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Clinical Utility of Amplified Mycobacterium Tuberculosis Direct Test
in the Diagnosis of Pulmonary Tuberculosis
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Background : Acid-fast stain and cultures for diagnosis of pulmonary tuberculosis are primary and essential
method, but have their limitation : low sensitivity and time consuming. The objective of this study is comparison
of amplified Mycobacterium tuberculosis direct test(MTD) by the conventional AFB smears and cultures in
the detection of Mycobacterium tuberculosis in respiratory specimens.

Methods : During the period between November, 1997 and May, 1998 a total of 267 respiratory specimens
(sputurn 173, bronchial washing 94) from 187 patients suspected pulmonary tuberculosis were subjected to
AFB smears, cultures and MTD test. MTD is based on nucleic acid amplification. We compared the MTD with
3% Ogawa culture method. In positive AFB smear and negative MTD specimen, positive culture identification
between nontuberculous mycobacterium and M tuberculosis was assesed by using Accuprobe M.tuberculosis
complex probe. In negative AFB smear and negative AFB culture, MTD results are assessed by clinical follow-
up.
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Results : 1) Compared with culture in sputum and bronchial fluid specimens, sensitivity and specificity of
MTD in positive AFB smear is 79.7% and 20.0%, sensitivity and specificity of MTD in negative AFB smear
specimens is 75.0% and 79.7%. 2) Discrepant analysis is assessed by clinical follow-up and other specimen
results beyond study. Culture negative but MTD positive specimens were proved to be true positive and gave
MTD sensitivity 79.2%, specificity of 84.4%, positive predictive value 80.5% and negative predictive value 83.2
%. 3) 14 out of 31 specimens in negative AFB smear, negative AFB culture and positive MTD showed pul-
monary tuberculosis diagnosed on clinical follow-up and sensitivity is 45.2%. 4) 2 out of 13 specimens in pos-
itive AFB smear, positive AFB culture and negative MTD diagnosed as nontuberculous mycobacterium by
Accuprobe culture.

Conclusion : This study suggested that MTD in respiratory specimens is simple and rapid diagnostic method,
but considered adjuvant method rather than replace the conventional AFB smear and culture. (Tubercuosis
and Respiratory Diseases 1999, 47 : 747-756)
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Aol Fad A EAEY HE& neg o J&F
A A % =79 AP X7/} Faditin
AZ4E. A8 2 G Wl dE =2 4
At Ao WAL AEE 2gs] fEte o
2] 7} A 2E 7[HEC] e}, A2 ExlE
gtz Ag wle] 3yl Amplified Mycobac-
terium tuberculosis direct test (MTD, Gen-
probe Inc, San Diego, California, USA )7} £9]5]
of AEA W AT =T AUF v Mg
At ke uiAA 7 Y B 588 Fa g
t}. MTDE ik o] FA& e 168 ribosomal
RNAE $Z3ld ZY7E AEshke oz 4
T =% A F9 387] AAA ddEE 53
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v @3l MTD+ rRNAE E3o 2 3Py A7 1
A ¢ 1,00071¢] rRNAE ¥33iez rRNA Y
E3Ho] @ol It & Aoz U3A UK
MTD ZAL #3438 29 A |4 #42 PCR 7|+
21 % U QA E 7137 49 719 rRNA
amplicon& ATk 34> 5, FFq A HE7A
9] A o] shite] A|PBA olFoiXEE HA}
#7174 41 2949 Wizrl Aok Ae] 7]1&9 PCR
W) v)aE s Aol

MTDE gkt =% AR olEo] 1Y oo &
YFL FHL F Yon2 4% HgHo R o|gsd
Bz JEgsA e I F UL ol rlx2
ste] A X8E A AFE F Avks HolA o
$ frg3ith. & A7 AN ZddA ikt =
o AA, AYF g A € 9 28 g s
MTDe] f-84& Yol iz} 3t

chd o Yy
.o} 4
1997 1149%€ 1998\ 547t Faididds ¥4
o WUE 87 438 2783 F5 PARACA o)
ZYo] o)== 18739 @AY E I /7] A
A 267 (A 1737, 719A) MHY 942)& B
o2 3gen, o F HFHY Ado] HEYA F¢

+ 1327, vjgdez Agd A4 135d0U0%
(Table 1).

24 4
MTD, it =% ZAL % 287 vid HAHE A

Table 1. Patient characteristics

A= FYH Aol AY 24417 oo HiBHo 2
AHE HAE olg3tyen, $AYAE B43ln 2l
& @A A9, iE =2 dARs Ziehl-
Neelsenl], 2387 vike 3% Ogawa egg medi-
umE AMEEg e, MTDE &A4sly $id =g
ZAAL Wik ZAL 943 Ad3 v)mste] MTD9] &
|4 & B4

4% NaOH= ZH#& AAEen MTDE A
& AARE7] A7kA] 20T olsldl M Basichl =
€ A& A=A A" ZAL HHAR A1
I, A A3& e oF 5-62700] 28FAT
Z} A FF 4, 24 dZREF olF I UdA,
+4 d2g TP, s FYdos 39
g4 B2 58 343l 50 £ Yol 25-150 colo-
ny forming unit(CFU)7} ¥§==2 Axd kA
iz FAx A FARE ARALe] AYda
30,000 relative light unit (RLU) o)48 S$Ao =z
wRsgion, 1 ol3kE ¥4es AT

bt =2 dAF 44, MTD 3490 AAdA
Mycobacterium species 2 WFdE 79t Accu-
probe kit(Gen-probe Inc, San Diego, California,
USA)E o|&3le AUF(Mycobacterium tuber-
culosis complex )3 vEY ikt (nontuber-
culous mycobacterium )| qE FTHE& A3
t}.

F5 ARG F5o] HolAY, 6/14FL 4
AAMNA A7) QlAY HAe] HaRsL £REA T+
52 g 798 #8540, M3, 43 ¢
A4 d=§ Hole 798 ¥gFAHoE TN
o, DA GEFG(HRCT)AA £o] = i}
2] 2%(tree-in bud), 24 i@ % JFA AY
(miliary tuberculosis)¢! A% 85402 ¥ /39

Number of patients 187
Sex Male 129, Female 64
Age (year) 64-29(average 46.9)

Specimen

Total 267 (sputum 173, bronchial washing 94)
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Table 2. MTD performance versus culture and smear in sputum specimens

Culture(+) Culture(-)
Smear(+) Smear(-) Smear(+) Smear(—)
MTD(+) 3 13 3 15
MTD(-) 11 8 0 89

Sensitivity(smear positive : 75.6%, smear negative : 61.9%)

Specificity(smear negative : 85.6% )

Table 3. MTD performance vesus culture and smear in bronchial washing specimens

Culture(+) Culture(-)
Smear(+) Smear(-) Smear(+) Smear(—)
MTD(+) 17 17 5 16
MTD(-) 2 2 2 33

Sensitivity(smear positive : 89.5%, smear negative . 89.5%)
Sensitivity(smear positive . 28.6%, smear negative : 67.3%)

Table 4. MTD performance versus culture and smear in respiratory specimens

Culture(+) Culture(-)
Smear(+) Smear(-) Smear(+ ) Smear(—)
MTD(+) 51 30 8 31
MTD(-) 13 10 2 122

Sensitivity(smear positive : 79.7 %, smear negative : 75.0%)
Specificity (smear positive : 20.0%, smear negative : 79.7%)

o},
27 TF de}l MTDe) A3yt EdAskes A
$-9] B4 (discrepant analysis)-& W& AE, ¥
F DAY 33 AL A7 E9 s O AN
o] 27 #F AL o 12la A8 AP v
T A4g T ARG BAEH 4L 9
Al 5.0%h& o] g-3l%ch.

2 1

1. 2g Mol o7 TRt ZAL WHF uHAHA}
2} MTDZ| B|m

AR wFAAe vaRe | FAF =T Y
7% MTD9| RIZ=E 75.6%, F4F £ 2449

7% MTDe 9=+ 61.9%, Eol=x 85.6%
HHTH(Table 2).

2. JIER] AMollM FitZ = ZAL AT uiY
ZAlet MTD2| 1|

Y7 Al vuRe o FE =T P4
79 MTD9] 912 =x 89.5%, Bol=t 28.6%, &
A =T 249 39 MTDY] Uz=: 89.5%, &
o|=+ 67.37% & HfIcH(Table 3).

3. ZiEn JiEX] MY AR B AL AR =
& FAL AN uiLHAlR} MTDL| Hlm

BT G vaRe W FuF =Y Y
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Table 5. Comparison of MTD with AFB culiture

Culture
(+) =)

Before discrepant analysis'

MTD(+) 81 39

MTD(-) 23 124
After discrepant analysis®

MTD(+) 95 25

MTD(-) 23 124

! Sensitivity 67.5%, Specificity 84.3%, Positive predictive value 77.8%, Negative predictive

value 76.0%

?Sensitivity 79.2%, Specificity 84.4%, Positive predictive value 80.5%, Negative predictive

value 83.2%

Table 6. Discrepant analysis

After discrepant resolution®

IInitial discreapnt result! TB(%) Non-TB(%)
False(+) 31 14(45.2) 17
False(—) 13 11(84.6) 2(154)
Total 44 25 19

! Sensitivity 67.5%, Specificity 84.3%
2 Sensitivity 79.2%, Specificity 84.4%

7% MTD9] Az=E 79.7%, Bol=s 20.0%, ¥
A =8 249 A4S MTD9) IZ=EE 75.0%, &
o= 79.7% € BEH(Table 4).

A FHZ uied ZAlt uimet MTDS| ot 3 Sl
x| siz¥e] A

MTD& Za7F wjF FAlel viagle o 27] 2=
MTDe] 9IZEE 67.5.0%, Bol=E 84.3%%.00
Bz g dfdl= MTDE] RIg=7) 79.2%, §olk
7} 84.4% & B¢} (Table 5).

5. PR S 84, WY uiY Fdel 39 MTDS|
a3y

Pt = &4, U wiFEA 40l MTD

gk gl 3lojol WiE A A 23 Ao 144
(45.2%)7t AF3 o2 suYoe e, Y
Mz 174(54.8%)F A 4= A4 A2l
I, 4ojoA dgez AesA e, 2o P
2 AGSNAL, 24 AdE B2 AT HANe
AN g =2 FdE& Bon, YriA] 59
T "5y J@xdezs AEHEUA. o ¢
MTD9] ¥1ztx+ 45.2% & H It} (Table 6).

6. FiME = 2, MTD &Ml ool myco-
bacterial species B2 tiYE ZA$ MTD2| {8
A

it =% 94, MTD &4 dlelM mycobac-
terial species® A& 134§ Accuprobe myco-
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bacterium complex culture kit & wjksle] 114
(84.6% )X Mycobacterium tuberculosis& &
Ao, 24(15.3%) A vZY gakFoz 1}
$}th(Table 6).

o &

Wy Fd @] F7h, A9 &0l & Yo
A¢] olgl QIF-9] o]F F7} 9] 8lez 19803
F0 o]F WIS A HAYd e FHEo] T FUIs)
3 Qe FAl e, 98] UM E F5 AR
Al o3t AT 2Y M 2AlA Ao fHE
o] AxH oz ZAaHI Qlovt FA o] vl
o Uete} vag o o7 & Holl &%
old A& 7 wl Ae] Ao tigh o] 73}
slojo} & Aolct. HAY oz QIF 27 HAFH &4
& A3 o|#g, AMYE E3F Fore mEw
G Aol 7123 A85) F8.8C

2% A nHFHo|n YukAQl Wl i =
T AR BYF Y Ak AE BdFeln P
2 Wiol} o|HE Ao zE Ao zdd
ojz{ 2 o] Bl JAF =% A= dd7s i
A ¢ UL HENY AEE ¢ F vk Aol
dom, AR viF FHrks i =HE e
FlME A2E 5 Avke FAHo] sloy of 3-6F
Axe) 7|7te] adiche B30l s

MTD& M.tuberculosis complex speciesd] &
o]§ 16S ribosomal RNAE F4ZFHoz ZE3|e
AAL oln], ZZ dHoE RNA transcriptase
o] th¥ promoter 18]l reverse transcriptase,
RNA polymerase #& A2E AMg3le] w2 A7t
Well 4ej7ie] RNA amplicon 24188 A%t
o] W& M.tuberculosis complex %t Eol3}7
W8-3l8 & mycobacterial species = WHE-3}
A ger.

Fi = A& Bole M.tuberculosis A e
o AL =3, 297 1ok & 1, 000709 ri-

bosomal RNAE ¥§3}22 ribosomal RNA ®3
9] #7+ W& vh, MTDE= ik s@ol} Ay ol
& AR S FFoME A WH-E By £ 9
o Z2Y ARFA AS AL o] J¢E A
U=, Moore F''o)l ofs] ikt =3 YA oA
2399 g FrFHo g ZARR A3 8 AFE
H oAe g Aot HESr7A Y B ke
i =29 HS 9Y, FAF ulF AA] AS
26, MTDQl 7% 30¥= Rusgith. g 4
F 4704 B MTDE 4o g 38 4 U7l 4=
o £ dFdMeE HZ 1d ool Y g8 we
ke AlQleta @] o HE A8 dgides 3
At

gt =% %4, MTD 249 A9= ozt
EA AR & Frlel A BRT B¥, 2d
I HIEEA gt g Hob) gesice g
=% ¢4, MTD 2Aold wags iae o4
& F sdedl, ¥ I T =% 94,
MTD &A% 799NN mycobacterial species&
el 3149 thsled accuprobe mycobacterium
complex culture kit 2 vjo}2 Algglon o] = 26
oAl X M.tuberculosis, 5494 v|ZY PAFE
B 9 7 fxlo|A vidY Fad e
=7t 7Yk FAlolH ol fAlollA v1dY Ak
3 A9 Q9] 27) e Fas

g =2 4, MTD %49 7$ 287 wi%
%4 7FeAdel WS- Eormg g ZHAl A By
& AaAled 224 2 Ao Hig. B A7)
Ae S =2 %4, MTD 949) 5949 AAZ
510X M.tuberculosis7} W¥=lo] 86% 2] %4
&2 B4t £ Thomas 5% 4f =0 &
4, MTD 249 132494 AF wig S4do]
122912 92% oA 23L& w4 = Aot

MTD¢] RLU titer7} #iqt @9] o|Ajo|d 73e3)
23 27L& AARSH RLU titer 30,000-100,000
B=o] A 99 ol MTD YA A¢ 94
27437 ZRAo AP e A FPAA F
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& 4 ot M.kansasii, M.avium T 12Y
g7 ddME A B9le] %4 MTD Z3hg
¥o] Fnl, a7 =% S40ln A 23 % ¢
A 2AceE Ho| dAsA] ¥ Agel 10% of
ste] A wsjel RLU level & oA AZALE & &
dart e Aotk 2UTE iPHAE FEe
2 Ne w o 20~30%AA wiF &4 2 (cul-
ture negative tuberculosis)7} SZ=9 o] ¢
287 FAo ti§ MTDY f4A4¢] ackn EF
ATHE

MTD9} the 443 f8-4& 943 wizdAM 2
do] A9jd UAE 7HA 2T =T P E2A
MTD &4¢l 44 A 27 § 944 2738 HE
2la] M@y o] ot 4L4E o NEE FEE F
Quhe, i} ujAY gAlkgo] E5HA] & A HolM
= HIV(human immunodeficiency virus) %
o o=, whA s s1A 4 5 MOTT 94
A}t e BAIA BAF =T ¥4, MTD &4
ol 7$ AdF WY Aot U AR B¥d E3t
o A8E sjof FoH's.

HA7 =% &4, MTD 42l Ase iy 2
F7b o] ArE 54 -8 WA ¥
7#A47} Bk B d7dME i =2 84, MTD
okAJel 336 3 1249lX Mycobacteria species
g Ryor YAAos §34 FY¥os AYHUT
AYF w} AL Ao Ba PHoE oS W ¥
=4 Ao g 2E= $EE G & F 3
o el gaE B2 4, 28 g $4<
ojollA] high RLU/cutoff MTD <4< 3¢ A
AYe 783 AL MTDE AEAY A=,
obA] Aol #iAel di® AR Yu ER
amplicon inhibitor 22 Z&o] 317] ) YAk
=% AR} 297 il HAHE A Fe 5

gddo] AR A= MTDe #8840 A
= 3l Qe B AFdAE BdF FFdMe
&/doli MTDR & BQl 2904 Add 2
ML FolE 4 Ut MTD B4 &L APy &

E4 At B of ols} vigisld FasD FUF
wjokolj A Aol giche A& FH3E ANH A8
uhg 2304 Fo] 9S8 AAsh=l f&3ite B
a7} glent olef dEibe F ol B d77 483
v Az

Hzo] Ay Agko] FYTF AW &2 7= A
o] YA B ERojAE WA AdEL o
AAANE Yoz AGE Bxie] of Wb oA 2Y
7 -AA(gene of Mycobacterial tuberculosis)
7} A2s)A ggin dot o)A AEE Al WiE
BaAY EE ofd AgE vlE R IAY ¥4
o2 HYgo| THEA ¥ AL U= dEY
g}l MTDd| &% A2 23] ARHE A
Lias v L=

MTD ZAte] Riztee ZA e dFd A
vlasie, AAMdA Tt e A, o5 9T
2y, 12n APl A& AeE MTDe U=
& 74AZ 4 o o]} 7§ MTDe| IIA=E 3
7717 slEME Fhe FRE AAE WE AL
el A} dlgishe Aol Fasich. £ dAFdAE
2 At 718A AN HAE st £431%
& o] gl A vk HAe} vmEPE W =
ol % MTD¢ =L 75.6% oW, =% &4
ol A% UREE 61.9%, Bo|=& 85.6% At} 7]
B2 AYGoiMe WF Ak vlnEAE A =Y
okQl A% MTDe] BtEE 89.5%, So|=E 28.
6%, = &4¢ A$ MTDe Hd=E 89.5, §ol
EE 67.3%8 ngen A ARG A=t ¥
g 27A& B4 F1 gk & 4978 MR 7]
T Bujg A3 oA 18R] AAGAA B} F
Ao Z3g RAFI U

AN el A7 Ao ¥ o] Wygo] AMSHI U
=g, & 47 4% NaOH=z Fd& Ml
™ Mycobacterial tuberculosis Sl AA &3}
= gle Aoz Hqlth Manterola 5 oA 2
Zg AN MTDE Mycobacterium tuber-
culosis complex& FAE + U= SDS(sodium
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dodecyl dulfate)-NaOHe} oA ¥%& A4
o e @7t AL Slen olo) g AP
A7= astchn 4.

Al Yol 2o} 9lg W MIDS ool
Tk B U 4 Qlow & dToNE BuE £
&4, AUF WG $4oBA MTDY F4< 319
o BHIA 92 Tlge) AYE B Lo, Het B2
o 78R WAHLR 24 AR 4clolN B4 4
ol Ry w MTDS| $igk4jo] BRIt 7la
WAl 1A 2de) AFH7L 2 4 eH Kaul
500 o8] EsHe DNAZH 71840 WAAel o}
N 919py e ALt Bt dow, B a7
FHE 718 ARGl MTDe] epdgol ¥
Uehd oz o] ol e YA A7t B
2% Aoz

A28 H980] 22 92l Ueh ¥ BUE o
FuFe] 2 BYY 7 5 7128 279 3
#¢ A2t 308 Aoz Y4ud 29 P
YuF £F A MTDZE A2e A% 7)Ee
FoMgoeM ko 2834 oz Azt

Zedoz MTDE 244 247 g P¥a
44 22 249} A 19 Yol BaEe B 5
% Urke HolM 45 neHoz ojgehd =
T 2] APYEst ASHEE WA £
ol Slof, FUF WY ATE N A=E ol
W Z9NE MTDS] F3H8 ol & of %)
A8 A% R Y F vk Wl folei
I Eos

2 o

] b I

HENE F3 W YT FYoln @Y
TAE dhe 1AHQY W FuTE =2 A F
U F FA] i 45 HgHo s HAYe] B
o A&F g skedl floid MTDS #44¢
dobr 13} 8.

o 9

1997'd 119%E 19983 597k 2Aastn we
ol sl sdse] oj4g 18799 HxlzE A
< ZRV1ZA 267A(AS1877, 71¥A] AN 94
Aol A& 7 P =%, FAF s HAL
MTDE A&% Z2E i 2739 Agxo] vjz &
A3igict.

2 1.

D) A8 ZAA oA gid =2 AL, d8a ujok 2
ot vlwEt e o FAF =% P AL AT
% ZAle vlmg MTDe] 9ide: 75.6%, =%
+4 3 $ 297 g AAe viag MTDe 1l
AEE 61.9%, Solx= 85.6% Jr}.

2) 718 A¥YN it =2 FAL, DT
Hig das} v|aE e o PAF =T PAQ A
287 vk HAle wlmE MTDe) mizte: 89.5
%, BolEE 28.6%, =T 249 A AYF WY
A} viwg MTD9] wte: 89.5%, Ho|lz:
67.3% Xt}

3) A9 7|82 AHAL A7 A Y7 =
AL 2Yd WG 2o} vasl g o gan =
T PP ASelM ZUF Y A} vmd
MTD9] WIZtE &= 79.7%, Bol=& 200% 8 BY
on, YT =% &4 A 28T g A A
vl MTDY QAEE 75.0%, So|=: 80.3%
& 1234,

4) BYF WY F=e} viwsle MTDe] Az}
XA e 49 MTD) 9% & 67.5%, 5o
EE 84.3% %o B9 #E%d MTDe 9=
£ 79.2%, Bo] £ 84.4% 8 Ho Y AAE
B}

5) AT =T &4, BYF v 4ol MTD
Th A 310X A ABat 34 9 GAYA %
B g 59 B4 14doM3 HE Ao
Ag=HAeH o] H¢ MTD) wZt=s: 45.2% Q.o
o A4 & A 5 AT

6) i =% &4, MTD AN mycoba-
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cterium species 2 A 1379 AAA Myco-
bacterium tuberculosis$t nontuberculous my-
cobacteria & )37 $1#] accuprobe M.tuber-
culosis complex culture kit & o]&3la] 1164
M tuberculosis 2 ¥ 221(17.3%) A
v Z¥ Fihto] viFE U

3 B

olAte] Axz ¥ vl MTD: w21 FEF JAF
A §-8¢ Ao Yy, @Y Age] glo]
A MTDE 33 =% 24 2 il Ak Had
oz {840 ooy, THAH A YL diA
8}7] Hohe A5 HetEQl wgoz gkdn
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