xiamen: Xiamen University, 2019.
GRMR , WRZE, Jl 35 22 4. sDUTIT I 22 24 25 A% 00 BT TR T 24 5 R
TR AT ] AL TR 5T BE 44 ,2022,33(6) 142 —46.
Wu J, Chen J, Zhou ML, et al. Mutation characteristics of drug
resistance genes in multidrug — resistant Mycobacterium tuberculosis
in Wuhan[ J]. Journal of Public Health and Preventive Medicine,
2022, 33(6) : 42 -46.
BT, K, AR, 45 2017 - 2019 4R R E 4 45 1% 20 BOFF IR 20
SRR [ RUARAE RO 24 P4 A [T ] vl [ B 95 2% s, 2023, 45
(1):73 -78.
Wei SZ, Zhao Y, Lin J, et al. Analysis of genotype characteristics
and drug resistance ofMycobacterium tuberculosis isolates in Fujian
2019 [ J 1.
Antituberculosis, 2023, 45(1) . 73 -78.
s F #2023 - 11 -09

Province from 2017 to Chinese Journal of



