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Abstract

Aim: Tuberculosis remains a leading notifiable infectious disease in Taiwan.

Drug-resistant TB, especially multiple-drug resistant tuberculosis (MDR-TB) and

extensively drug-resistant tuberculosis (XDR-TB), cause complex implications for TB
control. Bacteriological diagnosis and research are important for improving the TB

control strategies. In this study, we aim to suggest algothrims for adopting molecular

rapid tests in clinical and public health use, and to investigate genetic characteristics

of MDR Mycobacterium tuberculosis and associations with MDR-TB transmission and
treatment outcome.

Methods: We conducted survey on application of molecular tests for TB diagnosis.

We performed conventional drug susceptibility testing on the first and second-line

drugs, rpoA, rpoB, rpoC, inhA and katG drug-resistance genes sequencing and the
Genotype MTBDRplus test for MDR M. tuberculosis isolates. The test was parallelly
compared with routine smear, culture, identification and drug susceptibility testing.

We carried out genotyping and clustering analyses for M. tuberculosis isolated from
MDR-TB cases. A cluster was defined as at least 2 isolates having identical genotypes.
Statistical analyses were performed using the Fisher’s exact test.

Results: Subproject 1: There are 31 clinical laboratories provide molecular tests, including 8
commercinal tests and in-house PCR, for TB diagnosis. During January to September, 2015, A
totol of 18,773 tests were performed. We suggested a few algothrims to include GenoType,
Xpert and gene sequencing for rapid diagnosis and drug susceptibility testing (DST) for TB
among high-risk population and MDR-TB cases. Rapid second-line DST service has been
implemented since August 2015, 42 MDR isolates and 20 sputum samples were tested and
the median turnaround time were 4 (1-10) days and same days (0-7 days) for isolates and

sputum samples , respectively. Subproject 2: characteristics of 151 patients in northern
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Taiwan in 2007-2009 and their Mycobacterium tuberculosis isolates were analyzed.
Treatment outcomes at 30 months were evaluated. In this cohort, 54.3% were new cases and
23.2% cases were either pre-XDR or XDR cases. Among 39.7% of cases with comorbidities,
25.8% had diabetes mellitus. Furthermore, 49.5% of patients were infected with Beijing
genotype strains and 23.8% likely resulted from recent transmission. Outcome and predictors
was determined for 126 (83.4%) cases enrolled in the designated MDR-TB treatment
consortium. Excluding two cases transferred out, 85.5% had favorable outcome and 18
(14.2%) had unfavorable outcomes including 16 deaths and 2 failures with severe
complications due to anti-TB medication. Age group elder than 65 years old (p< 0.01) and
isolates harbored mutations at codon 531 in the rpoB gene were associated with better
outcomes than mutations elsewhere (p= 0.03). Subproject 3: Combined with MIRU(10) and
spoligotyping methods, the efficiency of genotyping analyses can be dramatically increased.
Not only MDR isolates but also suspected outbreak isolates and preserved isolates can be
genotyped. Totally 2417 isolates have been analyzed and 2108 (87.2%) can be uploaded to
the tuberculosis case management system and further analyzed. 888 (42.1%) isolates were
clustered into 287 cluster genotype. The results showed that the genotypes were different
between MDR and non-MDR clusters. 52 (21.8%) MDR clusters and 91 (38.1%) non-MDR
clusters were identified. In this study, we also analyzed 450 MDR case isolates registered
between 2012 and 2015 as new MDR cases. 278 (61.8%) were clustered isolates including 43
isolates clustered with MDR isolates registered before 2013. The left 235 isolates were
clustered into 67 genotypes.

Conclusions and suggestions: Subproject 1: Implementation of rapid molecular diagnosis
and drug susceptibility testing can improve TB and MDR-TB case finding, trestment and
management. Subproject 2: the government-organized and hospital-initiated treatment
consortium adopting individualized regimens with a patient-centered management

program can result in favorable outcomes in facing the challenge of MDR-TB with an aging
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population with a high proportion of comorbidities. Nevertheless, the age group elder than
65 years old and strains harboring mutations other than codon 531 in the rpoB gene,
associated with unfavorable treatment outcome, were still a menace to MDR-TB control in
Taiwan. Furthermore, 54.3% of new MDR-TB cases suggesting the need for stringent
control measures including early diagnosis and strengthened contact tracing strategies in
Taiwan. Subproject 3 : Most of the clusters were notified from families, health care facilities
and schools. Enhanced health management, early diagnosis, preventive therapy, infectious
control were effective components for preventing tuberculosis outbreaks. Molecular
epidemiological surveillance of MDR strains is needed to understand the distribution and

dynamics of MDR strains and to cease the transmission.

Keywords : Tuberculosis, Mycobacterium tuberculosis, Drug-resistance, Molecular

epidemiology
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ERRARATINA 0 B H TSR ETREE A 0 #]* 16S sequencing £ H i

GEME T AR .

S
3

F3dc WRECRAEZ AFETHEAN

13



104 #

FEAFERIAFARERATRIZFERBELPAKRB R 2 2 T

W

FAARhA, 2 TP LB R EGER R Y BRI
EREFRA T £ 1A AT f1 Epi Info gr¥ R

R B FLR 2 ok i & ok B LA 4 -

14

Lo
= 3

w



IR 5 ERFLE P ERA T A I
21 A% Te 2 [ E & LR _ﬁi—rgu,\ﬁ; ARl v

BAS Y BRI ECE Ik A9 2012 3 2015 & 11 9 10 p & # MDR %

Bt e F AP 2013 3 2015 # sk WEEE E O HEKE &9
% ¥ s chd R EHRE (7 A T4 45 0 2013 ~ 2014 ~ 2015 E w i - FRA
B 5 5439 ~ 4611 ~ 2000 th 0 F L A 2 - 2 (7 A FA A4 o

2.2 spoligotyping £ F13| 4 47

g

i ¥ Kamerbeek = j2 » 5 L #-Fth 11 F ¥ * £ = (Ocimum Biosolutions) i&
£ % (directrepeat) % £33t {82 ¥

FREFEGF R AT 2 B 8%
kF f g Ak w 3 43 B spacer ehdF 42 R AT MR (732 (hybridization) o B
fg i@ * Xk 5 iR spacer 2. § # o

2.3 MIRU(10) & 4] & 4%

Multiplex PCR 315 & = 3 % » & — %2 PCR 313 =4 w11 % b & k4 H|
(FAM ~ VIC ~ NED ~ PET) &7 » # - PCR ¥ & ¢ % 50to 200 ng 7 DNA ~ 2x master
mix ~ £ 0.02-0.1 uM primers (each) » PCR ¥ J&i% i+ 5 1 95°C > 10 min » 1 cycle ;
95°C > 1 min > 59°C » 1 min » 72°C > 2 min » 35 cycles ; 72°C > 8 min » 1 cycle o

#-PCR & $+4c » 70 pl H,0 i {7 8 i3 ff8 - A2 A4+ 52 pl # 10
LIZ1200 size standard ;& & 12 ABI3500 i& {7 4 47 & 1245 PCR A 4 ~ | # B Ap H &
repeat #x °
24 B FH Y A7

Spoligotyping 2 MIRU-VNTR 3 F]4] 1§ % 7212 BioNumerics  4.61 % it {7
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Omni> Z3EF 82 A+ Bk PRETHhT "LARERY o ¥ - 35 EF ML
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Diagnostics ~ Epistem) » % & ¥7 3% B pl3E s 4 2 T 5 ¥ (Molbio Diagnostics) °

PR AL LT AR YRR > MR TR R F T AT
PRHTEREL RO ACEITRELFL -V ESDERIFAFIR PR A
S R AZAR Xpert eh B o ¥ ATRA L 2B A DR RETHRESL T
TV INE -

FH R LRI TRAER 2 2 GF ¥ 2 %% 223k GenoType 2 Xpert MTB/RIF
BRZTRE Lo AR

1. Xpert MTB/RIF &% i& # 3% ‘—FH*)]%;, %T

At - 4 TB B k2 Bif BT 23R Xpert ¥ i % At e 5 qRpk ik £ /230

X-£ 3 findings e0i# % - § AFB smear &% Z (1) 0 Bl %] & * Xpert #& P >

% 5 MTBCFEE® RIF A Bla2ZRE 7 Xpert & H s & 3 B2 &P > &
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Diagnostic algorithm with Xpert for TB

TB suspects with symptoms and/or chest X-ray findings

i

Sputum smear

| AFB (+) ]
| AFB (), but X-ray (+) | - | Xpert MTB/RIF
q _
Retest
(Xpert or other tests)

l MDR-TB treatment TB treatment Further

clinical
observatlon

2. Xpert MTB/RIF 3 H|3E * += MDR %% 5 2 #7

> MDR-TB B ¥ (¢ L inh Bk ~ 5 £ %ﬁ% bk PRE R
# - WHO 2% 2. TB % MDR-TB & f # B s fL55% ) » 3k Xpert 7 44 i *
NAREPRETRELL F LY B B EF L AFBsmear j5 % 5 (1) Bk Rl
% Xpert #ip] > %% 5 MTBCH P RIF LB > BlaZ3RE ™ Xpert & 2 & A 3
KBHRiZEFHRP > T % - R P2 MDR-TB Bk ek 3 2% % 5 MTBCH{+®
RIF 2150 > RIS 5 TB; 2% % 5 MTBCHE I Al FipkF S % o (2184

BEF R BPR @RS ITAR o

18



Diagnostic algorithm with Xpert for MDR-TB

‘ High-risk MDR-TB suspects I

J{ Setting
| Sputum smear | with no
‘ ; TB lab.
| AFB (+) |
| l :
AFB (-) | [ Xpert MTB/RIF |

q‘“ T

Retest 1 sample

Furth‘er (other tests)
conventional
testing h
‘ MDR-TB treatment H TB treatment ‘ Furt -
conventional
testing

3. GenoType MTBDRplus ##|:& * ** MDR %2 +% I,is;/,‘ %7

WA ERFURPRE A RF(C LR BE S S ERERME - LR
B A F ~WHO = # 2 TB & MDR-TB % f # W Tk 5% %) > 23k GenoType
MTBDRplus ¥ i * >t 3 & *%: % % AFBsmear 3% 5 (1) BB %]# * GenoType
MTBDRplus #iB] > 2% 5 MTBC P RIF 2B PIERP5%- 2L
GenoType MTBDRplus &% H 4 & 3 ¥5 £ 2 (7P > 22 % - & » P|12 MDR-TB &
kRl C BB F L MIBCH 2 RIF ZIE1E > RI4R 5 TB % %% 5 MTBCIE|L

Pl {7 % 2 BYRVETIL o (2) BB R L] o2 B PR ST AL
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Diagnostic algorithm with GenoType for MDR-TB

‘ High-risk MDR-TB suspects ‘

l

| Sputum smear ‘

[ AFB (+) |

| l

AFE_! (-) ] [ GenoType DR plus I

2nd sample

GenoType DR plus or

v

Further other tests
conventional
testing » 2
‘ MDR-TB treatment H TB treatment ‘ Further
conventional
testing

4. GenoType z##|i& * * XDR % 1% Ji EA 4

¥ MDR-TB B 2% ¥ > HAMOEAL, T RS8R, PRI CHRMAR S
MDR-TB # RIF ¥ — $# % » £ 3% 14 GenoType = &% i #ilf 4k FlHk pl3# 4 5 (3
FIQ, KAM, AM, CAP % PZA)# % 5 SR M85 4e 1 B o T % B 5 5 %6 12

MDR-TB # XDR-TB 2. if ¥ ¥ /iuk o i £ Fth (7 Ji I PHie (7 - S I3 -

Diagnostic algorithm for XDR-TB

High-risk MDR-TB suspects

i i AFB slmear }—l’

| AFB (+) or AFB () \ ] AFB (+)
‘ Culture and identification ‘ Sputum
MTBC Isolates [ Molecular test |

|

‘ Phenotypic DST ‘ Sequencing || GenoType DRs/ ver2.0

(FLQ, KM, CAP, AM, PZA) (FLQ, KM, CAP, AM)

! ! l

‘ MDR/XDR-TB treatment
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5. % = & GenoType — (MTBDRplus)3 = #(MTBDRs/)% » = % & T P33 % 2 &

] MDR-TB % /& 'k ¥ 2 J ¥ §8

$° MDR-TB % 6 " (& 4&: 8 i B % ~MDR-TB 42§ & ~ L3 9% 51 3 »
WHO = # 2. TB & MDR-TB & f B 7l L% F)2 Mtk > &R 77 @ * S
B iE 2% = % GenoType MTBDRplus ¥ Pl:&&[:E (7B » %% 5 (1) MTBC [5 1+
P RIFEME 2 INHIE B S ZpERE Y F 2 E % GenoType MTBDRplus
ANH SR EFRIP O E 2% - k5 MDR-TB» P12 GenoType MTBDRs/ =
EE e b A TG RIEARE R 0 B ATEL G XDR-TB o R — 5 38 & ¥ 18 (7 - M B AT
5k 2 XDR-TB 2 F il % 5 25 XDRo B 43 & i1 32 (7 = AR5 °(2) MTBC

B RIFE INH K > Rl 3R 52 TB o (3)MTBC I » BB (7% 2 B+

T e S i A o

Diagnostic algorithm with the High-risk MDR-TB suspects

High-risk MDR-TB suspects sputum specimens

l

............................................... 1 sputum
sputum smear posﬂwe/negatlve

¥ \L J
| MTBC (+),RIF(+)/INH (+) || MTBC (+),RIF(+)/INH(-) | | MTBC(+), RIF/INH(-) | | MTBC(-)
1% sputum GenoType MTBDRolus ver2.0 Further
Retest (or sequencing) TB treatment conventional
land testing
1* sputum ‘ GenoType MTBDRs/ ‘
¥ v
XDR-TB Non-XDRTB ——— Culture isolate
L,l _| Second-line drug susceptibility testing
| T (2) & (FONs/KM/AMEK/CAP/other drugs)
XDR-TB treatment ‘
6. % = i GenoType MTBDRplus # B|:##| & 4518 * *t ok k48 > 9 U - REF ¥

A F 25 %P 2. MDR 2155 fa 2 S

$2° MDR-TB 3 ' ¥ (¢ 45: £ io i B 5~ 7 4B TB IR H ~ L3 75 2%

# > WHO = # 2 TB & MDR-TB § § R Tl Lg% F )2 Mt » Zk 7 @& *
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% = % GenoType MTBDRplus # Pl3# & 7 # P > B % 5 (1) MTBC 5|22 RIF 5 |+

P AEHmINHEHE T Pz EL Yk 2% E % GenoType MTBDRplus = H 5 4

WS ETRP B E - R P RE S LE L T (gyrA, rrs, eis) TR 0 FFE
- 3

%% XDR-TB» & i2

"3\3'
@ﬂ&

af:@%%%@ﬁﬁ%ﬁﬁﬁxm#&a%%aﬁ;
F A2 XDRO R FF £ DT - MBEATREZ - (2) MTBC 12 Y RIF 27 INH ¥ £
too RIAR 5 TB e (3) MTBC Faft » RIE {7 ¥ 2 B Pip ek inAL o

Diagnostic algorithm with the High-risk MDR-TB suspects

High-risk MDR-TB suspects sputum specimens

l

GenoType MTBDRp/us ver2.0 1=t sputum
sputum smear positive/negative
|
) L 1
| MTBC (+),RIF(+)/INH (+) |[ MTBC (+),RIF(+)/INH(-) | | MTBC (+), RIF/INH(-) | | mTBC() |

Further
151: 3 utum .......................
P Retest (or sequencmg) TB treatment conventional

land testing

1% sputum ‘ Sequencing 2"-line drug genes (gyrA ,rrs ,eis) ‘
¥ %
XDR-TB Non-XDRTB —| Culture isolate
Second-line drug susceptibility testing
(Z) & (FQNs/KM/AMK/CAP/other drugs)

‘ XDR-TB treatment ‘

(=) &4 % MDR-TB in ¢ LA 47
Multidrug-resistant (MDR) tuberculosis (TB)#g 14 j5 5 © m/ﬁj T oo AFEY B FEN
¥ {2 population-based 4 17 2007-2009 % o #* ¥ ip k2 151 MDR-TB 5 4 2 4542 o
AEE M BReFE C AFE LS AR FTHEFAT o ® P 2K G
Mantel-Haenszel chi-squared method & Fisher’s exact test °
(1) BEFher47:9 L 5 24,85 33%: RiLx - TIHEE L 49 (1593 &)
BEEF E&K L4564 3% F39.1% H = & 25-44 3% ik 28.5% B % ¢ F 45.7%

RRIHRBE16.6%Y Sk - MES LR mFE LU IR 543% 5 4L

PR FH AL o 258% B K AR 2 16.6%F § £ B2 L o RHIAFLE
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%(#”f 1 & KM% %)4 58 76.7% % simple MDR ~ 14.6% %= pre-XDRo ~ 14.6%
% pre-XDRs m 1.3% % XDR (% =) -

(2) 4% |2~ 47: & R MDR Mycobacterium tuberculosis Fj Rt H s %4 2 fo {2
W % o rifabutin (89.3%) ~ ethambutol (49.0%) ~ streptomycin (38.9%) %
pyrazinamide (29.5%) - & # “,f— Atk & kanamycin F# T ¢k 5 76.7% A
simple-MDR ( © %} rifarmpicin % isoniazid #v#) -~ 14.6% %_ pre-XDRo (%t
fluoroquinolone $%)~7.3% (11/150) %_pre-XDRi (¥t = — injectable #x%)% 1.3%
&_extensively drug resistance (XDR)-TB (% =) »

(3) AF 4 A4~ 47: MDR-TB B %3 49.7% R % Beijing family & F13] ~ 17.2%
Haarlem # %]74]% 12.6% undefined 2z %]7] - Beijing genotypes £ EMB (p=
0.001)% STR (p= 0.003)#% > E kg F 4p B 1+ o &5 24-loci MIRU-VNTR A & &~
A% % > 3 W 38.4% (58/151) M. tuberculosis = 25 = 22 clusters 2 61.6% [tk
2 unique A FAl o P 5 Adclusters ¢ 714 BR2 FR: (a) 2 Beijing
genotype clusters % 7 7 2 4 i % ; (b) 2 distinct U-genotype clusters % 7z 4 &
k o FEMA 3 0§ 44.0% Beijing Al Ftk & clustered 2 32.9% non-Beijing 3
Ftk % clustered (p= 0.16) & 4t “f 22 dp 1% i® % (index cases; 1 case per
cluster) » A 23.8% B %G ¥ i 2 THRE AR RFF IR FHT MEEE
A GR(Re) e

(4) LB L F1A 47 61.6% (93/151) MDR-TB cases ik &2 rifarmpicin $L% 1p b
Z_rpoB # F1% 4 S531L R % > 56.7% (85/151) 7 ¥7 isoniazid % 4p B 2. katG

AT 4 S315T 2% o £ —%‘ > clustered FjtREZ S531L R & B o 4~ H F R

:\tt

MDR-TB B % 2. & 4 Atk > % fcodon 531 # 4 R % > W His R¥F iz 2o
Bt (2T)o

(5) i/ %~ 47 151 =B % ¥ > § 126 =& MDR M Fj4%= BRI ~ 2 = transfer
out~16 5= % 2 iny A pr o F]F BIEE AP HF IR 0 u] s EHE - B R A
B~ MR~ ik A% P B R R L FRA AW E 0 & unfavorable outcome
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# B o 7X@ »unfavorable outcome B % ¢ >3 15 +(83.3%) = + ** 65 # (p<0.01)>
7 (24.1%) 7 BMI <18.5 (p =0.01) (% = ) °

(6) H % 4p A 47 &8 *MDR-TB 1 % # % - ** 65 &k ~BMI>18.5~M. tuberculosis strain
% STR AT 2 FHRR ¥ # 2 & rpoB & Flihcodon 531 TCG/TTG » VW & ¥ it F
favorable treatment outcome o @ % %3 &~ {74+ > @5 £ %> 65 years (aOR=
27.6; Cl= 4.8-158.3, p<0.001) % M. tuberculosis |tk 2 rpoB odon 531
TCG/TTG (aOR= 6.7; Cl= 1.1-41.6, p< 0.05)Z. % % - B]¥? unfavorable treatment

outcomes 4p R (% =) °

(2) 5 EREP B S £ B FR A P12 A

P2 (103)EFHF R T X 58700 29 B MIRU 8 # 5 3 it £ 10 B = 2h(#
% hypervariable 7 VNTR3820 ~ QUB3232 ~ VNTR4120 ~ QUB18)s» MIRU(10) 2 & » I &
& spoligotype 4 7 » ¥ JE {8 AR F]A| &%) 4 i 0.9984 > ¥ iE3 12 1S6110 RFLP i 72
F1A) #%) 4 0.9987 4p 5 0 F 4-4F Beijing t& MIRU(10)+spoligotype #%| 4 % 0.9987 (RFLP
= 0.9992)°non-Beijing $x B'| = 0.9960 (RFLP = 0.9967)- p % & 4212 MIRU(10)+spoligotype
REAFARR > < HEF R0 > FEANFRT P ERRFFIL - “,‘TT TOFER
2 MDREZHFHRA T T4 r p £ FHRZPEFRE G2 FMEARY £F7 104
1 28 A 47 FEH T 2 FF FEPRAATFIRIA F 2 BT Pk iEFak
AFAFTAN R R HRERFEREE BT ﬁf’ A3FFF T 0 A1 MDR B
BRAFANELTE  #F A WRPEHERARALE TR R FHHP R AKRAS 2 MDR 2
HRERAREATF ARUBR B ECBSPRARATA A # L2 BB o

122015 & AwiE R 2 £ f 2013 E4=G R4S NEHRE A FR kR 3 1(1)
MDR 1At & £ B & Btk 5 (2) # ERT 2 3% FK(ZEMDR); (3) £ T %3
Wi¥ 0 K R R FTR(F 10 PRI IR 1K) o ¥ 2 F T MDR AFA T R0 £ ow ik
3 2012 # MDR Fth 5 #+${HRF 2 EHR AR HF & » A7 ° 8K 2012 £ 2 5
AT R FA A AT o A F) A cluster T& 5 30 2HRERE F AR A FIAI ] o r
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Fthz A FARF AT R A DFRAES 2417 £ FHwlicE 40T

AR S MDR HE ¥ AR B3
2015 & 95 280 183 558
2014 & 114 342 394 850
2013 & 133 315 281 729
2012 & 141 48 23 212
2011 & 2_ % 13 55 0 68
R 496 1040 881 2417

Z#r_]—ﬂléa\*ﬁ,»l-%-p I-Q_‘Léﬁ_ll}%iﬁjﬁ’\?/’ ‘“Doiiﬁgﬁ&ﬁ{'lﬁ%ﬁ
barcode & {7 B Fi > F]t 3 309(12.8%)k F1 & barcode &2 {7 A FA| L & o FEE &

S RNtk : 2108 X iR 4o T

LR ICRCE 5 MDR HR TR B3
2015 & 95 258 155 508
2014 & 114 333 282 729
2013 & 133 315 169 617
2012 & 141 48 1 190
2011 # 2w 13 51 0 64
B3 496 1005 607 2108

309 th it barcode FH E# W E > AR G ENFHIVEFRET HA o 2 4
S 59 R~ 38Fv 33 R~ 99246 k- B R 21tk B 26 t1 0 ;@g;&yg@ﬁﬁﬁu
B4 %] 5 28.5%31.4%~29.5%53.8%~29.2%° ¥ F F & & “E A 2 26 (92.9%) -
30 (100.0%) ~ 29 (100.0%) & Bl & # barcode Tl » @27 A FIA| T & o
AT EA 2 BIMAEEFAN (1) 2012 3% 2015 117 10p A% ¢ L R
EHE L AF fe e MDR B R RS 450 £ Fth 5 (2) 2012 1 2015 # % & A F]A e

“r5 AESW(MDR~ H#E ~ ¥ RPpH)AR L7 P B2 3§ ks 2108 Atk -

1. 2012 & 3 2015 # 11 * 10 P MDR f % FtkA (450 $4) :

(1) 'E;% g—\z:\.ka éﬂ\ l’é’\ ’]"?

poASSPRY L BREHFIE L NA3 2012 &£ 3 2015 & 11 7 10 B ok MDR
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é:—%"ﬁﬁ%?%— 2 E BB RGP 22012~ 2013 ~ 2014 ~ 2015 & MDR i %k & %] 5 132~

126 ~ 110 ~ 90 * » %3+ % 458 * > 5 MDR 7% a,F,Q*];E]ﬂ]%ﬁ%;_L - R AT N A

Hesk % A S 5 131126~ 109 ~ 84 th Ak 0 M3 & 450 tk (98.2%) ° 144t 450 4 G A
454 & > MDR #7% &2 5 355(78.9%) 4 » £ B % &35 5 95(21.1%) 4 o w4 r &

TR e FEMu s B8 B RFBAF A 4oL~ o

450 + MDR B % ® »33(7.3%) * Z2LARREX (16 X 2 <A L 17 A 5 4

Y

Ad)s e 7% 314 ~EFER2 4 %1 23k 2 A ¥ L C00108 ~1 ZE B k2
2 %14 5 C00044 ¢ » H 4 31 £ MDR E]’H\ (z 14~ % XDR) % = H - 7% » 22 2013
32015 #HREF L ERE F AP RFAKRDATANY A 40 o

376450 A ¢# 52 9(2.0%) * i extensively drug-resistant (XDR) é%’“[ﬁ v 2012 ~
2013 ~2014 ~2015 # & B 2 3~3~1~2 4 0%2 A (2012 % 2015 # £ 1 X)) 2+~ M
AL E - Auh s AT AP 4 2 % 3 RAEME (CO0113)0 F 14 EAEE
3 (C00015)> % 1 4 % 7=MDR #%_ (C00002) @b % #£XDR> F 1 4 (2015 &
%) 2 FARA A5 C00130 - HAR2 £ 2 FAths 8- A% -
(2) A& F14] % % & 47 -

450 ~ MDR f;z]"f%’% 3 %2015 % MDR &7 ¢t » H £ 447 % k¥ © = 2 MIRU(10)
% spoligotype & F13| 4 #7 o d spoligotyping 2k F|1 & A ch2 % T B HiT2 0 EF %
i 12 Beijing &) #1ik v Hd & > H =X 5 Haarlem %] » spoligotype # %14 % Unknown 'g ’
7 % SITVIT FALE & A % % 93] %] > & undefined # R 5 3% spoligotype pattern A 5
FSITVIT R R P » 320 4 = © 278 (61.8%) t& & clustered (jF A » 169 (37.6%) 1k &
non-clustered Ftk o Clustered Fth 12 S H v G B » HE 29 H -8 H ~FHF ©
Non-clustered FjtRR| ™ & A T vt BB » ¢ F =2 o 12 spoligotpye £ F13| 4 7 &
clustered ¥2 non-clustered Fj#&® 2 +* & » B clustered 7tk 14 Beijing ~ Haarlem % i -
non-clustered FtA R 4 Beijing ~ Haarlem ~ T 5 i » 32 % = ° 278 tk clustered 17 1&

P o F 43 th3 2 2012 3 2015 EHRE 2 ES% A F LM A HRA 222012 1 2015 &£
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% 75 MDR FHR A F]AI4p 0 B 4 235tk A1 1 > 5 2 $2 2012 1 2015 # MDR Btk 7]
A 4p 2235 1‘%&?‘?@,%? 67 i clusters (* B cluster 2 2 1 20 k)29 (43.3%) i 5 Beijing~
15(22.4%) % 5 Haarlem~6(9.0%) # 5 EAI~4(6.0%) # = Manu_ancestor~1(1.5%) &
% T-~3(4.5%) # % Unknown~9(13.4%) i % undefined- H # # * ¢ cluster (CO0041 >
204) ¢ 712 A RpAFHAA R BAEF 3ARp AT LI AKRpAF o HX
% clusterC00113 3 13 4 17 4 kp At ®F 44 kpa®m 1A %kp?P BR~14Kp
B B % o H=X ClusterC00027 2 10 A (54 kp S FHR 24 Kkp A" 24Kp 3
B ~14A%kpAFHC00009 "¢ 7104 :84KkphHT 14 Kp R 14 %p
A% o HA 63 B clusters ® > 3 B clusters 2 6 2 7 A ~12 i clusters 7 4 * ~ 18 i
clusters 7 3 4 ~30 B clusters 2 2 * » 28 % » - 67 i clusters # » & 10 & clusters
ZH-#G>N B 2 X B cluster T 7 21 34 > H4A 57 B clusters ¥ % B# 2. MDR
cluster » 380 4 7 -

2.2012 T 2015 # MDR ~ # X ~ ¥ 34 i F k4~ 17(2,108 $x) :
Mt 22417k e 7 % MDR & WHEE Z ¥ RP pﬂfﬁﬂ » %1309 tk #& barcode

REEFAFNTHEY @ &k E9FHRE LT HE P F R0 8 FHRA D
FHE G AL AR AT T3 BB E R AT A B 5 73.9%70.5% ~ 100.0%
52.6% ~ 70.8% ° 2108 thi¥ Sk 4F W] e L BT H I A F 4o T !
R B MDR R ¥ AR B3
et w 125 188 167 480
& R 0 0 2 2
¥ R 13 22 7 42
AR 18 8 11 37
. 31 40 16 87
R @ 63 118 131 312
% 55 146 79 280
¥ ] 35 88 48 171
204 4 15 4 23
FT 0 BR 12 20 9 41
3 4 23 18 45
P % 98 200 108 406
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B E B MDR R ¥ AR B3
e P 51 66 60 177
350 B 26 98 15 139
5 21 36 33 90
# % 77 155 51 283
Z R 22 19 7 48
T 10 36 6 52
T Y 10 57 7 74
b3 35 43 31 109

B E % 94 137 139 370
% 63 73 83 219

B 4 Bt 30 62 55 147
E P B 1 2 1 4

L% a7 179 63 289
iRk 37 146 24 207
o KR 10 33 39 82

M3t 496 1005 607 2108

2108 %P >2038(96.7%) & 7 ~B 4 »70(3.3%) & & *t 354 L 21538 (73.6%)

Z % 91 570(26.4%) Z 5 %o =& &k 2 # <=24 f& ~25-34 #& ~35-44~45-54~55-64 -
>=65 & A B 5 223 (3.8%)~149 (5.6%)~ 183 (9.9%)~243 (14.0%)~296 (16.3%)~1014 (50.4%)
X o A& MDR ¥ clustered ‘* & (63.3%) #i#F B i¥ % (38.2%) = ¥ b (31.3%)
clustered ‘' b 5 B o <=24 R EE KV B AFEREHK T L clustered (28.9%) ﬁ LG i
MDR (3.5%) 2 ¥ L4 (3.7%) # 5% °MDR # & clustered & #* % (25.8%) *

Gl g > FHE P L clustered Bl E_ &4 % (19.8%) ‘' H# 3 » ¥ R4 P clustered

o ok

Pl E A3 B % (28.9%) ' bl#d - MDR ¥ Beijing 3] (54.0%) * b2 B (44.3%)
¥R (382%) fthH 5% o HARY 5 clustered T AFA G T 3] (12.0%) ¥ # MDR
(1.9%) = % 23 % (4.7%) —‘ﬁ LB om ¥R E? L clustered —'F%JF # B ) 5 EAL A
(32.6%) ° FIRAFIZ B A r B TR G EFFEL LS o

2108 * Atk * A F3) 1 iy 7 888 (42.1%) ¢ & clustered A F]4]-1220 (57.9%)

L ARAFIA] S H - 3w 0 888 tREF T 287 B cluster H ¢ 48 tr2 L F13) L & 2012
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2w FtkA F1A B4R e o H 4 239 1 cluster i ¢ 7 2-26 1 [Ftk - 287 B cluster ¢ -
129 (44.9%) 1 5 Beijing ~ 58 (20.2%) 1 % Haarlem ~ 37 (12.9%) 1 % EAI~ 25 (8.7%) &
= T>8(2.8%) # = Manu_ancestor ~ 4 (1.4%) # = LAM ~ 6 (2.1%) ® = Unknown »

20 (7.0%) B % undefined » 4™ 4

cluster size Beijing Haarlem EAI T Manu_ LAM Unknown undefined 3,3+
ancestor
26 1 1
22 1 2 3
21 1 1
19 1 1
13 1 1
12 1 1
11 1 1
10 1 1 2
9 1 1 2
8 3 3
7 2 1 3
6 2 3 6
5 7 1 1 1 12
4 5 1 2 2 4 20
3 19 13 4 3 1 1 8 49
2 59 28 16 17 4 1 6 133
1 28 5 8 2 1 1 1 48
B3t 129 58 37 25 8 4 6 20 287

IR EBE 3T h se2 Bk I o RGF T 239 1 cluster (£ 7 2-26 T FHA)
840 th A F1A| ik B F AT Al ®FiE {7 A 7 © 239 B cluster ¥ » 52 (21.8%) i cluster & &
7 MDR B % » 77 (32.2%) B cluster ¢ 2 g MBH BT 2 E%BR(T ¢ 722G REE
T AT R K) 0 14(5.9%) B cluster ¢ 7 ¥ R R % Bk 0 H 4 96 (40.1%)
B cluster Bl ¢ 7 2 a1+ EBEES Bk BhRiFded - o

# * 15 B cluster CO0046 ~ C00042 ~ CO0111 ~ CO0041 ~ CO0036 4 | & 7 26~22 ~

A

EIEEEE CR

E‘X‘R

2222521 2% > VAR (1)C00046 ¢ 5 12 & 1B

b
L

SIS A0S

1?%
St
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£ B x %;ﬁr%i%i%xi PiEk;(2)C00042 ¢ 7 13 tBEEFHEF > T 8 L BEE
¥R FIL 5 (3)C00111 ¢ 2 4 Z MDR B % ~5 &244%gH ~ ¢ v 3 - 3 RERHET

Sk B R 13 LF MM HF B %5(4)C00041 1 & 5 KINE MDR¥RE 2 ehip %
E %5 A04e 2008 £ 20 MDR# K F £ 5(5)C00036 5 & 5 %~ & (K*) #E
TERs

¥ 3 (1) C00027 ¢ 5 13 BB %12 %'+ % MDR % ;(2) CO0009 ¢ % 11 i i

bl

9L 5 MDRBR > FHY BLBRIZRAARHEREILE WS EDG MBEIR,
(3)C00214 R ¢ 3 10 - B % » ¥ 5 A& FHABHEHERT =B X -

1220 Atk HE - 3 ‘%lj—%z » & 5 574 (47.0%) & 5 Beijing~190 (15.6%) x = Haarlem ~
120 (9.8%) t& 5 EAI~114(9.3%) $x % T~15(1.2%) &~ = Manu_ancestor ~ 18 (1.5%) &
% LAM~4 (0.3%) 5 CAS+1(0.1%) k3% S~1(0.1%) % X~27 (2.2%) & 5 Unknown-

153 (12.5%) tk = undefined ~ 3 (0.2%) & &[54 » FREE B3840 T 4 ¢

Family MDR WA HE B3
Beijing 99 174 301 574
Manu_ancestor 6 2 7 15
Haarlem 19 77 94 190
EAI 11 41 68 120
T 18 41 55 114
LAM 2 7 9 18
CAS 1 3 4
S 1 1
X 1 1
Unknown 5 12 10 27
undefined 22 58 73 153
negative 3 3
B3 182 417 621 1220
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() + % -

WHO ** 2008 # £ 3% i * line-probe assay ¥ %4k F FE -~ B 2 B4 > 2 2010
£ 12 7 aER R F AT S enPr pMoiE e RI3EAR] Xpert MTB/RIF » %388 7 0 H 44 7 15
M ABkI T 98-100%F 5TR A 0 kL HHEPEE B EBEREE 72-75%
W2t e d I 2B EHRIIE > R 103 EFT A5 I ARYBEBLILEFTL R
¥4 ] » Xpert MTB/RIF 2_ R = 354% & 15 X - 94.7% B H39% 2 q P 2 P P » Bdodk
SRV ER SR o AR AT AR EEEENEGERY 2 N e BRI R
WMEPHOF LAY FEEPRRAPM BT FRML  ERS A iR 0 RV AR

S

AEPEBRANMB SR F ¥ > Xpert MTB/RIF & GenoType # iRl » P 7 -k /2

o

1'§v~
=5

T

I3 AfE MR 0 gene sequencing 2 GenoType MTBDRsl vs © & ;% 3% &
MDR-TB 622 »c# 4+ f RIPRAS » * IFS5E 8 F 5 - BB 2% TF2930% < g o
Bz R oA B X4 E ~ 5 % 1) MDR(GenoTypeMTBDRplus % )&% RIF(Xpert %) -
FLE > P B BT - ME S gene sequencing £ i@ * GenoTypeMTBDRs/v2, ¥ = g HF

MR W FEE A 0 R op A @R e

(=) #3 &=

AP AR B AR A DS A wFE N 5 BT R S
EIFRp A G¢ w2 FRBEBIGH SN O MDRTBF | inp 2+ 5 - g
MDR-TB ¢ 7} unfavorable outcome 7% iy F]+ > & 7 :¥ & B % - S RRIEY/ ] R
7 3 E MDR-TB 3L % o Tt » Fieip G2 Fofp 4 R B2 £ 0% o 5 Rkt F > 1
Fofiyi $2 4p L_MDR-TB LAl & > JEd § SHR 2P e P FFIp o i i

FRERED BRI RRE s P B AR TEFRERE Y o
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FeE NG 2R SR KA > AT BERY G 16 2(12.9%)7 = > HY 2 »F &
22 TBApRE » H s 73 septicshock ~ % 3 ~ e 2 S HR R B o AT HF IR 0 TB i = e
e AREZEAPM o A H B R RS EHVEZ )f%f]’\ﬁﬁi '&'tt%"ﬁr,‘#ﬁfag °
%ﬁfﬁfﬁs{ﬂwﬁ % % #i MDR-TB i % eh& oo §_#r 2t poor prognostic factor » 7

7] 5 BT MDR-TB &2 Ao dl 2 B & R o

ALY G M2 is KA RcB R o B2 WHO % 3 #1 % % > &4v linezolid
meropenem % clofazamine ¥ it 7 »% > @ £ 44§ 2 MDR 2 XDR-TB in/ B %k > ™73 =
2FHEDLRrcoRG 2 fARFATE delamanid 2 bedaquinine ¥ it f in R otk & T M
= & oo é}gk‘}*}éﬁ&é WHO % 7 #f % % 4r linezolid ¥ * »%;5 % XDR-TB & %t
fluoroquinolone 1% A MDR-TB o c7fw » & #& 2 infr = # 5 > NTP 7 3 sT ik Bsg 51 #* 37
% repurposed # 1+ % ;2% MDR-TB - P 70 » 4 4 ¢ pL % bedaquinine &g/ i * o

prbs e RS REL IR TBRE L AFRFEEELR - RES
YA PUEN i FI AR 0 F 0 K 4 2 XDR-TB b oo T 0 B - B
fE & o 4o {1980 £ X F 418 * 2 fluoroquinolone > P ¥+ MDR-TB /5% + 4 7

ok kR TR IR 0 28.9% MDR 1 FtRE OFX 4% > 5 7 ac #-%
GBS XDRe bl4ct METE ¥ 0 joF 24.5%1F K 5 pre-XDR i % 15 F I L R o
Flat oo & R R F 3T 2007 E B 4 0 U440 i@ * fluoroquinolone 2. 5‘155 BP0 FAL A B
Fdp LB 7F 1 44 # * fluoroquinolone % # # 2t M EH o f o it B
p 2013 & B 4~ % & %3 DOTS o ac & * o

B¢t F I MDRTB ¥ § 543% % AT B % @ ® 4 23.8%7 i £05d TR S 0 T

i g o o F 0 i &, MDR-TB Bt @fenf® 3 R4 58 F TB B in g %
*H A MDR-TB#ff§ 2 8dah - 2t - FRELE bldoik i3z %
immunochromatographic test (ICT) 2 4 + & %7 CANTREREHRT R LG IEN
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Table 2 Characteristics of 151 confirmed multidrug-resistant tuberculosis cases in northern Taiwan, 2007-2009

Characteristics Case number (%)
Demographic data Sex
Male 106 (70.2)
(Mean Age=50.4; SD=17.6)
Female 45 (29.8)

(Mean Age=45.4; SD= 19.9)
Age, years (Mean= 49.0; SD= 18.4; Range: 15-93)

<65 118(78.1)
>65 33(21.9)
BMI® (Mean= 21.3; SD= 3.9; Range: 13-33)
<18.5 29(24.6)
>18.5 89(75.4)
Ethnicity
Aboriginal 5(3.3)
Non-aboriginal 146 (96.7)
Clinical data Type of case
New 82 (54.3)
Retreatment 69 (45.7)
Pulmonary/extrapulmonary TB
Pulmonary 135 (89.4)
Extrapulmonary 3(2)
Both 13 (8.6)
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Enrolled in treatment consortium
Yes
No
History of using second-line drugs
Yes
No
Comorbidity
Yes
No
Diabetes Mellitus
Yes
No
Hypertension
Yes
No
Sputum smear
Positive
Negative
Unknown
Cavitary lesion on CXR
Yes
No
Unknown
Laboratory data Genotype
Beijing

126(83.4)
25(16.6)

25 (16.6)
126 (83.4)

60 (39.7)
91 (60.3)

39 (25.8)
112 (74.2)

25 (16.6)
126 (83.4)

81 (53.6)
69 (45.7)
1(0.7)

42 (27.8)
108 (71.5)
1(0.7)

75 (49.7)
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Non-Beijing
Drug-resistance
Simple MDR
Pre-XDR with flouroquinone resistance
Pre-XDR with injectable-drug resistance

XDR
MDR with missing DST of injectable drugs

76 (50.3)

115 (76.2)
22 (14.6)
11(7.3)
2(1.3)
1(0.7)

# BMI of 33 cases were unknown.
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Table 3 Clusters and unique M. tuberculosis strains determined by spoligotyping and MIRU-VNTR 24 loci methods of 151 isolates

Spoligotype MIRU-VNTR
No. of isolates Lineage ST No Octal_value 123456 7 8 9101112131415161718192021222324
7 Beijing 1 000000000003771 4242 23325173232364432431412
4 Beijing 1 000000000003771 4 2 42 2 33251725335635343338
3 Beijing 1 000000000003771 4 2 52 233251735335535343338
3 Beijing 941 000000000003751 324223325173533551352343338
2 Beijing 1 000000000003771 4 2 422232517353353351314338
2 Beijing 1 000000000003771 4 242 233251634422655343338
2 Beijing 1 000000000003771 4 242 23325173232364432431411
2 Beijing 1 000000000003771 4242233251735 2146443143314
2 Beijing 1 000000000003771 4242233251735 214644314324 14
2 Beijing 1 000000000003771 4 2 42 2 33251735334655343338
2 Beijing 1 000000000003771 4 2 42 2 33251735335535343338
1 Beijing 1 000000000003771 2242233251735334945132237
1 Beijing 1 000000000003771 32422332517 342445135134337338
1 Beijing 1 000000000003771 3 2 42 233251735234535343328
1 Beijing 1 000000000003771 3 2 42 233251735244535343328
1 Beijing 1 000000000003771 3 252 2332517353355351343310
1 Beijing 1 000000000003771 4 1 42 2 2325153533543513431438
1 Beijing 1 000000000003771 4 2 42 033251734335533343338
1 Beijing 1 000000000003771 4 2 42 03 4251634335533343338
1 Beijing 1 000000000003771 4242213251745 333555134337
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1 Beijing 1 000000000003771 42422332517 3533106 3 3343338
1 Beijing 1 000000000003771 4242233251735345535343338
1 Beijing 1 000000000003771 4242233251735345613534333
1 Beijing 1 000000000003771 4242233251935338635343338
1 Beijing 1 000000000003771 4242333251735335635343338
1 Beijing 1 000000000003771 4 3322232517343 251353433737
1 Beijing 1 000000000003771 5242223251734335635143338
2 Beijing-like 250  000000000000371 4242233251435334355343338
1 Beijing-like 250  000000000000371 4242233251435 334355343247
1 Beijing-like 269 000000000000771 4242233251735335535343338
3 H3 742 777777770020771 3142223251532233333323238
2 H3 50 777777777720771 31312232215332333333231S38
2 H3 50 777777777720771 314222325143322333332337
2 H3 50 777777777720771 314222325153322333332337
2 H3 742 777777770020771 314222325153321322332337
1 H3 390 777777777620771 324225125113322314434237
1 H3 467 000000000020771 3142223241522223333323338
1 H3 49 777777777720731 3142222251533233333323338
1 H3 50 777777777720771 2122222251533233233323338
1 H3 50 777777777720771 3131223221533233323223338
1 H3 50 777777777720771 314222224152222333332337
1 H3 50 777777777720771 314222325153322323332337
1 H3 50 777777777720771 314222325153323333332337
1 H3 50 777777777720771 4 2 4 2 2 3 3 2517 352146443432414
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1 H3 742 777777770020771 3122223251623222333322338
1 H3 946 777777740020771 3132223251523233332323338
1 H3 946 777777740020771 3142223251523233332323338
2 Haarlem-like TWO007 757777770020771 3142223251533233332323338
1 Haarlem-like TWO006 747777770020771 3142222251433233223323338
1 EAI2_Manilla 19 677777477413771 46 4254326223322252%%232-5
1 EAI2_Manilla 483 677777477413701 46 425432¢6223432107 2222327
1 EAI3_IND 11 477777777413071 11425432622343483232134E€6
1 EAI3_IND 11 477777777413071 61425432622343483232134€6
4 u 1487 000000007777731 53322822516342347253231S38
4 u 523 777777777777771 5 2 4 2 2 8 22517 3433412532316
1 u 1487 000000007777731 53322222415332347253231F686
1 u 1487 000000007777731 53322322516342347253231S38
1 u 1487 000000007777731 53322722516342347253231S38
1 u 1487 000000007777731 53322822516342343253231S38
1 u 523 777777777777771 3 25 2 2 3 32517 3433543534337
1 u 523 777777777777771 4 2 4 2 27 22518343347 2532315
1 u 523 777777777777771 5 3 4 2 2 8 2 P 5133 4334825323138
1 u 955 000000007777771 53422722513343348253231S38
1 u 956 777777777760011 3243223261533112233323535
1 T1 117 777767777760731 4242423251423221535323138
1 T1 334  577777777760771 31422232515332332333231$4
1 T1 53 777777777760771 3142223251433253223323338
1 T1 86 777777737760771 324224124113322314434337



1 T1 913 777743777760771 P242322251323221835323111
1 T2 52 777777777760731 3242233261233112233323535
1 T2 52 777777777760731 424242225162322143532317
1 T3 37 777737777760771 3242351251133223144343538
1 CAS1_DELHI 26 703777740003771 422225425173533425¢6323338
1 MANU2 1634 777777777723771 313122322153322332332337
2 undefined 000000000003131 3242233251735335535343338
2 undefined 777777761720771 3142223151533233333323324
1 undefined 000000077777731 5242282251734314625323138
1 undefined 177377777777771 53422622517343331025323124
1 undefined 377777770020771 3142222251433233223323338
1 undefined 500377770020740 3142222251523143333313338
1 undefined 577777603720771 3142223251533232233223338
1 undefined 677777437413771 4542543262234321112222322
1 undefined 777617017777771 52422822517 342348253231F686
1 undefined 777677761720771 314222325153323333322343
1 undefined 777737777777731 53422822517343342253231S38
1 undefined 777737777777731 53422822517343348243231S38
1 undefined 777760000020771 314322215153321333322332
1 undefined 777773777720771 314222325153322333232333
1 undefined 777777761720771 3142223151533233333323424
1 undefined 777777761720771 3142223151533233334323314
1 undefined 777777770000331 534228225133233472¢63231S38
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Table 4 Correlation of characteristics and treatment outcomes of MDR-TB cases enrolled in treatment consortium in northern Taiwan,
2007-2009

Treatment outcomeb

Total
o a Favorable Unfavorable
Characteristics (N=124) p value
(N=106, 85.5%) (N=18, 14.5%)
Sex
Male 89 75 (84.3) 14 (15.7) 0.54
Female 35 31(88.6) 4(11.4)
Age, group (y/r)
<65 96 93 (96.9) 3(3.1) <0.01
>65 28 13(46.4) 15(53.6)
BMI, group®
<18.5 29 22(75.9) 7(24.1) 0.01
>18.5 86 80(93.0) 6(7.0)
Ethnicity
Aboriginal 5 5 (100) 0(0) 1.00
Non-aboriginal 119 101 (84.9) 18 (15.1)
Category of case
New 64 56 (87.5) 8 (12.5) 0.51
Retreated 60 50 (83.3) 10(16.7)
Comorbidity
Yes 59 47 (79.7) 12 (20.3) 0.07
No 65 59 (90.8) 6(9.2)

Diabetes Mellitus
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Yes
No
Hypertension
Yes
No
Sputum smear
Positive

Negative

Cavitary lesion on CXR*
Yes
No
Genotype
Beijing family
Non-Beijing family

37
87

25
99

70
54

49
75

59
65

31(83.8)
75 (86.2)

20 (80.0)
86 (86.9)

59 (84.3)
47 (87.0)

46 (93.9)
60 (80.0)

52 (88.1)
54 (83.1)

6 (16.2)
12 (13.8)

5 (20.0)
13 (13.1)

11(15.7)
7 (13.0)

3(6.1)
15 (20)

7 (11.9)
11 (16.9)

0.72

0.38

0.66

0.03

0.42

¢ BMI of 9 cases were unknown.
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Table 5 Association of drug-resistance with spoligotype and treatment outcomes of 124 multidrug-resistant tuberculosis patients enrolled in the

treatment consortium in northern Taiwan

Spoligotype Treatment outcome”’
Drug Total
) b Beijing Non-Beijing p value Favorable Unfavorable p value
resistance (N=124)
n (%) n (%) (N=106, 85.5%) (N=18, 14.5%)

simple MDR® 101(81.5) 46(45.5) 55(54.5) 0.34 85(84.2) 16(15.8) 0.38

pre-XDR “and 23(18.5) 13(56.5) 10(43.5) 21(91.3) 2(8.7)

XDR €

Number of 0.04 0.76

drugs

Resistant to < 98(79.0) 42(42.9) 56(57.1) 83(84.7) 15(15.3)

3 drugs

Resistant to > 26(21.0) 17(65.4) 9(34.6) 23(88.5) 3(11.5)

3 drugs

EMB® R 61(49.2) 38(64.4) 23(35.4) <0.01 54(88.5) 7(11.5) 0.34
S 63(50.8) 21(35.6) 42(64.6) 52(82.5) 11(17.5)

STR® R 47(37.9) 30(50.8) 17(26.2) <0.01 36(76.6) 11(23.4) 0.02
S 77(62.1) 29(49.2)  48(73.8) 70(90.9) 7(9.1)

KAN ¢ R 11(8.9) 7(11.9) 4(6.2) 0.26 9(81.8) 2(18.2) 0.71
S 113(91.1) 53(88.1) 61(93.8) 97(85.8) 16(14.2)

PAS ¢ R 6(4.8) 3(5.1) 3(4.6) 1.00 6(100) 0(0) 0.59
S 118(94.4) 56(94.9) 62(95.4) 100(84.7) 18(15.3)

OFx“ R 13(10.5) 6(10.2) 7(10.8) 0.91 13(100) 0(0) 0.21
S 111(89.5) 53(89.8) 58(89.2) 93(83.8) 18(16.2)
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ETHY

cAP¢

AMK€

pZA“

RFB®

»w xx u X LU XX L X UL X0

24(19.4)
100(80.6)
4(3.2)
120(96.8)
9(7.3)
110(88.7)
40(32.3)
84(67.7)
110(88.7)
14(11.2)

9(15.3)
50(84.7)
3(5.1)
56(94.9)
7(11.9)
49(83.1)
22(37.3)
37(62.7)
55(93.2)
4(6.8)

15(23.1)
50(76.9)
1(1.5)

64(98.5)
2(3.1)

61(93.8)
18(27.7)
47(72.3)
55(84.6)
10(15.4)

0.27

0.26

0.13

0.25

0.13

22(91.7)
84(84.0)
3(75.0)
103(85.8)
8(88.9)
93(84.5)
37(92.5)
69(82.1)
96(87.3)
10(71.4)

2(8.3)
16(16.0)
1(25.0)
17(14.2)
1(11.1)
17(15.5)
3(7.5)
15(17.6)
14(12.7)
4(28.6)

0.52

0.47

0.60

0.12

0.12
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Table 6 Association of mutations in genes conferring isoniazid and rifampicin drug-resistant with clustering rate and treatment outcomes

Clustered or not” Treatment outcome”
o Total Total
Mutations Clustered cases  Unique cases c Favorable Unfavorable
(N=151) pvalue (N=124) p value
(No=58, 38.4%) (N;=93, 61.6%) (No=106, 85.5%) (N;=18, 14.5%)

rpoB Wt 7 4 (57.1) 3 (42.9) 0.46 6 6 (100) 0 0.03
Mutl 93 33 (35.5) 60 (64.5) 77 70 (90.9) 7(9.1)
Mut2 51 21 (41.2) 30 (58.8) 41 30(73.2) 11 (26.8)

katG Wt 65 22 (33.8) 43 (66.2) 0.42 52 47 (90.4) 5(9.6) 0.19
Mut 85 36 (42.4) 49 (57.6) 72 59 (81.9) 13 (18.1)
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Table 7 Multivariate analyses of risk factors associated with treatment outcomes of 124 MDR-TB cases in northern Taiwan, 2007-2009

Treatment outcome

Factors Favorable Unfavorable Crude OR 95% ClI P- value Adjusted OR“ 95% ClI P-value
(%) (%)
Age, years
<65 93(96.9) 3(3.1) 1 1
>65 13(46.4) 15(53.6) 35.77 9.10-140.6 <0.001 26.33 4.53-152.98 <0.001
BMI
<18.5 22(75.9) 7(24.1) 1 1
>18.5 80(93.0) 6(7.0) 0.24 0.07-0.78 0.018 0.23 0.04-1.23 0.086
Cavitary lesion
on CXR
Yes 46(93.9) 3(6.1) 1 1
No 60(80.0) 15(20.0) 3.83 1.05-14.03 0.042 2.74 0.37-20.41 0.325
Streptomycin
Susceptible 70(90.9) 7(9.1) 1 1
Resistant 36(76.6) 11(23.4) 3.06 1.09-8.55 0.033 3.23 0.58-18.18 0.183
codon531
TCG/TTG (rpoB)
mutl 70(90.9) 7(9.1) 1 1
wt/mut2 36(76.6) 11(23.4) 3.06 1.09-8.55 0.033 6.47 1.04-40.43 0.046
Genotype
Beijing 54(83.1) 11(16.9) 1 1
non-Beijing 52(88.1) 7(11.9) 1.51 0.54-4.20 0.427 1.38 0.22-8.44 0.730

?Variables with 5% significance level in univariate analysis were included in the multivariate a
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Table 8 Characteristics of 450 MDR isolates including new and retreated cases,

2012-2015
NS 2012 2013 2014 2015 a3t
18 % # 131 126 109 84 450
E 101 ( 77.1% ) 97 ( 77.0% ) 89 ( 81.7% ) 68 ((81.0% ) 355 ( 78.9% )
& 30 (122.9% ) 29 ( 23.0% ) 20 ( 183% ) 16 ( 19.0% ) 95 ( 21.1% )
MDR 128 ( 97.7% ) 123 (97.6% ) 108 ( 99.1% ) 82 ( 97.6% ) 441 ( 98.0% )
XDR 3( 23%) 3( 24%) 1( 0.9%) 2( 24%) 9( 2.0%)
4 55l
AR 118 ( 90.1% ) 121 ( 96.0% ) 102 ( 93.6% ) 76 ( 90.5% ) 417 ( 92.7% )
KA 9( 6.9%) 1( 08%) 3( 2.8%) 3( 3.6%) 16 ( 3.6% )
shaEAE 4( 3.1%) 4( 32%) 4( 3.7%) 5( 6.0%) 17 ( 3.8%)
7]
ME 101 97 89 68 355
B 70 ( 69.3% ) 74 ( 76.3% ) 64 ( 71.9% ) 57T (83.8% ) 265 ( 74.6% )
4 31 ( 30.7% ) 23 (23.7% ) 25 ( 28.1% ) 11 ( 162% ) 90 ( 25.4% )
F B 30 29 20 16 95
B 26 ( 86.7% ) 19 ( 65.5% ) 15 ( 75.0% ) 10 ( 62.5% ) 70 ( 73.7% )
4 4 ( 13.3% ) 10 ( 34.5% ) 5(250%) 6 (37.5%) 25 ( 26.3% )
N Y
HE 101 97 89 68 355
<=24 5( 5.0%) 4( 4.1%) 4( 45%) 5( 74%) 18 ( 5.1%)
25-34 13 ( 12.9% ) 15 ( 15.5% ) 5( 5.6%) 7(103%) 40 ( 11.3% )
35-44 13 ( 12.9% ) 9( 93%) 5( 5.6%) 13 ( 19.1% ) 40 ( 11.3% )
45-54 21 ( 20.8% ) 21 ( 21.6% ) 14 ( 15.7% ) 13 ( 19.1% ) 69 ( 19.4% )
55-64 16 ( 15.8% ) 23 (23.7% ) 26 ( 29.2% ) 11 (162% ) 76 ( 21.4% )
>=65 33 (1 32.7%) 25 ( 25.8% ) 35 ( 393% ) 19 (27.9% ) 112 ( 31.5% )
B 30 29 20 16 95
<=24 0( 0.0%) 1( 34%) 0( 0.0%) 0( 0.0%) 1( 1.1%)
25-34 5( 16.7% ) 0( 0.0%) 2 ( 10.0% ) 0( 0.0%) 7( 74%)
35-44 3( 10.0% ) 5(172%) 2 ( 10.0% ) 2 (125%) 12 ( 12.6% )
45-54 5( 16.7% ) 7 (24.1% ) 4 ( 20.0% ) 1( 63%) 17 ( 17.9% )
55-64 6 ( 20.0% ) 9 ( 31.0% ) 3(15.0%) 5(31.3%) 23 ( 24.2% )
>=65 11 ( 36.7% ) 7(24.1% ) 9 ( 45.0% ) 8 ( 50.0% ) 35 ( 36.8% )
M FE &
HE 101 97 89 68 355
41L& 29 ( 28.7% ) 26 ( 26.8% ) 28 ( 31.5% ) 13 ( 19.1% ) 96 ( 27.0% )
L& 10 ( 9.9%) 12 ( 12.4% ) 11 ( 12.4% ) 8 ( 11.8%) 41 ( 11.5% )
b B 21 ( 20.8% ) 14 ( 14.4% ) 21 ( 23.6% ) 18 ( 26.5% ) 74 ( 20.8% )
#E 12 ( 11.9% ) 20 ( 20.6% ) 14 ( 15.7% ) 7(10.3%) 53 ( 14.9% )
hRE 18 ( 17.8% ) 17 ( 17.5% ) 12 ( 13.5% ) 15 ( 22.1% ) 62 ( 17.5% )
[ 3 11 ( 10.9% ) 8 ( 82%) 3( 34%) 7(103%) 20 ( 82% )
F A 30 29 20 16 95
LiLE 8 ( 26.7% ) 11 (37.9% ) 3(15.0%) 2 (12.5%) 24 ( 25.3% )
L& 3( 10.0% ) 5(17.2%) 4 ( 20.0% ) 1( 63%) 13 ( 13.7% )
b B 3( 10.0% ) 1( 34%) 4 ( 20.0% ) 5(31.3%) 13 ( 13.7% )
#E 5( 16.7% ) 4 (13.8% ) 3(15.0% ) 5(31.3%) 17 ( 17.9% )
& 7( 23.3% ) 4(13.8%) 4 ( 20.0% ) 1 ( 63%) 16 ( 16.8% )
[ 3 4(13.3%) 4(13.8% ) 2 ( 10.0% ) 2 (12.5%) 12 ( 12.6% )
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Table 9 Genotypes of 450 MDR isolates including new and relapse cases, 2012-2015

Ay 2012 2013 2014 2015 3t

18 % ¥ 131 126 109 84 450

HE 101 ( 77.1% ) 97 ( 77.0% ) 89 ( 81.7% ) 68 ( 81.0% ) 355 ( 78.9% )

M 30 (229% ) 29 (123.0% ) 20 ( 18.3% ) 16 ( 19.0% ) 95 ( 21.1% )

Spoligotype

WE 101 97 89 68 355
Beijing 60 ( 59.4% ) 52 ( 53.6% ) 44 ( 494% ) 34 ( 50.0% ) 190 ( 53.5% )
Manu_ancestor 2( 2.0%) 2( 2.1%) 5( 5.6%) 5( 74%) 14 ( 3.9% )
Haarlem 16 ( 15.8% ) 14 ( 14.4% ) 20 ( 22.5% ) 10 ( 14.7% ) 60 ( 16.9% )
EAI 6( 59%) 6( 62%) 6( 6.7%) 4( 59%) 22 ( 6.2% )
T 4 ( 4.0%) 10 ( 10.3% ) 2( 22%) 4( 59%) 20 (1 5.6% )
LAM I ( 1.0%) 1( 1.0%) 0( 0.0%) 1( 1.5%) 3( 0.8%)
Unknown 1( 1.0%) 2( 21%) 2( 22%) 2( 2.9%) T( 2.0%)
undefined 11 ( 10.9% ) 10 ( 10.3% ) 10 ( 11.2% ) 5( 74%) 36 (1 10.1% )
NA 0( 0.0%) 0( 0.0%) 0( 0.0%) 3( 44%) 3( 0.8%)

+ B 30 29 20 16 95
Beijing 16 ( 53.3% ) 14 ( 48.3% ) 11 ( 55.0% ) 6(37.5% ) 47 ( 49.5% )
Manu_ancestor 1( 3.3%) 2( 69%) 0(¢ 0.0%) 1 ( 6.3%) 4( 42%)
Haarlem 5(16.7% ) 5(17.2%) 4 (20.0% ) 2(12.5%) 16 ( 16.8% )
EAI 1 ( 3.3%) 4 ( 13.8% ) 2 ( 10.0% ) 1 ( 63%) 8( 84%)
T 0( 0.0%) 0( 0.0%) 2 ( 10.0% ) 1 ( 63%) 3( 32%)
Bovis 0( 0.0%) 0( 0.0%) 0( 0.0%) 1 ( 6.3%) 1( 1.1%)
Unknown 2( 6.7%) 0( 0.0%) 0(¢ 0.0%) 2(12.5%) 4( 42%)
undefined 5(16.7% ) 4 ( 13.8% ) 1( 5.0%) 2(12.5%) 12 ( 12.6% )

Clustering

& 101 97 89 68 355
clustered 64 ( 63.4% ) 62 ( 63.9% ) 60 ( 67.4% ) 34 ( 50.0% ) 220 ( 62.0% )

non-clustered

37 ( 36.6% )

35 ( 36.1% )

29 (1 32.6% )

31 (45.6% )

132 ( 37.2% )

NA 0( 0.0%) 0( 0.0%) 0( 0.0%) 3( 4.4%) 3( 0.8%)
o B 30 29 20 16 95
clustered 24 ( 80.0% ) 16 ( 55.2% ) 9 ( 45.0% ) 9 (56.3% ) 58 (61.1% )
non-clustered 6 ( 20.0% ) 13 ( 44.8% ) 11 ( 55.0% ) 7 ( 43.8% ) 37 ( 38.9% )
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Table 10 Characteristics of clustered and non-clustered MDR isolates among

450 MDR isolates

Sy 2012 2013 2014 2015 st

18 % 131 126 109 84 450

clustered 88 ( 67.2% ) 78 ( 61.9% ) 69 ( 63.3% ) 43 ( 51.2% ) 278 ( 61.8% )

non-clustered 43 ( 32.8% ) 48 ( 38.1% ) 40 ( 36.7% ) 38 (452% ) 169 ( 37.6% )

NA 0( 0.0%) 0( 0.0%) 0( 0.0%) 3( 3.6%) 3( 0.7% )

ML FE & 3R

clustered 88 78 69 43 278
44L& 23 ( 26.1% ) 25 ( 32.1% ) 20 ( 29.0% ) S5(11.6% ) 73 ( 26.3% )
it & 10 ( 11.4% ) 12 ( 15.4% ) 8( 11.6% ) 5(11.6% ) 35 ( 12.6% )
+ & 15 ( 17.0% ) 10 ( 12.8% ) 12 ( 17.4% ) 11 ( 25.6% ) 48 ( 17.3% )
& E 9( 10.2% ) 13 ( 16.7% ) 14 ( 20.3% ) 9 ( 20.9% ) 45 ( 16.2% )
& 19 ( 21.6% ) 11 ( 14.1% ) 10 ( 14.5% ) 5(11.6% ) 45 ( 16.2% )
4 12 ( 13.6% ) T( 9.0%) 5( 7.2%) 8 ( 18.6% ) 32 (11.5%)

non-clustered 43 48 40 38 169
L& 14 ( 32.6% ) 12 ( 25.0% ) 11 (27.5% ) 9(23.7% ) 46 ( 27.2% )
L & 3( T7.0%) 5(104% ) 7(17.5%) 3( 79%) 18 ( 10.7% )
+ & 9 ( 209% ) S5(104%) 13 ( 32.5% ) 11 ( 28.9% ) 38 ( 22.5%)
i & 8 ( 18.6% ) 11 (229% ) 3( 7.5%) 3( 79%) 25 ( 14.8% )
A& 6 ( 14.0% ) 10 ( 20.8% ) 6 ( 15.0% ) 11 ( 28.9% ) 33 (19.5% )
E §FA 3( T7.0%) 5(104% ) 0( 0.0%) 1 ( 2.6%) 9( 53%)

NA 0 0 0 3 3

Spoligotype

clustered 88 78 69 43 278
Beijing 49 ( 55.7% ) 45 ( 57.7% ) 35( 50.7% ) 19 ( 44.2% ) 148 ( 53.2% )
Manu_ancestor 3( 3.4%) 3( 3.8%) 2( 2.9%) 5(11.6% ) 13 ( 4.7% )
Haarlem 18 ( 20.5% ) 12 ( 15.4% ) 19 ( 27.5% ) 7(16.3% ) 56 ( 20.1% )
EAI S5( 57%) 6( 7.7%) 7(10.1% ) 3( 7.0%) 21 ( 7.6% )
T 2( 23%) 1( 13%) 0( 0.0%) 2( 4.7%) 5( 1.8%)
LAM 1( 1.1%) 0( 0.0%) 0( 0.0%) 0( 0.0%) 1( 04%)
Unknown 3( 34%) 0( 0.0%) 2( 2.9%) 3( 7.0%) 8( 29%)
undefined 7( 8.0%) 11 ( 14.1% ) 4( 58%) 4( 93%) 26 (1 9.4% )

non-clustered 43 48 40 38 169
Beijing 27 ( 62.8% ) 21 ( 43.8% ) 20 ( 50.0% ) 21 ( 55.3% ) 89 ( 52.7% )
Manu_ancestor 0( 0.0%) 1( 2.1%) 3( 7.5%) 1( 2.6%) S5( 3.0%)
Haarlem 3( 7.0%) T(14.6% ) 5(125%) 5(13.2% ) 20 ( 11.8% )
EAI 2( 4.7% ) 4( 83%) 1( 2.5%) 2( 53%) 9( 53%)
T 2( 4.7% ) 9( 18.8% ) 4 ( 10.0% ) 3( 7.9%) I8 ( 10.7% )
LAM 0( 0.0%) 1( 2.1%) 0( 0.0%) 1 ( 2.6%) 2( 1.2%)
Bovis 0( 0.0%) 0( 0.0%) 0( 0.0%) 1 ( 2.6%) 1( 0.6%)
Unknown 0( 0.0%) 2( 42%) 0 0.0%) 1 ( 2.6%) 3( 1.8%)
undefined 9 ( 20.9% ) 3( 6.3%) T7(17.5%) 3( 7.9%) 22 ( 13.0% )

NA 0 0 0 3 3
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Table 11 Geographic distribution of 235 clustered MDR isolates

itk B A H FF Lineage ST NO SILE LE ¥ E HE  HEE L& it
C00041 Beijing 1 1 3 4 12 20
(&K Beijing 1 7 1 4 1 13
Co0027 Beijing 1 5 2 2 1 10
C00009 H3 316 1 1 8 10
C00017 Beijing 1 7 7
C00040 Beijing 1 6 I 7
CO0042 EAI2-Manila 19 1 2 2 1 6
CO0057 Beijing 1 3 1 4
coolos H3 50 1 1 | | 4
Cooo14 Beijing 1 1 1 2 4
Co0007 undefined undefined 1 3 4
C00025 Beijing 1 1 3 4
CO0001 undefined undefined 2 1 | 4
Cono1s Beijing 1 1 2 1 4
CO003s undefined undefined 1 1 2 4
CO0130 Beijing 941 1 2 1 4
COD056 Beijing 1 4 4
C00033 Beijing 1 3 1 4
CO0037 Manu_ancestor 523 4 4
CO00035 H3 50 1 2 3
Co00l1 H3 50 1 1 1 3
C00039 Manu_ancestor 523 1 1 1 3
cool1z EAI2-Manila 19 2 1 3
CO0008 Beijing 1 2 1 3
CO0028 Beijing 1 3 3
C00034 undefined undefined 3 3
Ccoolll EAI2-Manila 19 1 2 3
Co0013 Beijing 250 3 3
Co0110 EAI2-Manila 19 1 2 3
Co007s H3 50 2 1 3
Co0021 Beijing 1 3 3
CO0063 Beijing 1 3 3
CO0019 undefined undefined 2 1 3
C00002 H3 2000 2 1 3
COo0106 H3 511 3 3
Con121 Unknown 1487 2 1 3
C00072 Unknown 955 3 3
Co0127 Beijing 1 2 2
C00120 Beijing 1 1 1 2
Con023 Beijing 1 2 2
C00109 Beijing I I 1 2
CO0006 undefined undefined 2 2
CO0108 Beijing 1 1 1 2
CO0026 Beijing 1 2 2
coolo7 H3 2000 2 2
Co0123 Manu_ancestor 523 1 1 2
Con104 Unknown 2587 1 1 2
Cool16 H 946 2 2
C00103 Beijing I 2 2
CO0003 H3 2090 1 1 2
Co0102 Beijing 1 2 2
CO0126 Manu_ancestor 523 1 1 2
C00101 Beijing I 2 2
Con125 EAI2-Manila 19 1 1 2
CO00ss undefined undefined 2 2
Co0124 EAI2-Manila 19 1 1 2
CO0083 Ambiguous:T2 T:943 2 2
Con122 Beijing 1 1 | 2
CO0059 Beijing 1 2 2
Conn12 undefined undefined 2 2
C00049 H3 50 2 2
Conl1s H3 2094 2 2
Co004s H 742 1 1 2
Cool14 H3 2000 1 1 2
CO0038 undefined undefined 1 1 2
COnn32 Beijing 1 1 1 2
C00044 H3 50 2 2

6l 29 41 34 41 29 235
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Table 12 Cluster analysis of 235 clustered MDR isolates

4 # L B4 4732 Lineage ST NO 2012 2013 2014 2015 it
Co0041 Beijing | b 6 3 3 20
C00113 Beijing I 4 5 3 I 13
CO0009 H3 316 3 1 3 3 10
Coo027 Beijing 1 2 3 4 1 10
Cooo17 Beijing 1 3 2 1 1 7
C00040 Beijing I 3 3 I 7
C00042 EAI2-Manila 19 2 3 1 6
CO0001 undefined undefined 1 2 1 4
Co00n7 undefined undefined 2 1 1 4
C00014 Beijing I 1 2 I 4
C00015 Beijing I 2 I I 4
C00025 Beijing I 1 2 I 4
C00033 Beijing 1 1 3 4
C00035 undefined undefined 1 2 1 4
Co0037 Manu_ancestor 523 2 1 1 4
Co00s6 Beijing 1 1 3 4
C00057 Beijing I 1 2 I 4
Coo105 H3 50 1 3 4
C00130 Beijing 941 1 1 1 1 4
Co0002 H3 2000 1 1 1 3
CO00035 H3 50 1 2 3
CO0008 Beijing | 1 1 1 3
coooll H3 50 2 1 3
Cooo13 Beijing 250 2 | 3
Coo019 undefined undefined 2 1 3
C00021 Beijing I 1 3
C00028 Beijing I 1 2 3
C00034 undefined undefined 1 1 1 3
C00039 Manu_ancestor 523 2 1 3
Co0063 Beijing 1 3 3
Co0072 Unknown 955 2 1 3
coon7s H3 50 2 1 3
Cool06 H3 511 1 2 3
coollo EAI2-Manila 19 2 | 3
Cool11 EAI2-Manila 19 2 1 3
coo112 EAI2-Manila 19 1 1 1 3
coo121 Unknown 1487 1 2 3
CO0003 H3 2090 | 1 2
CO0006 undefined undefined 1 1 2
Co0012 undefined undefined 2 2
C00023 Beijing 1 1 1 2
C00026 Beijing 1 1 1 2
Co0032 Beijing | 2 2
CO0038 undefined undefined 2 2
Co0044 H3 50 | | 2
CO0045 H 742 | 1 2
C00049 H3 50 | 1 2
C00039 Beijing I 1 | 2
CO0083 Ambiguous: T2 T5943 1 1 2
CO0085 undefined undefined 1 1 2
C00101 Beijing 1 1 I 2
C00102 Beijing 1 2 2
Coo103 Beijing 1 1 1 2
Coo104 Unknown 2587 2 2
coolo7 H3 2090 2 2
Co0108 Beijing 1 2 2
C00109 Beijing I 2 2
cooll4 H3 2000 1 1 2
cCoolls H3 2094 1 | 2
coolle H 946 1 1 2
C00120 Beijing 1 2 2
coo122 Beijing 1 1 1 2
Coo123 Manu_ancestor 523 1 1 2
co0124 EAI2-Manila 19 1 1 2
co0125 EAI2-Manila 19 1 | 2
C00126 Manu_ancestor 523 2 2
co0127 Beijing 1 1 1 2

67 69 60) 39 235
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Table 13 Characteristics of 2108 M. tuberculosis isolates, 2012-2015

MDR B wm @t
clustered non-clustered clustered non-clustered clustered non-clustered
R % :d 314 ( 63.3% ) 182 (36.7% ) 384 ( 38.2%) 621 ( 61.8% ) 190 ( 31.3% ) 417 ( 68.7% ) 2108
3 B by
2015 52( 16.6% ) 43 ( 23.6%) 99 ( 258%) 159 ( 25.6%) 48 ( 253%) 107 ( 25.7%) 508
2014 T4 23.6% ) 40 ( 22.0% ) 145 ( 37.8%) 188 ( 30.3%) 95 ( 50.0% ) 187 ( 44.8%) 729
2013 B3 ( 264%) 50 ( 27.5% ) 98 ( 255%) 217 ( 349%) 47 ( 24.7%) 122 ( 29.3%) 617
2012 93 ( 29.6% ) 48 ( 26.4% ) 18( 4.7%) 30( 48%) 0{ 0.10%) 1( 02%) 190
201 1= A7 12( 3.8%) 1( 0.5%) 24( 63%) 27( 43%) 0( 0.0%) 0( 0.0%) 64
eS|
S| 313 ( 99.7%) 152 ( 83.5% ) 380 ( 99.0%) 599 ( 96.5% ) 190 ( 100.0% ) 404 ( 96.9% ) 2038
EL 8] 1( 03%) 30 (16.5%) 4 1.0%) 22( 3.5%) 0  0.0%) 13( 3.1%) T0
L3
M 236 ( 75.2%) 136 ( 74.7% ) 268 ( 69.8%) 451 ( 72.6% ) 138 (1 72.6% ) 309 ( T4.1%) 1538
F T8 ( 24.8%) 46 ( 25.3% ) 116 ( 30.2% ) 170 ( 27.4% ) 52( 27.4%) 108 ( 25.9%) 570
= R
==24 11{ 335%) 11( 6.0%) 111 ( 289%) 67 ( 10.8% ) T 3.7%) 16( 38%) 223
25-34 00 9.6%) 21 (11.5% ) 32( B83%) 32( 52%) T.4% ) 200 4.8%) 149
35-44 40 ( 12.7%) 22 (12.1%) 37( 9.06%) 24 ( 39%) 23( 12.1%) 37( 89%) 183
45-54 69 ( 22.0% ) 27 ( 14.8% ) 32( B83%) 30( 4.8%) 38 ( 200%) 47 ( 11.3%) 243
55-04 T8 ( 24.8%) 29 (15.9%) 45 (¢ 11.7%) 45 ( 7.2%) 30( 158%) 69 ( 16.5% ) 296
>=65 B6( 27.4%) T2 (396%) 127 ( 33.1%) 423 ( 68.1% ) T8 41.1% ) 228 ( 54.7% ) 1014
Mo IR B AR
SiLE 81 ( 258% ) 44 (24.2% ) J0( 18.2% ) 118 ( 19.0% ) 39 ( 20.5% ) 128 ( 30.7% ) 480
Faal:] 0 00%) 0( 0.0% ) 0 00%) 0( 00%) 0( 00%) 20 1.6%) 2
Rl 8 10( 12.3% ) 3( 6.8%) 10( 143% ) 12( 10.2% ) 2( 51%) 50 39%) 42
T 14( 173%) 4 9.1% ) 2( 29%) 6( 5.1%) 3( T77%) B( 63%) 37
EE A 18 ( 22.2%) 13 ( 29.5% ) 11 ( 15.7% ) 29 ( 24.6% ) S5( 128%) 11( 86%) 87
L F A 39 ( 48.1%) 24 ( 54.5% ) 47( 67.1%) TL( 60.2%) 29( T44%) 102 ( 79.7%) 312
LE 36 ( 11.5% ) 19 (10.4% ) 65 ( 16.9% ) 81 ( 13.0% ) 25( 13.2%) 54( 12.9%) 280
e [ A 26 ( 72.2%) 9 ( 47.4% ) 39( 60.0% ) 49 ( 60.5% ) 15( 60.0%) 33( 61.1%) 171
i 2( 56%) 2(10.5%) T 10.8%) B( 99%) 2( 80%) 20 37%) 23
A S5( 13.9%) 7 ( 36.8% ) 10( 154%) 10 ( 12.3%) 30 120%) 6( 11.1%) 41
W R 3( 83%) 1( 53%) 99 13.8% ) 14 ( 17.3%) 5( 200%) 13( 24.1% ) 45
E 54 17.2%) 44 (24.2% ) 50 13.0% ) 150 ( 24.2% ) 32( 16.8% ) 76 ( 18.2% ) 406
&P 28 ( 519%) 23 (52.3%) 21 ( 420%) 45 ( 30.0%) 20( 62.5%) 40 ( 52.6% ) 177
P 15( 27.8% ) 11 ( 25.0% ) 21( 42.0%) T7T( 51.3%) 3 94%) 12( 158%) 139
4 & 11 ( 204% ) 10 ( 22.7% ) B 16.0%) 28 ( 18.7%) 9( 28.1%) 24 ( 31.6%) 90
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MDR R L st
clustered non-clustered clustered non-clustered clustered non-clustered
HE 49 ( 15.6% ) 28 (15.4% ) 54 ( 14.1% ) 101 ( 16.3% ) 15( 79%) 36 ( 8.6%) 283
Ex S 15 ( 30.6% ) 7 (25.0% ) 8( 14.8%) 11( 109%) 0( 0.0%) 7( 19.4%) 48
F 6( 12.2%) 4(143%) 20( 37.0%) 16 ( 15.8% ) 4( 26.7%) 2( 56%) 52
EER 5( 10.2%) 5(17.9% ) 10 ( 18.5%) 47 ( 46.5% ) 3( 200%) 4( 11.1%) 74
& d 23 ( 46.9%) 12 ( 42.9% ) 16 ( 29.6% ) 27( 26.7%) 8( 533%) 23( 63.9%) 109
SHRE 57 ( 182% ) 37 (20.3% ) 69 ( 18.0% ) 68 ( 11.0% ) 55( 289%) B4 ( 20.1% ) 370
k=% %o 37( 64.9%) 26 ( 70.3% ) 37( 53.6%) 36 ( 52.9%) 35( 63.6%) 48 ( 57.1%) 219
¥ ¥ -3 19 ( 33.3%) 11 (29.7% ) 30( 43.5%) 32( 47.1%) 19 ( 345%) 36 ( 42.9%) 147
i 1( 1.8%) 0( 0.0% ) 2( 29%) ( 00%) 1( 1.8% ) ( 0.0%) 4
& 37 ( 11.8%) 10 ( 5.5% ) 76 ( 19.8% ) 103 { 16.6% ) 24 ( 1206%) 39( 94%) 289
it ik 4 29 ( 78.4%) 8 ( 80.0% ) 66 ( 86.8% ) BO( 77.7% ) 12 ( 50.0%) 12 ( 30.8% ) 207
& R B B( 21.6%) 2(200% ) 10 ( 13.2%) 23 ( 22.3%) 12 ( 50.0% ) 27 ( 69.2%) 82
Spoligotype
Beijing 169 ( 53.8% ) 99 ( 54.4% ) 144 ( 37.5%) 301 ( 48.5% ) 58 ( 30.5%) 174 ( 41.7%) 945
Manu_ancestor 13( 4.1%) 6( 3.3%) 4( 1.0%) T 1.1%) 3 1.6% ) 2( 05%) 35
Haarlem 63 ( 2011% ) 19 ( 10.4% ) 84 ( 21.9%) 94 ( 15.1% ) 48 ( 253%) T7( 18.5%) 385
EAI 25( 8.0%) 11 ( 6.0% ) 55( 14.3%) 68 ( 11.0% ) 62 ( 32.6%) 41 ( 9.8%) 262
T 6( 1.9%) 18( 99%) 46 12.0%) 55( B89%) 9( 47%) 41 ( 98%) 175
LAM 1( 03%) 2( 1.1% ) 4( 1.0%) 9( 1.4%) 1( 05%) 7( 1.7%) 24
others 0 0.0%) 0( 00%) 0( 00%) 4( 0.6%) 0¢  00%) 2( 05%) 6
Unknown 9( 2.9%) 5( 2.7%) 22( 57%) 10( 1.6%) 4(  21%) 12( 29%) 62
undefined 28 ( 8.9%) 22 (12.1% ) 25( 6.5%) T3( 11.8%) S{  26%) S8 ( 13.9%) 211
_negative 0( 0.0%) 0( 00%) 0( 0.0%) 0( 0.0%) 0( 00%) 3( 07%) 3

64



Table 14 Geographic distribution of 2108 M. tuberculosis isolates

=in GILE[ILE | I &= PIE | FE HE [HFE ERE T RE|  HEst
AEPREY SR |[ERRE i |Gk b Eat|PhET Wi RTRE (SRR o Bt |TAME  [FEET  |FEEM | GREh Eit|FifET R Rk it [fEHRE |G B
unique 3 4 13 24 44 9 2 7 1 19 44] 7 4 5 12 28 26 11 37 s 2 10 182
12 6 29 71 118 49 s 10 14 31 150 11 16 47 27 101 36 32 68 30 23 103 621
S ] 11 102 128 33 2 6 13 54 76 7 2 4 3 36 48 36 84 12 27 39 217
C00046 1
1 1 2 1 1 2 7 7
1 2 3 1 1 3 1 1 5 s
C00042 1 1 2 2 2 1 3 1 1
1 1 1 1 1 1 2 2 s
1 1 1 1 2 5 ] 10
00111 1 1 1 1 2 2 4
1 1 1 1 1 1 2 1 1 5
1 1 1 1 2 1 4 5 1 6 1 1 13
C00041 1 1 2 2 4 4 14 1 15 22
C00036 2 1 3 18 18 2
00113 1 1 5 7 1 1 3 1 4 1 1 13
1 1 1 1 2
1 1 2 1 3 4
00027 1 4 5 1 1 2 1 1 3 3 1 1 12
1 1 1
00105 1 1 1 1 2 1 1 4
s 5 1 1 [3
1 1 1 1 2
00009 1 1 8 8 9
1 1 1
1 1 1
00214 10 10 10
00112 2 2 1 1 3
1 1 1 1 1 1 3
1 1 2 1 1 1 1 4
00130 1 1 2 1 1 1 1 1 1 1 1 7
1 1 2
00110 1 1 2 2 3
1 4 3
1 1 1 1 2
00015 1 1 2 2 1 1 4
1 1 1 1 1 1 3
1 1 1
C00014 1 1 1 1 2 2 4
1 1 1 1 2
1 1 1 1 2
C00040 5 1 6 1 1 7
1 1 1
C00244 1 2 3 1 1 1 1 s
1 1 1 1 2
00017 é 1 7 7
00220 1 1 5 5 6
1 1 1
C00248 1 1 1 1 2 2 4
1 1 1 1 2
00250 5 5 5
1 1
00235 1 4 B 5
1 1 1
00243 6 6 [5
00233 4 4 4
1 1 1 1 2
00218 2 2 2
1 2 3 1 1 4
00124 1 1 1 1 2
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[=ain EItE|tE tE PIE R BHE SRR [ HE HE

A AL SNA it WS il o v e el et hET Wi [FITRE STERE EF FEftRA CEt[EMiE EET (EEM SFH GEt|EET | FEkE R Gt |{EERE | SRR (=5
1 1 1 1 1 3
00288 1 1 1
3 3 3
1 1 1
00128 1 1 1
1 1 2 2
1 1 2 2
00035 1 1 1 1 2 1 3 5
C00098 5 5 5
C00044 2 2 2
1 1 1
1 1 2 2
00127 2 2 1 1 3
2 2 2
C00056 5 5 5
00028 1 1 3 3 4
1 1 1
C00057 3 3 1 1 4
1 1 1
00096 1 1 4 4 5
00202 1 1 4 4 5
00025 1 1 2 1 3 4
00007 4 4 4
00033 2 1 3 1 1 4
00072 1 2 3 3
1 1 1
00219 4 4 4
C00090 4 4 4
00268 1 1 1 1 2
1 1 2 2
C00091 4 4 4
00011 1 1 1 1 1 1 3
1 1 1
C00037 1 3 4 4
00001 2 2 1 1 1 1 4
00039 1 1 1 1 1 1 3
1 1 1
00221 2 2 2
1 1 1 1 2
00013 1 3 4 4
00234 |11 4 4 4
00106 [MDR 2 1 3 1 1 4
00282 [ 1 1 1
E 1 1 1 1 1 1 3
00121 [MDR 1 2 3 1 1 4
00002 [MDR 2 2 2 2 4
00212 [BFE% 4 4 4
00271 [MDR 1 1 1
B 1 1 1 1 2
00006 [MDR 3 3 3
00312 [BFE 1 1 1
R 1 1 1 1 2
C00008 |[MDR 1 1 2 1 1 3
c00252 [ 1 1 2 2 3
00126 [MDR 1 1 1 1 1 1 3
00286 1% 3 3 3
C00063 [MDR 2 1 3 3
00346 [ 1 1 1
EH 1 1 1 1 2
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GitE \ GtEEE | [ hE | FEE T P |

T E L S = L NE = %l = (s el e e Sat PR R R SRR e ) Sit|EMRE |EET |[EEb GET Eit|EdET | B At iR
C00099 1 1 1
2 2 2
00245 1 1 2 2 3
C00019 1 1 2 1 1 3
00266 1 1 2 3
00357 1 1 1
2 2 2
00275 1 1 1 1 2
1 1 1
C00360 1 1 2 z 3
00115 2 z 2
1 1 1
00207 3 3 3
00320 1
1 1 2
00208 1 1 2 2 3
C00354 1 1 1
2 2 2
00209 2 1 3 3
C00034 1 2 3 3
C00211 3 3 3
00251 3 3 3
Co0102 2 2 2
1 1 1
00259 3 3 3
00021 2 1 3 3
C00003 1 1 1 1 2
1 1 1
00215 3 3 3
00272 1 1 2 1 1 3
Co0104 1 1 1 1 2
1 1 1
C00005 1 1 2 2 3
C00075 2 2 1 1 3
00287 1 1 2 z 3
C00085 2 z 2
1 1 1
C00305 |; 1 1 2 1 1 3
00228 |] 3 3 3
C00314 [, 3
00229 1 1 2 2 3
C00325 1 1 1
2 2 2
00107 3 3 3
C00349 1 1 1
1 1 1 1 2
00109 1 1 1 1 2
1 1 1
00097 3 3 3
00236 1 1 1 2
1 1 1
C00363 1 1 1
1 1 2 2
00206 || 3 3 3
00223 |F 2 2 2
B 1 1 1
00366 |75 1 1 1 1 2
00135 |V 1 1 1
B 1 1 1
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&itE BIHELLE | [ & B & HE|SRE EFE |HE HE

o &

HRE <SP [HBERE BT |Sdbh |Hdb Sat|BbEh  |[RirT RTTRE R =t PR B |FEET [FEk G Aet|EEd PR | Bt [fEHERE | BHM =

ale
o |

C00049

C00149

C00343

C00150

1o 1] —

C00059

=)

C00201

C00299

C00100

C00334

[ 2

C00203

C00141

C00205

C00267

Coo101

C00069

o=

C00051

=)

C00292

C00103

C00309

C00083

C00137

[
o= | =

C00210

C00339 B 1 1

C00038 MDR 1 1 1 1

C00348 I 1 1

C00087 | 2

C00144 MDR 1 1

00213 B 2

C00147 MDR 1

[ e ]

C00089 |75

=)

C00269 | 1 1 1 1

C00108 MDR 1 1 1 1

C00273 [

3
i
o= | =
=1 =

C00216 PP

C00129 MDR 1 1

C00217 |BHE 1 1

121 [

C00132 [MDR 1 1

C00045 |MDR 1 1 1 1

C00296 |54 1 1 1 1

C00058 MDR 2 2

C00304 |51 1 1 1 1

C00023 MDR 2 B

C00134 MDR 1 1

C00004 MDR 1 1 1 1

C€00322 |54 1 1

[*)
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[ &itE [ GREDE | [ JtE

HERE EFTRE |EREAR (B |GdEf  $RIER Gt BkEH ST AR TR FAfRE St |EMRE [ERT EEM |OEH Git S |FE B ot [folRE | GHRE

C00222

C00331

C00371

C00336

C00151

C00341

=)
[}

Co00225

C00138

C00226

C00350

(&)

00227

C00358

=)

C00092

C00362

Co0114

C00368

C00230

C00095

C00032

C00125

C00232

C00270

o]t 1o
1[0 [ —

C00093

C00012

Co0116

00274

C00026

Co00276

coo117

C00285

C00237

C00131

00238

00289

C00239

C00295

C00240

00298

00241

=)
=)

C00301

00242

00133

C00118

C00310

C00119 [MDR 1 1 1
00313 '

69

[y e T N Y S T T ) ) S I U ) s e U ey e ) ) N M 1 1 1 11 11 1 1 N0 1 N 1 1 s e e e ] e e 1 1 e e e ] N O e P e e e



[ &itE [ SRENLE | PIE & BB SRS ERE HE

ERE aite SN= AL oS Al e O i et BhET BT SRR SRR fzie ] Gat|EMRE |EET ZER |GETH GEt| SR | FERE | B Gt |[fCHRE |G

Co0120

C00136

C00246

C00323

Co0247

C00330

C00249

C00333

C00030

[

C00335

C00094

=)
=)

C00338

Co0122

C00340

C00253

C00342

Co0254

C00344

C00255

Co0347

Co0256

C00139

C00257

=)

C00352

Co0258

Co0142

Co0123

C003s59

C00260

C00361

C00261

)
=)

C00146

C00262

C00367

C00263

C00369

C00264

=] [ [ i=

C00265

C00224

Co0231

C00308

C00321

C00365 ||
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GitE \ GitE[ftE | \ it P& FHE | B E | & HE

RA [ihid. Gt EARE (RN |EHME |G e[ A it S Gat MR |G =i

il S A S v = e i = O T O B[ &
C00055 1

00306

00324

C00052

C00077

[

C00319

C00326

C00016

00327

Coo307

00328

00204

C00329

00278

C00143

00317

C00081

00280

00145

C00066

C00290 |

C00351

00291

C00353

C00061

00356

00293

C00067

00294

C00311

C00029

C00053

C00048

C00364

00297

00315

00148

C00318

C00086

00370 |BFE 1 1

00300 |F{E 1 1

C00031 MDR 1 ;

C00065 MDR 1 1

=

C00140 MDR 1 1
C00302 |55

2 42 37 87 312 480 171 23 41 45 280 177 139 90 406 48 52 74 109 283 219 147 4 370 207 82 289 2108
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