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Evaluation of Combined Use of BacT/ALERT 3D Liquid Culture
System and PCR-RFLP for Detection and Identification of
Mycobacteria from Bronchial Specimens
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Sungkyunkwan University School of Medicine, Seoul, Korea

Background: We evaluated BacT/ALERT 3D liquid
culture system (bioMérieux, USA) and PCR-restric-
tion fragment length polymorphism (RFLP) for recov-
ery and direct identification of mycobacteria, and the
results were compared with a conventional culture
system using an egg-based solid medium.

Methods: A total of 3,037 bronchial specimens (2,309
bronchial washing fluids and 728 bronchoalveolar
lavages) were collected. Decontaminated specimens
were inoculated to both BacT/ALERT MP liquid me-
dia and Ogawa solid media (3%, Shinyang, Korea).
Recovery rate and detection time were compared be-
tween the two systems. Liquid media from positive
cultures were centrifuged and the pellets were tested
for direct identification of mycobacteria by PCR-RFLP
using Myco-ID (M&D Inc., Korea).

Results: A total of 518 isolates, including 215 M. tu-
berculosis (MTB) and 303 non-tuberculosis mycobac-
teria (NTM), were recovered. The liquid media de-
tected 492 isolates (16.2%), including 195 MTB and
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297 NTM), whereas the solid media detected 416
isolates (13.7%), including 187 MTB and 229 NTM
(P<0.001); 102 isolates (28 MTB and 74 NTM) were
recovered only by the liquid media, while 26 (20
MTB and 6 NTM) isolates were recovered only by
the solid media. The mean time to detection was
18.1 days by the liquid media and 29.3 days by the
solid media (P<0.001). The overall time to species
identification from inoculation was 21.8 days. Direct
PCR-RFLP from the liquid media identified 39.1% of
MTB, 6.3% of M. avium, 19.05 of M. abscessus, and
12.6% of M. intracellulare respectively.

Conclusion: Combined use of a liquid culture system
and PCR-RFLP improved the recovery rate and shor-
tened the detection time. However, solid media is
still necessary to maximize the diagnostic efficiency.
(Korean J Clin Microbiol 2009;12:37-42)
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Diagnostics, Inc., Westlake, OH, USA), BacT/ALERT 3D liquid
culture system (bioMérieux, Durham, NC, USA) 5-°] 2AtH3,6].
ufo] FHte|glo} ulek A] Center for Disease Control (CDC),
Clinical and Laboratory Standards Institute (CLSI), College of
American Pathologists (CAP) g-oll4= 44 uljz]9} 34| ul]A]
= x3ksto] 5 A oo wiAE AgelEE Pk 9l
[1,7:9]. Z2fuk el A& o} HA| ulz] o] Ahgo] A|3tE o]
Je= AAeltH10]

B dTellA = 71A] ZAAellA A wiA] ek Aps3} A
BacT/ALERT 3D liquid culture system} 38 4-03 8jjuh-2--A|
A H 7 o]t} A (PCR-restriction  fragment length polymor-
phism, PCR-RFLP)Z- o]-g-slo] wlo]zutele|o}e] 715 Bl &
A Alslar, 712 A wiA] eieka} v]asked
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20061 49HE] 20074 997HA] AalF =1k gl wljok AA
7b Q== ¥ 3,03771] 718A] AA(Z18A A Y 2,309,
Z1RAHAE APE N 7286 vz sl

2. AX| ®MAE

50 mLo] P33 Al HAALE F%F] N-acetyl-L-cys-
teine (NALC)-2% NaOH &S Wi (5587 A-2of] W% &
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oA 1587 At A NS AAsla F AAEE o
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Table 1. Isolations of mycobacteria from 3,037 specimens

4. OIO|ZEIE|2|0F HHY

AX )= #AAE A viA (3% Ogawa; Shinyang Chemical
Co., Seoul, Korea)oll Z3}0] 37°CollA] vlokslA 1, 15760 gk
WA 8¢ ot T ke W) w3t -5-Aloll Middlebrook
7H9 broth base”} E¥=|o] Q)= BacT/ALERT MP x| ull#]
(bioMérieux, Durham, NC, USA)oll H%s}o] BacT/ALERT 3D
liquid culture systemel] ®o¥&}93t}. BacT/ALERT 3D liquid
culture system= vl 10 vt} nlo]Fute|g]o}r} AAlshd AY
A== COyE pH 3R ZHAsto] Azl gare]Fol] wle} A
Ao g wto|FutdEo} AR F-7F AgoE A3 A
Hlof|A] A Ao7} whAY ] wiolH & 7o} meklS A
Helsle] FAE odo] AT QS AXslaL 7 S48 AA
3}9ct. BacT/ALERT MP HA| #iA]of|A] o} 4157} whAYx]
RARE, o] ujokel Akt Ao} FE FAA 54 2
Wb g 75 o' sdkegich
5. olo|ZHtE|2ofe] #3 =X

aijef @4 Q1 BacT/ALERT MP HA| 2] ¥ol|A] wjokol5
F3l 100°C Fe= Eoll 20827 W7t F2 5 dildelstd] =
= DNAZ FFH Myco-ID (M&D, Seoul, Korea)S ©]-&3}o]
PCR-RFLP ¥ 0.2 wlo|Fute|glo}e] 75 +F7HA] 548k
Ak Myco-IDE rpoB AR tFAE o] &3 Zlog,
rpoB TR 9 FHE b FE3 ¥ AtaL AelE
sto] A3 9] Z7)o|| wel 7| Eof] E3kEl wlo]ute|g]o} B
iltjol &4 daBF EE VIFoE T w48
6. SH Ae|
F uljek vy 7he] m]aE SPSS Z &1 (Window version
5ye o]&sted, AEES Aoli= McNemar’s test 745 3}
Z}Fo]= Wilcoxon signed rank test 74 S A
sloleh. SAE 19 2 PRk 0.05 of3FE 33k

Method BacT/ALERT liquid media
MTB NTM Total
Result
+ - + - + -
Egg-based solid
media + 167 20 223 6 390 26
— 28 2,822 74 2,734 102 2,519
P-value 0.312 <0.001 <0.001

Abbreviations: MTB, M. tuberculosis; NTM, nontuberculosis mycobacteria.
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| i
1. Z£E H|1(Table 1)

% 3,03708] ZA| F 5187A(17.1%)l1A gH4krto] ui et
Ak o] F MTBE 21571(7.1%), NTM-S 30371(9.9%)°| et
BacT/ALERT MP 84| uiA]ol| A= 49271(16.2%; 195 MTB,
297 NTM)e| ZAZ=da, 14| viR]oll A= 41671(13.7%; 187
MTB, 229 NTM)e] #2=|¢]t}. BacT/ALERT MP 4| wi=] 2}
A A HAEE Ko7t MTBollA = FoskA] kot
(P=0.312), ulo] ZHte|glo} A2} NTMellA = f-28k xto] 7}
A HP<0.001).

BacT/ALERT MP oHA] wfR|of|Aut A= 9= 1027
(3.4%; 28 MTB, 74 NTM)o|Q 3L, 3] uiA|ol|Aut %= 7
= 2671(0.9%; 20 MTB, 6 NTM)o| it

BacT/ALERT MP x| uliz]of|4] $]F4Q1 -9+ F 3,037
M) A Foll 6671(2.2%)0]P2m, A viA 7} Q3% S
£ 6271(2.0%)°]1 3t}

2. A& AlZH H|1(Table 2)

vlo|sute|glolE HEshe Wl 4299 HT AIZHE BacT/
ALERT MP 8] wizlol| 4= 18,19, 34| wiR|oll A 29.3
2§28k o7} YTHP<0.001). o] 3t 73 A7+e] Xo]

Table 2. Time (days) to detect mycobacteria

Method BacT/ALERT Eg.g-base(.i P-value
liquid media solid media

MTB 24.6 30.8 <0.001

NTM 12.8 28.0 <0.001

Total 18.1 293 <0.001

Abbreviations: See Table 1.

Table 3. Isolation frequency of mycobacteria from bronchial spe-
cimen

No. of isolates (%)

M. tuberculosis 171 (39.1)
M. avium 115 (26.3)
M. abscessus 83 (19.0)
M. intracellulare 55 (12.6)
M. fortuitum 2 (0.5)
M. kansasii 2 (0.5)
M. szulgai 2 (0.5)
M. chelonae 1 (0.2)
M. gordonae 6 (1.4
Total 437

£ MTB, NTM EFollA f<slA] velstkel. BacT/ALERT
MP HA| ujX]ol] L = kA wijkH oA 24 PCR-RFLPE
o|&slo] F& FASIIIA £9% F HTF A7 21.8U0]

ek
3. O0|ZHE|2|0F 5 S& ZaNTable 3)

BacT/ALERT MP N4 uljA] oA 5 & 4687112 uljolH] ol 4]
F%3 DNAZ 24 PCR-RFLPE A|3§slo] F 43771¢] wle]3L
ahe|glols S-S 22A(5.0%)S FF A e o A
Haloler, 97(2.1%)> 578 FarelFoll o3l ol ¥A ¢k
ske}. 4% vlolZutelzlol % MTB7} 714 EHI(39.1%),
I S22 M avium (26.3%), M. abscessus (19.0%), M. intra-
cellulare (12.6%) =22 E3lA 5=t oh& 52 1%
njnko 2 FAE . AA| 5785 nlo]HtH|E|o} 5 NTM
HIE&2 60.9%34 e} 271A] o] &9] wto|uteelolr} ek 7
S 17019k

[

il

¥ oA+ A3}, BacT/ALERT MP 44| iz of| A& k4 A
2] 95.0%7}F H=FRAL, A wiA]elA= FA HA|C] 84.6%
uk 71%%]o], BacT/ALERT MP HA| | 9] njo]sT=te]elo}
AZEEo] A viA| K}l r8lelet. 1 xfo]= MTB (90.1 vs.
87.0%)NA = FelstAl @Sk ork(P=0.312), wlo|ZHHH|2|o}k
ZAA)(95.0 vs. 84.6%)2F NTM (98.0 vs. 75.6%)NA1E S-2l51A|
BacT/ALERT MP 8] ulz]7} 34| wl]| W} 733-Eo] E3hrkP
<0.001). Gil-Setas 52| A7 11]oll4+= MB/BacT #J#](Organon
Teknika, Turnhout, Belgium)oll4l+= 90.1%, Lowenstein-Jensen
(L-J) ®lA](Becton Dickinson, Cockeysville, MD, USA)ollA+=
77.5%7} ZAZEE Ak 493, MirovicTt Lepsanovic[12]<-
MB/BacT #HJA](Organon Teknika, Durham, NC, USA)ellA<=
93.2%, L-T vlA A= 67.3%Z B8k v} 9lr}. B3 Ogawa
i z] e} x| vl A E v] 28 Abe 52| AH[13]0l14] 3% Ogawa
AR O] HEE2 75.6% A wiA] wiek Au]Q] BACTEC
ollAe] 93.0%Kct fFelatAl woket o] de] AATtEellA HA
A7} Algk7) 2] 3] wiAQ) L-J viA9F Ogawa wHA] Kok
e ASES Holv Ae U 7 g, I glol® oy
=rEollA QEA BA| wiA 7L A wiR] o] vlsA] who] I
Hteelote] Zsol frelslvka Haw s glek14-17). kA
HA| wiz 2 A A E WHE A FEE] FoMlvke Aol
BaE vl 9low[11,14,17,18], 2 AFollAE ] Aol A
ot ASH A9t F A AA F 5.0%, 53] MTB 44 A
Z 9.3% Qhol, A wiA] wiokE wioke] MIZE S =o]7] Sel
Q3 Zlo & ghgkelr). o]= CDC, CLSI, CAP GollA Hx
sk mleke YX|3H1,7-9].
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BacT/ALERT MP A uz]ol| 9] 142 b2 ATl 4
& SR Ik pH| Hislel] o3t o2, B adFellM= 22%
o S| E= Hle SR A5, vholZutE||ofel] gk
AL o] 2] 9 Altell et AARE: Al3stA] ok, S99 T &
ol 23t A& Age] 7EE e JIANE, 7 el &
doll 23 AFY Aoz At 71E] A iAol )
g Aol 29dEo] 1.6~9%E cheFsiAl Barsx gl
Ao JiA| WA He} £ Ao 8 deiA leili-16). &
A, D QAellA 253 st YA ES 0~095%%

H sl 11,14,16]. £ Aol LFES F3HgE A 9]k
AEE 7|Ee dHA AR U FFoln, oA wize] &
A& ZA Zol7} gl AoE et

ulo]Fute|lolr} HES A|7kel| 9104 BacT/ALERT MP
NA| A7} A A Kok f-ofsbA] whek(18.1 vs. 29.3%) A
I H3E 109 o4 w3 = glodr). o] Xfo]= MTB (24.6
vs. 30.82)¢F NTM (12.8 vs. 28.0Q) EFollA f-2olstglom
(P<0.001), 53] NTMollA] wll$- ©+2=]9]lt}. BacT/ALERT 3D
system®] 73-%- 7|71l 23k FA AT ZE9] HNIET) Ea
m 102uleh AEGH o2 7o AAE A 9 Harshe whie

T8E7] ulitell 1550l 3k ¥l v E 7 A= f55
Qko 2 Rlsl= x| wixol] wl3l] o] A A3l dl
29EF A7) T = Uik 71E9] AA] wiA|9} A
2] Bl AFFAlAE A wiA] AE Al FE AlTte] T
o] HuwgeH11-16]. skAIRE £ ATollA] & 5783717t
A &22% & HF A7HE 218U E, CDCOA] Asls EA
48 71ZR1 1490l XA Fpdck ol& i ZAA7} 7
HA ZAA F 718A A A} 7)1 RA A E AxHolofA] ol
3= RS 7HsAell I3k AL o Qlek w3 U i Eol
% A7k AR fAPE vk Hart slel[16], & A7
AIE SR

vlo]sute|elo} #F 578 AT MTB7} @Y #5222+ 7f
7 EalA BelFglom(39.1%), 1 2] EbA E2l® NTMS
M. avium (26.3%), M. abscessus (19.0%), M. intracellulare
(12.6%)°1 Atk NTM2| % vl&2 AH9ZQl Zpe]7} de 72
o gdeiA gem[19], & dFellA AE E3F NTM 7%
& o2 Il e} bl Aeleh19-24]. 3K, KA NTM
O] H]E2 60.9%E thi =2 HlEoldedl, 2 2]le® it
A7} 7182 73& Aldste] AFHE 71334 Al A, 249
ol WSk NTM w123k 3ka9] u]go| €} ¥ o] <ol] v]3f| =rt
A s AT = 5 A

2 AT ATl A Flsloizol, BA| A7} ZAEEe] F3L
7% Al7bo] wharh= Axlo] glont, vhid 8 74A] gk 7]
He]3 ek 2 5 HA] wiRofl A FA A, FFeE FEol
TFHE = 34| wiR ol ek el, MTBeF NTMS] o] <t
ke Aol giek shAE o] gt v B Aol A] Aegst

Ho

PCR-RFLPU} th& MTBE =S v TARAEH WU
= U3k S5 7 & otk = Ax] x| A-8-e] FQ
g o] u]g oA Belslehs AHolw, o] A wlifell =
ol A1) BA] vz Ago] Algks]e] gle A o|r)

el wlo]ute|g]obe] x| wfA] wiokell ik A
2+ BACTEC MGIT 960 systemol] thet 717} 2 o] Fo]
7] 9)31[25-28], BacT/ALERT MP 84| vfiA]o]| that Hrl= 3
3 AAolcH29]. A, wlolZnRte|glol ¢ FAE 913
PCR-RFLP ¥Hel] thgh A7+ Harsl vl 9l ou}{30], %4 H
A v & AARZ 3 QT BEslch wEhA], 2 A7 5l
oll4] BacT/ALERT 3D liquid culture system¥} PCR-RFLP2| H
Sofl vhall F7ksE A WA Qdoln, §-83F AEE AFL A
o7 A7kt

e} o] dollA= | 7HA] AlRPe] ddedl, 1 F <
A 29l gt a7} wiAlE AE & 9
o] 7% NTM =148ke] -7 4 4, 948 44 5 ook
g s n e g gieku]n], HAAA A S NTMS| &
Aol T3k oJu| & 7R Ak, AhAQl A & okheh31]. w
2hA], ko2 eldl NTMO| 43 o9l et A7} o] F
o] x| oF & Zlor}. w3k, B odFoflA] AsHek WS AA] AL
Alof] 27 A28 4= leA ol digliA dF ol A AN A
off gtk &7} a3 Holct

ZAEH o g2 ulo]3ute|g]o} vk A] BacT/ALERT 3D sys-
tem B A& AEFo 2N HAEES =Y T ARk A
FE5 Akl AslAe A x| eke] o] AarEc)
et x| wiA] wiedzt PCR-RFLPS] W& AEES =%
ohdz}, ulo|ZHtH|2lol A& AlZM T SR8 7HA 9] A7
3 = 9lo], #A ] 5 NTM #1A3E gkxte] z7] Rk
A gl W o] F ZoR A7
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TR HACIMS DojaEEor HE R 82 A
BacT/ALERT 3D Systemif PCR-RFLP %&

doutisty ofntost MHeMESH TITtHALe( S}
M, J1FY, 01235, 0IHE

HIA: B odollA= 7|TA] A4 A vlA] vk 253} A] BacT/ALERT 3D liquid culture system (bioMérieux,
USA)} Zot& 4ol sl ih-5- A3k A 7 o] v} 3 A (PCR-restriction fragment length polymorphism, PCR-RFLP)-& ©]-8-s}o] n}
o|zHte|glote] & vl T8-S Al¥skaL, 71Ee] Al A ekt v]aslict

W 2006 497 2007 9FG7HA), ¥ 3,037712] Z1HA] AANZIHA AP H 230900, 71 A HZ A 728¢)E
o 2, BacT/ALERT MP °HA| ullA](bioMérieux, USA)S} 13| wl&]|(3% Ogawa; Shinyang, Korea)ol] “5-A|oll FZFs}o],
7 Y AEETS AE A Aol vl asigith. BacT/ALERT MP 8] viA]ol| 4] o4 o], Myco-ID (M&D Inc.,
Korea)5 ©|-§3}o] PCR-RFLP W o2 #EF& T4313lch

Zal & 3,037 AA F 5187HAN(17.1%)ll A aFiktol vllek=] 9 o W, Mycobacterium tuberculosis (MTB) 21571, non-
tuberculous mycobacteria (NTM) 303710]¢jc}. oBA| w Rl A= 49271(16.2%; 195 MTB, 297 NTM), 24| wllR]ol| A= 4167
(13.7%; 187 MTB, 229 NTM)°| 7AZ%2chP<0.001). BA| siRlel| At A= 7-$-= 1027128 MTB, 74 NTM)°| 92,
34 wA ol Ak A%E 9= 267120 MTB, 6 NTM)o| et nlo]Futeg]ols HAZsls o] 4295 HF A7 A
)7} 3] wiA] Hok Mkek(18.1 vs 29.3Y; P<0.001). BA] wiRlol] HE ¥ F& SASIIA L98 F HF A7
21.840|At} A A wllR 2 ZH PCR-RFLPE- A|383F Az} MTB (39.1%), M. avium (26.3%), M. abscessus (19.0%),
M. intracellulare (12.6%) 5-°] SR At

AE: HAuiA] wiofr} PCR-RFLPE] W& HEES 20la AE AZbs HHAZ F o, AEES 3]
SNl A wiA|oke] B go] Auv) [HEFUANIEESIS|X] 2009;:12:37-42]
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