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Identification of Mycobacteria using High Performance Liquid
Chromatography in Clinical Specimens

Joseph Jeong!, Seon Ho Lee!, Ue-Suk Jeong*, Chulhun L. Chang? Sung-Ryul Kim*

Department of Laboratory Medicine?, Ulsan University Hospital, Ulsan, Korea; Department of Laboratory Medicine?,
College of Medicine, Pusan National University, Busan, Korea

Background : As tuberculous and nontuberculous mycobacterial infections are increasing, it is
very important to differentiate the myobacterial species. High performance liquid chromatography
(HPLC) method has been proven to be a useful technique for the identification of mycobacteria. The
purpose of this study was to investigate the identification rate using HPLC and to know nontuber-
culous mycobacterial distribution in Ulsan University Hospital.

Method : Mycobacteria grew in 959 clinical specimens, which were analyzed by HPLC, and their
distribution was reviewed by retrospective studies.

Results : The patterns of HPLC were divided into single, double, and triple cluster groups which
consist of 9, 20, and 4 species of mycobacteria respectively. The identification rate of mycobacteria
by HPLC was 98.9%, And the rate of nontuberculous mycobacteria in mycobacterial culture positi-
ve specimens was 12.2%.

Conclusion : HPLC is an excellent tool for mycobacterial identification. And the culture rate of
nontuberculous mycobacteria in clinical specimens is increasing in Korea.

(Korean J Clin Microbiol 2004;7(2):148-155)

Key words : Mycobacterium tuberculosis, Nontuberculous mycobacteria, HPLC, Mycobacterial
identification.
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Table 1. Standard mycobacterial strains used in this study
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Mycobacterium species Description Mycobacterium species Description
M. abscessus ATCC 19977 M. marinum ATCC 927
M. acapulsensis KTCC 9501 M. mucogenicum ATCC 49650
M. agri ATCC 27406 M. nonchromogenicum ATCC 19530
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 H37Rv ATCC 27294
M. gordonae ATCC 14470 M. vaccae ATCC 15483
M. intracellulare ATCC 13950 M. xenopi ATCC 19250
M. kansasii ATCC 12478

Table 2. Distribution of M. tuberculosis and nontuberculous mycobacteria identified using HPLC from clinical specimens.

M. M. M. M. M. M. M. M. M. unclassified
Specimen tuberculosis kansasii  gordonae intracellulare avium  abscessus peregrinum fortuitum marinum  NTM Total(%)

(%) (%) (%) (%) (%) (%) (%) %) (%) (%)
Sputum 772(80.5) 33(3.4) 20(2.1) 24(2.5) 9(0.9) 404) 20.2) 1(0.1) 1(0.1) 6(0.6) 872(90.0)
Bronchial aspiration 26(2.7) - 1(0.1) - - - - - - 2(0.2) 29(3.0)
Urine 6(0.6) - 10(1.0) - - - - - - 2(0.2) 18(1.9)
Pleural fluid 13(14) - - - - - - - - - 13(1.4)
CSF 7(0.7) - - - - - - - - - 7(0.7)
Pus 404) - - - 1(0.1) - - - - 1(0.1) 6(0.6)
Stool 404) - - - - - - - - - 4(04)
Gastric aspiration 404) - - - - - - - - - 4(04)
Bone marrow 3(03) - - - - - - - - - 3(0.3)
Joint fluid 1(0.1) - - - - - - - - - 1(0.1)
Tissue 1(0.1) - - - - - - - - - 1(0.1)
Ascitic fluid 1(0.1) - - - - 1(0.1)
Total 842(87.8) 33(34) 31(3.2) 24(25) 10(1.0) 404) 20.2) 1(0.1) 1(0.1) 11(1.2) 959(100)

Abbreviation: NTM, nontuberculous mycobacteria.
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Fig. 1. Characteristic HPLC chromatograms of 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. triviale; (I) M. tuberculosis.
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Fig. 2. Characteristic HPLC chromatograms of Mycobacterium species with double-cluster peak patterns. (A) M. abscesus; (B)
M. acapulsensis; (C) M. agri; (D) M. avium; (E) M. celatum; (F) M. chelonae; (G) M. diernhoferi; (H) M. flavescens; (I) M.
fortuitum; (J) M. gilvum; (K) M. intracellulare; (L) M. mucogenicum; (M) M. nonchromogenicum; (N) M. peregrinum; (O) M.
phlei; (P) M. porcinum; (Q) M. scrofulaceum; (R) M. smegmatis; (S) M. terrae; (T) M. xenopi.

313t} ale 2 M. tuberculosis 5-2] 90| 43} tH(Fig. 1). Dou-
ble culster Lol = M. abscesus, M. acapulsensis, M. agri,

2 1 M. avium, M. celatum, M. chelonae, M. diernhoferi, M. fla-

vescens, M. fortuitum, M. gilvum, M. intracellulare, M. mu-

1. &7 9 H|ZHs] sAl#o| HPLC SA cogenicum, M. nonchromogenicum, M. peregrinum, M. ph-

lei, M. porcinum, M. scrofulaceum, M. smegmatis, M. terrae,

AT TS 33 = L Ak wjj ko] kAo 2 3 = M. xenopi 52 20 0] E 35 ] tH(Fig. 2). Triple culs-
Q1 9597 A ] HPLC 3 €12 mycolic acid peakE©] &5 ter ZL&-ofl & M. austroafricanum, M. pulveris, M. simiae 2
A A g nEA g R B peakE Aboldl 54 A M. vaccae 5¢] 4F°] 3= ATH(Fig. 3). 7 cluster 15
9l single, double & triple cluster %4}-S H It} o] &3l #F= ZH2He] clustertl] @] peak 4=, peak 4]

Single cluster 7Z-5-°l| == M. asiaticum, M. bovis, M. gastri, Al7t 2 peak o] H| &S V| Eo R HAeHY FFEY

M. gordonae, M. kansasii, M. marinum, M. szulgai, M. trivi- HPLC sj€l 3} ) Z38le] H = =335}t 9594 A =9
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Fig. 3. Characteristic HPLC chromatograms of Mycobacterium species with triple-cluster peak patterns. (A) M.
austroafricanum; (B) M. pulveris; (C) M. simiae; (D) M. vaccae

A 1A S A 9] g 948H A & 57 5l 98.9%2 5% & AEH[1720], dRtA o 2 Ao Rty defzl
= B2t FAgA 5o v A Fgikitol= BV fle A B
AL H 2 k] SRl wel A8 oE AT '
2. Zsip AU H[Z garol AMAAUNM 7 OB R[18,1921], FAkdte] #F S FAe] -3
EE2I(Table 2) ) 2ol thers] =3ttt
AA7A A 2 v A2 Frbate] HEo de o
Fab G FPES AAFRE 11.9%, FAFEE SH e deHd s A= EAY A=
14.6% ATt d#FHE= 2 to] 8427 (376%) 2.2 ) of @ A|gto] A, v A gibete] A folle adF
F & AA Y 878%A L Bl A Akt 11771(72%) GA7EA] G Et7] ol H o gk ikt el wF g
O 122%%Ath. v A k& M. kansasii 3371 w23 g esirta de ] FFELAMN-SH, A
(3.4%), M. gordonae 3171(3.2%), M. intracellulare 2471 222 58 wol A}gdta 9o, o] IHEL ¢
(2.5%), M. avium 1071 (1.0%), M. abscessus 471(0.4%), M. o o3t YU E] =AY, T3t v 2 FJAT S =
peregrinum 271 (0.2%), M. fortuitum 173(0.1%), M. mari- T A2 5+ gAY, 4 FE2EE AAE Aok sl
num 171(0.1%) 2 unclassified H] 23 3FA-F 1171(1.2%) @ So] 9uH11-14]. ¥+, HPLCE ©] &3 A3 2
o EXE B v A8 gAd FTHHLE TF 5ol 4 mycolic acide]
HPLCY o & #A]ste] 42 HPLC |l & =ae] o5
il So) HPLC o813} o) 23ke] B4k oz 9o &

HEo FEA m=3 P wHoz dafA 9l

DI AANA AT B AT AEF LAY [15162223].
7] 9% A4 el H2 FAYRA AP S Butler %5{15.161& 1991'd HPLCY ©. 2 A #7223} 31
Z7ksh Rl o Qwsel whet vl glA Frhek  RAY EBF BAY peakE L Al 1139 AN
1 Qe s FAEe BYE ) FeSHIT0L % uAY FAFS Esdn, 20003 A7 R 0
S nAe gade YT 8o 9o Bxahu o] 8 FAF| HPLC 9 H L single. double, 3! triple cluster
A AARRE BYSeE P4 o g Bdsy]  Ade A 1o BRAAEU, 22 18,23, % 15%



EFE AL o] FFoll T T EL 8%t Kt
o} =3 v ko] AW A AE(CDO) AN & A S
&3k 205 9] FabS 2E ] 93 7 F 504 my-
colic acid®] HPLC s}l 9] FF<¢HS 19961 7 19994 o

A A A 8t eH22-23].

o

B AT A E 335 G HFE FFE o] §31]
HPLC €13} o 3o ) 33elFe) 5< 5939

© 1, single cluster L5 ol & M. tuberculosisE ¥ &3l 9%
o], double culster 29| &= M. avium, M. intracellulare =
2] 20 0], triple culster ZLE-f] &= M. austroafricanum %2J
4% o] 2= At vl 7l o] /F<9] peak clusterE 7}A| =
multi cluster 152 AA7IA =51, HIA 571 &
A=A & 25 &3l J=d[15], ¥ A3
A e AEHA KUt A v g Fd
H 9594 A FolA 11AAE | eF 9487 A o o
Tt 98.9%9] T HAFES B ¢4 HE
stol s 4= 919t}

2 T MAA
2] vretel| A o] w2 gakate] A
gl A QA g2, 1960 o] v A ko] Hlx
[24-271= v oF kA AAZ 1% v ke 2, 19701 71[28]
S Ato A Ead v A PAFL 27% = Hudd
AFo A E v Ad gikaro] 1177 (729H) 0.2 H)
42]4 122%2 Yehg 70d ) o] F 2] Yt

Fgaratel HEEol dids] Sk A& &

ofN ot

2 0% o
o2 ¢
o
N r
& 2
:;
. E
2 oo (T

£ > N i

far ox 3o I
fo o 1 2

diﬂcﬂl/ﬂ FelEE gt &
17 ek, 19959 thghAa s 2
Abe e Gt A A
1981'd B8] 1994 74A] 143 7F 2 158 7 A 9
AS A3 Ayl v 23 Ak Fy B ok
M. avium-intracellulare 10471(65.2%), M. fortuitum 2074
(12.7%), M. chelonae 1571(9.5%), M. gordonae 771(4.4%),
M. terrae 571 (3.2%), M. scrofulaceum 374 (1.9%), M. kansa-
sii 271(1.3%), M. szulgai 271 (1.3%), M. avium-intracellula-
re & terrae 171(0.6%) o] 2} 1. X 313} T}.

o] 9] ‘ﬂ}‘?ﬁﬂ H AF A= 20029 1€ HE 20039 62
A WA e 7170 Beke] $4F A @ hepy e
ol AZ&H v Ae galtito] 117AC R 1981 dFE 14
Wz XH,LX* o2 71%3 158719 3/40] Sulels =L 7

pud

a|

N R e zo M g
&

2 b o K
iwrﬂ4>5

foby
oz
o

o

EE §].o] zﬂ- 0lo) 57 = v‘:}.jw_

T UL, ITF M. avium-intrace-

llulare, M. fortuitum, M. chelonae S-& At 7+ 34
=, M. kansasii, M. gordonae 5& At & Z7} FASZ B

ol=H|, ol = v =] A=A AE A 19939 F-E 1996
W7ZMA AL vl A E ka4 FA[26]19 AR
o a8y B AFo s 187199 #e 717t et g

HaE oA A&E v a8 Jigd ENS ez x
Abat 7] wZoll, -2 vkl HdA A 3 S-S
& shetal] FelA e AL Holn BEAT AR e

g0 2 pkd.

MR, olME, Mol HEE, UNE

o] A+ A o A mycobacteria

o449 Az HPLCH &
9 Hol S5 EAYYS 2

o] =2 98.9%2] W
°13}9 T}, T3 HPLCH & o] &3l v A3 Ao A=
s g FA A A 122%2 YERY $-8] gl A

= v 2 gkt HEEo] g F713 AL &l
i

o

=

il
d
¢

R
2 ] 5 8.5kt HPLCH gL
Aol = Eo| A mycohc a01d-4 H
stel £ ok Wolth ool & QAo
o] &gk HPLCY & ©] &3} e
= R R R A
£ 35k, ksl v

ol r:u
= o
i o
_?(_g

M ope o
RN
i g

N

f

i)
1%

0
i)
o
offt
o 024.1
2,
of M

o
O

[
ol

r:u_&
o
i

o

o

LAk

st A} sk AT
B 1 3% 2 719} ul %] £} B A wl) X] 21 Mycobacterium
Growth Indicator Tube2] T v %] = 3} 7)} o] A+<] ujj ] o
A A g FHoR ERE 959AAE R
HPLCH 2. 2 7333} 3} ¥l 2 single, double, triple 2 multi
cluster 3| & & o] &3l W] 2 Fo 2 E/3ta, 7249
clustert] ©] peak <=, peak %] A|ZF & peak o] H] &<
ZEo 2 RFWFES HPLC HH 7 Bzl HF F
eI
2 1} : HPLC 3 &1 single, double, ¥ triple cluster
B3 747} 9,20, 9 4F o] E3E o). Akt
F3 Q1 959 A Tl A LA E A2 g 948 A &
tod 98.9%2] 54 ¥ ES Btk v Ad gkt

S A HAe) 122%9 -

A 2 :HPLCH 2 447 Al o 4] mycobacteria®] &
Aol 98.9%¢] MM E S Hol 223 =AWl S 8olE
At HPLCH & o] &3 vj 28] gitio] A& ‘ﬂ] ==
& 99 A9 0252 e ol ol 4 a2
2ol dgel 271 2 € S1E 5 23

(A A - v

Mo X
© g

S

e

i

J

0

o2
ox 1l
0, rulo

[e]

O

fo oft =
ox,
2 oly

jus)
=

=l

Ho
rar

1. Raviglione MC, Snider MC Jr, Kochi A. Global epidemi-
ology of tuberculosis. Morbidity and mortality of a worl-
dwide epidemic. JAMA 1995;273:220-6.

2. World Health Organization. Strategic framework to dec-
rease the burden of TB/HIV. 2002; WHO/CDS/TB/
2002.296, WHO/HIV_AIDS/02.2.

3. World Health Organization. Global Tuberculosis Control.
WHO Report. Geneva, Switzerland. 2002; WHO/CDS/
TB/2002.295.



DMdsAMI2otE D2 uHE o/ 28t oto|ZHE|2|ote] S

4.01@A9 2 557198 &9 Q. AN FNT S
A Ae AL 23 2 55723 1995:42:277-94.

5. Falkinam JO III. Epidemiology of infection by nontu-
berculous mycobacteria. Clin Microbiol Rev 1996;9:
177-215.

6. Horsburgh CR Jr. Mycobacterim avium complex infection
in the acquired immunodeficiency syndrome. N Engl J
Med 1991;324:1332-8.

7. Hoffner SE. Pulmonary infections caused by less frequen-
tly encountered slow-growing environmental mycobac-
teria. Eur J Clin Microbiol Infect Dis 1994;13:937-41.

8. Prince DS, Peterson DD, Steiner RM. Infection with My-
cobacterim avium complex in patients without predispo-
sing conditions. N Engl ] Med 1989;321:863-8.

0. 455, AL, T AT HA L, 8. Poly-
merase Chain Reaction (PCR)S- o] -& 3+ Z 3 o] zI ¢t
HI AT AL T F ) H 2 1992;39:517-25.

10. b=, sl 9, 01 3], &4, &4, Wl 4. Gene
Probe W ol 2] 3} Mycobacterium tuberculosis complex
o] &% . &) 2l gts] A 1997;17:71-8.

. Noordhoek GT, Kolk AH, Bjune G, Catty D, Dale JW,
Fine PE, et al. Sensitivity and specificity of PCR for de-
tection of Mycobacterium tuberculosis: a blind compari-

1

—_

son study among seven laboratories. J Clin Microbiol
1994,32:277-84.

12. Noordhoek GT, van Embden JD, Kolk AH. Questionable
reliability of the polymerase chain reaction in the detec-
tion of Mycobacterium tuberculosis. N Engl J Med 1993;
329:2036.

13. Reisner BS, Gatson AM, Woods GL. Use of Gen-Probe
AccuProbes to identify Mycobacterium avium complex,
Mycobacterium tuberculosis complex, Mycobacterium
kansasii, and Mycobacterium gordonae directly from
BACTEC TB broth cultures. J Clin Microbiol 1994;32:
2995-98.

4. 148,08, Fad, olds, 32 E, &4 .05
F71 AAelA Ao HES A3 Amplified My-
cobacterium tuberculosis Direct Teste] A A2 §8A4].
o 3+ A H 2] &3] %] 1999;19:315-9.

15. Butler WR and Guthertz LS. Mycolic acid analysis by

16.

18.

19.

20.

21.

22.

23

24.

25.

26.

27.

28.

155

High-Performance Liquid Chromatography for identifi-
cation of Mycobacterium species. Clin Microbiol Rev
2001;14:704-26.

Butler WR, Jost KC, Kilburn JO. Identification of Myco-
bacteria by High-Performance Liquid Chromatography. J
Clin Microbiol 1991;29:2468-72.

. Morri T. Atypical mycobacteriosis. Nippon Rinsho 2001;

59: (suppl7) 197-204.

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

Kruger M. Atypical mycobacterium infections. Derm Be-
ruf Umwelt 1990;38:109-17.

Wolinsky E. Nontuberculous mycobacteria and associa-
ted diseases. Am Rev Respir Dis 1979;119:107-59.
Wallace RJ Jr, O Brien R, Glassroth J, Raleigh J, Dutt
A. Diagnosis and treatment of disease caused by nontu-
berculous mycobacteria. Am Rev Respir Dis 1990;142:
940-53.

Butler WR, Floyd MM, Silcox V, Cage G, Desmond E,
Duffey PS, et al. Mycolic acid pattern standards for
HPLC identification of mycobacteria. Centers for Di-

sease Control and Prevention, Atlanta, Ga 1999.

. Butler WR, Floyd MM, Silcox V, Cage G, Desmond E,

Duffey PS, et al. Standardized method for HPLC identifi-
cation of mycobacteria. Centers for Disease Control and
Prevention, Atlanta, Ga 1996.

ARG, 2182, k21 9. Unclassified Mycobacteria2]

detA A3 Zdal 2 535743 1966;25:5.
ol g B A& v Pk o A AT
A9 9 5572 3%H1967;28:1.

Centers for Disease Control and Prevention. Nontubercu-
lous mycobacteria reported to the public health laborato-
ry information system by state public health laboratories
United States, 1993-1996. Centers for Disease Control
and Prevention, Atlanta, Ga 1999.

T3, b, a4 23, dsd, A4A .
v A ntol 2 weedFe] 9 Ad. 28 9 5 F
712 3} 1992;39:425-432.

AR R QA Aol A BelE v EFGAT
T. A3 g9l 55714 2 1970;17:33-42.

)
Y o
re,

gl



