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Clinical Utility of Amplified Mycobacterium Tuberculosis Direct Test
in the Diagnosis of Pulmonary Tuberculosis

Sam Seok Park, M.D., Kyung Rok Kwak, M.D,, Ji Yun Hwang, M.D.,
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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
(sputum 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 1989, 47 ;. 747-756)
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% AP W28 Aol dapHolq P4 whEe
2 e olgHa gloy oA oljdt A}
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B2tk MEA 29H B3 HH =Y A
Aol Ao v G ASEE Besly] et o
g 7k A2 7S] /NEEHAY. A2 EAYE
A g WY sl Amplified Mycobac-
terium tuberculosis direct test (MTD, Gen-
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o] AEA 9 g =dd ZFYF oA
AT AFAE AT Y Be =88 72 Y
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vlmste] MTDE rRNAE ¥=og siv] A8z 1
A ok 1,00074¢] rRNAE ¥3sto2 rRNA9
EFo] Wol WUARI} B2 Aoz 4uA AUt
MTD #AA #3¢& 238 A A #4582 PCR 7147
23 ¥ 3 A d e 71d7 49 7fe] rRNA
amplicon & AQAIITEL 3pn® 5, FFo A HE7HA]
o] A o] shte] AlgHAA clFoAEE PA}
7717} 43 g9 Wxrsl Hukes Rel y|&Ee] PCR
WET viaEE Holrt

MTD= i =2 Zale) o] 14 ol &
s FAL ¢ Jouz 4% Hekrow ojg3hd
w25 s 2de A9d & U olE 7R
sto] A9 AFE AR AR & ks HollA o)
§ F45i) B AT ddde] ddold gkt &
o AL, e i A 2 I 218 aBiEle
MTDe| §-844 Yoliazl st

cHat ol wig

.o A

19973 119358 19989 59474A] Batsba #H9)
o Y% $xE dH 4483 FH WARIGA
Zgo] oJAlE= 18749 Fxla e A& 5F7] 4
A 2674 (g 1734, 718 AHY 942)& i
o= 3o, o] F XA Aol HEHY A
= 1327, vjAdsloz Add A= 135700t
(Table 1).

2.4

MTD, shba = 24 9 283 W 2418 99

Table 1. Patient characteristics

AAe TL AA oAU 24417 oy BHEH R
NHD AAE ol g3t on, FAYAE E83kaL 3l
= A= Agsigry. 3 =T AAR: Ziehl-
Neelsen®, Z8# %S 3% Ogawa egg medi-
ume AMgElgos, MTDE &4l ikt &g
AAL, W% AL, 98E A} vlaste MTDY &
£48& 28}
4% NaOHZ & AAsger MTDE A
ArFe7) AkA -20°C ol BREsigTi) =
HAE AZALY] AAE AAL AR ARE
, A AL Fygsied oF 5-6A7te] 285Uk
AAM] FE 34, o4 dE2EH o]F bl A,
A dE2Te TP, HRE FYFeE $XE
4 #el g5 gAaste 50 @ Wl 25-150 colo-
ny forming unit(CFU)7} X358 AzH 34
iz AAs 2gstdtt. E3XE A2ANe] ABda
30,000 relative light unit (RLU) o4& FAoz
nAslgen, 1 o3E S BRI
it =2 AL ¥4, MTD AL ZA A
Mycobacterium speciesZ WiU¥d A%+ Accu-
probe kit{Gen-probe Inc, San Diego, California,
USA)E o|&sle] A& (Mycobacterium tuber-
culosis complex )3 VIZS At (nontuber-
culous mycobacterium Yo et BHE Al
o}

o do N ko mu

5 SAMAA Tl BolAY, 674ETL F4
A A BElsl QAU Hae] MARTt BEsA
BEA g A$E 8540=, A3, Aas ¢
A A2g Hols AS-E HEFAHLE UFIe
H, n&aat G429 (HRCT)dAM gol %= W27t
2 29 (tree-in bud), 24 Y ¢ gy 29
(miliary tuberculosis)¢) ¢ ¥4 g ¥H3I4

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(+) 34 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 ; 83.5%, 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
A7 7F Anst MTDY dapy) B8t 4
L] KM (discrepant analysis)-& W&z AE, &
5 AN 23 ZAL, A7 39 v ke AN
o] 2T #F A 2¥ a8l X5 dig wks
T £73¢ FHste] AARBIAT. A B4 o
A 5.0%& o83kt

2 =

1. 25 Mol Bib7 = HAL, ZYT siLHA
2} MTD2] Him

AUF v vimse o PAFE £ P4
A% MIDS) Ugss 75.6%, 4T 5T 249

729 MTDe UZ=: 61.9%, EolEx= 85.6% &
Bgch(Table 2).

2. 7|8R] MAHoliA it T HAL, B ulie)
A} MTD2] 8l

AT MFEAe) vafe W T = FE9d
7% MTDe] 97 =E 89.5%, B0l 28.6%, &
A = 249 A MTDe] 9=y 89.5%, &
o|E: 67.37% & BYrH(Table 3).

3. Mghn JlA] MM NS B A BR =
o ZAL YR wjAHAlt MTD2| Bl

A7 WIS} vlage o Pd = P
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Table 5. Comparison of MTD with AFB cullture

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(15.4)
Total 44 25 19

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

749 MTDY 9175 79.7%, Bolse 20.0%, &
2 52 &40 79 MTDe 9™ 75.0%, &
ol=E 79.7% 2 M PrH(Table 4).

4. ZMZ wie ZAIRH BB MTDS| 2zt L EY
&l %ol 2l

MTDE& 27 WiF ZAtet viagle o 27] da=
MTD9] 917 %E 67.5.0%, Sol=& 84.3% o
EYA sdfdle MTDe W57t 79.2%, Solx
7} 84.4% & RQArH(Table 5).

5. AT E2 B4, 7Y Y B4l Z MTDS

=1- X

WA =2 &4, 29d wWdEA $4oln MTD

gk kA<l 3lejof] dig A A 54 A} 144
(45.2%)7} AFHo 2 HAYo 2 g on, 1}
2] 179(54.8% ) FlA 4ele 74 HA A
3, 4ddA ez AgEgen, 2444 @
2 AgEHD, 24 Add A2 IF Hvy
AA AN Gt =T FE Bon, urA] 54
= uEd si@xNgoew vk o A
MTDé9] ItsE 45.2% & QT (Table 6).

6. Bakr =gt 2, MTD 8491 ool myco-
bacterial species 2 viE Z#A MTD2| {8

o

i =2 A, MTD &40 AellX mycobac-
terial species® A 134lE Accuprobe myco-
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bacterium complex culture kit 2 wjoksled 114
(84.6% )X Mycobacterium tuberculosisE &
Q3tg o, 24(15.3% )9 vZY Fapez
2} (Table 6).

LA

e 7 #xel 371, Y] fgo] & A
A1) o9l QIt9] o]F F7}F To a]loz 1980y
FHb o] % oM HZY S 8] TA F718E
I e A6 o, £ Utz F5 HA
ol o3t A= 2 M ZAA Ao FHE
ol FatHom ZAAEI Qo AA FEe] vl
0HE vkl v of o7 & Hof &3t
ol Mg 7Y u) Aaof Felo gt o] 73}
Hojo} & Holr}. FHAZ o g Q1% oy AAH &4
< A3 ojE, AMYE B3 xooz wam ¥y
gk Rl 71 %3 X857} Fo80He

28 W] dAoln Ikl Wl kg =
o ZHAket ZF G FANs AE HegFeln] A%
2] Wohd o]2igl HaRte 2 Ag el Adte)
oj#& ol Br}. Iitd =Y FAe ZuTe we
FRAE 7 A A =g 4 F Urhs Aol
Ron, AF Y Hike it =UE He i
FIME AE2¥ 5 Aok AHe] oyt of 3-6F
AE2] 7|7te] Rtk ©go] Tk

MTD& M.tuberculosis complex speciesd &
o}3t 16S ribosomal RNAE F4Fdog ZZ3l=
A A Whiold, 3% gl RNA transcriptase
of thgl promoter -12]3L reverse transcriptase,
RNA polymerase 22 EAE AMg3lo] wE A7)
el Aej7le] RNA amplicon BA1E-& Azt
ol W& M.tuberculosis complex oWt Solsl
¥hS3te T2 mycobacterial species o= w23}
7] et

it =% FAE Bole MtuberculosisoHe
T A7 23, 297 10k2]2 o 1, 000749 ri-

bosomal RNAE ¥§3l22 ribosomal RNA 3
o] 7} B2 v}, MTD+= 4 =golvt 29 o
% ArlET He FHqMT G S Y 9
oo, 2 AR7FQA A AL 2 FFE vE £
JEdl, Moore ') oJ& ikt =@ ¥ #H2Y
2399l e Frixoen HAR A3 A8 AR
g upxe A Hapt AEEVI7A e 87 71
gakg =3¢ 7ZA¢ 99, AT oY A B¢
269, MTDQl 7% 30¥= 2uE9th X5 2
¥ 571Y B¢ MTDe Y42 38 7 7] v&E
o E dAFolMe A 1d ojud] A8 A5E W
A= AQstn HZ2Y o] o4l AE e &
At

it =% 34, MTD &4< A9e A4
EA) ool it Hriet 2T BT X, 18
o uASA Fake] tigk Frlrl Basiols g
=2 94, MTD &4o1d vldgd & oA
3 2 5 Aded, 2 dATdME e =2 94,
MTD &4 73$X mycobacterial speciesZ
Bl 3149 uisled accuprobe mycobacterium
complex culture kit2 W& Alggion of & 26
Aol M.tuberculosis, 5<olA v1Z2Y FiEe
Bk WY BA fxloA vde i g vl
%ot F7iehe FAlole olE SAldlA wZ2Y ik
7 AdF 2] 27] 2PEe T3

Pakr =% G4, MTD 49 34 27 v
% 7FsAol vig mornz ui AA dE 2g
& AaAledH B4 & Ao Hd. £ A7
N Gbd =% 94, MTD $A< 594 9] AAZF
510Xl M.tuberculosis 7t WiF=]lo] 86% 2] FA
& 2Ytt. E3 Thomas T8 i =2 &
4, MTD £A4< 1324oA ZeF WY 4ol
122612 92% o4 ZHE wiAlEg 4= AU

MTDe¢] RLU titer7} Wigt ¢] ojifold 7343
2% 2742 AR RLU titer 30,000-100,000
Aol A @99 Wedld MTD 48U A$ o4
273 AR AgAge A AP FEUA Fd
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& ot M.kansasii, M.avium T v|Z2Y
A AgolMe A B9e $94 MTD AREg
Hej o}, it = Aol HAM 4 ¢ ¢
4 ahozs Aol SAHA Y= A9 109 ¢
ate] A BF9je] RLU level & Bojd AZFAE & &
Hart de Aolvp. Aoy midyrE Fayo
2 Pe 1 oF 20~30%4A % &4 2 (cul-
ture negative tuberculosis)7} LAET o]H ZH$
ZAeig FA4 dg MTDe] f84do] avka B
AT,

MTD¢] th& 4 842 A iAol 2
o] Y e R A =Y YA FAlofAl
MTD 24¢l A4 Wiibd 24 § o4 244 HE
sl F 28 o] oietn Fzbd W X5 E FEH #
AeHe. e vjF e Fibro] EFHA] ¥ Aol A
= HIV(human immunodeficiency virus) 72
4 o, 4 J94 A48 ¥y 5 MOTTY 98
AR s BAAA Pt =2 44, MTD 24
QU S Aalg i At v 7] Aol &3}
o A7E soF Tt

P =% &4, MTD %49 ASolle ol 2
A} oo AnAE 54 ORE B3s) ge
7397y ¥tk £ AFoNe i =2 54, MTD
W3 339 F 124990\M Mycobacteria species
E Rylon e 854 Z¥os ML
AT fF FAL AoE F Mo olgE u &
T4 A9 g 5= FES /YL B 5 9
o, ey P =2 S4, 2T il 49
ol A high RLU/cutoff MTD 9}AQl A9 =4
Z8g 73] AAgdt MTDE Ag4e AE,
k4l Aol dde digt AR gl =
amplicon inhibitor 24 ZA<o] Q7] Wl ikt
= A 28 i AR QA 7= jloe

HZ2do| ALY A$dxE MTDY #&40] 9o
= Bt slen B ATz g gFdie
SA4oln MTDWF oRd e HQl 2004 Ats #2
g T 4 AT MTD FgEL 28 &

4 220t Y o o|s} uvisle Zasn A
wjeFell A Aol ke A& T3k AAH A8
ke A A Fo] ¢heS A= f8lvhe B
17} ot ofd theME & o B A7t dast
o} B2}

o] 2¥ Rge] A 47 T ke A
o] AT YR B ME AMIEA JdgE 9]
AR Agosw Agd $xle] oF ¢t oA AY
T FAA(gene of Mycobacterial tuberculosis)
7} AR goitin gk oj7e Agg A wiE
et Ex old AR wiE Xk Bt §4
o7 Asigol ¥§HA ge A voe HZEY
Sajol A} MTDe| oj8t f-2ixf 3o Aede A4l
Fig= iA1= S

MTD Zitel 9zt=E A e ddl A8
vjEis, AAdA 447 & AS, ¢F9 24%
¥, agm gAge] He Be= MTDe} 7izs
7Aoot o]d A% MTDel iizt=g &
W17 M FEe FRE AAE wE AT
of AL 9she Zo] Fasith B ddlMe
o AAet 718 AR HAAE EEte] EAEY

o) 24| A ok ARk Blaslds W =
729 MTD9Y 9iZd=E 75.6% 5oy, =3 &4
AL QA= 61.9%, SoleE 85.6% At Vi
2 AH YA wlF AR} Bwdile o =2
o}l A9 MTDe] W7tk 89.5%, Sol=+ 28.
6%, B2 249 ¢ MTD9 9iZt== 89.5, £
EE 67.3% & 290 AY HAARG 9z=r} ¥
AE 22& 2o F3 8t & A7E FHME VI
= EulE AFHo ol 718 AHYA A Bt
Hol AxE HojFa Qth

AA 2] & Aol g o= Wgo] AMEI Q)
=), B A7dxE 4% NaOH= ZFg& AHzlgle
w Mycobacterial tuberculosis 3 94 &3
= glE Zo2 Hlth Manterola ' oJdiM F
Zo oAsIAAM MTDE Mycobacterium tuber-

culosis complex T FXY 4 U= SDS(sodium

S

o

B

(<]

o o mo

[e]
-
[e]
-+

u-
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dodecyl dulfate)-NaOHe] ¢4 ¥%& AAsH= b
o tigt A7t AAIE 9lom ofo] gt AR
d7x gesttn AzE

Aol d&o] &0l A& wW MTDe| $JUdAEol
U A U g e B AR ik BT
&4, 28 wiok gAdoiHA MTDuE k4]l 314
of EA A AU vide] AP B 14, HY g}
o] 718A} WAA g 22 BARE 4ddld 84 4
ol B9 w MTDe] $j¥Ae] &&=} 718
WAool A e<de] AlFArt d 4 9o Kaul
520 o8 Esl= DNA7E 7183 WA A go}
A 99 2akg VPRt Bavt jloy, B
HMZ 71TA AHNYA MTDY %4 80] A
veld o g ulfol oo digk dakA A7l ¥
8% Zog Helth

A28 HEC] B $8 vk e AU o
Aol wEn JI 7 TR 71%3 219 3
e 87 298 Aow AzEs wad 2yl
it =T Fall MTDEE A2 Ag 7Ee
FNgoan B} o A&HY Aog Azdc)

Z284o2 MTDe 144 27 A 4y
okl = A €7 1 ol delie 2 ¥
AY ¢ Jrks FoM A% Begdog ojgsid &
o AR PR A8 EE AT B
o] g, AT WG 2 7t ASE okl
9 AfolME MTDe] Z3lE olgsld & o e
g Alg o7E 2AHY = ke HAA Fsitt

3P,
2 %

ol .

HZ2Y e Bk Wie daFe Fyoln AR
FAE shs 1AL W Pt = A 2
A wiYg Al dis) A5 Hedog HAddel B
o A& Agg Y ol MTDe #-4-4¢
dotr 3z} 3.

FA
19973 11454 1998 54711 sty ¥
of st HAdo] 24lg 18799 FxpzHE o
& 5E7)1AA 267 (HR187A, 719 AHY 94
Aol i ztzt Fakr =W, ZIF ui% AL,
MTDE A3t A3 4 2739 Ao} vix &
A&t
A 1}
1) 29 dAoA skt =2 g4, dd v 2
o} vlwsl-E W A =9 Al A AT
wiok AANe} vlwg MTDe] 9Ig%E 75.6%, =%
249 7 5 A8 wiF ZAke vlag MTDe 9
Axe 61.9%, Sol=v 85.6% Aot

2) 718 AHYNA AR =T AL, AT
¥ Ao} v)welg e w Pt = PAQ A9
A wjoF AAbe) viwmd MTDe] dz7%E 89.5
%, B0l 286%, =T &4 2% BdF uiY
Akl wlidt MTDe] 43 %: 89.5%, Bolvys
67.3% Atk

3) Agsl 7)1 @2 AHA L Fq3 AL ik =2
AAL, A8 Wi Ao} viad} e W P =
o ookAel Aol AT i FAbel gk
MTD9] 9% £ 79.7%, Sol5E 20.0%E B
on, it =% A A A ok A Ak}
g MTDe) 9iztE: 75.0%, Solz: 80.3%
£ Byt

4) A8 i Aot vimsle] MTDe] 237}
AR = A MTDe] 9% & 67.5%, Hol
T 84.3% glot BYA] AT MTDe] Mzt=
= 79.2%, Eo] B 84.4%E Ho $4E ANE
HPch

5) bt =% &4, 29T % &4 MTD
gk ¥l 31ofolAM A A 3 9 FAUA A
B 9SS B 14ddATt HF dgagez
AEon o] A% MTDY UA=E 45.2% 0.
o A4 S HUT F A

6) i =% &4, MTD &40A mycoba-
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cterium species 2 AT 1379 AANA Myco-
bacterium tuberculosis$t nontuberculous my-
cobacteria & £28l7] 913 accuprobe M.fuber-
culosis complex culture kit & o|&3}e] 11794
M tuberculosis 2. vj¥=ilon] 27(17.3%)0A
v 28y ghakgto] v sl et

2 B

olite] Antz B uf MTDE wl=n A3 Zaw
o] 483 Roz Aztey, W2y g o
A MTDE i =2 24 2 ok Hajel 83t
22X #8A40] gor], nAH I THE oA
7] Hrk= A 3T Bl W o g warg.
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