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Purpose

In Taiwan, tuberculosis remains an important treat to public health,
and multidrug-resistant Mycobacterium tuberculosis is an emerging problem.
One of the most important measures to control the prevalence of tuberculosis
Isstrain typing of M. tuberculosis. The data of strain typing is helpful in
surveillance of the disease and providing knowledge of transmission of the
organism in the community. Several techniques are now rather commonly
used for typing of M. tuberculosis, including 1 S6110-restriction fragment
length polymorphism analysis, the standard method for genotyping of M.
tuberculosis, spoligotyping, variable-number tandem repeats (VNTR) typing,
and mycobacterial interspersed repetitive units (MIRU) typing.  The VNTR
and MIRU methods are based on the fact that there are variable numbers of
tandem repeats among different strains of M. tuberculosis.  The purpose of
the present project isto develop an automated MIRU method.
Materialsand Methods

Test organismsincluded 493 M. tuberculosis isolates from 203 patients

collected between 2002 and 2003 at the Department of Pathology, National
Cheng Kung University Hospital. Twelve targets were selected for MIRU
analysis. Multiplex polymerase chain reaction (PCR) assays were performed
to amply these genes, followed by capillary electrophoresis on an automated
DNA analyzer to estimate the sizes of amplicons and the numbers of tandem
repeats. For each target, a number was given according to the number of

tandem repeats, and a MIRU type with a 12-digital number, which is derived



from 12 numbers of tandem repeats of five targets, is given for each isolate.
Susceptibility tests were performed with the proportion method. We also
used the VNTR-MIRU analysis to investigate the laboratory cross
contamination by M. tuberculosis.
Results

Among 493 isolates of M. tuberculosis from 203 patients, 54 and 106
types were obtained by VNTR and MIRU typing, respectively. When the
results of VNTR and MIRU were combined, 125 VNTR-MIRU types were
obtained. Among the genotypes, four VNTR-MIRU types were shared by
eight to 32 nonrepetitive isolates, and the remaining 121 types were
representative by a single isolate or were shared by isolates from two to four
patients. One presumed false positive and four possible false positives were
detected by the VNTR-MIRU analysis and clinical analyses.
Conclusions and Suggestions

In this study, an automated MIRU method for typing M. tuberculosis
has been developed. The MIRU method has been shown to be more
discriminatory than the VNTR method, and the combined used of MIRU and
VNTR methods were found to be more discriminatory than the use of MIRU
typing alone. The VNTR-MIRU method can be used not only for
epidemiological studies on tuberculosis but also for investigation of laboratory
cross-contaminations by M. tuberculosis.  More studies are needed to
investigate the links among the isolates showing the same genotypes, the most

common genotype in particular.
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21. 2 - ~MIRU & A& #1i¢ * 2_51F K 7|

Multiplex # 7] Repeat 313+ B 7)(5'-3)
PCR mixture =2 & & (bp)
A 4 77 CAGGTCACAACGAGAGGAAGAGC (FAM)

GCGGATCGGCCAGCGACTCCTC

26 51 TAGGTCTACCGTCGAAATCTGTGAC (TAMRA)
CATAGGCGACCAGGCGAATAG

40 54 GGGTTGCTGGATGACAACGTGT (HEX)
GGGTGATCTCGGCGAAATCAGATA

B 10 53 GTTCTTGACCAACTGCAGTCGTCC (FAM)
GCCACCTTGGTGATCAGCTACCT
16 53 TCGGTGATCGGGTCCAGTCCAAGTA (TAMRA)
CCCGTCGTGCAGCCCTGGTAC
31 53 CTTCGGCGTCGAAGAGAGCCTC (HEX)
CGGAACGCTGGTCACCACCTAAG

C 2 53  TGGACTTGCAGCAATGGACCAACT (FAM)
TACTCGGACGCCGGCTCAAAAT
23 53 CTGTCGATGGCCGCAACAAAACG (TAMRA)
AGCTCAACGGGTTCGCCCTTTTGTC
39 53 CGCATCGACAAACTGGAGCCAAAC (HEX)
CGGAAACGTCTACGCCCCACACAT

D 20 77 CTATAGTGACTTTTGCGGGA (FAM)
TGCCGAAACCAATCACCGTT
24 54 CGACCAAGATGTGCAGGAATACAT (TAMRA)
GGGCGAGTTGAGCTCACAGAA
27 53 TCGAAAGCCTCTGCGTGCCAGTAA (HEX)
GCGATGTGAGCGTGCCACTCAA
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%= ~MIRU & A 7]~ 2L 2 dlele ~ /)

MIRU & 7 #]i- 2L % allele ~ -] (bp)

Allele 2 4 4 10 16 20 23 24 26 27 31 39 40
0 402 175 122 482 565 437 150 395 285 498 492 540 34
1 455 252 199 537 618 514 200 447 336 551 545 593 408
2 508 329 276 590 671 591 253 501 387/ 604 598 646 462
3 561 406 353 643 724 668 306 555 438 657 651 699 516
4 614 483 696 777 745 359 609 489 710 704 752 570
5 667 560 749 830 822 412 663 540 763 757 805 624
6 720 637 802 883 899 465 717 591 816 810 858 678
7 773 714 855 936 976 518 771 642 869 863 911 732
8 826 791 908 989 1053 571 825 693 922 916 964 786
9 879 868 961 1042 1130 624 879 744 975 969 1017 840
10 932 945 1014 1095 1207 677 933 795 1028 1022 1070 894
11 985 1022 1067 1148 1284 730 987 846 1081 1075 1123 948
12 1038 1099 1120 1201 1361 783 1041 897 1134 1128 1176 1002
13 1091 1176 1173 1254 1438 836 1095 948 1187 1181 1229 1056
14 1144 1253 1226 1307 1515 889 1149 999 1240 1234 1282 1110
15 1197 1330 1279 1360 1592 942 1203 1050 1293 1287 1335 1164
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L
=2

%= ~MIRU & VNTR 7] 4

MIRU =
2 4 10 16 20 23 24 26 27 31 39 40 Ftr#c Jp 4 8k VNTRA| Ftalic 5t &k

1 23 3 261532 210

1 243261532 23

22432
22532
162453
42405
42415
31433
42435
42435
31433
31433
31433
31433
31433
21433
31433
21432
31433
31433

1
1
1
1
1
1
1
1
1
1
1
2
1
1
2
1
1
1
2

4
1
3
2
1
2
2
4
4
2
4
6
1
3
2
5
1
1
9
4
3

1 42 3 2 415 2 3 2 2

2 03 32516 3533

21 332517 353 3
2 21325153323
2 2132515353 3
2 2132517 353 3

2 21327152321

2 221231533 2 3
2 2 2125141323

2 22 2 2 415 3 3 2 3

2 22 2 2 416 3 3 2 3

2 2 22 25143323

2 222 2515 2 3 2 3

2 2 22 25153223

2 2 22 25153313

2 222 251533 2 2

31433
31433
31433
31433
31333
31433
31433
42435
31433
31433
31332
21333
31423
31432
21433
31433
21433
31433
31433
31433
31433
32435
42435

2 2 22 25153323
2 222 2516 3 3 2 3
2 22 31515232 3

2 22321153312

1
1
1
1
1
1
1
1
1
1
1
1
2

1
1
3

2 22 32 21533 2 3

2 223 23153323
2 2 2 3 2 415 33 2 4

1
1
1
1
-
5
2
5
3

2 22 3 2 417 353 3

2 2 23 251113323
2 22 32513332 3
2 2 2 3 25142 2 23
2 2 2 3 25143323
2 22 3 251433 2 3
2 2 2 3 25153223
2 22 325153321

1
1
9

1
27

2 22 3 2515332 2

5
22

2 2 2 3 25153323

2

4

2 2 2 3 2515332 4

2 2 2 3 2516 3322

1
1
1
3

1
1
1
4

2 22 3 2516 3331

2 223 2517 3513

2 22 32517 353 3
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31433
32433
42433
41434
42435
42435
42433
42435
32435
32435
42435
42435
42434
42433
42433

1
1
1
1
1
1
1
3
1
4

1
3
5
1
6
3

4
17

2 2 2 3 25183323

2 23125113322

2 23 31527 3331

2 23 3 2 413 3 43 3

2 23 32 416 353 3

2 2 3 3 2 417 35 33

2 23 32511133 3 3
2 23 32514353 3

2 23 3 2517 35 23

4
13

10
3

2 23 32516 3533

2
1
1
1
1

v

2 23 3 2516 3534

2 23 32517 2 43 3

2
3

2 23 3 2517 3322

2 233251733 3 3

3
1

32434
53434
42435
32435
41435
42435
42535
52435
32435
43435
42435
22432

2 23 32517 3 43 3

1
19

4

44

2 23 32517 3532

13
4

23
2
2

2 23 3 2517 35 33

12

1
1
1
1

2
2
1
1

2 2 3 3 2517 353 4
2 23 3 2517 35 43

2 23 32518353 3

2 23 3 2716 3 226

42435
32435
31235

1
1
1
1
1
1
1
1
1
1
2
2

1
1
1

2 23 328113533

2 23 335123533

2 23 33517 35 33

53434
42434
32436
32333
53433

2 2 42 2 816 3 43 3
2 2 43 2517 3 433

2 2 43 251836 31

3
2

1
2

2 25325153313

2 26 2 25143333
2 26 22517 3 43 3
2 28 2 25143 433
2 28 2 25153433

2 282 2517 3 42 3

53434
52434
53434
52434
53434
53434
31433
42443
43442
21433

3
5

1
1
1
1
1
1

2

2 28 2 2517 3 433

2 282 25183431

1
2

2 22 2 25 2533 2 3
2 32 3 2514232 2

2 323251653223

2

1
2

6 3 3 2 3

2 3 2 5

3I
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42445
42453
42453
42452
42453
42553
42453
51453

1
1
1
1
2

2
2
2
2
4

2 3232517 35 33
2 42 315165 2322

2 4 23 25142 3 2 2

2 4 23 25152 2 2 2

2
2

2 42 3 251523 2 2

1
1
1
1
1
1
1
9

1
5
2
4
1
1

2 42 3 2515332 3

2 42 3 251523 22

162453
42455
46454
42453
46464

44464

2 4 2 3 25152322

2 43 3251735 34

2 4 43 2 6 2 2 3 4 3 3

2

2 32 515 33 2 2

5I

2 53226 2 2 3 432
2 53 3 26 2 2 3 43 2

1
19

20

46464
46464
43464
47464
46464
46464
47463
42464
43464
45464
46464
41464
42464
43464
45464
46364
46464
48464

1
1
1
2
1
2
7

2 54316 2 2 3 43 2
2 5 4 3 2 2 2 2 3 414
2 543 25 2 2 3 432

2 543 26 2 214 3 2

3

5

2 54 3 26 2 2 2 432

4
22

2 543 26 2 2 33 32

1
2
4
15
2
1
1
2
1
75
4
2

2 54 3 2 6 2 2 3 4 2 2
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88

2 543 26 2 2 3 432
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56464
41464
43474
46464
71475
46494
46484

1
2

2 543 26 2 4342 2
2 6 4 2 2 6 2 2 2 4 3 2
2 543 26 2 2 3 43 2
2 7 4 4 2 6 2 2 35 3 3

2

1
1
1
1

1
4

2 8 4 3 2 6 2 2 3 4 3 2
2 8 4 3 2 6 2 2 3 4 3 2
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Duration between

Case (VNTR/  Specimen Anti-TB  No. of possible submission of caseand Interpre-
MIRU profiles) type® Clinical data’ therapy  source samples possible source samples tation®
A (32435/ Sputum  Fever and right middle lobe infiltrates; resolved No 1 Same day Presumed
223325173534) with cefuroxime; negative tuberculin skin test CcC

B (42435/ Sputum  CXR suggested lung cancer or TB; lost to No 2 Same day Possible
223325173533) follow-up CcC

C (47463/ Sputum  Hemoptysis and increased lung markings; lost to No 1 Same day Possible
254326223332) follow-up CcC

D (46464/ CSF Headache and consciousness disturbance; Yes 4 Same day — 7 days Possible
254326223432) transferred to another hospital cC

E (46464/ BAL CXR suggested lung cancer or TB; bronchoscopic Yes 2 Same day Possible
254326223432) biopsy showed negative findings; three sets of cC

sputum culture were negative for M. tuberculosis

4CSF, cerebrospina fluid; BAL, bronchoalveolar lavage.
PCXR, chest X-ray.
“CC, case of cross-contamination.
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Detection of

Culture (VNTR/  Specimen Initial Anti-TB cultures® with the Interpre-
MIRU profile)® type Clinical characteristics of patient diagnosis’  therapy same profile tation
F (31235/ND) Sputum  Cough, fever, and left lower lobe infiltrate; improved with BP No No NC

moxifloxacin
G (31433/ Sputum  Fever and right lower lobe infiltrate; improved with BP No No NC
222225153322) piperacillin-tazobactam
H (31433/ Sputum  Chronic rendl failure; fever and right lower lobe infiltrate; BP No No NC
2223251-11-3323) blood cultures showed Saphyl ococcus aureus; improved

with cephalexin
| (42435/ Sputum  Chronic obstructive pulmonary disorder; dyspneaand right AP No No NC
223325183533) middle |obe consolidation; improved with

amoxicillin-clavulanic acid
J (02453/ Sputum  Persistent cough, fever, and right lower lobe infiltrate; BP Yes No NC
242324252322) improved with ceftazidime
K (42445/ND) Pleural Persistent cough and pleural effusion; pleural biopsy Cancer with Yes No NC

effusion revealed adenocarcinoma; fever, not responded to anti-TB BP
therapy but improved with cefoxitin
L (42415/ND) Joint fluid Systemic lupus erythematosus; normal chest radiograph;  Lupus Yes No NC
arthralgia, not responded to anti-TB therapy but improved arthritisor TB
with corticosteroids
M (42435/ Sputum  Hemoptysis and right upper lobe infiltrate; another sample TB Yes No NC
223325183533) isolated Mycobacterium avium complex
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N (31433/ Sputum  Dyspneawith pleural effusion; pleural biopsy revealed no Canceror TB  No No NC
222225153313) evidence of TB
O (42435/ Sputum  Dyspneaand pleural effusion; expired beforeisolation of AP No No NC
222325173533) M. tuberculosis
P (42435/ Urine Hydronephrosis, renal stone, and ureter stricture; ureter  TB Yes Yes NC
223325143533) biopsy showed no evidence of TB
Q (31433/ Urine Hematuria; lost to follow-up B No No NC
222324153324)
R (46464/ Sputum  Persistent cough, fever, and diffuse infiltrates; blood BP No Yes PC
254326223422) cultures showed Saphylococcus aureus; expired before

isolation of M. tuberculosis
S (46464/ Urine Sterile pyuria; lost to follow-up B No Yes PC
253326223432)
T (46464/ Sputum  Septic shock and diffuse infiltrates; expired before BP No Yes PC
254326223432) isolation of M. tuberculosis
®\D, not done.

PBP bacterial pneumonia; AP, aspiration pneumonia.
“Positive cultures that had been processed two months before the potentially contaminated sample.
9NIC, not contaminated; PC, possibly contaminated.

37



Bl- ~ LR 515 isolates
5o AR (215 patients)
Y
Ies/[ Multiple isolates? N
433 isolates Not “CC” 82 isolates
(133 patients) (No ) (82 patients)
-
[ Smear positive? ]
No‘,/ \ Yes
Y 59 isolates 23 isolates
Processed within 1 week Processed within 1

of single-positive isolate?

No Yes

week of other isolate?

/\No

57 isolates

376 isolates

Yes
28 isolates 31 isolates

y \v

Clinically and epidemiologically

Not “CC”

consistent with TB?

No

Yes

1. Presumed“CC": 1isolate
2. Possible“CC”: 14 isolates

Not “CC": 13
isolates

MIRU analysis

Y
Processed within 1 week of
single-positive isolate with the
same MIRU pattern?

MIRU analysis

\

Processed within 1 week of
other isolate with the same
MIRU pattern?

Yes/\blo

Yes No
Possible source Not source of 1. Presumed“CC": Not “CC”: 10
of “CC": 10 “CC": 47 lisolate isolates
isolates isolates 2. Possble“CC": 4
isolates
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