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We used HPLC and AdvanSure real-time PCR (LG Life Sciences, Korea) to retrospectively
analyze non-tuberculous mycobacteria (NTM) in 133 clinical specimens. The specimens
were culture-positive for NTM and the HPLC method identified 130 strains of mycobacte-
ria from the cultures (97.7%) at the species level. Among the isolates, 48 Mycobacterium.
kansasii (36.1%), 39 M. intracellulare (29.3%), 17 M. avium (12.8%), 16 M. abscessus
(12.0%), 6 M. fortuitum (4.5%), 2 M. szulgai (1.5%), 2 M. gordonae (1.5%), and 3 unclas-
sified NTM strains (2.3%) were identified. The real-time PCR assay identified 60 NTM-pos-
itive specimens (45.1%), 65 negative specimens (48.9%), and 8 M. tuberculosis (TB)-posi-
tive specimens (6.0%). The real-time PCR assay is advantageous because of its rapid
identification of NTM. However, in our study, the real-time PCR assay showed relatively low
sensitivity (45.1%) when using direct specimens including sputum and bronchoalveolar la-
vage (BAL) fluid. HPLC is useful as it discriminates NTM at the species level, although it is
time-consuming and requires specific equipment and technical expertise. A combination
of both methods will be helpful for the rapid and accurate identification of mycobacteria in
clinical laboratories.
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The incidence of non-tuberculous mycobacteria (NTM) infec-
tion has increased in the Korean population, with a simultane-
ous increase in the elderly and immunocompromised popula-
tions [1-3]. However, the widespread nature of NTM infection
can make it difficult to diagnose [4, 5]. To diagnose mycobacte-
rial infection, laboratories generally adopt biochemical methods,
real-time PCR assays, and HPLC. In particular, real-time PCR
has several advantages, such as a short turn-around time by
the use of direct specimens and high sensitivity and specificity
[5, 6]. However, the risk of contamination is high, and therefore,
multiple steps are required. In addition, it is difficult to identify
NTM at the species level [7, 8]. The AdvanSure TB/NTM real-
time PCR assay (LG Life Sciences, Seoul, Korea) cannot dis-
criminate the NTM at the species level; however, it can identify
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Mycobacterium tuberculosis (TB) and distinguish it from NTM
before the growth of acid-fast bacilli (AFB). HPLC is another
method used to identify mycobacterial infection as it analyzes
the mycolic acids in an organism, and can evaluate various my-
cobacterial species [9-11]. In this study, we discuss the useful-
ness of real-time PCR and the HPLC method for isolating NTM.
We retrospectively analyzed the data from 133 NTM positive
specimens, including sputum and bronchoalveolar lavage (BAL)
fluid, obtained from the department of laboratory medicine, Ul-
san University Hospital, University of Ulsan College of Medicine,
Ulsan, Korea, between January and December 2011. The speci-
mens were processed for AFB culture and were inoculated in 3%
Ogawa solid egg-based medium (Asan Pharmaceutical, Seoul,
Korea) and Mycobacteria Growth Indicator Tube liquid medium
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(Becton Dickinson, Sparks, MD, USA) at the same time, accord-
ing to the CLSI protocols [12]. The DNA from the 133 clinical
specimens was extracted and amplified using the AdvanSure
TB/NTM real-time PCR Kit following the manufacturer’s proto-
col. The SLAN real-time PCR detection system (LG Life Science,
Seoul, Korea) was used to measure the fluorescence during
PCR. A positive result was indicated when the signal was ob-
served in each channel and the cycle threshold (c1) value was
less than 35 cycles.

To identify NTM, HPLC was performed, and the results were
compared against the patterns of the standard Mycobacterium

Table 1. Standard mycobacterial type strains used

Mycobacterial species Description  Mycobacterial species  Description
M. abscessus ATCC19977 M. kansasii KTCC9515
M. acapulsensis KTCC9501 M. marium ATCC927
M. agri KTCC9502 M. morikaense KTCC9516
M. asiaticum KTCC9503 M. mucogenicum springer ATCC49650
M. avium ATCC25291 M. non-chromogenicum — ATCC19530
KIT41106 M. peregrinum ATCC14467
KITA1128 M. phlei KTCC2192
KIT41197 KTCC9087
ATCC35719 M. porcinum KTCC9517
M. bovis ATCC19210 M. pulveris KTCC9518
M. celatum butler ATCC51131 M. scroflaceum ATCC19981
M. diernohoferi KTCC9506  M.simiae karasseva et al.  ATCC25275
M. flavescens ATCC14474 M. smegmatis KTCC9108
M. fortuitum KIT60108 Mycobacterium species ~ KTCC1829
KIT60111 M. szulgai KTCC9520
KIT60112 M. terrae ATCC15755
KITe0113 M. trivial ATCC23292
KTCC9510 M. tuberculosis H37Rv ~ ATCC27294
KTCC1122 ATCC 19250
M. gastin wayne ATCC15754 M. vaccae ATCC15483
M. gordonae ATCC14470 M. xenopi schwabacher ~ ATCC19250
M. interacellulare KITA1105 M. chimaera JCM14737
KIT41179 M. colombiense JCM16228
KIT41192
KTCC9514
ATCC13950

Abbreviations: KTCC, Korean Type Culture Collection; JCM, Japan Collection
of Microorganisms; KIT, Korean Institute of Tuberculosis.
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species [5, 6], which were obtained from the ATCC standard My-
cobacterium species, the Korean Type Culture Collection (KTCC)
standard Mycobacterium species, the Korean Institute of Tuber-
culosis (KIT) standard Mycobacterium species, and the Japan
Collection of Microorganisms (JCM) standard Mycobacterium
species (Table 1). The HPLC instruments were equipped with
the Waters 2690 separation module (Milford, MA, USA), a re-
verse phase analytical cartridge column, (3.9%x75 mm), packed
with 3 pym silica (Nova-pak C18), and a photodiode array detec-
tor (Waters Corporation, Milford, MA, USA). For the low-molecu-
lar and high-molecular weight internal standards, 6,7-dimethoxy-
4-coumarinylmethyl ester and p-bromophenyl ester were used.
The HPLC samples were prepared by cell harvesting, saponifi-
cation, extraction, and a clarification to isolate mycolic acids.
The prepared samples were subjected to HPLC analysis using
the ultraviolet detector. Each cluster group was identified by its
number of peaks, retention times, and relative peak heights [10].
Among the 133 specimens, 60 samples were NTM positive
(45.1%), 65 samples were negative (48.9%), and 8 samples
were TB positive (6.0%; Table 2) by real-time PCR. Among the
36 specimens that were AFB smear-positive, 23 (63.8%) were
NTM-positive according to the real-time PCR assay (Table 3).
The HPLC patterns for the vast majority (97.7%) of the 133
strains of mycobacteria obtained from culture matched those of
the 34 standard Mycobacterium species (Table 1). Three speci-
mens (2.3%) did not match any of the standards and were
grouped into the “unclassified NTM” category (Table 2). In total,
7 NTM species were identified and the rest were termed as un-
classified NTM. In the single-cluster group, 3 species, namely,
M. kansasii, M. szulgai and M. gordonae, were identified. In the

Table 2. Results of HPLC and real-time PCR assay in non-tubercu-
lous mycobacteria species

HPLC e e Negative  TB positive NTM positive Total N (%)

M. kansasii 22 5 21 48 (36.1)
M. intracellulare 21 1 11 39(29.3)
M. avium 11 0 6 17(12.8)
M. fortuitum 1 1 4 6 (4.5)
M. abscessus 2 0 14 16 (12.0)
M. szulgai 0 0 2 2(1.5)
M. gordonae 0 0 2 2(L.5)
Unclassified NTM 2 1 0 3(2.3)
Total N (%) 65 (48.9) 8(6.0) 60 (45.1)  133(100)

Abbreviations: TB, M. tuberculosis; NTM, non-tuberculous mycobacteria.

http://dx.doi.org/10.3343/alm.2013.33.5.349



Park JS, et al.
PCR and HPLC for NTM analysis

double-cluster group, there were 4 NTM species, M. intracellu-
lare, M. abscessus, M. avium, and M. fortuitum. The distribu-
tion of identified NTM species was as follows: 48 M. kansasii
(36.1%), 39 M. intracellulare (29.3%), 17 M. avium (12.8%), 16
M. abscessus (12.0%), 6 M. fortuitum (4.5%), 2 M. szulgai
(1.5%), 2 M. gordonae (1.5%), and 3 unclassified NTM (2.3%;
Table 2).

Discrepant results were obtained for 8 specimens that were
positive for TB by real-time PCR, but positive for NTM by HPLC
(Table 4). We performed the real-time PCR assay on the culture
isolates from the 8 discrepant samples, and found 7 specimens
positive for NTM and only the first specimen contained both TB
and NTM strains. Species analysis was limited because we did
not use a more precise method such as DNA sequencing.

The Centers for Disease Control and Prevention (CDC) sug-
gested an algorithm for the diagnosis of mycobacterial infection

Table 3. Smear and real-time PCR results of clinical specimens

Real-time PCR result

AFB smear Total N
Negative TB positive ~ NTM positive
Negative 55 5 37 97
Trace 1 0 11 12
+1 4 0 6 10
+2 3 0 3 6
+3 0 3 1 4
+4 2 0 2 4
Total N 65 8 60 133

Abbreviations: AFB, acid fast bacilli; TB, M. tuberculosis; NTM, non-tuber-
culous mycobacteria.
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that includes AFB staining, AFB culture, nucleic acid amplifica-
tion testing, and HPLC [13]. The real-time PCR assay is useful
as it has the advantage of rapid identification of mycobacteria
by using direct specimens. This test could provide information
regarding the type of mycobacteria present, which could con-
ceivably aid in the selection of subsequent tests and may de-
crease diagnostic delays by reducing unnecessary testing. The
AdvanSure real-time PCR assay has an overall sensitivity of 66.7-
100%. Specifically, 86.8-100% specificity was obtained using
AFB smear-positive specimens [6, 14, 15], and 55.6-75% sensi-
tivity in NTM isolation assays [6, 15]. In our study, the real-time
PCR assay showed 45.1% sensitivity (95% confidence interval,
36.5-53.9%) among the clinical specimens determined to be
NTM-culture-positive. Among the AFB smear-positive speci-
mens, the real-time PCR assays showed 63.8% sensitivity (95%
confidence interval, 46.2-78.6%) with respect to NTM detection.
This difference is attributed to the numbers involved in the study
and the high proportion of smear-negative results among the
samples (97/133, 72.9%). Real-time PCR is limited by false-pos-
itive and false-negative results that dictate the need to perform
microbial cultures to confirm the findings.

On the other hand, HPLC assay discriminates the NTM at the
species level (97.7%), although it requires particular equipment
and technical expertise. With respect to the species distribution,
M. kansasii, M. intracellulare, M. abscessus, and M. avium were
the most common. Comparatively, Koh et al. [16], reported that
M. avium and M. abscessus were most often found, which may
reflect the local characteristics.

In conclusion, real-time PCR is useful allowing the rapid iden-
tification of mycobacteria by direct specimens; however, it has

Table 4. Characteristics of the discrepant specimens that were positive for tuberculosis by real-time PCR but culture-positive for NTM by

HPLC

Gender/Age (yr) Type of specimen HPLC identification N* Treatment Progress
1 Med Sputum Unclassified NTM 1 HRZE Remission
2 W45 Sputum M. kansasii 5 HRZE failure of eradication
3 W82 Bronchial aspiration M. fortuitum 1 Clarithromycin+RMP+EMB Under treatment
4 M4 Bronchial aspiration M. kansasii 2 HRZE Under treatment
5 F73 Sputum M. kansasii 1 HRZE Remission
6 M55 Sputum M. kansasii 4 HRZE Remission
7 M78 Bronchial aspiration M. intracellulare 2 HRZE 2 Mo~ Under treatment

Clarithromycin+RMP+EMB

8  M/62 Sputum M. kansasii 3 HRZE Remission

*N: Number of positive culture results.

Abbreviations: M, male; F, female; NTM, non-tuberculous mycobacteria; HRZE, isoniazid, rifampin, ethambutol and pyrazinamide; RMP, rifampin; EMB, eth-

ambutol; Mo., month.
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relatively low sensitivity. The HPLC method has high sensitivity,
and is also useful for determining the species level identify of or-
ganisms, although the culture growth requirement is time-con-
suming. A combination of both methods will enable the rapid
and accurate identification of mycobacteria in clinical laborato-
ries.
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