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Non-tuberculous mycobacteria (NTM) are being recognized increasingly as the causative
agents of opportunistic infections in humans. This study investigated the epidemiologic
trends of NTM recovery from various clinical specimens in 2 Korean tertiary-care hospitals.
We reviewed the laboratory records of patient samples cultured for mycobacteria between
2009 and 2015 at 2 tertiary-care hospitals in Korea. The medical records for patients with
positive NTM samples were also reviewed. During the study period, 144,540 specimens
were cultured for mycobacteria. The proportion of NTM-positive samples increased from
23.3% in 2009 to 48.2% in 2015. The 2 most frequently isolated NTM were
Mycobacterium intracellulare (38.3%) and M. avium (23.1%). The number of clinically
significant diseases caused by NTM in inpatients and outpatients increased from 6.8 to
12.9 per 100,000 patients over the same period. The rates of recovery of NTM from clinical
specimens and the number of patients with NTM infections increased significantly
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INTRODUCTION

Non-tuberculous mycobacteria (NTM) are a diverse group of
species that are widespread in the environment. In addition to
the Mycobacterium tuberculosis complex and M. leprae, more
than 140 NTM species have been identified (1). Although the
majority of NTM species are considered to be only opportunis-
tic pathogens, some can cause pulmonary and extrapulmonary
diseases, such as lymphadenitis, skin and soft tissue infections,
and disseminated infections, even in immunocompetent hosts
(2). Thus, NTM are now recognized as an increasingly impor-
tant cause of lung disease in various parts of the world (3,4).
Clinical NTM isolates show geographic and environmental
variability, making them potential environmental health con-
cerns (5,6). In Korea, the NTM isolation rate has increased steadi-
ly (7). In late 2000, liquid culture methods were introduced in
Korea to improve the sensitivity of laboratory diagnoses. How-
ever, studies of NTM-associated disease are still insufficient, es-
pecially with respect to extrapulmonary infections. To better
understand the current epidemiologic trend of NTM-associat-
ed diseases, we studied the frequency of isolation and the spe-
cies distribution of NTM recovered from various clinical speci-
mens over a 7-year period at 2 Korean tertiary-care hospitals.
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(P<0.001, testing for trend) between 2009 and 2015.
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MATERIALS AND METHODS

Study population

We reviewed 7 years of clinical mycobacterial culture records,
including the NTM species, identified at 2 hospitals (Pusan Na-
tional University Hospital [PNUH] and Pusan National Univer-
sity Yangsan Hospital [PNUYH]) between January 2009 and
December 2015. For each isolate, we examined the medical re-
cords for information regarding the patient’s age and sex, speci-
men collection date and source, and species identified. Chart
reviews were performed for patients in whom NTM isolates
were detected to evaluate the clinical significance. We defined
“clinically significant infections” as those in which medical in-
terventions such as hospitalization or medication were required.

Pulmonary NTM case definition

Non-tubercular lung disease was defined according to the Amer-
ican Thoracic Society/Infectious Diseases Society of America
(ATS/IDSA) 2007 guidelines (1). In this most recent definition,
the bacteriological criteria have been simplified from the 1997
ATS criteria, allowing a shorter period for the diagnosis of NTM
lung disease and simplified diagnosis (8). The diagnosis of NTM
lung disease required the presence of: 1) compatible respirato-
ry symptoms; 2) compatible radiographic findings, nodular or
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cavity opacities on chest radiography, or multifocal bronchiec-
tasis with or without multiple small nodules on high-resolution
computed tomography; and 3) 2 positive sputum cultures or a
single positive bronchial washing fluid culture. We reviewed
the clinical, radiologic, and microbiological findings of all cul-
ture-positive patients for NTM. Patients with NTM pulmonary
disease included only those who met all the criteria presented
by the ATS/IDSA in 2007.

Extrapulmonary NTM case definition

We categorized cases of extrapulmonary NTM disease as skin
and soft tissue infections, disseminated disease, or lymphade-
nitis. Disseminated disease was diagnosed if the NTM isolate
was recovered from the patient’s blood or bone marrow and the
patient had compatible symptoms. Lymphadenitis was diag-
nosed if the culture of a biopsy specimen or lymph node dis-
charge yielded an NTM isolate. Skin and soft tissue infections
were diagnosed if a wound discharge or skin, subcutaneous tis-
sue, muscle, synovium, or bone biopsy specimen yielded an
NTM isolate. An “other” category was used for isolates recov-
ered from other normally sterile sites. M. gordonae isolates were
considered to be contaminants and were excluded from the
analysis.

Specimen processing

The preparation of clinical specimens for mycobacterial culture
followed the recommended guidelines (9). They were cultured
on 3% Ogawa medium (Eiken Chemical, Tokyo, Japan) for 8
weeks and inoculated into liquid medium for 6 weeks. For lig-
uid medium culture, Mycobacteria Growth Indicator Tube (MGIT)
medium (Becton Dickinson, Franklin Lakes, NJ, USA) was used
at PNUYH. At PNUH, the BacT/ALERT 3D system (Organon
Teknika, Boxtel, the Netherlands) was used. All cultures that
were positive for mycobacteria were routinely subjected to the
polymerase chain reaction (PCR) assay (LG Life Science, Dae-
jon, Korea) and MPT 64 test (Standard Diagnostics, Seoul, Ko-
rea) for differentiation between M. tuberculosis and NTM. Fur-
ther species identification was performed at the Korean Insti-
tute of Tuberculosis (KIT, Osong, Korea) at the request of the
charge physician. A multiplex PCR restriction fragment-length
polymorphism assay was performed for the rpoB gene until
2009, after which the test method was changed to a PCR-based
reverse line blot hybridization assay for the ITS gene (AdvanS-
ure Mycobacteria GenoBlot Assay; LG Life Sciences, Seoul, Ko-
rea) at the KIT.

Data analysis

The proportion of NTM isolates recovered from positive speci-
mens was calculated for each year. The proportion of patients
with clinically significant disease caused by NTM was calculat-
ed as the annual number of patients with NTM-associated lung
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disease divided by the total number of patients who visited the
2 participating hospitals over the course of that year, including
both inpatients and outpatients. The data were analyzed using
SPSS, version 22 (IBM Corp., Chicago, IL, USA). The linear-by-
linear association exact test was used to test for significant trends.

Ethics statement

The study protocol was reviewed and approved by the Institu-
tional Review Board of Pusan National University Yangsan Hos-
pital, and informed consent was waived by the committee (05-
2016-028).

RESULTS

Annual numbers of patients and specimens

During the study period, 144,540 specimens from 57,311 pa-
tients were submitted for mycobacterial culture. The number of
samples cultured per year for this purpose increased from 19,497
to 21,044 over the same period. Among the specimens, 35,081
(24.3%) were collected from extrapulmonary sites.

Changes in the proportions of NTM recovered

Among the cultured specimens, 16,188 (11.2%) from 7,624 pa-
tients were positive for mycobacteria, including M. tuberculosis.
Among the culture-positive specimens, 5,558 from 4,379 patients
were positive for NTM. The proportion of NTM recovered from
those samples increased significantly, from 24.8% in 2009 to
44.8% in 2015 (P < 0.001; test for trend) (Fig. 1).

Prevalence of NTM species

Among the 5,558 NTM cultures, species identification was re-
quested for only 1,069 specimens from 924 patients (19.2%).
Except for the case in which the same species was isolated re-
peatedly from the same patient, the most frequently isolated
NTM was M. intracellulare (38.3%), followed by M. avium (23.1%)
and M. abscessus (8.4%) (Table 1). A total of 8.1% of the cases in
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Fig. 1. Proportion of M. tuberculosis and NTM in mycobacterial cultures at PNUH and
PNUYH from 2009 through 2015.

NTM = non-tuberculous mycobacteria, PNUH = Pusan National University Hospital,

PNUYH = Pusan National University Yangsan Hospital.
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which 2 or more positive bands were detected at the same time
after the identification test was changed by the line probe assay
method in 2010. The most common mixed-infection species
were M. intracellulare and M. avium (2.5%), followed by M. in-
tracellulare and M. abscessus (1.7%) and M. intracellulare and M.
massiliense (0.9%). According to the sample collection site, the
specimens were divided into 2 groups: pulmonary or extrapul-
monary. Among the pulmonary specimens, NTM identification
was requested for 1,046 specimens from 900 patients (1,046/
5,433; 19.3%). From these samples, the most frequently isolated
NTM was M. intracellulare (38.9%), followed by M. avium (23.1%),
M. abscessus (8.4%), and M. kansasii (7.7%). Among the extra-

Table 1. Distribution of NTM species recovered at PNUH and PNUYH between 2009
and 2015

Identified species % of total isolates

M. intracellulare 38.3
M. avium 23.1
M. abscessus 8.4
M. fortuitum complex 7.8
M. kansasii 7.8
M. massiliense 5.2
M. lentiflavum or M. genavense 34
M. chelonae 1.9
M. terrae complex 1.4
M. aubagnense 0.2
M. flavescens 0.2
M. holsaticum 0.2
M. marinum 0.2
M. mucogenicum 0.2
M. phocaicum 0.2
M. porcinum 0.2
M. szulgai 0.2
M. ulcerans 0.2
M. celatum 0.1
M. fuerth 0.1
M. malmoens 0.1
M. scrofulceum 0.1
M. senegalense 0.1
M. septicum 0.1
M. shinjnkuens 0.1
M. xenopi 0.1

NTM = non-tuberculous mycobacteria, PNUH = Pusan National University Hospital,
PNUYH = Pusan National University Yangsan Hospital.

pulmonary specimens (tissue, body fluid, urine, and cerebro-
spinal fluid), NTM identification was requested for 24 specimens
from 24 patients (24/125; 19.2%), and the most frequent isolates
were M. avium (25.0%) followed by M. fortuitum complex (20.9%)
and M. intracellulare (16.7%).

Numbers of patients with clinically significant disease
caused by NTM

The total number of inpatients and outpatients who visited the
hospitals in one year increased from 1,681,930 to 2,115,986 over
the study period. The number of patients with clinically signifi-
cant disease caused by NTM increased from 6.8 to 12.9 per
100,000 patients. The increase was associated predominantly
with pulmonary disease (93.1%; Table 2 and Fig. 2), followed by
skin and soft tissue infection (6.6%).

DISCUSSION

We found that the annual proportion of NTM recovered from
clinical specimens and the prevalence of NTM-associated lung
disease increased significantly between 2009 and 2015, similar
to previous reports from Korea. Lee et al. (10) reported that the
annual percentage of NTM isolations had increased steadily
and that the proportion of patients from whom NTM were iso-
lated increased from 21.4% (2006) to 55.0% (2010). Similarly,
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Fig. 2. Number of NTM pulmonary and extrapulmonary diseases per 100,000 pa-
tients at PNUH and PNUYH from 2009 through 2015.
NTM = non-tuberculous mycobacteria, PNUH = Pusan National University Hospital,
PNUYH = Pusan National University Yangsan Hospital.

Table 2. Clinically significant disease caused by NTM at PNUH and PNUYH between 2009 and 2015

Diseases 2009 2010 2011 2012 2013 2014 2015 Total
Pulmonary disease 106 117 109 168 202 219 258 1,179 (93.1)
Skin and soft tissue infection 8 1 16 11 22 12 13 83 (6.6)
Disseminated disease 0 0 0 0 1 0 1 2(0.2)
Lymphadenitis 0 0 0 0 0 1 0 1(0.1)
Other 0 0 2" 0 0 0 0 2(0.2
Total 114 118 125 179 225 232 272 1,267 (100.0)

Values are presented as number (%).

NTM = non-tuberculous mycobacteria, PNUH = Pusan National University Hospital, PNUYH = Pusan National University Yangsan Hospital.

*Includes one patient with peritonitis and one with meningitis.
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Koh et al. (11) reported that the proportion of NTM, among all
positive mycobacterial respiratory specimen cultures, increased
from 43% in 2001 to 70% in 2011. Further, Park et al. (12) report-
ed that the proportion of NTM among positive mycobacterial
cultures increased from 22.2% in 2002 to 45.9% in 2008.

Despite the increasing tendency of NTM-associated disease
in our study, there was no significant change in the most com-
monly isolated species. These species were M. avium and M.
intracellulare, followed by M. abscessus, similar to other reports
from Korea (12). The prevalence of particular mycobacterial
species that are responsible for different diseases differs mark-
edly by geographic region. For example, in the United States
and Japan, M. avium, M. intracellulare, and M. kansasii are the
most common disease-associated species (1,13), whereas in
England and Scotland, M. kansasii and M. malmoense, respec-
tively, are the most common (14).

In our study, the most common NTM species isolated from
extrapulmonary specimens was M. avium (25.0%). M. intracel-
lulare is the most common species isolated from localized pul-
monary infections. M. abscessus was commonly found in skin
and soft tissue infections, consistent with findings from Taiwan
(15). However, among the extrapulmonary isolates, M. absces-
sus comprised 8.3% of the total, representing only a 0.9% higher
proportion of extrapulmonary isolates than of pulmonary spec-
imens.

Identification of clinical isolates to the species level is crucial
because the pathogenic potential (virulence) differs among spe-
cies. The various species also differ in the clinical spectrum of
disease they cause, as well as in their susceptibility to antimi-
crobial drugs. M. kansasii, M. avium, M. intracellulare, M. ab-
scessus, and M. massiliense show relatively high pathogenic po-
tential, whereas M. fortuitum does not. M. gordonae is one of
the least pathogenic NTM, and its isolation from the respiratory
tract is typically considered to represent contamination rather
than infection (16). This means that when NTM are isolated from
clinical specimen, species identification is as important as the
fact that an NTM was isolated. However, during our study peri-
od, the species was identified in only 19.2% of NTM-positive
cultures. Given the current ‘fee-for-service’ rule in our health-
care insurance reimbursement system, the identification of
NTM to the species level can be performed only at the request
of the clinician with the consent of patient. Although in cases
where NTM was designated the cause of clinically significant
infections requiring medical intervention, the species were not
always identified. This tendency was particularly pronounced
in the extrapulmonary specimens, particularly when NTM was
detected in skin and soft tissue infection-positive specimens
from 24 patients. When NTM is detected in skin and soft tissue
infections, many surgeons administer empiric antibiotics when
their patients have positive mycobacterial cultures, without a
request for identification of isolates or antimicrobial suscepti-
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bility tests. However, the need for identification to the species
level is increasing to guide precise diagnosis and treatment. There-
fore, it is necessary to identify the species in every case when
NTM is isolated in the mycobacterial culture. In addition, this
low rate of requests for identification of NTM to the species lev-
el suggests that clinicians do not consider NTM to be important
pathogens. These organisms are widely distributed in the envi-
ronment, including in soil and water (17). Therefore, the isola-
tion of NTM from respiratory specimens does not imply that the
patient has an NTM-associated disease. When NTM are isolat-
ed from clinical specimens, the percentage of patients with clin-
ically significant NTM-associated disease seems to differ accord-
ing to the diagnostic criteria used and the global region. In Amer-
ica and European countries, 40%-50% of culture-positive pa-
tients are found to have NTM-associated disease (12,18), where-
as only 30%-40% of culture-positive patients in Korea have con-
firmed NTM-associated disease.

The number of patients with newly diagnosed NTM-associ-
ated lung disease also increased steadily during our study peri-
od. Several explanations can be offered. The most popular ones
are improved laboratory techniques and the increased propor-
tion of the population at risk for such disease (19). The labora-
tory techniques probably enhance the sensitivity of mycobacte-
rial recovery. For example, the introduction of liquid culture
methods enabled us to detect both M. tuberculosis and NTM
with greater sensitivity than did the solid-medium method. Al-
though we did not compare the results of solid and liquid cul-
ture methods, Lee et al. (10) reported that NTM positivity was
significantly higher for liquid culture methods. Globally, the in-
creasing number of individuals with immunodeficiencies, chron-
ic debilitating conditions, and advanced age are contributing to
the growing awareness of the pathogenic importance of NTM.
Thus, the growing number of patients with NTM infections over
the course of our study might be attributable to better diagnosis
and to the growing at-risk population.

A variety of clinical information is required to confirm that
NTM have caused a significant infection. Since the applicable
clinical diagnosis criteria were established in 2007, healthcare
utilization and computed tomography imaging of the chest have
increased. These increases may also contribute to the more fre-
quent diagnosis of NTM-related lung disease.

The limitations of this study are that only 19.2% of all NTM
strains were identified to the species level. The results therefore
should be interpreted with caution, as they may not reflect the
overall distribution of NTM species accurately. Because this
study was retrospective, we could not evaluate all the specimens
in which the NTM species were not identified. The reason only
a small portion of the isolates were sent for species identifica-
tion was that all medical activities are fee-for-service, and iden-
tification is requested only when patients revisited and agreed
to pay for the service. This system resulted in late diagnosis and
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underestimated the significance of NTM diseases. Kim et al.
(20) pointed out these problems and suggested a solution for
our health insurance reimbursement system services. But the
system has not changed.

In conclusion, we found that the annual percentage of NTM
recovered from clinical specimens and the prevalence of pa-
tients with NTM infections both increased significantly from
2009 to 2015. The proportion of NTM isolates also has been ris-
ing steadily, accounting for 44.8% of all mycobacteria recovered
in 2015 at the 2 study hospitals. Further, the number of clinically
significant diseases caused by NTM is rising. The most frequent-
ly isolated species were M. intracellulare and M. avium.
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