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# — ~ Beijing family genotype Mycobacterium tuberculosis complex
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isolates from 421 tuberculosis cases in 2002, in Taiwan, by

region, sex, age group (30)

Beijing family genotype Mycobacterium tuberculosis complex

isolates from 437 tuberculosis cases in 2003, in Taiwan, by

region, sex, age group (31)

Beijing family genotype Mycobacterium tuberculosis complex

isolates from 1666 tuberculosis cases in 2004, in Taiwan, by

region, sex, age group (32)

Beijing family genotype Mycobacterium tuberculosis complex

isolates from 2091 tuberculosis cases in 2005, in Taiwan, by

region, sex, age group (33)

Beijing family genotype Mycobacterium tuberculosis complex

isolates from 1766 tuberculosis cases in 2006, in Taiwan, by

region, sex, age group (34)

# = ~Prevalence of antituberculosis drug resistance among 353 isolates

in Taiwan, 2002, by genotype (35)

# = ~Prevalence of antituberculosis drug resistance among 267 isolates

+
~

in Taiwan, 2003, by genotype (36)

~ ~ Prevalence of antituberculosis drug resistance among 1362

isolates in Taiwan, 2004, by genotype (37)

# 1~ Prevalence of antituberculosis drug resistance among 1940



isolates in Taiwan, 2005, by genotype (38)

# -+ ~ Prevalence of antituberculosis drug resistance among 1463

isolates in Taiwan, 2006, by genotype (39)
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Abstract
Purpose

To establish the tuberculosis integrated database in Taiwan including clinical
and laboratory diagnosis and genotyping information of M. tuberculosis. This
database platform will present the epidemiological trend of tuberculosis in
Taiwan and provide the clinical and laboratory scientific evidences for the

development of tuberculosis control policy.
Material and Methods

1. The tuberculosis integrated database: the web-based database platform
including clinical information collected from hospitals and M. tuberculosis
genotyping database analyzed and provided by the Reference Laboratory

of Mycobacteriology.

2. Genotyping methods: including spoligotyping (spacer oligonucleotide
typing) and MIRU-VNTR (mycobacterial interspersed repetitive

unit-variable numbers of tandem repeats).

3. Statistic analysis: the epidemiological data were analyzed by using

Epilnfo 6.04 (Centers for Disease Control and Prevention, Atlanta, Ga.).
Results

1. The tuberculosis integrated dababase were established by IT (information
technology) and tested by clinical and laboratory study groups. The
database contains demographic characteristics, treatment records,
mycobacterial examination records, X-ray radipgrams, case management

information and M. tuberculosis genotyping results.

2. Genotyping analysis: (1) the results of 89 isolates collected from National



Conclusion and Suggestions

1. The function of tuberculosis integrated database was tested successfully.
The users still can provide any suggestions for the web system manager to

improve functions of the database platform.

2. The combination of laboratory genotyping information and clinical
information could be used as the scientific supports for tuberculosis
control. This integrated database will be helpful for providing the detail
information for molecular epidemiology investigation of M. tuberculosis
in the future.

Key Words: genotyping, Mycobacterium tuberculosis, molecular

epidemiology
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Beijing family genotype Mycobacterium tuberculosis complex isolates

from 421 tuberculosis cases in 2002, in Taiwan, by region, sex, age group

Isolate

Beijing fam

ily

Univariate
genotype
[0)
Number (%) Number % Odds 95% CI
ratio
Total 421 187 44.4
Region
Northern 215 (51.1) 111 51.6 2.7 1.5-5.1
Central 38 (9.0 12 31.6 1.2 0.5-3.0
Southern 75 (17.8) 21 28.0 1.0
Eastern 93 (22.1) 43 46.2 2.2 1.1-45
Sex
Male 322 (76.5) 144 44.7 1.1 0.7-1.7
Female 99 (23.5) 43 43.4 1.0
Age Group
=24 26 (6.2) 16 61.5 3.1 1.0-95
25-34 35 (8.3) 17 48.6 1.8 0.7-5.0
35-44 43 (10.2) 18 41.9 1.4 0.5-3.6
45-54 47 (11.2) 16 34.0 1.0
55-64 52 (12.4) 18 34.6 1.0 0.4-2.6
=65 218 (51.8) 102 46.8 1.7 0.8-3.5
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Beijing family genotype Mycobacterium tuberculosis complex isolates

from 437 tuberculosis cases in 2003, in Taiwan, by region, sex, age group

Isolate

Beijing fam

ily

Univariate
genotype
0,
Number (%) Number % Odfjs 95% ClI
ratio
Total 437 154 35.2
Region
Northern 25 (5.7) 12 48.0 2.6 1.0-6.9
Central 112 (25.6) 33 29.5 1.2 0.6-2.2
Southern 123 (28.1) 32 26.0 1.0
Eastern 177 (40.5) 77 43.5 2.2 1.3-3.7
Sex
Male 303 (69.3) 110 36.3 1.2 0.7-1.8
Female 134 (30.7) 44 32.8 1.0
Age Group
=24 35 (8.0 15 42.9 1.8 0.6-5.5
25-34 38 (8.7) 11 28.9 1.0
35-44 62 (14.2) 19 30.6 1.1 0.4-2.9
45-54 49 (11.2) 21 42.9 1.8 0.7-5.0
55-64 52 (11.9) 19 36.5 1.4 0.5-3.8
=65 201 (46.0) 69 34.3 1.3 0.6-2.9
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# = Beijing family genotype Mycobacterium tuberculosis complex isolates
from 1666 tuberculosis cases in 2004, in Taiwan, by region, sex, age group

Isolate

Beijing fam

ily

Univariate
genotype
[0)
Number (%) Number % Odds 95% CI
ratio
Total 1666 675 40.5
Region
Northern 717 (43.0) 313 43.7 1.9 1.2-3.0
Central 113 (6.8) 33 29.2 1.0
Southern 413 (24.8) 157 38.0 1.5 0.9-24
Eastern 423 (25.4) 172 40.7 1.7 1.0-2.7
Sex
Male 1207 (72.4) 479 39.7 1.0
Female 459 (27.6) 196 42.7 1.1 0.9-14
Age Group
=24 122 (7.3) 49 40.2 1.1 0.7-1.8
25-34 145 (8.7) 61 42.1 1.2 0.8-1.9
35-44 206 (12.4) 89 43.2 1.3 0.8-1.9
45-54 231 (13.9) 94 40.7 1.1 0.8-1.7
55-64 226 (13.6) 85 37.6 1.0
=65 736 (44.2) 297 40.4 1.1 0.8-1.5
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# = Beijing family genotype Mycobacterium tuberculosis complex isolates
from 2091 tuberculosis cases in 2005, in Taiwan, by region, sex, age group

Isolate

Beijing fam

ily

Univariate
genotype
Number (%) Number % Odds 95% CI
ratio
Total 2091 841 40.2
Region
Northern 790 (37.8) 343 434 1.3 1.0-1.7
Central 332 (15.9) 134 40.4 1.2 0.9-1.5
Southern 510 (24.4) 189 37.1 1.0
Eastern 459 (22.0) 175 38.1 1.1 0.8-1.4
Sex
Male 1512 (72.3) 625 41.3 1.2 0.9-1.5
Female 579 (27.7) 216 37.3 1.0
Age Group
=24 133 (6.4) 48 36.1 1.0
25-34 183 (8.8) 79 43.2 14 0.8-2.2
35-44 257 (12.3) 103 40.1 1.2 0.8-1.9
45-54 282 (13.5) 108 38.3 1.1 0.7-1.7
55-64 262 (12.5) 108 41.2 1.2 0.8-2.0
=65 974 (46.6) 395 40.6 1.2 0.8-1.8
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# 7 Beijing family genotype Mycobacterium tuberculosis complex isolates
from 1766 tuberculosis cases in 2006, in Taiwan, by region, sex, age group

Isolate

Beijing fam

ily

Univariate
genotype
0,
Number (%) Number % Odds 95% CI
ratio
Total 1766 669 37.9
Region
Northern 742 (42.0) 343 46.2 2.2 1.6-2.9
Central 314 (17.8) 89 28.3 1.0
Southern 436 (24.7) 126 28.9 1.0 0.7-1.4
Eastern 274 (15.5) 111 40.5 1.7 1.2-25
Sex
Male 1288 (72.9) 503 39.1 1.2 0.9-1.5
Female 478 (27.1) 166 34.7 1.0
Age Group
=24 90 (5.1) 51 56.7 2.5 1.6-3.9
25-34 133 (7.5) 57 42.9 14 0.9-2.1
35-44 204 (11.6) 83 40.7 1.3 0.9-1.8
45-54 272 (15.4) 103 37.9 1.2 0.9-15
55-64 237 (13.4) 87 36.7 1.1 0.8-1.5
=65 830 (47.0) 288 34.7 1.0
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# = Prevalence of antituberculosis drug resistance among 353 isolates in Taiwan, 2002, by genotype

%Resistance to?

Genotype
Any drug Isonazid Rifampin  Ethambutol  Streptomycin MDR"

Beijing (N=181)

46.4 33.7 21.0 27.1 21.0 19.3
Non-Beijing (N=172)

34.3 24.4 15.7 16.9 19.8 15.7
Odds ratio 1.7 1.6 1.4 1.8 1.1 1.3
95% CI° 1.1-2.6 1.0-2.6 0.8-2.6 1.1-3.2 0.6-1.9 0.7-2.3

%1solates resistant to Any drug (N=143, 40.5%); Isonazid (N=103, 29.2%); Rifampin (N=65, 18.4%); Ethambutol (N=78, 22.1%);

Streptomycin (N=72, 20.4%); MDR (N=62, 17.6%)
Y |solates resistant to at least isonazid and rifampin
¢ Cl, Confidence interval
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# = Prevalence of antituberculosis drug resistance among 267 isolates in Taiwan, 2003, by genotype

%Resistance to?

Genotype
Any drug Isonazid  Rifampin  Ethambutol  Streptomycin MDR"

Beijing (N=99)

32.3 17.2 13.1 111 8.1 8.1
Non-Beijing (N=168)

33.9 20.8 15.5 13.1 8.9 10.1
Odds ratio 1.1 1.3 1.2 1.1 1.5 1.2
95% CI° 0.6-1.9 0.6-2.5 0.6-2.0 0.7-1.9 0.7-2.9 0.7-2.0

% 1solates resistant to Any drug (N=163, 45.8%); Isonazid (N=122, 34.3%); Rifampin (N=101, 28.4%); Ethambutol (N=77, 21.6%);
Streptomycin (N=41, 11.5%); MDR (N=84, 23.6%)

® Isolates resistant to at least isonazid and rifampin

¢ Cl, Confidence interval
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# ~ Prevalence of antituberculosis drug resistance among 1362 isolates in Taiwan, 2004, by genotype

Genotype %Resistance to®

Any drug Isonazid  Rifampin  Ethambutol  Streptomycin MDR"

Beijing (N=544)

22.8 11.9 9.0 7.5 9.6 6.8
Non-Beijing (N=818)

18.6 10.5 6.0 5.6 7.3 4.8
Odds ratio 1.3 1.2 1.6 1.4 1.3 1.5
95% CI° 0.9-1.7 0.8-1.7 1.0-2.4 0.9-2.2 0.9-2.0 0.9-2.4

% 1solates resistant to Any drug (N=276, 20.3%); Isonazid (N=151, 11.1%); Rifampin (N=98, 7.2%); Ethambutol (N=87, 6.4%);
Streptomycin (N=112, 8.2%); MDR (N=76, 5.6%)

® Isolates resistant to at least isonazid and rifampin

¢ Cl, Confidence interval
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# 1, Prevalence of antituberculosis drug resistance among 1940 isolates in Taiwan, 2005, by genotype

Genotype %Resistance to®

Any drug Isonazid Rifampin  Ethambutol  Streptomycin MDR"

Beijing (N=784)

22.8 15.8 10.1 4.0 115 8.3
Non-Beijing (N=1156)

16.2 10.4 6.6 1.8 7.3 4.9
Odds ratio 15 1.6 1.6 2.2 1.7 1.7
95% CI° 1.2-1.9 1.6-2.1 1.1-2.2 1.2-4.1 1.2-2.3 1.2-2.6

%|solates resistant to Any drug (N=366, 18.9%); Isonazid (N=244, 12.6%); Rifampin (N=155, 8.0%); Ethambutol (N=52, 2.7%);
Streptomycin (N=174, 9.0%); MDR (N=122, 6.3%)

Y |solates resistant to at least isonazid and rifampin

¢ Cl, Confidence interval
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# -+ Prevalence of antituberculosis drug resistance among 1463 isolates in Taiwan, 2006, by genotype

Genotype %Resistance to®

Any drug Isonazid Rifampin  Ethambutol  Streptomycin MDR"

Beijing (N=543)

19.2 11.0 8.7 1.8 9.8 5.5
Non-Beijing (N=920)

14.9 9.6 5.7 1.6 6.1 3.6
Odds ratio 1.4 1.2 1.6 1.1 1.7 1.6
95% CI° 1.0-1.8 0.8-1.7 1.0-2.4 0.5-2.7 1.1-2.5 0.9-2.7

% |solates resistant to Any drug (N=241, 16.5%); Isonazid (N=148, 10.1%); Rifampin (N=99, 6.8%); Ethambutol (N=25, 1.7%);
Streptomycin (N=109, 7.4%); MDR (N=63, 4.3%)

Y |solates resistant to at least isonazid and rifampin

¢ Cl, Confidence interval

39



Ao~ Ve

FriEim B EARE R
e HY
migmE | SEAHH |

HFE © yyyyimmidd

‘:ﬁfﬁ;ﬁzg: f ‘%ﬁ};ﬁ%jﬁ D333333333
fen:l EADE #El: cROK
EH T |
Es

s e = [E]

mrEsc [

‘@MB:F__Z bM:r__ﬂ
‘mN:r__H ‘Hw:r__ﬂ
Cancer: [ | Cancergifr ;|

egp: [ H o[ H
Ercor) s S
iR | Frr T |

s [

B =i EAHE
S ¢ yyyyimmidd

s A ezt |
vt | B v -t |

Ese | A HE
HFE © yyyylmmidd

mm | B3 HH
FEFE | yyyyimmidd

4= EAHE
HEFE © yyyyimmddd

EEEmEeE |

Eatam | |

e | HEAHE
S ¢ yyyyimmidd

emme: [ S

sxmg: [ 5

{5 T 200E )

5
I
BE
it



I3 AR AL AR TR

B EifEE HEB A | HERHERE
B ki EighEE | CDCiBBRIER
| BEEW
fEC Ml
EEELE s ]
[ ESETE
[E=E I EETHES
E=E | FRFEAME
|f3§iﬂ: :
EECE
B
(CldTB © False DM : False
HTN : False HIV : False
|Cancer . False |Cancer§|3ﬁ'i :
|BH{: False |CH$: False
EEHRE AR FLE  Faloe
HA RN G L BN
RS - 2HE -
R R WEE AR -
REE TR R B -

EHE © 2003F12510H

BREEEEE ¢ 200355 17H

‘gza : 2005458170

[

SRR SR

AEREE S 200312526

VIR -

EE<E

fiwst

(TR E N B AR SR

BT R B—riEtEERE NS
2007/8/31 T4 02:04:11 BAEEE
Bl — A ERETRRR i — et EE EN S
2007/8/31 245 02:04:11 BAEEE
A
B EIEH AEEE R | HEUEEEE
| EEEE R B | CDCHBfifEE
| _% »{Ayéﬁg

4



| [ mEm | amsbeex | ykeheus
| | mEmwen | mmes | coogmis
| EaeEH

i feok Mk
E75H 1 200752 12H EEES T

AT

‘Rjﬁnah © (150mg IIVH + 300mg RIF)

‘]NH © 3 (100mgftab)

‘RIF : 4 (150mgftab)

‘EMB : 2 (400mgftab)

‘PZA © (500mgftab)

‘Cravit © (500mgftab)

‘Avelox * (400mgftab)

‘SM: (mg)

‘Myc obutin © (150mg/tab)

‘TBN © (250mgftab)

‘PAS © (500mgftab)

‘ﬁxmjlcacm * (g

fBek

|§ﬁ§‘%$fﬁ | EEaE R R

BT R R AR
2007/8/31 T4 02:04:13

BAEEE

%—iﬁiﬁé‘fﬁm EMA

Bl — N ERHEERR

B —2 e A E T

2007831 45 02:04:13 BAEHEE

FIE ok kR
| [ amm | aewusee | geswees
| | R | e | CDCigERER

42



|
| BEHS  [2005210R7H
! R | R
| T
! BRE | BuEMB
i fHEE
! B |Er AR BRI
| E-TRUEEEELS  |GoREE
‘ BN RIAEE |200?f8f31 T 02:04:03
| BE—-REREHERE e ERE
‘ SR — S TR |200?f8f31 T 02:04:03
#1iE ok iR
| [ Emms | mEwaser | pesnsee
| | mEemEk | @mes | coommes
| ZOET

43



AR SR AR R
HEEis EIfER A
iasEiEE JE AR fEaE gz CDCHaEREE R
izaEH

ik (Eok kR

FEHaHEE o 200641 H5H
THEE ¢ | SPUTUN (EXPECTORATED)
¥R |neg
HE D nez
IVH1 :
INH2 :
EIF :
EMB1 :
EMB2 :
SM1 :
SM2

FREREAL | | Bl eE A R B R

B-UUErEEREENS . | EEEE
B R 2007831 TER 02:04:03
Bii—RiEERERE | | aaEEE
R — R iR ¢ 2007831 AR 02:04:03

1 0k R
HEELE ENfEH EEEEEER
bR R CDCHgEsE R
#ZazH

44




MBERERR
= S |
|

| | JEEEGE. EIfER | S REREE
| | i wwEE | CDCiREREE
| BaEN

| I (53K Mk

‘ TR TEEER ‘200?‘;*8{31 T4 01:53:18

| FEfEH | 2005512 H9H

| L2 F

| HE | | Chest Xoray

| R

| U3 - B

| =

| e TRl Sy p e T e e

| o e e e

| B ERT RS |200?f8f31'FiT— 02:04:15

| B EHEREEE | | aoEEE

| BR— R SR |200?f8f311~‘£p 02:04:15

| H1IE (E0

| mmas | mnm | aewwees
| | SEikE 0 CDCHSBATESE
| et

45



| | EEES EIfER | IES R
| f- E:A:é:%g
| 1o fEo kR
| gawEs ]
‘ =R ‘2006@125145
| | ER
| 58 5B
\ BRI © [40
| FipEsem:: &
! W AR |2
| T
| R T
| i : |
| Az
| T Vel [hvae - e L
| B-RRIEERENEL | | GAEEE
‘ BT R AR ‘200?;8;31‘[?41 02:04:15
| R —XERENERE | | aLEEE
‘ i — SR B0 ATRRRE ‘200?;*8{31 T4 02:04:15
#7iE (Eok MR
| | mEE EIfER | HERREREE
| | iR ek ! CDCHgBRiER
| o

46



LS

H & EIfER HHESRERE
AL St SRR kL it CDCHRBREE
matw
I8 fEEk fHER
SaEER |
HEE: |zo0s&10H2H
WBC © | (uL)
Hb © |(gdL)
P(K) 1 |(uL)
BAT) | (mgfdL)
BilD) © | (ngfdl)
AST @ |73 (UL
ALT @ |187 (UL)
ALP © |L)
Ghacose § | (mg/dL)
Uh D |11 (mg/dL)
Cre  |(mg/dL)
filaE

FEEM . | B AR AEEEIRN R
BEUEE RS . | eAEEE
BE—UrETERY RATEERT ¢ 2007831 T4 02:04:14
B —RRETENERE | GAEEE
Tl — SR ETREFRT ¢ | 2007831 T4 02:04:14

I8 &0k fikR
e EIfER INEER TSR
P =i EEEE CDCHgEEE R
EEEH

47



A ST i

FETal SifEm EEEEE
TRESIEE e CDCHbBsiESR
BaEw
i (Eok ke

BoETR: [ |

#HEEH © [200551057H
R T
e

PR R | ERLBEARE RN R
EuRfEERENLE | | g AEEE
BRI RS | (2007831 T 02:04:12
Tl REHEHERE | | EAEEE
FE— R EEENERT | 2007/8/31 T4 02:04:12

T8 (oL ik
FEZRED EIfeR HEREERER
iHiER e CDCHiER
BaENE

48



CDCARER S5

| | EmEs | BfER | RS
| | GmEE | it | EHEs
| BEEN

| Cr T —
| BB |

| WERE |

| Spoligotypefife : |1
|

|

MIRUFSS © | MT0016
SR AR | [NTUHOS
BLUEEE ¢ 200751 529K

| | EmEs | ElfER | HESHEEE
| B0 it | Ene
| T

49



J

(%)

/

Y

=

(52)

(56)
(58)
(62)
(65)
(67)
(68)

(70)

B- ~ &~ FrEPFR MIRU-VNTR 2 spoligotype # F14 4]

] e

%

it

14 T IR RSP

50

e

]

(76)

tx MIRU-VNTR % spoligo-



type 7 F1 A 41.% % (50 1) (77)

# - ~ 0 FrRE P Ak spoligotype & F17) (78)
%2~ 42 FREPF KR MIRU-UNTR £ 77 (79)
2~ 5 A FREPEK MIRU-VNTR 2 spoligotype # #12] (80)

D
<
=
S
P
I
-
Ay
B\
|l

1% A ¥ F 1, spoligotype & F14] (81)
P HH Ek MIRU-VNTR £ 77 (82)

29 FE FR MIRU-VNTR % spoligotype

3
A

(83)

SPAFABRAFIINE LT HEE $i0 4 (84)

AN 1A KT b SR U R S AR T A4 (85)

Ao it FAHERT

(87)

51



% CHFR

Za

Ei_ﬁ2§¢i9%%%$i%ﬁ%§$¢§wg L L
B FPRITRA DR BPOR A AT 2 AR A b Lt RS
fioﬁﬁfﬁd LLA—‘%_I L:“”A},Ly ,407}1%1;:17“ , EE-"L*T/??J’&P?‘%)TLF’ER?Q

W

Ak

CABH R L ok o J‘jﬁl}’:—,ﬁg’f"@)]ﬁs}‘ﬁ R G E ;}% itz o o F oo

R

BREY d AR orE 22 FiRE L33 A T2 TRA BRAFIT

=
=

S T LR PRI A1 AR R R R ATE R B 2 g -

e

il .S

A

ki

(-) Bz in ;5;;%{3; FTHE FA SHIPFREPHLERBAK
S U +“#%%f%%ﬁﬁﬁ®¢ﬁ$£@41@#ﬁ
oI AT HEE R AR A A B2 R FLATTH
Bk s G f&dz 2458 % KSR b e & (National

Tuberculosis Program) %-f e

¥

() A BEFTHE GLOLa  AERBRFDEBEEA R £ pF

-

Fen 3 8% o i &1 B & 58 E e £ LR F k- BRI
- H T RR A R POR L EETRE AR B2 SRR Y -
Ho pALRRG REDRPFTHEE c AEDRPBTRE » F 8
A AT BA R REL VR ERE B RBMT F R
Bk~ RS TRk SPRRE - ARATL ~oh S
BEIpRF e~ MR RGP ER DR EY g L TRk A d2 FRERL

WD S KT

52



ARFR

(-) FHREZE  FHESPREEETHEL LERRRE - 2F 1D
PR E B2 B ATRE T FRA TR SRR EEY RGE R
F30: BEREFERY > A ¥ BETHIVREX KPHMT @
ke TIF T o

(=) %

K

PR AT 2 TR E ST (DR 6~ F e 33 RFTRA T
B P I REFETR R 4 32 7 £ 5 11 44 spoligotyping
% 2246 MIRU-VNTR # 514 (2 FihFIE e Fps 479 7 A2 2 4])
FARAATHEE S RIT AL 27 AT QG EPRTLR
RAEFM)IAAN T ZE RERE AAFRLL (96) 2ATR 2 5 (97)
EFT 7030 FREY 2 BE A REBEL0 FREC 2L AT
Al » £ 5 14 44 spoligotyping 2 27 #& MIRU-VNTR & F13] » & fa 4 3] F
FEE A7 BT A 5 3L FAA T -

BHF R (-) FHELWEI Hha SLHmAERT o © iE

ﬁﬁ@@*ﬁ%f’iﬁékiiﬁﬁﬁﬁﬁﬁ’ﬁﬁﬁﬁi?ﬁﬁ°

My R AP B2 g LR FEGPEE BETR 2
ﬁﬁiﬁ&1&%ﬁﬂﬁ’ﬁ»ﬁﬁgﬂ%%ﬁﬁggirag@%%
BHE I iS o (0) AFIRATHER B WERAFTARE LT
FRIELEPRE Y SR 2 L THTREA L4

Matim t KFA A BPFE AT A RS

53



Abstract

Purpose

To include clinical, laboratory diagnosis and genotyping information of

tuberculosis, we established an integrated database. This database could

present the epidemiological trend of tuberculosis in Taiwan, and provide the

clinical and laboratory scientific evidences for the development of sound

tuberculosis control policy.

Material and Methods

4.

The tuberculosis integrated database: the web-based database platform
including clinical information collected from hospitals and Mycobacterium
tuberculosis genotyping database analyzed and provided by the Reference

Laboratory of Mycobacteriology.

Genotyping methods: including spoligotyping (spacer oligonucleotide
typing) and MIRU-VNTR (mycobacterial interspersed repetitive

unit-variable numbers of tandem repeats).

Results

The integrated dababase were designed by an information technology
working group, and tested by both clinical and laboratory study groups.
The database contains demographic characteristics, treatment history,
mycobacterial examination records, X-ray radipgrams, case management

information of patients and genotyping results of M. tuberculosis.

Genotyping analysis: (1) the results of 32 M. tuberculosis complex isolates
collected from National Taiwan University Hospital, 11 spoligotypes and
22 MIRU-VNTR genotypes were resolved. While combined with both
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Conclusion and Suggestions

The tuberculosis database was successfully tested. We suggested to intregate
thos database into the exixting case management database. The combination
of laboratory genotyping information and clinical information could be used
as the scientific supports for tuberculosis control. This integrated database
will be helpful for providing the detail information for molecular

epidemiology investigation of M. tuberculosis in the future.

Key Words: genotyping, Mycobacterium tuberculosis, molecular

epidemiology
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7. FRARE A FA L
(1) Spoligotyping

¥ Kamerbeek = ;= (Kamerbeek, 1997) > ¢t /% 1 PCR & 4 45 &
o2 d Y o+ 10 ng 2 £ ¥ mycobacterial DNA »
biotin #1#2_ primer £2 4= DNA 5 PCR = g g & 1 @ L H it 2
43 74 spacer DNA F 7z %+ » L 22 steptavidin peroxidase & # > 2t 55
¥ rE @ biotin MRk Sk sk e F - 2 BEAR G - band > 7 A A Atk
2 7 F banding pattern o #-8 i Bl Bt 2 F B 15 B AR
REGE (7 AR i F T A 47 o

(2) MIRU-VNTR (mycobacterial interspersed repetitive unit-variable
numbers of tandem repeats)

(A) A Fi-ghgs 53

A 2001 & 2z @ z’v’ﬂé/g%iﬁ% LA A S - S A
(Frothingham, 1998; Kremer, 1999) » 4 & #_ETR-A, ETR-B, ETR-C,
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27A ~ 31A ~ 39A % 40A (Cowan, 2002 ; Roring, 2002) -

(B) multiplex PCR & J& 22 ix it

PCR 313 & 3w > & - % PCR 313 z4 w117 b ¥ kL H
(FAM ~ HEX ~NED) 7% » % - PCR ¥ /& ¢ % 50 to 200 ng =7 DNA -
1 U Taqg (AmpliTag Gold, PE Applied Biosystems) ~5 ul 10x PCR
buffer ~ 500 uM dNTP ¥ 50 pmol primers « ifi* 5 95°C > 12 min > 1
cycle ; 94°C > 1 min > 60°C > 1 min > 72°C > 1 min » 35 cycles ; 72 °C >

5min > 1cycle -
(C) £ g T /& MIRU-VNTR % % 4 47

#PCR &4 4 » A0 WlH,O &7 5 BHE R AF P2 ul
£ 8 ul ET-RAX 900 DNA size ladder ;& & 2 GE-Amersham MegaBACE
500 genetic analyzer * 2% Metaphor 7 "% :& {7 & 47 » #-5& - Fk

MIRU-VNTR &% % 12 Bio-numerics # 8 &% 5 4 47 ©
8. TR T & FIRE-ik
Pt DA R T RSP RRA T N A E R

RS POREIR by 14 AT %E dFEFe 4 (96)
EARLATREAIL S (O ET7T P 30p A FERY 2 BRop AT
REPREFZABREY VHPBEZ BEFRREFAFILSFT R T p A

ﬂﬁﬁﬁﬁﬁﬁiﬁﬁﬁﬁﬁﬂ@ﬁgﬁo

LR E =

->m

W

9.

N

59



#ed v F it EXCEL 2 = Ak iip A A TH L 2 B AKA
ME G RREERA P R A 2 B s sy
FHRIY B UABERE A AAMIARETRE d SRR FT R
FRRARENRET LR FEERH T B FHRITHE T e R
B2 2 EFTRAURT L B EEREHZZ B ERETH

(2) THeA TR TR

MIRU-VNTR # = ¥ #1 % Spoligotyping & 3# # ik 45
Bionumerics (Applied Matts, Kortrijk, Belgium) 4 7 #ic 48 & (7 & 47 -
* Dice Index ~ 474p it G EEL 7 L& 5 3.0%) > H#-E 4p 0 B3
2547 F A~ S A UMK B (dendrogram) R T o AR W OB 5N 2
e P FEREFTHEE oS RAF LR ATYUNLE ZEE

(cluster) -

@) a+tfpr i Vi Apmtpitr (@2 58) - 3F
1] ‘}"

s

\N

o

BRETRETFAAM DT IR RO

(D) ARFHR L BAEFE P L P RFRAT R
h
9

THE L TR R

(2) B2 p L P RERERY R B RRE TS A
PO RET RSB R R FHBE

(3) BPpAnM AR P W A E S R P R R (R
NP AN TR R I T

(4) thokiadr: ¢ §- BaRHWE 2 A IR AL FER

60



4 o

O) P FaFHwE ¢ g FRAMRERS - A RBRE R DEE - 1
2 AR TR S

6) * Fakr: & g pih - fhg- HE o
(7) GFiwh ¢ g FARRERENE 55205 -
(8) Tk sk ¢ ¢ 7 - B AR £ IR L (S D o

Q) &I 1E* tipRBAEY T3 lARhE R B E Y 2 EIE S o % o

61



KRR

- RERPRE A TR LR

LR FAREZMBRT  SEXRA R EBL > @ mRT
BLFHARE BB &2 FTRE £ RREETRE o

2. TRERFRF - EeAHd BPEREFERELS AFFRE
RAZRE CHUBEFTHRE XN ERELEHETH
WiEmd o ¥ ZRBEFTHUBERLAFTLLET
Vo B TRERFE BRI RZEFPTR T R
RS MR T

B F AT - FFEY (5 F)LH AR TR FRAITE 2T
BEEEY PlREe- HP = BRAFROBPRBEIFEALER
TR @& % Rl o

4.5% 2 Z R K0 BHPERRE N LA FHBATHLT S

I fREFTHREZEE 2 BPFRRA T
T 5% PR B3 HREIRE A i 7R R £ 2 AR R S o
ﬁﬂﬁlﬁﬁﬁiﬁiﬁﬁﬁﬁ”¢%Mﬂﬁﬁ#$1Lﬁwﬂme
2 F1A] o A 3 Al ik 53.1% ~ Haarlem 4] it 21.9% ~ EAIl 3] it 9.4% > H i
4] ik 15.6% (% - ) MIRU-VNTR & F13| 81 5 22 /8 (2 Fj# 71 = * £ 47
FEBEY A AL F]) (%) MIRU-VNTR 2 spoligotype F 4% & & 4~

62



Yo R F A G 2T A FIAl B An e A FI AR 2 Atk F 5 2 0
EAfEEE (22)-

Z 1A AT R AERARA RS F R
1ﬂpxmkm%ﬁﬁvu5503'”ﬁﬁgﬁigﬁﬁi§%$¢
P()H e T L DT BPRE AR SR T F 10 £
26.5%.3;—%%@&@ F oA b BPURE LA AT
LR ARt (96) #UFLIEERT S (97) £ T
P30 pin L EIRY 2 Bk oo (Firo 06 AU AL ATR 165 4 2 D

116 4 ;@ 97 £ 189 B% > 7EL 5 90 4 o

2. p A HREIIEZFAREY P HRPBEZBEHREFAF S AT
%o %31 S5tk B¢ o143 NTM 2 LHEHRS %4 0 3 B
AT A = 250 ARG A 170 £ 7 4 5 14 48 spoligotype A ]3]

A x Al ik 56.0% ~ Haarlem ] it 24.0% ~ Bovis BCG 3] it 6.0% > #
¥ 4] %] ik 14.0% (% 2 ) MIRU-VNTR # F34| B]$ 27 46 : 3 4 Bovis
BCG 2z MIRU-VNTR # #]4] % 5 555222324253322 (4 1) o
MIRU-VNTR 2 spoligotype & & 4 47| ¥ & 5 31 #& & F14] » B>
tr A T2 ER S 24k B3 10484 WA T (R2)

B nFHF L RN FEERE Lo wEE S fRR X ED
#ro g B R BRI R 2 REREAELA S o FARAT
A AL % 2 50 B & AL JTAIT 0 E LA F L 68% (34/50) 5 11-14
# ~10% (5/50) 3 6-10 fk 2 22% (11/50) 5 fk r2 ™ ; & (> %] 5 70%
(35/50) 3 & 4 5 Sus A iz 22% (11/50) & % g4 o A 78%
(39/50) % * 4% & ¥ 4B 3N > 10% (5/50) 3 MDR~14% (7/50)

63



- H A5 R LT (11 4) 610 & (8 4)~11-14 & (34 *)
2 EAL R A1l LY F 8 & (T27%18/11) 5 5 T
fngte 39 LY 432 4 (821%-32/39) 5 11-14 & <11 45

# T 3% R 42 spoligotype £ #1452 BCG (3 <) ~#x 3 (7
*)~Haarlem 4] (1 %) 34 # 11-14 k% > Pl 19 ¢ (55.9%) &
24 %410 & (29.4%) % Haarlem 3] ~5 & (14.7%) 3 H 3] >

P (O !

ARG H s 3 BESE 114 R ES R 22 AFAE HE (£

/\)o

64



KR F S FRBIEAR R HEE
A SRS i< A RGN N ’-lzrjafz‘,gﬁg?])\gbpa?%};i SR L E AR B R R
R LT o N D! ok = f cdb s B R )\ﬁ)}i;?#n]}%,;#}%?gir o
SOARBEBFEAL > RTRFFRBEAR R LA T A L

B (RS2 A
(=) A4

L & d ~ Fracbz ficAR 28T 30 kY T3 27 &
MIRU-VNTR 2 spoligotype & # 2 F13] » A1 ul4p§ 5 4% > 40 3 %] F &
A2 HEZFRARLFEHES FAE R Lex Tiid s

)

ﬁ’fﬁ%ﬂ’-ﬂﬁ{ﬁ*b Bl SRR TR A R T RS R 4
=B KA A2 A Haarlem 412 EAL Y] > 21 A9 %

HHCE Bl & 4 5%+ A spoligotype & % 4p e

£ 8 =

bl

2. £ 14 o1 TR B0 R FBRE (T A TS QB TR AT R R M
(D5 AN TEAE 5 20y ul 342 BCG & 5 - 1549 %
FRHERES P A FRETE BCORRF > £ 314 - G huTH F 5
T 5 21 A (BT 7%) 5 bRy o ¥ 25 A B Ede Tl HY 5 &

MUF ik 84% (21/25) 0 BE S AH RS AN TR Lk By b R

7]+ BCG #8575

(2) 11-14 g 4 H B 5 59 B 4n 2 TRk & - FHRA T4 W 4 4%
KAt A1 Haarlem 31 & % o d-Hde e 11-14 & TB R4 > p i ¥ R

65



4 TBFmE X Afpn "EZTEE LR DL B3 o ok £
+ AF sz 2007 #% 2008 ER T P Lk A AF A AL 4r2 TB
HREAAETLEY 3 TELRAMERREEFE o 27 (1315 )1 =
FoHd 5 5R2F BT RHRAFIASRE » £ A4 AAFTHR > BT
i EREEEE o Flpt o Jp S RE A RE FLIFLZ 4T
EHE DI RLWILIEPRE S - T il 1114 £ 8K
BRZ2Z Xk > Vit i pERE LA EREER 2975 o

e}

AR AR FHEHEALHET 0 A A ASPH AL S KA
B Rp L & A TR o gheh o e P H B B
TB % 5 jled%ffori o Tt > SAE £ 975 100 % &) (9
0.8%#7 TB %) /&7 523 TB B % » 4 ¥ active # jm #fFFie 7 -
gag‘_:%ﬁ:@z L L mEE GE o 4 TR K 2 BT
AR P E Ry bldehB A H o TG 25%REEE FEA T 0 R
TEm o PR oONTP nTB BipRwg v ¢ e defffie s ~5 ot ™3z
FAMNTBRMWIEALN T 12AN TR BREL Lg% > 1%
%@%?ﬁ@wwﬁﬁmﬁmﬁoﬁﬁiﬁﬁ&&mﬁTB%@@wﬁ
SR 0 A 23 TB#kP -

5

%
R:-
—
U]
ém.
ke
She
_\“\
i
=

66



AR EEAEBERE 50 «i,ﬁ}ig;gw;g%
AR S N AR E LRl 3 Ea

Z2_F FALFRIeorit ® FEFE 2 BRFTA e A
ZpERES R F R RE N AR REERL 1Y L BB HE T

4‘ /LAJ

v

(5) AT UTHELE DU AT REE S

F5BPRl s
TR EG L FHTP R BB R 2REEPAS T IR RE
2AEEY -

FEZ AT e
RI% B3 R T 2 R A 7
ﬁéz?é’f*[ﬁifﬁzri TR kT

AR =
Wi 2 Tkt = FFReETIRp B Fue P RE 2 3k
VRN éoif?r‘&i*fﬁﬁmdﬁ.ﬁw@ww dHAEFEE o

67



AP EERAT AR ERER

TEEABPORER A EL O A2 2R R R

RATHITE TR B o B AR T A

(=) FRAFA AT

Iy

ZABPARATS A E TREAAT (1) &7 5% Fle 32 $F
AT~ A > 25 11 4 spoligotype 24 #14] > 22 #& MIRU-VNTR £
F14] » 27 8 MIRU-VNTR 2% spoligotype & # & %17 ; (2) ¢4 &=
ATk s AR BERAMCET S0 AR EAHEE 4R
spoligotyping # %1%] 2 27 4 MIRU-VNTR £ %]4]>31 # MIRU-VNTR
% spoligotype & & A F|A] o S & Aot o5 kT 2 11-14 i E e R
BA2ZARAFIANAF 2 o Rk iy 2k Tian 11-14 R £
R PR FRAPY CARZATITR A EF -

(2) ZREA
1 FAE

7,
%
RN

&
3

|l

%

Pie2 Ry 2 @A FRiTR Y FEFE2 B R

=

Lo ERMLT LA~ pom AR T L R B
Gyt (L) EREY e X EFY B EHN (2 ¥R X
£ HIPEG) B2 v H i 5 (3) MU T AR ABRAUET

68



2. AT A AT

SEEE R ET S 0 R BN Y S TS il
B ERERA TR LR PR SRR B LT B 0] ok

R R R A R B POR  ( E BE AER

gfﬁ%agg R R BERE e T L
Bg2 b5

69



~N

o

¥

Agerton TB., Valway SE., Blinkhorn RJ, Shilkret KL, Reves R, Schluter
WW, Gore B, Pozsik CJ, Plikaytis BB, Woodley C, Onorato IM. 1999.
Spread of strain W, a highly drug-resistant strain of Mycobacterium
tuberculosis, across the United States. Clin. Infect. Dis. 29:85-92.

Anh DD, Borgdorff MW, Van LN, Lan NTN, van Gorkom T, Kremer K,
van Soolingen D. 2000. Mycobacterium tuberculosis Beijing genotype

emerging in Vietnam. Emerg. Infect. Dis. 6:302-305.

Chiang CY, Hsu CJ, Huang RM, Lin TP, Luh KT. 2004. Antituberculosis
drug resistance among retreatment tuberculosis patients in a referral center
in Taipei. J Formos Med Assoc. 103:411-415.

Chiang IH, Yu MC, Bai KJ, Wu MP, Hsu CJ, Lin TP, et al. 1998. Drug
resistance patterns of tuberculosis in Taiwan. J Formos Med Assoc.
97:581-583.

Cowan LS, Mosher L, Diem L, Massey JP, & Crawford JT. 2002.
Variable-number tandem repeat typing of Mycobacterium tuberculosis
isolates with low copy numbers of 1S6110 by using mycobacterial
interspersed repetitive units. J Clin Microbiol. 40:1592-1602.

Diaz R., Kremer K, de Haas PE, Gomez RI, Marrero A, Valdivia JA, van
Embden JD, van Soolingen D. 1998. Molecular epidemiology of
tuberculosis in Cuba outside of Havana, July 1994-June 1995: utility of
spoligotyping versus 1S6110 restriction fragment length polymorphism. Int.
J. Tuberc. Lung Dis. 2:743-750.

Driver et al. 1995. Tuberculosis in children younger than five years old: New

70



York City. Pediatr Infect Dis J. 14:112-17.

Frothingham R, Meeker-O'Connell WA. 1998. Genetic diversity in the
Mycobacterium tuberculosis complex based on variable numbers of
tandem DNA repeats. Microbiology;144:1189-1196.

Jou R., Chiang CY, Huang WL. 2005a. Distribution of the Beijing Family
Genotype of Mycobacterium tuberculosis in Taiwan, J Clin Microbiol. 43:
95-100.

Jou R, Chen HY, Chiang CY, Yu MC, Su IJ. 2005b. Genetic diversity of
multidrug-resistant Mycobacterium tuberculosis isolates and identification
of 11 novel ropB alleles in Taiwan. J Clin Microbiol. 43: 1390-1394,

Kamerbeek J, Schouls L, van Agterveld M, van Soolingen D, Kolk A,
Kuijper S, et al. 1997. Simultaneous detection and strain differentiation
of Mycobacterium tuberculosis for diagnosis and epidemiology. J Clin
Microbiol. 35:907-914.

Kremer K, van Soolingen D, Frothingham R, et al. 1999. Comparison of
methods based on different molecular epidemiological markers for typing
of Mycobacterium tuberculosis complex strains: interlaboratory study of
discriminatory power and reproducibility. J Clin  Microbiol.
37:2607-26Kruuner A, Hoffner SE, Sillastu H, Danilovits M, Levina K,
Svenson SB, Ghebremichael S, Koivula T, Kallenius G. 2001. Spread of
drug-resistant pulmonary tuberculosis in Estonia. J. Clin. Microbiol.
39:3339-3345.

Lee JJ, Lee CN, Suo J, Chiang IH, Lin CB, Lin TY, et al. 2003. Drug
resistance of Mycobacterium tuberculosis in eastern Taiwan. Tzu Chi
Med J.15:229-234. Available from

71


http://www.ncbi.nlm.nih.gov/htbin-post/Entrez/query?uid=9157152&form=6&db=m&Dopt=b
http://www.ncbi.nlm.nih.gov/htbin-post/Entrez/query?uid=9157152&form=6&db=m&Dopt=b

http://www.tzuchi.com.tw/tcmj/92-4/3.htm

Liaw YS, Hsueh PR, Yu CJ, Wang SK, Yang PC, Luh KT. 2004. Drug
resistance pattern of Mycobacterium tuberculosis in a university hospital
in Taiwan, 1998-2002. J Formos Med Assoc. 103:671-677.

Liu CE, Chen CH, Hsiao JH, Young TG, Tsay RW, Fung CP. 2004. Drug
resistance of Mycobacterium tuberculosis complex in central Taiwan. J
Microbiol Immunol Infect. 37:295-300.

Lu PL, Lee YW, Peng CF, Tsai JJ, Chen YH, Hwang KP, et al. 2003. The
decline of high drug resistance rate of pulmonary Mycobacterium
tuberculosis isolates from a southern Taiwan medical centre, 1996-2000.
Int J Antimicrob Agents. 21:239-243.

Malik AN and Godfrey-Faussett P. 2005. Effects of genetic variability of
Mycobacterium tuberculosis strains on the presentation of disease. Lancet
Infect Dis. 5:174-18318.

Mistry, NF, lyer AM, D'Souza DT, Taylor GM, Young DB, Antia NH.
2002. Spoligotyping of Mycobacterium tuberculosis isolates from
multiple-drug-resistant tuberculosis patients from Bombay, India. J. Clin.
Microbiol. 40:2677-2680.

Mokrousov I, Otten T, Wazovaya A, Limeschenko E, Filipenko ML,
Sola C, Rastogi N, Steklova L, Wshnevskiy B, Narvskaya O. 2003.
PCR-based methodology for detecting multidrug-resistant strains of
Mycobacterium tuberculosis Beijing family circulating in Russia. Eur. J.
Clin. Microbiol. Infect. Dis. 22:342-348.

Narvskaya O, Mokrousov I, Limeschenko E, Otten T, Steklova L,

Graschenkova O, Vishnevsky B. 2001. Molecular characterisation of

72



Mycobacterium tuberculosis strains from the northwest region of Russia.
[Online.] http://www.epinorth.org/english/2000/2/002c.shtml.

Niemann S, Rusch-Gerdes S, Richter E. 1997. 1S6110 fingerprinting of
drug-resistant Mycobacterium tuberculosis strains isolated in Germany
during 1995. J. Clin. Microbiol. 35:3015-3020.

Provincial Chronic Disease Control Bureau. Tuberculosis and its control

program. Taipei, 1990.

Puustinen K, Marjamaki M, Rastogi N, Sola C, Filliol I, Ruutu P,
Holmstrom P, Viljanen MK, Soini H. 2003. Characterization of Finnish
Mycobacterium tuberculosis isolates by spoligotyping. J. Clin. Microbiol.
41:1525-1528.

Qian L, van Embden JD, van der Zanden AG, Weltevereden EF, Duanmu
H, Douglas JT. 1999. Retrospective analysis of Beijing family of
Mycobacterium tuberculosis in preserved lung tissues. J. Clin. Microbiol.
37:471-474.

Roring S, Scott A, Brittain D, et al. 2002. Development of variable-number
tandem repeat typing of Mycobacterium bovis: comparison of results with
those obtained by using existing exact tandem repeats and spoligotyping. J
Clin Microbiol. 40:2126-2133.

Saitou N, Nei M. 1987. The neighbor-joining method: a new method for
reconstructing phylogenetic trees. Mol Biol Evol. 4:406-425.

Small PM, van Embden JDA. 1994. Molecular epidemiology of
tuberculosis. In: Bloom BR, editor. Tuberculosis: pathogenesis,
protection and control. Washington: American Society for Microbiology.
p. 569-82.

73


http://www.ncbi.nlm.nih.gov/htbin-post/Entrez/query?uid=3447015&form=6&db=m&Dopt=b
http://www.ncbi.nlm.nih.gov/htbin-post/Entrez/query?uid=3447015&form=6&db=m&Dopt=b

Tsakalidis et al. 1992. Intensive short course chemotherapy for treatment of
Greek children with tuberculosis. Pediatr Infect Dis J. 11:1036-1042.

Tsao TCY, Chiou W, Lin H, Wu T, Lin M, Yang P, et al. 2002. Change in
demographic picture and increase of drug resistance in pulmonary

tuberculosis in a 10-year interval in Taiwan. Infection. 30:75-80.

Toungoussova OS, Sandven P, Mariandyshev AO, Nizovtseva NI, Bjune
G, Caugant DA. 2002. Spread of drug-resistant Mycobacterium
tuberculosis strains of the Beijing genotype in the Archangel Oblast,
Russia. J. Clin. Microbiol. 40:1930-1937.

van Crevel R, Nelwan RHH, de Lenne W, Veeraragu Y, van der Zanden
AG, Amin Z, van der Meer JWM, van Soolingen D. 2001.
Mycobacterium tuberculosis Beijing genotype strains associated with

febrile response to treatment. Emerg. Infect. Dis. 7:880-883.

van Embden JD, Cave MD, Crawford JT, Dale JW, Eisenach KD,
Gicquel B, et al. 1993. Strain identification of Mycobacterium
tuberculosis by DNA fingerprinting: recommendations for a standardized
methodology. J Clin Microbiol. 31:406-40

van Soolingen D, Qian L, de Haas PE, Douglas JT, Traore H, Portaels F,
Qing HZ, Enkhsaikan D, Nymadawa P, van Embden JD. 1995.
Predominance of a single genotype of Mycobacterium tuberculosis in
countries of East Asia. J. Clin. Microbiol. 33:3234-32389.

Verver S, Warren RM, Beyers N, Richardson M, van der Spuy GD,
Borgdorff MW, Enarson DA, Behr MA, van Helden PD. 2005. Rate of
reinfection tuberculosis after successful treatment is higher than rate of
new tuberculosis. Am J Respir Crit Care Med. 171:1430-143.

74


http://www.ncbi.nlm.nih.gov/htbin-post/Entrez/query?uid=8381814&form=6&db=m&Dopt=b
http://www.ncbi.nlm.nih.gov/htbin-post/Entrez/query?uid=8381814&form=6&db=m&Dopt=b
http://www.ncbi.nlm.nih.gov/htbin-post/Entrez/query?uid=8381814&form=6&db=m&Dopt=b

Wang PD, Lin RS. 2001. Drug-resistant tuberculosis in Taipei,
1996-1999. Am J Infect Control. 29:41-475.

WHO, The world health report 1999, Geneva: WHO 1999; 110.

75


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11172317&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11172317&dopt=Abstract

%

L 5

].

E Al
=+

t MIRU-VNTR % spoligotyping 28 F]14

B

e
£4

T

spoligotyping

u
g
3
&
E
E
£

QOTNAN

SOTNAIN

SOTNAIN

QOTNAN

QOTNAN

SOTNAIN

QOTNAN

DOTNAN

SOTNAIN

QOTNAN

DOTNAIN

SOTNAIN

STERTIVY

SLTHINA

STESSTIVY

STERTIVY

S HLTHINA

ool

56

76



| & %

typing z %]~ %

igo

7 1= MIRU-VNTR % spoli

93

spoligatyping

WHTRHHIRY

VHTR MRV Spokge

I

I

I

SN

aw

I

I

K

SN

I

I

I

77



- o Flg 7 t& spoligotyping 2 %]

Lineage Shared type No No.
Beijing family 17
Beijing 1 16
Beijing-like 250 1
EAI family 3
EAI2_Manilla 19 3
Haarlem family 7
H3 50 3
H3 316 1
H3 742 3
T family 1
Tl 131 1
U family 2
U 523 1
U 1487 1
new pattern 2
new newl 1
new?2 1
Total 32
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%o 54 FRRAEPEKR MIRU-YNTR & 77

MIRU type

Z
o

464254326223432
314222225143323
314222225153323
314222325153323
424223325143533
424223325173533
314222216153323
314222325183323
324223315173534
324223325173424
324223325173533
324223325183533
414223325173533
424222325173534
424223225173533
424223325153533
424223325183533
464254326223422
534228125173433
534238225173433
724222325173533
424223325143573
NA

WrFFPFRPPFRPPRPPRPPRPPPPPEFPEPEPEPEPDNDNDDNDDDNDDDNDW

Total

w
N
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2= prFlEP At MIRU-VNTR % spoligotyping # #13]

i ligot
MIRU & Spoligotype Isolate No. MIRU type spoligotype '

type Shared type No Lineage

1 2 424223325173533 1 Beijing

2 2 464254326223432 19 EAI2_Manilla

3 2 314222325153323 50 H3

4 2 314222225143323 742 H3

5 1 324223315173534 1 Beijing

6 1 324223325173424 1 Beijing

7 1 324223325173533 1 Beijing

8 1 324223325183533 1 Beijing

9 1 414223325173533 1 Beijing
10 1 424222325173534 1 Beijing
11 1 424223225173533 1 Beijing
12 1 424223325143533 1 Beijing
13 1 424223325153533 1 Beijing
14 1 534238225173433 1 Beijing
15 1 424223325143573 1 Beijing
16 1 ?24222325173533 1 Beijing
17 1 464254326223422 19 EAI2_Manilla
18 1 314222325183323 50 H3

19 1 314222216153323 131 T1

20 1 424223325143533 250 Beijing-like
21 1 314222225153323 316 H3

22 1 314222225153323 742 H3

23 1 534228125173433 1487 U

24 1 424223325183533 newl new

25 1 464254326223432 new2 new

26 2 NA 1 Beijing
27 1 NA 523 U
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Fow 14 & 0T IZE B FF A TR spoligotyping A F13)

Lineage Shared type No No. of isolate
Beijing family 28
Beijing 1 27
Beijing-like 250 1
Bovis 3
BOVIS1 BCG 482 3
Haarlem family 12
H3 180 1
390 1
50 4
742 5
946 1
T family 1
Tl 53 1
new pattern 6
newl 1
newz2 1
new3 1
new4 1
TW5 2

Total 50

81



14 # v 7 323 B9 FE Fk MIRU-VNTR A& 13

MIRU type No. of isolate

424223325173533
314222225143323
314222325153323
424223325173523
424223325183533
555222324253322
314222225153323
323226325153323
424222325173533
424223325163533
324223375173523
214222225153323
314222322152223
314222325143321
314222325163323
314222325183323
324223325173533
424223225173433
424223325143533
424223325153533
424223325173232
424223325173434
424223325173532
425223325173433
425223325173533
534227225173443
724242325142322

P PR RPRRPRPRPRPRPRRPRPRPRERPRPRERPRERPNNMNNNMNNODNDDNDDLDNOG

Total

a1
o
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%2 14 g T ZE S AFE R MIRU-VNTR 2 spoligotyping £ %13

' spoligotype
MIRU+Spoligotype isolate no. MIRU type poligotyp .
type Shared type No Lineage
1 5 424223325173533 1 Beijing
2 4 424223325183533 1 Beijing
3 4 424223325173523 1 Beijing
4 3 555222324253322 482 BOVIS1 BCG
5 3 314222225143323 742 H3
6 2 424223325163533 1 Beijing
7 2 424222325173533 1 Beijing
8 2 3242233?75173523 1 Beijing
9 2 314222325153323 50 H3
10 2 323226325153323 TW5 new
11 1 424223325173232 1 Beijing
12 1 424223325173532 1 Beijing
13 1 424223325173434 1 Beijing
14 1 424223325153533 1 Beijing
15 1 424223225173433 1 Beijing
16 1 425223325173533 1 Beijing
17 1 425223325173433 1 Beijing
18 1 324223325173533 1 Beijing
19 1 424223325143533 250 Beijing-like
20 1 314222325163323 50 H3
21 1 314222225153323 50 H3
22 1 214222225153323 180 H3
23 1 314222225153323 390 H3
24 1 314222225143323 742 H3
25 1 314222325153323 742 H3
26 1 314222322152223 946 H3
27 1 314222325143321 newl new
28 1 314222325183323 new?2 new
29 1 ?24242325142322 new3 new
30 1 534227225173443 new4 new
31 1 314222325153323 53 Tl

83



S RHERARAFIINE GG RE R4 T

MIRU-VNTR % spoligotyping & %)%

24 0
% 7] B #w P (%)
TR 29 50
EX
5T 10 11 (22)
6-10 # 3 5
11-14 16 34 (68)
=)
g4 19 35 (70)
Bk 3 7
His 7 1 8
W B
A 12 7 19
v 4 4 8
el 6 3 9
N 7 7 14
X kgt
E¥ X33k 3 10
B¥ o emTk 18 32 (64)
¥ 7 7
NA 1 1
Ul
i 4 11
Y el 11 6 17
E- s et 14 22
i
W b 11 (22)
VORI 6 0 6
Wi iE B 2 0 2
F 2 B & P 1 0 1
His By Ry 2 0 2
i 18 39 (78)
E
MDR 2 5 (10)
Any R 4 7
all S 23 35 (70)
NA 0 3
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IoN LRI L ERR A ERA T A A

A AT 610 & 1114 & aa
A 11 5 34 50
YEH N
H 7 1 8
R 2 1 4 7
g4 2 3 30 35
R
¥ oh i 8 1 2 11
LR o 3 4 32 39
spoligotype 2 ]3]
Beijing family 7 2 19 28
ST1 6 2 19 27
ST 250 1 1
BCG 3 3
ST 482 3 3
Haarlem family 1 1 10 12
ST 180 1 1
ST 390 1 1
ST 50 1 3 4
ST 742 1 4 5
ST 946 1 1
T family 1 1
ST 53 1 1
new 2 4 6
ST newl 1 1
ST new?2 1 1
ST new3 1 1
ST new4 1 1
ST TW5 1 1 2
MIRU-VNTR 2 717
424223325173533 1 6 7
314222225143323 1 3 4
424223325173523 1 2 3
424223325183533 2 1 3
555222324253322 3 3
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424223325143533
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323226325153323
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424223325153533
724242325142322
314222225153323
324223375173523
214222225153323
314222322152223
314222325143321
314222325163323
314222325183323
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424223325173434
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Abstract
Purpose

To include clinical, laboratory diagnosis and genotyping information of
tuberculosis, we established an integrated database. This database could
present the epidemiological trend of tuberculosis in Taiwan, and provide the
clinical and laboratory scientific evidences for the development of sound

tuberculosis control policy.
Material and Methods

6. The tuberculosis integrated database: the web-based database platform
including clinical information collected from hospitals and Mycobacterium
tuberculosis genotyping database analyzed and provided by the Reference

Laboratory of Mycobacteriology.

7. Genotyping: Spoligotyping (spacer oligonucleotide typing) and
suspension-array based typing. Pan-susceptible and drug-resistant
Mycobacterium tuberculosis isolates were collected from clinical

mycobacteriology laboratories.
Results

5. The integrated dababase were designed by an information technology
working group, and tested by both clinical and laboratory study groups.
The database contains demographic characteristics, treatment history,
mycobacterial examination records, X-ray radipgrams, case management

information of patients and genotyping results of M. tuberculosis.

2. A suspension array based genotyping methods was established. We analyzed

532 M. tuberculosis isolates and compared the patterns against spoligotypes.
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Of 532 isolates, concordant results were obtained in 526 isolates and 6
isoaltes showed mixed genotypes using both methods.

. Genotyping of MDR M. tuberculosis isolates: From May 2007 to December
2008, we analyzed one M. tuberculosis isolates of 494 individual MDR
tuberculosis (TB), including 42 extensively drug-resistant (XDR). Male to
female ratio was 3 higher than that of general TB cases of 2.2. The majority of
MDR-TB occurred in the age groups of 45-54 (24.3%) and > 65 (23.1%).
Geographically, the majority of MDR-TB cases were reported from Northern
(34.1%, 168/492) and Southern (32.3%, 159/492) Taiwan. Spacer
oligonucleotide typing results were available for 492 (99.6%) cases.
Spoligotypes were designated by comparing to the SpolDR4 database and 86
spoligotypes were resolved. Beijing lineages (49.8%) were the predominant
genotypes, followed by Haarlem (18.3%), U (6.5%), EAI (5.7%), T (4.3%),
LAM (1.2%), Bovis (0.4%), CAS (0.2%), H37Rv (0.2%); while 65 (13.2%)
were undesignated. Furthermore, Beijing lineages were prevalent in eastern
(60.9%) region and EAI (11.3%) in the south. Notably, MDR TB patients
infected by LAM (33.3%) and EAI (25%) have higher rate becoming XDR.
Current study highlighted that Beijing and Haarlem lineages were
predominant among MDR TB, and suggested LAM and EAI lineages had

epidemic potential of XDR in Taiwan.

Conclusion and Suggestions

98



The tuberculosis database was successfully tested. We suggested to intregate
thos database into the exixting case management database in Taiwan CDC.
The combination of laboratory genotyping information and clinical
information could be used as the scientific supports for tuberculosis control.
This integrated database will be helpful for providing the detail information
for molecular epidemiology investigation of M. tuberculosis in the future. A
high throughput primary genotyping method could be applied for universal
genotyping. In adition, the MDR-TB genetic information is useful for case

management and diagnostic development.

Key Words: Mycobacterium tuberculosis, genotyping, multidrug resistance
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HEXEBEPORN e SARET L E A BR oA F e P AT
% K Em¢g#§%ﬁ%aj 2oL e EFAET o o8
F 22,663 #i 4R 2 16472 B nR i p B R o F A F A F LA g

gh‘(

7247 5| 1B % i;%,‘-fl‘)s 970 - B % o "L’ff[}ial_‘}\@ﬁ{— A FRAD
AN R lliifiif:ffil‘m 5 &7 7Pkt % 0950031290 & 30 +%

i
T2 THPRTERETE P F O ERE P

E&—ﬁ@%ﬁ’ﬁﬁ&%m?$%@ﬁ4%ﬁﬂ,ﬂéggﬁ 25
AR R RS HRFEE S R RBEE BFF R PR G AFRDLT
Tw sig 3 e Bl & R H R R B PORR S B B

f
§R TR A

SF R AR M A TS 3 PR o 5 xR e TRk & R (clinical

ltt

1 ¢

N

SERG - BRI NSRBI L UTAL
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phenotype) ¥ 4> ik B % FALL » § B430AT § F 475 aT 0 4 A i
BRI H N EE TP Tk TR & B AR
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PO E  E S AR 22 R
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JH AP LTS M 2 4LpE A S p et o P o
ﬁ%%ﬂ%bﬁﬁmﬁ FoHE (UTHFEAFHRET) & * i AT
< " spacer oligonucleotide typing (spoligotyping) - 7

L\.Ai

P i %] 5 hybridization # b FR AU EE L 2R o - TRIEE X A0 2 ZPE
£ 15 =% o & = Bio-Plex suspension array ¥ 5 & _P-ig &~ 47 § f
et BLen? i o RIZF > RPIE S ¥ 1% 100 & microspheres (beads)¥
100 fayips F BL S & (A7 % £ @ * 43 & microspheres ¥2 43 i spacer =
Be v Be$) 2 4 4 biotin 352 8 PCR A4 fdcts o £ 4 »
Streptavidin-PE & ¢ o A A 47iE427 7 AP FE* [N e R R I R
# B¢ — =i #§ - %f microsphere- @ & % microsphere £ fr pFi5d & 7
AT % - X F B & § 4 $8:d i 0 microsphere 45 (» )I‘n\ 43 &
spacer tifik F fi P - A1) % - X AR 445 PCR A Y ehf ki E
(PE) - %ﬁ“s’ PR NE B ATRER R F 204 2+ 0 & B iiages

(J—

B N B E RS A areE o { Flad R EFIATY

K3 AT B e F He R AR -

oAt 1957 2 1978 # > A u|BAn * INH 2 RMP 2 2 4uminf o
& 1960-2004 £ FLE AR KM AR HE o Ao S E M F oo u
13.9-31.5%%} INH » 8.3-28.6% %+ SM » 4.9-18.2%%+ RMP > 4.1-15.7%% EMB
% 3.9-17.3%% MDR (8-15) - iz 8> w b dicild § 5 M - Fraehi w4
% od 2002-2003 & 5 > 5 28 R R FRFTAASIET 0 H - REVES
2P L fEE G 23.4% 0 m MDR 2 & 1P 5 3.8% o 17 2003-5 & > g
10 7B REHpEPReNTHRE (NTHEAELENTHRE) O
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3,699 ~ 3,885 2 4,219 i % b T A HLE T AR B & LB Rk % % R
= 1 9.5-11.3%%+ INH » 6.4-7.5%%F RMP > 2.1-5.8%% EMB > 9.6-10.6%%}
SM > 18.1-20.0% %t ¥ - =212 &4 3 =&k > & MDR 5 4.0-5.3% - i&—
B AR HEFRFOFEE AR EFRRLIFI R OTRELT
L 470 ko 2004 2 2005 & > & SripliEZ2. 185 2 194 4k MDR & +% ]}‘]" )
XDR-TB %% E]'é. it 9.7%% 82%-H*? >3 1 ?"\%ﬂ% XDR-TB i+ 14.5% ;
e &_ fluoroquinolone #v# M+ & 28 3 & 41.6% - F| ¢ > Z 3% F T4
fluoroquinolone Zfesk F chid * - Fd WmFH i B K4FH > B K
2. AR T B A& (genetic diversity) 7 it B R F A F]E 2 B2 e T E B
2SS SR A R ffﬁ?ﬂ% KIS R
MDR-TB gtk » 478 A FIR W F 2 5 A1 7 e RIT (- B 5%
PirBHE $ &

,:L

D ABETRENE C BE- AATAAS 22
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10461 2 Rtk % 4 4

Fitite 2 fo fb &2 383 > Ad Fof ooz MR E R R U E Rtk
1ol SERE L ﬁiﬁ-&\rﬁ}ﬁ-f@ s AR RS R T 5"3‘1?‘]’]‘ Z *’}‘l 4
T o FRIC B R A R £ AT RE TSR BV AR B
£ o Fth1 10% OADC ~ 0.2%H W 2 THI R R AR 3 W HRHBFTHRE °

1L B2 A 712 4] 32
(1) Spoligotyping

x5 Kamerbeek = ;= (Kamerbeek, 1997) > ¢t ;2 12 PCR % ~» 7
o Zd AP 44~ ) 10 ng 2 A& F]le s mycobacterial DNA » &
biotin %1% 2_ primer £ #7# DNA 5 PCR %z~ fs g & 1 @ L H it 2
43 #4 spacer DNA F 7z %+ » L 22 steptavidin peroxidase & # > 255
¥ 40z i biotin iRk Sk g & - ZEAL L - band 0 # kA A Ftk
£ % J banding pattern o 8. Bl #ic it B ALV 18 0 L ATk
REGE (7 AR i F T reA 47 o

(2) Suspension array

% 4% Cowan = ;= (Cowan, 2003)- ¢+ = /% % & PCR £ microspheres
(beads) ~ 17 mIZ o d 4P & 3~ ¥ 10 ng/uL 2. L Flle ch
mycobacterial DNA> § mycobacterial DNA 54 3 biotin &t < primer
FPCR~ {8 » £ 2201 6 B akddit s B {r bead ¥ & chiF &
(amino-linked oligonucleotide)i& {7 3¢ & 42 5 » & g ix it 5 94°C ~ 10 ~
4 > 52°C ~30 248> 26 1 IXTMAC % =g i e » F 4 »
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Streptavidin-PE *t 52°C = & ¢ o B {511 % % Bio-Plex 200 i& * ;5\ fw
e kMR I Rp R Y - i F- 3 bead > |3+ B bead g sk

o 43 46 beads e R AELF M A R B REAAE L 0 Afe
FAm PV UEZRERRS SR LS TEHEF RS T s
17

12,985 73 8 F kB4

(1) 1%/” ;]% 7 HL P gk 2 i -

e

A B % 4f 5% 1 MDR M. tuberculosis Fjtk » &7 % F14 4§ % 7
SRR E

=\
1=

\4

(2 THATHEFHEE

Spoligotyping % Suspension array ] 3% 22 tff% "2 Bionumerics
(Applied Matts, Kortrijk, Belgium) 4 47 #ic 48 :& {7 4 47 - * Dice Index
AR FEEALAF LR G 3.0%) 0 B odp i Bl B AN
A2 B (dendrogram) 7 o B T L $HA] N 2 g L TR
AR o @ R EAp e A FIAI R 2 & & ¥ & (cluster) o

@)ééﬂﬁﬁ&?%:?f PRt ekt (A2 48) 8-
BARLESIAPMOT T TR F8 2757 0B1) A+F
R LR AN I e < %~M@\4B~ﬁ§%%\%ﬁﬁﬁ T
Bpk ~ o7l frd 970 (32) 2 Y MBS B  BRoE >~ €
R R TSR R TR B SRR YRR S (33
BPopAR AP Y RS B RSP R RERE (%
e s A AR ApT s AN ) (34) ks ¢ 5 - AL
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LR FRA A RE M P L FRERE(BD) SPAFRE
vﬁﬁﬁﬁ&ﬁ%ﬁ\&ﬁﬁﬁ%%ﬁ%%~uiﬁﬁﬁ§%%°
(36) *Eesr: e s pi s AHE QBT BEERKL

R GFiwa 2 55250 - (38) WwAmbk & 7 - Bl fes
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SA-PE !

— = =

_——
s per
dd Read plate
PCR Hybridize to 43 Wash stre i o
: ptavidin-PE Instant Data
probe-coupling Analysis!

beads

b 15min Incubate 52°C 5min about 30min

Bio-Plex suspension array, the multianalyte profiling & 5 &_p-i#& & 47
SHFEL R B 2o AP B % 1€ % 43 48 microspheres 2 43 {# spacer
P S B dt o AT L2 2 A B2 RE P FRBRAT & G e
spoligotyping s % {7 b ¥t o H? > 15 526 kg% Apfd 0 ¥ 3 64%

SRR RS B AN T - R M .

= s FAHLEZE 2 MDR-TB %1% Fth i %14 4]~ 47

MDR-TB i % e {2 #lde & — 9757 > 230 494 i MDR-TB J *
T3 ds L 516 Kk 0 A R kK G T 12(75.1%, 371/494) > A T 9 2
At ] 5 R 1(24.9%, 123/494) 2 B 0 gt B B T EERE DR PR
L p)(22) 0 £ ¥ F T1% MDR-TB 2 £ /5% % - MDR-TB 5 & & 2
& 35 4 3 45-54 K (24.3%) 12 & < 3t 65 K (23.1%)hE # K ¢ o A F
© o B ALK (45 KL o T2.2%, 268/371)v i 4 4 (45 1T 5 27.8%,
103/371) & s+ b kg £ F B F £ B (p<0.001)> @ b2 ¢ i &
SAEFHFERFEATF o gt b 4554 feenadp P o 7 ek s
gt ) 5 6:1 > H =t §_55-64 fk 3.85:1 0 % 3+ 65 & 3.38:1 4r 35-44 &
254:1; ¥ #F > 3 &9 MDR-TB 5 4 4 4 *0 4 & #(168/492, 34.1%) -

Spoligotyping # F14 3] = & 494 B B % ¢ § 492 (99.6%) % A 4]
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% o BLF EEBEY > - %5 mixedculture > ¥ - F_F] % 43
B spacer R & Z v o >IN L FING 86 f& spoligotypes - E * § 95.6%
(470/492) i % 4t o w] E_ B 3] 30 48 STs» 1™ 4.4% (22/492) & _H — 7
% (- ) - 86 #& spoligotypes * - 51 & 4_SpolDB4 = 5 & i % » #
461135 (40.7%) 3] A4 A AR T & AT W] o b B § o0 8 7) W & Beijing
ST1 (45.9%, 226/492) - H =x & %] 5 Haarlem ST50 (7.1%, 35/492) -
Haarlem ST742 (4.7%, 23/492) ~ EAI ST19 (3.9%, 19/492) 4~ U ST523
(2.2%, 11/492) - g {7 e52 Spoligotyping %] %3+ 3 - Beijing family ~ Haarlem
£2 Haarlem-like ~ U ~ EAI ~ T ~ LAM ~ Bovisl ~ CAS 4= H37Rv ; 4p ¥
0 pAPIF T EE? L3 FIRMANU2 fo X & 3] % o e 3T e
& # 1+ > Beijing lineages g {7+ & $%8(39/64, 60.9%)m EAI(18/159, 11.3%)
Fiixen(®l=)e

g TR R FA W eniw & 2 4773 & = o 133 MDR M.
tuberculsosis ¥ {4 ik & &+ > Beijing (33.5%, 82/245)4= EAI (42.9%,
12/28)Ap 4>+ B is W] » 5 o F Tt b g i - MEF A D
# o 33t EMB 4r SM & # % % 3 > Beijing (65 vs 35)f- U (8 vs 4) %+
EMB % it 5 #% v &) > & 2.4 Haarlem (15 vs 24) kL RI4p & o gt 7 >
EAI (39.3%, 11/28) -~ Beijing (34.3%, 84/245)2 LAM (33.3%, 2/6)+ # %

vt ) € ¥ ofloxacin 2 2 4% o

108



CEEUNBPORE R A TR F L FRECR R AR
MR SRR ARG R R TR ER B RARART T

B o R G R B AR E R R PR R TP L
AFERER L o ST RFFRBEAR R AR T A AP T
HL2 B
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AR C(DATS USSR REL F O RRIF Q20
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L g $ it suspension array A A% % 0 %A E A E 2 B2 e iF
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(2) MDR ‘&% & F14 17

KFRT & F o MDR-TB T BAvk PR 2ite A - ME
PARLFEE > §F RGP 5)(18.7%, 25/134) % 5 XDR-TB s & - & ¥
Beijing (45.5%, 10/22) %>t = M4 -H A £ 4 5 F v &) 5 ¥ ¢F LAM
(33.3%, 2/6) - EAI (25%, 7/28) R & 3 #2% v 5] ¢ = = XDR-TB T B oo F

W% o d B AFHRETARAPEBRF A ATH 0 BT FT

s Ny

2

EEAHBEESE 447 o
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1LFRREZER
"ELARPRER A FEOAFRE ZARFRRET F R

R EPE L TR TE TR B L B AR T A

2. Suspension array = j* i& *

- PPN 8 *ﬁvbw%ﬂﬁﬁﬁmﬁﬁi’?%%ﬁgaﬁﬁf%

FH AR RS R %R BP AR 5k TS 2 0] 7 LIRS o

3. MDR-TB FAtr & F1 4 47

= % 492 tREF R A F1 A4 A > £ 7 86 f& spoligotyping o A 3T ek
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Table 1 Demographic characteristics of multidrug-resistant tuberculosis, Taiwan, 2007-2008

No. (%) of isolates of

No. (%) of isolates Beijing family genotype Haarlem U EAI Others

Total 494 245 (49.6) 90 (18.2) 33(6.7) 28 (5.7) 98 (19.8)
Age

=24 29 (5.9) 19 (65.5) 4 (13.8) 2 (6.9) 0 4 (13.8)

25-34 49 (9.9) 29 (59.2) 11 (22.4) 3(6.1) 1(2.0) 5(10.2)

35-44 85 (17.2) 47 (55.3) 15 (17.6) 4 (4.7) 2 (2.4) 17 (20.0)

45-54 120 (24.3) 53 (44.2) 21 (17.5) 12 (10) 7 (5.8) 27 (22.5)

55-64 97 (19.6) 47 (48.5) 21 (21.6) 5 (5.2) 11 (11.3) 13 (13.4)

=65 114 (23.1) 50 (43.9) 18 (15.8) 7 (6.1) 7(6.1) 32 (28.1)
Sex

Male 371 (75.1) 183 (49.3) 63 (17) 24 (6.5) 22 (5.9) 79 (21.3)

Female 123 (24.9) 62 (50.4) 27 (22) 9 (7.3) 6 (4.9) 19 (15.4)
Region

Northern 168 (34.0) 80 (47.6) 30 (17.9) 12 (7.1) 4(2.4) 42 (25)

Central 103 (20.9) 47 (45.6) 20 (19.4) 7(6.8) 5 (4.9) 24 (23.3)

Southern 159 (32.2) 79 (49.7) 22 (13.8) 14 (8.8) 18 (11.3) 26 (16.4)

Eastern 64 (13.0) 39 (60.9) 18 (28.1) 0 (0) 1(1.6) 6(9.4)
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Table 2 Associations between drug resistance and spoligotypes of 492 multidrug-resistant Mycobacterium tuberculosis isolates

Spoligotype, isolate no (%) Total
Patterns of isolate
drug BENING Haarlem U EAI T LAM BOVIS1I CAS H37Rv undefined ND** No (%)
resistance*
MDR, total 245 90 33 28 21 6 2 1 1 65 2 494 (100)
isolate No
HR only 63 36 (40) 16 9 15 (71.4) 3 1 1 14 1 159 (32.2)
HRE 65 15 8 7 3 1 25 124 (25.1)
HRS 35 24 4 3 1 1 9 77 (15.6)
HRES 82(335 15 5 12(42.9) 2 17 134 (27.1)
1
XDR**, total 22 (9.0) 2 1 8 (28.6) 1 2 (33.3) 7 43 (8.7)
isolate No
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