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Identification of Mycobacteria Species by HPLC and Species Distribution during Five Years at

Ulsan University Hospital

Joseph Jeong, M.D.!; Sung-Ryul Kim, M.D.!; Chulhun L. Chang, M.D.? and Seon Ho Lee, M.D.!

Pusan National University School of Medicine, Busan, Korea

Background : Infections caused by mycobacteria have been significantly increasing. Due to the
difficulty of making a decision about the pathogenicity of mycobacteria, species-level identification is
very important for patients’ diagnosis and treatment. The purpose of this study was to identify mycobac-
teria species using a high performance liquid chromatography (HPLC) method and to provide an initial
database for the distribution of mycobacteria in Korea.

Methods : Acid fast bacteria isolated from 3,107 clinical specimens were identified by mycolic
acid analysis using HPLC. The HPLC patterns were compared with those of standard mycobacte-
ria species.

Results : The HPLC patterns were divided into single, double, and triple cluster groups, each group
comprising 9, 20, and 4 species, respectively. Mycobacteria and non-tuberculous mycobacteria
(NTM) were identifies by HPLC at the rates of 99.5% and 95.6%, respectively. NTM was isolated in
12.4% of the mycobacteria positive specimens. This study also found that there were 20 different
NTM species with the distribution of each species ranging from 0.3% to 15.9% of the total NTM.
While the rate of NTM has been increasing in Korea, M. avium-intracellulare, M. fortuitum, and M.
chelonae are relatively decreasing, and M. kansasiiand M. gordonae are relatively increasing.

Conclusions : HPLC method was highly discriminative for the identification of NTM in clinical spec-
imens. (Korean J Lab Med 2008,28:24-33)
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HPLC 240 AM-5 -HE2 SAIE E3A7|= B8 7|5}
A7) A1 Zolsks BAls waters 2690 seperation mod-
ule (Waters, Milford, MA, USA)&, H2]= 93t AL reverse
phase analytical cartridge column, 3.9 X 75 mm, packed with
3 um silica Nova-Pak C18) Z2#-S, HE&S 93t A4 A&7
+ photodiode array detector (Waters, Milford, MA, USA)E
ol-g3l5ieh W AN 9 AR #2Ed2e 47 o-
bromophenyl ester®} 6,7-dimethoxy-4-coumarinylmethyl
esterE ARE-5HITE
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Table 1. Standard mycobacterial isolates used in this study

Mycobacterium
species

Mycobacterium

} rain number
species Strain numbe

Strain number

M. abscessus ATCC 19977 M. marinum ATCC 927

M. acapulsensis KTCC 9501 M. mucogenicum ATCC 49650
M. agri ATCC 27406 M. nonchromo- ~ ATCC 19530
genicum
M. asiaticum ATCC 25276 M. peregrinum ~ ATCC 14467
M. austroafricanum ATCC 33464 M. phlei ATCC 354
M. avium ATCC 25291 M. porcinum KTCC 9517
M. bovis ATCC 19210 M. pulveris KTCC 9518
M. celatum ATCC 51131 M. scrofulaceum  ATCC 19981
M. chelonae ATCC 35752 M. simiae ATCC 25275
M. diernhoferi KTCC 9506 M. smegmatis ATCC 21701
M. flavescens ATCC 14474 M. szulgai ATCC 35799
M. fortuitum ATCC 6841 M. terrae ATCC 15755
M. gastri ATCC 15754 M. triviale ATCC 23292
M. gilvum KTCC 9512 M. tuberculosis ~ ATCC 27294
H37Rv
M. gordonae ATCC 14470 M. vaccae ATCC 15483
M. intracellulare ATCC 13950 M. xenopi ATCC 19250
M. kansasii ATCC 12478
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M. bovis, M. gastri, M. gordonae, M. kansasii, M. marinum, M.
szulgai, M. triviale X M. tuberculosis complex 5-2] 9%, double-
cluster Z1550N= M. abscessus, M. acapulsensis, M. agri, M. avium,
M. celatum, M. chelonae, M. diernhoferi, M. flavescens, M. fortui-
tum, M. gilvum, M. intracellulare, M. mucogenicum, M. nonchro-
mogenicum, M. peregrinum, M. phlei, M. porcinum, M. scrofulacenm,
M. smegmatis, M. terrae 2 M. xenopi 5] 20, triple-cluster
J5M= M. austroafricanum, M. pulveris, M. simiae D M. vac-
cae 5] 4%0] 247} 31E ) U] 7l o)Ak peak clusterE 7}
A= multi-cluster 152 FAR|7HA] HYA & 7]— 3lolx)|z] oF
& 15 &3to A9lstint22]. HPLC wjelo] &5 33%
9] o] Aulw AR|5}A] o= AL unclassified NTM oz He
slo] 2 B3Lof| E3kA| AT
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1,34272] 3,1077319] HPLC Aol mycolic acid peakS
o] B AEAFFI EARF 2EEH ] peak s Atolof] £ A1
single, double @ triple-cluster 2 UeTh 3,107 5 3,090
AA(99.5%)2] HPLC el 3445 335 & o]= 3 ezt
U5t o] el 9] sEEt= FAFSHATE UM A 174841(0.5%)
o] HPLC 9818 F& 4353 UX|sl= wjglo] §lo] unclassi-
fied NTM 2 2 255}5ic)

M. tuberculosisS A 23t 384 AA= 19%2] NTM¥} unclas-
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Fig. 1. Characteristic HPLC chromatograms of standard Mycobacterium species with single-cluster peak patterns. (A) M. asiaticum. (B)
M. bovis. (C) M. gastri. (D) M. gordonae. (E) M. kansasii. (F) M. marinum. (G) M. szulgai. (H) M. trivial and (1) M. tuberculosis.
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Fig. 2. Characteristic HPLC chromatograms of standard Mycobacterium species with double-cluster peak patterns. (A) M. abscessus. (B)
M. acapulsensis. (C) M. agri. (D) M. avium. (E) M. celatum. (F) M. chelonae. (G) M. diernhoferi. (H) M. flavescens. (1) M. fortuitum. (J) M.
gilvum. (K) M. intracellulare. (L) M. mucogenicum. (Fig. 2 continued next)

aticum, M. gordonae, M. kansasii, M. marinum, M. szulgai 2

20 Azg|x| okojr), £3F Ao AL 2 6

M. triviale 5 6Z(Fig. 1), double-cluster ZLEoll= M. wbsces- NE7E 5L A9 Akt vjoF HARA SAoE BRI
sus, M. acapulsensis, M. avium, M. chelonae, M. fortuitum, M. FAfol| A 7] 33)9] SRAE vjOF HALR ABtSE H A lojAl=
intracellulare, M. mucogenicum, M. nonchromogenicum, M. pere- E 3o A T =7 AEEH

grinum, M. scrofutacenm, M. terrae A M. xenopi 5 12%(Fig. 2),
triple-cluster ZI5oll= M. simiae 15-0] 247} 3231E] %) 0(Fig. 3),
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Fig. 2. (Continued from the previous page) (M) M. nonchromogenicum. (N) M. peregrinum. (O) M. phlei. (P) M. porcinum. (Q) M. scrofulaceum.

(R) M. smegmatis. (S) M. terrae and (T) M. xenopi.

2. AMAFGA NTMS| FBEZ

1,3422] 3,107 AA| & M. tuberculosis’=1,14178(85.0%)
2,723 87A(87.6%)% 3L, NTM-& 2017(15.0%) 3844A4(12.4
%)%t Table 2). NTMC.2 SA % 384 AA= M. kansasii 61
A(15.9%), M. intracellulare 4973(12.8%), M. gordonae 4473
(11.5%), M. avium 387(9.9%), M. fortuitum 3471(8.9%),
M. abscessus 2573(6.5%), M. peregrinum 2273(5.7%), M. szlu-
gai 1974(5.0%), M. marinum 1473(3.7%), M. mucogenicum 14
A(3.7%), M. xenopi 1073(2.6%), M. terrae 874(2.1%), M. scro-
Jutbecenm 773(1.8%), M. chelonae 673(1.6%), M. triviale S7A(1.3
%), M. simiae 473(1.09%), M. acapulsensis 3740.8%), M. asiaticum
37(0.8%), M. nonchromagenicum: 173(0.3%) X unclassified NTM
177(4.4%)2) B2= ¥ gtiTable 3).

HAEE = e 244 (63.5%), 7138A] U

R = |

29 (7.6%), &4

Table 2. Isolation rates of M. tuberculosis and nontuberculous
mycobacteria in AFB culture positive specimens using HPLC
method

M. tuberculosis Nontuberculous mycobacteria

Patients
N (%)
201 (15.0)

Patients
N (%)
1,141 (85.0)

Specimens
N (%)
2,723 (87.6)

Specimens
N (%)
384 (12.4)

(6.0%), & 9 (2.3%), =& 6 (1.6%),
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Hnqu '--'-.H.-..J L_J £ Fig. 3. Characteristic HPLC chromatograms of standard Mycobacterium species with tri-
— -Q ple-cluster peak patterns. (A) M. austroafricanum. (B) M. pulveris. (C) M. simiae and (D)
e M. vaccae.

Table 3. Distribution of nontuberculous Mycobacterium species in clinical specimens

Specimen . . Sputum BA  Urine Plegral lSkin Lymph pus  CSE GA BM U Total
Mycobacterium species fluid tissue  node N (%)

M. kansasii (%) 39(10.16) 9(2.34) 0(0) 5(1.30) 0(0) 6(1.56) 1(0.26) 1(0.26) 0(0) 000) 0(0) 61 (15.89)
M. intracellurare (%) 33(859) 6(156) 0(0) 2(052) 2(052) 3(0.78) 0(0) 1(0.26) 0(0) 2(0.21) 0(0) 49 (12.76)
M. gordonae (%) 21(5.47) 3(0.78) 15(3.91) 2(0.52) 0(0) 1(0.26) 0(0) 0(0) 1(0.26) 0(0) 1(0.26) 44(11.46)
M. avium (%) 25(6.51) 2(052) 0(0) 2(052) 2(0.52) 3(0.78) 3(0.78) 0(0)  0(0) 1(0) 0(0) 38(9.90)
M. fortuitum (%) 24 (6.25) 1(0.26) 2(0.52) 3(0.78) 1(0.26) 1(0.26) 1(0.26) O(0) 1(0.26) 0(0) 0(0) 34 (8.85)
M. abscessus (%) 19(4.95) 2(052) 0(0) 2(052) 0(0) 00) 0() 2(052) 0(0) 00 0(0) 25(6.51)
M. peregrinum (%) 16 (4.17) 1(0.26) 2(0.52) 1(0.26) 0(0) 2(052) 0(0) 0(0) 0(0) 00) 0(0) 22 (5.73)
M. szlugai (%) 14(3.65) 0(0) 0(0) 0(0) 0(0) 1(0.26) 2(0.52) 2(0.52) 0(0) 00 0(0) 19 (4.95)
M. marinum (%) 4(1.04) 0(0) 0(0) 0(0) 8(208) 0(0) 2(052) 0(0) 0(0) 00 0(0) 14(3.65)
M. mucogenicum (%) 9(2.34) 1(0.26) 2(0.52) 1(0.26) 0(0) 1(0.26) 0(0) 0(0) 0(0) 00) 0(0) 14(3.65)
M. xenopi (%) 2(056) 0(0) 0(0) 0(0) 8(208) 0(0) 0( 0() 0(0 00 0(0) 10 (2.60)
M. terrae (%) 6(1.56) 1(0.26) 0(0) 1(0.26) 0(0) 00) 0@ 0() 0(0 00 0(0) 8(2.08)
M. scrofulaceum (%) 5(1.30) 1(0.26) 0(0) 1(0.26) 0(0) 00) 0() 0() 0(0) 000) 0(0) 7(1.82)
M. chelonae (%) 4(1.04) 1(026) 0(0) 1(0.26) 0(0) 00) 0( 0() 0(0 00 0(0) 6 (1.56)
M. triviale (%) 4(1.04) 0(0) 0(0) 1(0.26) 0(0) 00) 0() 0() 0(0 00 0(0) 5(1.30)
M. simiae (%) 3(0.78) 0(0) 1(0.26) 0(0) 0(0) 00) 0() 0() 0(0) 00) 0(0) 4(1.04)
M. acpulsensis (%) 2(052) 0(0) 1(0.26) 0(0) 0(0) 00) 0@ 0() 0(0 00 0(0) 3(0.78)
M. asiaticum (%) 2(052) 0(0) 1(0.26) 0(0) 0(0) 00) 0@ 0() 0(0 00 0(0) 3(0.78)
M. nonchromogenicum (%) 1(0.26)  0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 1(0.26)
unclassified NTM (%) 11(2.86) 1(0.26) 1(0.26) 1(0.26) 1(0.26) 1(0.26) 0(0) 0(0) 1(0.26) 0(0) 0(0) 17 (4.43)
Total 244 (63.54) 29 (7.55) 25 (6.51) 23 (5.99) 22 (5.73) 19(4.95) 9(2.34) 6(1.56) 3(0.78) 3(0.78) 1(0.26) 384 (100)

Abbreviations: BA, Bronchial aspirates; CSF, Cerebrospinal fluid; GA, Gastric aspirates; BM, Bone marrow; JF, Joint fluid.

M. avium, M. fortuitum, M. abscessus, M. peregrinum 2 M. szlu- 1 #
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Table 4. Annual incidence of species comprising more than 5%
of total nontuberculous mycobacteria

Years

—————————— 2002 2003 2004 2005 2006 Total
MyCObaCI erium N N N N N N
species

M. kansasii 12 12 14 1 12 61
M. intracellurare 9 10 9 9 12 49
M. gordonae 10 9 7 10 8 44
M. avium 7 8 8 9 7 38
M. fortuitum 6 6 8 7 7 34
M. abscessus 5 4 5 5 6 25
M. peregrinum 3 5 4 4 6 22
M. szlugai 5 4 2 4 4 19
Total 57 58 57 59 62 293
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fulacenm 373(1.9%), M. kansasii 270(1.3%), M. szulgai 273
(1.3%), M. avium-intracellulare & terrae 171(0.6%)T}. o]0
Hhsj) H ol Lol A= 2002 EE] 200687H] SETE -S4 2] 2o
A AZ%E NTMo] 3847408 1981\dHE 1447t Axdor
AETH 1594 HT 2,58 AE 2 wokon] fd HlE 1995
gigtas @ s57)eslo) A 2Ake NTM A= Aejzal4]<]

= M. avium-intracellulare

AZE 422 2 9% vla) & Ao i AAlol|A A&E
NTMo| 28 % 20£02 273|190, o] Ao HPLC

W& ol-gste] Huf thefet NTMo| F4 %81, NTM 4495
o] S7F FAl = F 714 ol mlEo R dkEn). e &
Aol 5% ol
gordonae, M. avium, M. fortuitum, M. abscessus, M. peregrinum
D M. szlugais 14 D92 BARS o 2 458 AEE2 4
o7k 7] whiell HEE F2 $7k= NIM #4H59] 571
Hrh= HPLCHS o] 83 4202 Hrt theftl NTMo| A&
.l ‘IH-‘?——O-E ek
B Lo) o BLo|\ M= M. avium} M. intracellulare
@.6} M. avium complex®] 735 A& Wee= 22.7%2
% A% 1995 sl 9 £571sHslolA) A1 NTM
A

A=E M. kansasii, M. intracellulare, M

29,

A=t A zAH4] A2 65.2%9 B8] Ao 7h

. Jortuitum3} M. chelonae 5-2] 73$-o & & oqLofAo] M=
7_11-

FNT

E 29 + mlm

8.9%, 1.6%% 1995 tigtds] 2 557]33le] A 2AL

M A= Ae|zaH4]9 12.7%, 9.5%¢1 vl8l) Atz ez
Fastglct. B 19959 NTM 72155 Al zAH4] o} v]as) M.
kansasir=1.3%N\A 15.9% =, M. gordonae’=4.4%°14 11.5
%=, M. abscessus’= 0%\ 6.5%=, M. peregrinum-2- 0%°|
A 5.T7%=, M. szlugair=1.3%AX 5.0%=, M. marinumi} M.

CN ro{« _1\1



HPLC¥{E 0|28t Mycobacteriall S&

mucogenicum>- 0%\ A 3.7% =, M. xenopi’= 0%\ A 2.6% =
S7Feldl=t, o 4 A= vl Ae|AlE oA 19934
HE 199649712 2AFE NTM 27+ 2A1[38]9}F gk}, o]
+ Wb e At 4o ohefet NTMo| s4 %4, A
AIAZ 2 NTM 5ol S7F FA10 Q7] d2el Aoz &
chEh E5F 20064 T 5(39]& NTM #d8ao] Al
M. avium complex (48%)2F M. abscesssus (33%)7} 7V Wekal
gt Aujet wwshd, & Aol A= M. kansasii 5717k S
g, ol & Aol 357] E HEE7|9] e AAE e
2 A3, NTMO| 2leje] 22 54 So| golow gt
HH40].

& Aol Ao NTM O] HAE Wit A, 71384 219, 3
NS 2oh= 357|A AACNA 296HA(77.1%)7F HEE
o]l NTM%: 237} o] Tg7]AellA 714 ol AZE 3L, v
X

FAAGNAE AW, 827, YIA, 5, DA, 93T

o

o

e’

AN, T4, WEA 59 vheRt AAlA A=H ok

Agx o7 HPLCHo| 2J5to] JAFAA oA ke ghattol
99.5% 9 NTM #329] 95.6% 5 54 4= 9lqlon, 202
NTMo)| ujof k0] 12.4% 2 24x|54ch. NTM <] 4 Hl

¢

Lo\ = M. avium-intracellulare, M. fortzzz'tum M. chelonae <
o MO\ TraE, M. kansasii, M. gordonae 52 A2 271 &
A2 Bt a7 e NTM 7el2e] A3t Zlﬁh} BE 9
A= A Aol NTM S A=st7] 9fsl] o] Foft 3
WS olgstolof & Aoz AzhEn], NTMo| &4 235 &
Ao - 25 A AR 7|2 ARE 8T 4 S A
O 2 g
2 o
HHE @ Z3w 9 v ES iktnon-tuberculous rnycobacte—

ria, NTM)% olu| QA Z7ksla 9lom], NTMO] A< ¥4 o
] 2177t o F7] wZe mycobaC—
43t} & A= HPLCHE
theFel NTMS 57dste] g3 AolA 9
o8 TS mofsto], Syt Al o] Ayt
ol Rt NTMA w30 tfgt 7)1 = A e B-gstarzt seick
S LRt HiF AN e EelE 3,107 HAE o
AYo & mycobacteria®] w% 0|2 mycolic acid& HPLCH<.

2 BAsle] Q0 TS BEFFEY eld wlw F 545l
7% BEE 2ASH
Z1} 1 HPLC 981 single, double ¥ triple-cluster %A

31

Hedw 742+ 9, 20, 450] E3HE| ik HPLCH 2.2 mycobac-
teria =4 ATEL 99.5%, M. tuberculosisS A 25 NTM 2
749 95,606 Ak, G4 HloF B4 7] 2 NTMO] H]&-e 12.4

%A1, % 2059 NTML 0.3-15.9%717]2] E2& 23},
ZE :HPLCHS Adlz 9 NTM £4o] 02351 v e 1
A7, oeueto A NTMe| A&E0| toks] 27131 AL 3

oI5tk NTM 2 7
M. chelonae 5-2 AN Tras, M. kansasii, M. gordonae 52

A S7F FAIE B

- M. avium-intracellulare, M. fortuitum,

atnes

1. Raviglione MC, Snider DE Jr, Kochi A. Global epidemiology of tuber-
culosis. Morbidity and mortality of a worldwide epidemic. JAMA
1995;273:220-6.

2. World Health Organization. Strategic framework to decrease the
burden of TB/HIV. WHO/CDS/TB/2002.296, WHO/HIV_AIDS/
02.2.2002.

3. World Health Organization. Global Tuberculosis Control. WHO Re-
port. Geneva, Switzerland. WHO/CDS/TB/2002.295. 2002.

4. Korean academy of tuberculosis and respiratory disease. National
survey of mycobacterial disease other than tuberculosis in Korea.
Tuberc Respir Dis 1995;42:277-94. (gt el & $.57]5}3]. u| A3y
PES A= AEiRAL 23 9l 557] 89 199542:277-94)

5. Falkinham JO 3rd. Epidemiology of infection by nontuberculous
mycobacteria. Clin Microbiol Rev 1996;9:177-215.

6. Horsburgh CR Jr. Mycobacterium avium complex infection in the ac-
quired immunodeficiency syndrome. N Engl ] Med 1991,324:1332-8.

7. Hoffner SE. Pulmonary infections caused by less frequently encoun-
tered slow-growing environmental mycobacteria. Eur ] Clin Micro-
biol Infect Dis 1994;13:937-41.

8. Prince DS, Peterson DD, Steiner RM, Gottlieb JE, Scott R, Israel HL,
et al. Infection with Mycobacterium avium complex in patients with-
out predisposing conditions. N Engl ] Med 1989;321:863-8.

9. Wolinsky E. Nontuberculous mycobacteria and associated diseases.
Am Rev Respir Dis 1979;119:107-59.

10. Mori T. Atypical mycobacteriosis. Nippon Rinsho 2001;59(S):5197-
204.

11. Holdiness MR. Atypical mycobacterial infections. ] La State Med Soc
1990;142:31-8.

12. Kruger M. Atypical mycobacterium infections. Derm Beruf Umwelt



32

1990;38:109-17.

13. Diagnosis and treatment of disease caused by nontuberculous myco-
bacteria. This official statement of the American Thoracic Society was
approved by the Board of Directors, March 1997. Medical Section of
the American Lung Association. Am ] Respir Crit Care Med 1997;156:
S1-25.

14. Phillips MS and von Reyn CF. Nosocomial infections due to nontu-
berculous mycobacteria. Clin Infect Dis 2001;33:1363-74.

15. Park CM, Heo SR, Park KU, Song JH, Lee JH, Lee CT, et al. Isolation
of Nontuberculous mycobacteria using polymerase chain reaction-
restriction fragment length polymorphism. Korean ] Lab Med 2006;
26:161-7. (AR, SIS W2, ST olAE, oled 5
aadyte-AdHdo g ds o1 8st vl dddttt &
2]. iR ARe k2] 2] 2006,26:161-7.)

16. Nah J, Huh JW, Lee SH, Kim BC, Koh YS, Pai CH. Identification of
mycobacterium tuberculosis complex using a gene probe method.
Korean J Clin Pathol 1997,17:71-8. (U<, 514 ¢, o143, 154, 1L
<4, v} 21&. Gene Probe 5] 2]gt Mycobacterium tuberculosis
com- plex®] 54, tigtAAH 2] 5+3]%] 1997,17:71-8.)

17. National Committee for Clinical Laboratory Standards. Molecular
diagnostic methods for infectious diseases. Proposed guideline, 2nd
ed. MM3-P2. Wayne, Pa: NCCLS, 2005.

18. Noordhoek GT, van Embden JD, Kolk AH. Questionable reliability
of the polymerase chain reaction in the detection of Mycobacterium
tuberculosis. N Engl ] Med 1993;329:2036.

19. Leao SC, Sampaio JL, Martin A, Palomino JC, Portaels F. Profiling
Muycobacterium ulcerans with hsp65. Emerg Infect Dis 2005;11:1795-6

20. Reisner BS, Gatson AM, Woods GL. Use of Gen-Probe AccuProbes
to identify Mycobacterium avium complex, Mycobacterium tuberculosis
complex, Mycobacterium kansasii, and Mycobacterium gordonae direct-
ly from BACTEC TB broth cultures. ] Clin Microbiol 1994;32:2995-8.

21. Burman W] and Reves RR. Review of false positive cultures for My-
cobacterium tuberculosis and recommendations for avoiding unneces-
sary treatment. Clin Infect Dis 2000;31:1390-5.

22. Butler WR and Guthertz LS. Mycolic acid analysis by high-perfor-
mance liquid chromatography for identification of Mycobacterium
species. Clin Microbiol Rev 2001;14:704-26.

23. Butler WR, Jost KC Jr, Kilburn JO. Identification of mycobacteria by
high-performance liquid chromatography. J Clin Microbiol 1991;29:
2468-72.

24. Butler WR Floyd MM, et al. eds. Mycolic acid pattern standards for

HPLC identification of mycobacteria. Atlanta, Ga: Centers for Dis-
ease Control and Prevention, US department of health and human
services 1999:1-86.25. Butler WR, Floyd MM, et al. eds. Standardized
method for HPLC identification of mycobacteria. Atlanta, Ga: US
department of health and human services 1996:1-99.

26.Jeong J, Lee SH, Jeong US, Chang CH, Kim SR. Identification of my-
cobacteria using high performance liquid chromatography in clini-
cal specimens. Korean ] Clin Microbiol 2004;7:148-55. (-4, o141
T, A, AHE, A3 E A AANA High performance liquid
chromatography -2 ©]-88} mycobacteria®] 57%. g4 m]AY
=8}3]%] 2004;7:148-55.)

27. Euzeby JP ed. List of bacterial names with standing in nomenclature,
1998. Society for Systematic and Veterinary Bacteriology, London.
2002.

28. Tortoli E, Bartoloni A, Bottger EC, Emler S, Garzelli C, Magliano E,
et al. Burden of unidentifiable mycobacteria in a reference laborato-
ry. J Clin Microbiol 2001;39:4058-65.

29. Field SK and Cowie RL. Lung disease due to the more common non-
tuberculous mycobacteria. Chest 2006;129:1653-72.

30. Olivier KN. Nontuberculous mycobacterial pulmonary disease. Curr
Opin Pulm Med 1998;4:148-53.

31. Dobos KM, Quinn FD, Ashford DA, Horsburgh CR, King CH. Emer-
gence of a unique group of necrotizing mycobacterial diseases. Emerg
Infect Dis 1999;5:367-78.

32. Inderlied CB, Kemper CA, Bermudez LE. The Mycobacterium avium
complex. Clin Microbiol Rev 1993;6:266-310.

33. Primm TP, Lucero CA, Falkinham JO 3rd. Health impacts of envi-
ronmental mycobacteria. Clin Microbiol Rev 2004;17:98-106.

34. O Brien R], Geiter LJ, Snider DE Jr. The epidemiology of nontuber-
culous mycobacterial diseases in the United States. Results from a
national survey. Am Rev Respir Dis 1987;135:1007-14.

35.Kim KS, Shin YD, Ahn JW, Lee SK. Unclassified mycobacteria in
Korea epidermiological study on unclassified infection using puri-
fied tuberculin protein. Tuberc Respir Dis 1966;13:5-20. (&4 41
|, AL, ©]4d3 Unclassified mycobacteria®] &5} A 2
3l 1l 5.5 7] 23} 1966;13:5-20.)

36. Lee SK and Shin YD. Epidemiologic study on the unclassified myco-
bacteria in Korea. Tuberc Respir Dis 1967;14:12-38. (o] & A1-8-
G At o] st ok A 3l 557139 1967,14:
12-38.)

37.Kim SC and Kim SC. A study on unclassified mycobacteria isolated



HPLCH= 0E8t Mycobacteria2 S5

from human sputa. Tuberc Respir Dis 1970;17:33-42. (/4% 4 7]

AP, ArollA] Sl ] papabol Tk Q17 A9 W 5857
2%} 1970;17:33-42.)

38. Centers for Disease Control and Prevention. Nontuberculous my-
cobacteria reported to the public health laboratory information sys-
tem by state public health laboratories United States, 1993-1996. At-

33

lanta: Centers for Disease Control and Prevention, 1999.

39. Koh W], Kwon OJ, Jeon K, Kim TS, Lee KS, Park YK, et al. Clinical
significance of nontuberculous mycobacteria isolated from respira-
tory specimens in Korea. Chest 2006;129:341-8.

40. Yim JJ, Park YK, Lew WJ, Bai GH, Han SK, Shim YS. Mycobacterium
kansasii pulmonary diseases in Korea. ] Korean Med Sci 2005;20:957-60.



