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Species identification of nontuberculous mycobacteria (NTM) is challenging due to the increasing number of identified
NTM species and the lack of standardized testing strategies. The objectives of this study were to investigate the distribu-
tion of NTM species recovered from respiratory specimens by multigene sequence-based typing and to evaluate the clinical
significance of identified species. Two hundred thirty-two consecutive clinical NTM isolates were subjected to sequencing
of multiple genes, including hsp65, rpoB, and 16S-23S rRNA internal transcribed spacer (ITS) sequence. In addition, clini-
cal data from all patients whose specimens had NTM isolates were analyzed to examine clinical virulence and treatment
history. Eighteen strains from 227 isolates from 169 patients were successfully identified at the species level by multigene
sequence-based typing. Mycobacterium avium complex and M. abscessus complex made up the majority of isolated NTM (88%;
199/227), followed by M. fortuitum complex (4%; 10/227). The pathogenic potential of NTM differs enormously by species, and
M. avium complex and M. abscessus complex revealed especially high levels of virulence compared with findings for other NTM
species. The results from our work support M. avium complex and M. abscessus complex being the most common NTM species
with highly pathogenic potential isolated from clinical respiratory specimens and could be a good resource for molecular epide-
miology of NTM species in South Korea.

All members of the genus Mycobacterium, excepting M. tuber-
culosis and M. leprae, are considered nontuberculous myco-

bacteria (NTM) and are frequently isolated from environmental
sources, including surface or tap water and soil (1). Currently,
more than 160 mycobacterial species/subspecies are listed in the
Genus Mycobacterium database (http://www.bacterio.cict.fr/m
/mycobacterium.html; accessed on 22 August 2013), and the
number of newly identified NTM is increasing. Recent data
suggest that the incidence of lung disease caused by NTM with
or without predisposing risk factors has been growing world-
wide (2–6). However, epidemiologic data on the distribution
and clinical significance of NTM lung disease are still scarce
because NTM lung disease is not a reportable condition in most
countries.

In South Korea, NTM was first described as a cause of myco-
bacterial lung disease in 1981 (7); since then, the frequency of
isolation of NTM from clinical specimens has shown a continuous
increase. Since the 2000s, the frequency of NTM isolation has been
reported to be 12 to 38% of mycobacterial culture-positive speci-
mens, and the number of patients with NTM disease has also been
considerable, with a frequency of 8 to 49% of isolated NTM (8–
15). The isolation of NTM species from respiratory specimens is
not sufficient evidence for the diagnosis of clinically significant
NTM lung disease, since there are also clinical, radiographic, and
microbiological criteria (1).

Recently, various genotype-based methods for the identifica-
tion of NTM have been developed to rapidly identify mycobacte-
ria, including commercially available molecular probes, PCR-re-
striction fragment length polymorphism (RFLP), and sequencing
(16–18). However, determining an accurate distribution of NTM
can still be problematic due to the different detectable ranges and
sensitivities of different methods. Moreover, given the large num-
ber of identified NTM species, the wide spectrum of NTM viru-
lence, and the lack of standardized diagnostic strategies, it is diffi-

cult to make an accurate NTM identification. Thus, the objectives
of the present study were to investigate the distribution of NTM
species recovered from respiratory specimens by multigene se-
quence-based typing (hsp65, rpoB, and 16S-23S rRNA internal
transcribed spacer [ITS] sequences) and to evaluate their clinical
significance.

MATERIALS AND METHODS
Study subjects and protocols. All clinical NTM isolates with positive my-
cobacterial cultures at Samsung Medical Center (a tertiary referral hospi-
tal in South Korea) during the month of July 2012 were candidates for this
study. Of the NTM isolates, we included samples from newly diagnosed
patients, so that those from previously diagnosed patients with NTM
lung disease were excluded from this study. NTM isolates recovered
from nonrespiratory specimens were also excluded. For identification
of the isolated NTM, multigene sequence-based typing of hsp65, rpoB,
and the ITS was performed. Based on the typing results, we analyzed
the distribution of NTM species and their clinical significance. This
study was approved by the Institutional Review Board of Samsung
Medical Center.

Identification of NTM species. In our laboratory, liquid and solid
culture methods for mycobacterial culture were performed simultane-
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ously with every clinical specimen, improving the sensitivity of laboratory
diagnosis. Specimens from the liquid culture method were preferred for
DNA extraction. If liquid culture specimens were not available, several
colonies grown on Ogawa medium were selected for the procedure. Sam-
ples were heated in a boiling-water bath for 10 min and centrifuged for 3
min. The supernatant was used to perform hsp65, rpoB, and ITS sequence
analysis according to the protocol in Clinical and Laboratory Standards
Institute (CLSI) guideline MM18-A (19). PCR primer sets for hsp65, rpoB,
and the ITS were used according to published reports (20–22). The se-
quences obtained were analyzed using GenBank. hsp65 gene sequences
were further validated using a recently developed public database for the
hsp65 gene (23).

Evaluation of clinical significance of isolated NTM. Clinical infor-
mation from all patients with NTM isolates was analyzed, including age,
gender, presence or absence of pulmonary symptoms and/or characteris-
tic radiologic findings, and treatment history. Patients with NTM lung
disease met the diagnostic criteria provided by the American Thoracic
Society (1), including characteristic findings of NTM on high-resolution
computed tomography scans, such as bilateral bronchiectasis combined
with multiple small nodules and branching linear structures. Patients
were further investigated for clinical virulence of isolated NTM. In the
present study, the virulence, or the degree of pathogenicity as indicated by
the ability of the organism to invade the tissues of the host, was defined by
the proportion of patients with NTM lung disease out of all patients for
whom NTM was isolated from a respiratory specimen.

RESULTS
Numbers of patients and specimens. During the study period, a
total of 2,817 clinical specimens were cultured for mycobacte-
rium. Of these specimens, 100 samples with M. tuberculosis iso-
lates were observed (3.5%; 100/2,817), and 367 samples of NTM
isolates were observed (13.0%; 367/2,817). Of the NTM iso-
lates, 235 (64.0%; 235/367) were newly recovered NTM sam-
ples from 175 patients and were subsequently submitted for
identification. The sources of the 235 NTM isolates were 232
respiratory specimens (sputum, 95.3% [224/235]; bronchial
wash, 2.1% [5/235]; or lung tissue, 1.3% [3/235]) and three
nonrespiratory specimens (eye discharge, 0.4% [1/235]; and
bone tissue, 0.9% [2/235]).

NTM distribution by multigene sequence-based typing.
Among the 232 NTM respiratory specimens submitted for
identification, 5 specimens were excluded from analysis be-
cause of a lack of PCR product or unsatisfactory sequence qual-
ity of the target genes (n � 5; strains 14, 34, 148, 158, and 193).
Thus, a total of 227 specimens from 169 patients were success-
fully identified at the species level by multigene sequence-based
typing (97.8%; 227/232). The distribution of NTM species is
summarized in Table 1. The most commonly identified organ-
ism was M. avium complex (MAC) (59.9%; 136/227), followed by
M. abscessus complex (27.8%; 63/227), M. fortuitum complex
(4.4%; 10/227), M. gordonae (2.2%; 5/227), M. terrae complex
(1.3%; 3/227), and other NTM species. Only one M. kansasii iso-
late was observed (0.4%; 1/227) in the current study. Mixed iso-
lations from two separate patients, M. massiliense (hsp65) with M.
avium (rpoB) and M. abscessus (hsp65) with M. intracellulare
(rpoB), were confirmed by analyzing different target gene se-
quences (0.8%; 2/227).

Nine strains from the fifteen isolates which were relatively un-
common organisms in South Korea were categorized into species
after multigene sequence-based typing. We found M. lentiflavum
(1.8%; 4/227), M. marseillense (0.4%; 1/227), M. colombiense
(0.4%; 1/227), M. conceptionense (1.3%; 3/227), M. peregrinum

(1.3%; 3/227), M. porcinum (0.4%; 1/227), M. algericum (0.9%;
2/227), M. senuense (0.4%; 1/227), and M. negraskense (0.4%;
1/227). In the majority of cases (66.7%; 10/15), coinfection with
M. tuberculosis or other NTM species, such as M. intracellulare, M.
massiliense, M. avium, M. fortuitum, or M. szulgai, was found (data
not shown).

Clinical significance of isolated NTM. One hundred eleven
patients met the diagnostic criteria for NTM lung disease. The
average age of the patients was 61.3 � 13.2 years (range, 24 to 92
years). Sixty-eight patients were female, and forty-three were
male, yielding a female-to-male ratio of 1.6:1. The patients with
NTM lung disease had infections as follows (Table 2): MAC,
65.8%, 73/111 (M. avium [36.9%; 41/111] and M. intracellulare
[28.8%; 32/111]); M. abscessus complex, 28.8%, 32/111 (M. ab-
scessus [18.9%; 21/111] and M. massiliense [9.9%; 11/111]); M.
fortuitum complex, 2.7%, 3/111 (M. fortuitum [1.8%; 2/111] and
M. porcinum [0.9%; 1/111]); M. kansasii, 0.9%; 1/111; and mixed
infection, 1.8%; 2/111. As summarized in Table 2, virulence (B/A)
is defined as the proportion of patients with NTM lung disease (B)
out of all patients with isolated NTM in the present study (A). The
MAC, M. abscessus complex, and M. fortuitum complex were
more virulent than other species. None of the cases of NTM lung
disease were caused by M. marseillense, M. colombiense, M. che-

TABLE 1 Comprehensive identification by hsp65, rpoB, and ITS
sequencing

Organism

Identificationa

No. (%) of
isolatesb

No. (%) of
patients

M. avium complex 136 (59.9) 102 (60.4)
M. avium 81 (35.7) 64 (37.9)
M. intracellulare 53 (23.3) 36 (21.3)
M. marseillense 1 (0.4) 1 (0.6)
M. colombiense 1 (0.4) 1 (0.6)

M. abscessus complex 63 (27.8) 41 (24.3)
M. abscessus 44 (19.4) 25 (14.8)
M. massiliense 18 (7.9) 15 (8.9)
M. chelonae 1 (0.4) 1 (0.6)

M. fortuitum complex 10 (4.4) 9 (5.3)
M. fortuitum 3 (1.3) 3 (1.8)
M. peregrinum 3 (1.3) 2 (1.2)
M. conceptionense 3 (1.3) 3 (1.8)
M. porcinum 1 (0.4) 1 (0.6)

M. gordonae 5 (2.2) 5 (3.0)
M. lentiflavum 4 (1.8) 4 (2.4)
M. terrae complex 3 (1.3) 2 (1.2)

M. algericum 2 (0.9) 1 (0.6)
M. senuense 1 (0.4) 1 (0.6)

M. mucogenicum 2 (0.9) 2 (1.2)
M. kansasii 1 (0.4) 1 (0.6)
M. nebraskense 1 (0.4) 1 (0.6)
M. massiliense (hsp65) � M. avium (rpoB) 1 (0.4) 1 (0.6)
M. abscessus (hsp65) � M. intracellulare (rpoB) 1 (0.4) 1 (0.6)
a Total: n � 227 isolates; n � 169 patients.
b Among a total of 235 NTM isolates needing identification, 8 isolates were excluded
from analysis due to either being nonrespiratory specimens (n � 3; strains 79, 80, and
81) or having no PCR product or unsatisfactory sequence quality of the target gene
(n � 5; strains 14, 34, 148, 158, and 193).
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lonae, M. peregrinum, M. concentionense, M. gordonae, M. lentifla-
vum, M. terrae complex, M. mucogenicum, or M. nebraskense.
Treated individuals accounted for 91 of the patients with NTM
lung disease (82.0%; 91/111), with a frequency ranging from 75.6
to 100.0% (Table 2).

DISCUSSION

The findings of this study support the hypothesis that the patho-
genic potential of NTM differs enormously by species, and as a
result, the predictive value of a positive culture for disease depends
on the NTM species identified in that culture. The present study is
the first to confirm the distribution and clinical significance of
NTM recovered from respiratory clinical specimens by multigene
sequence-based typing in South Korea.

Similar to previously published data for South Korea, MAC
and M. abscessus complex make up the majority of isolated NTM
(87.7%; 199/227), followed by M. fortuitum complex (4.4%; 10/
227) in the current study. In Japan and many other countries, M.
kansasii is endemic, but in our data, only one M. kansasii isolate
was observed (0.4%; 1/227). Compared to previous studies of
NTM distribution in several tertiary-care hospitals in South Ko-
rea, there were a number of differences in distribution of NTM,
although the most commonly isolated NTM was generally MAC
(Table 3) (8–11, 14, 15, 24, 25). In most studies using molecular
methods, M. abscessus was the second-most-common species, but
in a high-performance liquid chromatography (HPLC) study,

where HPLC is used to identify NTM species by analyzing the
mycolic acids in an organism, it ranked only 4th or 5th in
prevalence among all of the isolated NTM (15, 24). Rather, M.
kansasii was the 1st- or 2nd-most-common NTM species in stud-
ies using HPLC (15, 24). Considering that the studies using the
HPLC method were all performed in the same region, the differ-
ence in the epidemiologic data may be representative of the sig-
nificant geographic variability of NTM. Another hypothesis is that
HPLC is less discriminative for the identification of closely related
NTM species, although it is a highly sensitive and reliable method
(1). Since the recognition of new species is difficult, HPLC analysis
may be less useful in the future, since identification of NTM spe-
cies will be accomplished by genotypic methods.

MAC includes 2 well-known NTM species, M. avium and M.
intracellulare. These two species could be differentiated only by
genotypic methods, not by traditional phenotypic or biochemical
tests. Our data demonstrated that M. avium is more frequently
isolated than M. intracellulare (35.7% [81/227] versus 23.3% [53/
227]). Interestingly, the incidence of M. avium has been steadily
increasing in South Korea (Table 3). It has been documented that
M. intracellulare is the more virulent of the two, and infections
of M. intracellulare require more intensive treatment than those of
M. avium (1, 26). Although there is currently no recommendation
for the routine separation of MAC isolates into M. avium and M.
intracellulare, it could have important prognostic and therapeutic
implications in the future.

TABLE 2 Clinical significance of NTM isolated in the present study

Organism

No. (%) of patients for whom: Proportion (%) with:

NTM was
isolated (A)

NTM lung disease
was found (B)

NTM lung disease
was treated (C)

Disease,
B/Aa

Treatment,
C/Bb

M. avium complex 102 (60.4) 73 (65.8) 59 (64.8) 71.6 80.8
M. avium 64 (37.9) 41 (36.9) 31 (34.1) 64.1 75.6
M. intracellulare 36 (21.3) 32 (28.8) 28 (30.8) 88.9 87.5
M. marseillense 1 (0.6) 0 (0.0) 0 (0.0) 0.0 NAc

M. colombiense 1 (0.6) 0 (0.0) 0 (0.0) 0.0 NA

M. abscessus complex 41 (24.3) 32 (28.8) 27 (29.7) 78.0 84.4
M. abscessus 25 (14.8) 21 (18.9) 17 (18.7) 84.0 81.0
M. massiliense 15 (8.9) 11 (9.9) 10 (11.0) 73.3 90.9
M. chelonae 1 (0.6) 0 (0.0) 0 (0.0) 0.0 NA

M. fortuitum complex 9 (5.3) 3 (2.7) 2 (2.2) 33.3 66.7
M. fortuitum 3 (1.8) 2 (1.8) 2 (2.2) 66.7 100.0
M. peregrinum 2 (1.2) 0 (0.0) 0 (0.0) 0.0 NA
M. conceptionense 3 (1.8) 0 (0.0) 0 (0.0) 0.0 NA
M. porcinum 1 (0.6) 1 (0.9) 0 (0.0) 100.0 NA

M. gordonae 5 (3.0) 0 (0.0) 0 (0.0) 0.0 NA
M. lentiflavum 4 (2.4) 0 (0.0) 0 (0.0) 0.0 NA
M. terrae complex 2 (1.2) 0 (0.0) 0 (0.0) 0.0 NA
M. mucogenicum 2 (1.2) 0 (0.0) 0 (0.0) 0.0 NA
M. kansasii 1 (0.6) 1 (0.9) 1 (1.1) 100.0 100.0
M. nebraskense 1 (0.6) 0 (0.0) 0 (0.0) 0.0 NA
M. massiliense � M. avium 1 (0.6) 1 (0.9) 1 (1.1) 100.0 100.0
M. abscessus � M. intracellulare 1 (0.6) 1 (0.9) 1 (1.1) 100.0 100.0

Total 169 (100.0) 111 (100.0) 91 (100.0) 65.7 82.0
a Proportion of patients with NTM lung disease among patients with isolated NTM (B/A).
b Proportion of treated patients among those with NTM lung disease (C/B).
c NA, not applicable.
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Molecular methods have replaced conventional biochemical
tests for the identification of NTM. With the use of PCR-RFLP,
DNA probe technology has broad commercial availability, includ-
ing products from AccuProbe (Gen-Probe, San Diego, CA),
INNO-LiPA (Fujirebio, Ghent, Belgium), GenoType (Hain Life-
science GmbH, Nehren, Germany), and REBA Myco-ID (YD Di-
agnostics, Yongin, Republic of Korea), and is one of the most
widely used methods in many diagnostic laboratories (16, 27).
The different detection ranges of commercial assays are illustrated
in Fig. 1. Although the INNO-LiPA and GenoType assays are
widely used in many laboratories worldwide, the expected cover-
age rate for a given specimen from this study was less than that of
the REBA Myco-ID assay (INNO-LiPA, 63%, versus GenoType,
87%, versus REBA Myco-ID, 92%). In the current study, M.
massiliense was relatively commonly observed (7.9%; 18/227), fol-
lowing M. abscessus (19.4%, 44/227). M. massiliense has been rec-
ognized as a separate species from M. abscessus, as well as having a
different response to antibiotic therapy (28). REBA Myco-ID is
the only commercial method with the ability to differentiate M.
massiliense from M. abscessus. However, DNA probes could not
identify all the NTM species recovered from clinical specimens,
representing a major limitation. Furthermore, REBA Myco-ID
incorrectly identified a number of NTM isolates (5.2%; 12/227)
(see Tables S1 and S2 in the supplemental material). The discor-
dant results may have originated with cross-reaction of the probe
in the test, and thus the test is not able to differentiate members of
closely related NTM species.

The pathogenic potential of NTM differs enormously by spe-
cies. Notably, the more commonly recovered NTM species also
show the highest virulence rates. Thus, the MAC and M. abscessus
complex were more highly virulent than the other NTM species,
followed by the M. fortuitum complex (72% versus 78% versus
33%). Interestingly, M. fortuitum was found to have a relatively
high pathogenic potential of 66.7% in this study (Table 2). M.

fortuitum is included in the rapidly growing group of mycobacte-
ria in which visible colonies can be produced within 7 days, and
many clinicians believe that M. fortuitum is not often pathogenic.
However, M. fortuitum has been identified as a pathogenic NTM
species in several previous studies (29–31). According to a recent
study in a Japanese population, the second-most-common rapidly
growing mycobacteria pathogen was M. fortuitum, following M.
abscessus (31). It has been shown that lung disease caused by M.
fortuitum usually occurs in patients with predisposing factors,
such as malignancy, renal transplantation, chronic reflux disease,
achalasia, bronchiectasis, or cystic fibrosis. In the current study,
two patients with M. fortuitum lung disease showed cavitary con-
solidation in a chest computed tomography scan and received
specific antibiotic therapy using azithromycin and moxifloxacin.
In the less commonly isolated NTM species, such as M. marseil-
lense, M. colombiense, M. algericum, M. senuense, and M. ne-
braskense, no patients fulfilled the diagnostic criteria for lung dis-
ease or received treatment. Several well-known environmental
contaminants, M. gordonae, M. lentiflavum, M. chelonae, and M.
mucogenicum, also showed no virulence in the current study.
However, since our institution is a tertiary-care hospital, patients
included in this study could have a higher prevalence of more
advanced NTM lung disease. In addition, the results might be
biased by the inclusion of a single institution. Further accumula-
tion of data from multi-institutional studies could be helpful to
overcome these limitations.

Advances in DNA sequencing and the increasing number of
sequences available in databases have greatly improved the bacte-
rial identification process. The use of multiple appropriate genes is
gaining momentum due to the lack of genetic heterogeneity
within single target genes in the genus Mycobacterium (18, 32).
Many target genes, such as hsp65, rpoB, ITS, gyrB, danA, recA, and
secA1, have been described (19). The gene hsp65, which is more
variable than the 16S rRNA gene, is an effective target gene, espe-

TABLE 3 Current and prior studies of NTM distribution at several tertiary-care hospitals in Koreaa

Organism

No. (%) of isolates identified for reference and method [target gene(s)]

Lee et al.,
2005 (9);
RFLP
[rpoB]

Koh et al.,
2006 (14);
RFLP
[rpoB]

Ryoo et al.,
2008 (25);
RFLP [rpoB]

Jeong et al.,
2008 (15);
HPLC

Yang, 2011
(8); RFLP
[rpoB]

Lee et al.,
2012 (11);
genotyping
chip [ITS]

Lee et al.,
2012 (10;
RFLP
[rpoB]

Park et al.,
2013 (24);
HPLC

This study;
sequencing
[hsp65, rpoB,
ITS]

MACb 138 (42) 491 (32) 6,974 (57) 87 (23) 74 (48) 127 (67) 263 (76) 56 (42) 134 (59)
M. avium 62 (19) 230 (15) 1,777 (15) 38 (10) 67 (35) 141 (41) 17 (13) 81 (36)
M. intracellulare 76 (23) 261 (17) 5,197 (42) 49 (13) 60 (32) 122 (35) 39 (29) 53 (23)

M. abscessus 37 (11) 442 (29) 2,076 (17) 25 (7) 21 (14) 31 (16) 63 (18) 16 (12) 44 (19)
M. massiliense 18 (8)
M. chelonae 7 (2) 29 (1) 123 (1) 6 (2) 2 (1) 4 (2) 1 (0.4)
M. fortuitum 64 (15) 268 (17) 992 (8) 34 (9) 5 (3) 10 (5) 8 (2) 6 (5) 3 (1)
M. gordonae 33 (10) 188 (12) 679 (6) 44 (12) 14 (9) 1 (1) 2 (2) 5 (2)
M. terrae 28 (9) 52 (3) 8 (2) 2 (1) 1 (0.3)
M. mucogenicum 3 (1) 14 (4) 1 (1) 2 (1)
M. kansasii 13 (4) 27 (2) 631 (5) 61 (16) 13 (8) 9 (5) 7 (2) 48 (36) 1 (0.4)
M. szulgai 1 (0.4) 36 (2) 85 (1) 19 (5) 6 (4) 1 (0.3) 2 (2)
Othersc 4 (1) 15 (1) 699 (16) 86 (22) 18 (12) 5 (3) 2 (1) 3 (2) 19 (7)

Total 328 (96) 1,548 (99) 12,259 (110) 384 (100) 154 (100) 189 (100) 345 (100) 133 (100) 227 (100)
a Abbreviations: MAC, M. avium complex; HPLC, high-performance liquid chromatography; RFLP, restriction fragment length polymorphism.
b MAC includes 2 mycobacterial species, M. avium and M. intracellulare.
c The remaining NTM species are not described in the table.
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cially in rapidly growing mycobacteria. A recently developed pub-
lic database for hsp65 sequences makes the gene more useful for
identification of NTM (23). The gene rpoB, which encodes a sub-
unit of RNA polymerase and is widely used in NTM identification,
has good power of discrimination (17). The ITS region has been
suggested to represent a potential target, since it contains both
conserved and highly variable signatures (33). However, the lim-

itations of the ITS are evident because its rate of PCR amplification
is rather low (91.4%; 212/232) compared to the rates for hsp65 and
rpoB (98.7 [229/232] and 94% [219/232]) in the current study.

Taken together, the results from our work support that MAC
and the M. abscessus complex were the most common NTM spe-
cies with highly pathogenic potential isolated from clinical respi-
ratory specimens. Molecular identification based on multigene

FIG 1 Schematic representation of detection ranges for NTM species by commercial assays. The expected detection coverage was calculated based on the
proportions given for the identified NTM species for which data on multigene sequence-based typing were available. Other NTM species, which consisted of
rarely isolated organisms (less than 2%), include M. nebraskense, M. marseillense, M. colombiense, M. porcinum, and M. senuense. The following DNA strip
technology was used: AccuProbe (Gen-Probe, San Diego, CA), INNO-LiPA (Fujirebio, Ghent, Belgium), GenoType (Hain Lifescience GmbH, Nehren, Ger-
many), and REBA Myco-ID (YD Diagnostics, Yongin, Republic of Korea). PCR-RFLP was carried out using PRA Myco-ID (YD Diagnostics, Yongin, Republic
of Korea).
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sequence-based typing allowed for the possibility of complete cov-
erage of isolated NTM from clinical specimens.
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