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ABSTRACT

This study investigated the changes in the major etiologic organisms and clinical phenotypes
of nontuberculous mycobacterial lung disease (NTM-LD) over a recent 15-year period in
Korea. The increase of number of patients with NTM-LD was primarily due to an increase of
Mycobacterium avium complex (MAC) lung disease (LD). Among MAC cases, the proportion

of M. avium increased compared with M. intracellulare, whereas the incidence of M. abscessus
complex and M. kansasii LD remained relatively stable. The proportion of cases of the nodular
bronchiectatic form increased compared with the fibrocavitary form of NTM-LD.

Keywords: Nontuberculous Mycobacteria; Mycobacterium avium Complex; Mycobacterium
abscessus; Mycobacterium kansasii; Epidemiology; Republic of Korea

Nontuberculous mycobacteria (NTM) generally refer to mycobacteria other than
Mycobacterium tuberculosis complex and M. leprae.l The incidence and prevalence of NTM lung
disease (NTM-LD) are increasing worldwide including Korea,23 and among the more than
150 officially recognized NTM species, the most frequent human pathogens are M. avium
complex (MAC), M. abscessus complex (MABC), and M. kansasiil MAC, in which M. avium and
M. intracellulare are the main pathogens, is the most common etiology of NTM-LD.2,3 MABC
is the second most common etiology of NTM-LD in many countries and is currently divided
into three species (M. abscessus, M. massiliense, and M. bolletii), with M. abscessus complex

lung disease (MABC-LD) due predominantly to M. abscessus and M. massiliense.2:3 Although
previous studies suggest that species differentiation for these complexes has epidemiologic
and clinical implications,45 many studies report MAC or MABC as single entities.® In Korea,
previous studies showed that the NTM isolation rate and the number of patients with NTM-
LD have increased steadily.”12 However, the long-term trend of the changes of causative
organisms of NTM-LD was not available in Korea.
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NTM-LD typically comprises two major clinical phenotypes, namely, the fibrocavitary and
nodular bronchiectatic forms.! The fibrocavitary form (also known as upper lobe cavitary
form) is characterized by cavitary lesions, which occur predominantly in the upper lobes,
and usually develops in older males with underlying lung disease (LD) such as pulmonary
tuberculosis and/or chronic obstructive pulmonary disease.! The nodular bronchiectatic form
occurs predominantly in non-smoking postmenopausal women and presents as bilateral
bronchiectasis with multiple nodules and tree-in-bud opacities on high-resolution computed
tomography (HRCT).! The pathogenesis and prognosis of NTM-LD differ according to

the two clinical phenotypes.! However, there is very limited information on the long-term
change in the proportions of these clinical NTM-LD phenotypes. The purpose of this study
was to investigate the changes in the major etiologic organisms and clinical phenotypes of
NTM-LD over a recent 15-year period in Korea.

Consecutive patients who were diagnosed with NTM-LD caused by MAC, MABC, or M.
kansasii between January 2001 and December 2015 were identified from the NTM Registry
of Samsung Medical Center (a 1,979-bed referral hospital in Seoul, Korea). All patients
met the diagnostic criteria for NTM-LD,! and this study was approved by the Institutional
Review Board of Samsung Medical Center (IRB No. 2017-06-001). During the study period,
NTM species were identified by polymerase chain reaction (PCR)-restriction fragment
length polymorphism analysis of the rpoB gene or reverse-blot hybridization of rpoB.45
Radiologic phenotypes were classified by chest X-ray and HRCT. The fibrocavitary and
nodular bronchiectatic forms were defined by the presence of cavitary opacities in the upper
lobes and presence of bronchiectasis and multiple nodules on chest HRCT, respectively.
Unclassifiable disease, such as cases with solitary pulmonary nodules, lacked clear
characteristics of either form.13,14

The incidence of NTM-LD was calculated as the number of NTM-LD patients per annum
divided by the total number of patients, including inpatients and outpatients, who visited our
hospital per year, represented as cases per 100,000 inpatient and outpatient encounters. The
annual change in the observed proportion of NTM-LD was calculated using Poisson regression
models. All data sets were analyzed with SAS version 9.4 (SAS Institute, Cary, NC, USA).

A total 0f 2,329 patients were diagnosed with NTM-LD during the study. The median age of
patients diagnosed with NTM-LD was 60.0 years (interquartile range, 51.5-68.0 years), and
59% were women. The annual incidence of NTM-LD increased significantly from 7.0/100,000
in 2001 to 55.6/100,000 in 2015 (Fig. 1). The most common etiologic organism was MAC (n =
1,746; 75%), followed by MABC (n = 519; 22%) and M. kansasii (n = 64; 3%). The increasing trend
for M. avium complex lung disease (MAC-LD) incidence was similar to that for overall NTM-LD,
whereas the incidence of NTM-LD caused by MABC and M. kansasii was relatively stable over
time (Fig. 1). Among cases of MAC-LD, the proportion of M. avium infections increased from
30% in 2001 to 54% in 2015 (Ptrend < 0.001, Fig. 2A). For MABC, M. abscessus and M. massiliense
were differentiated in our institution beginning in March 2010, and the proportions of M.
abscessus and M. massiliense among cases of MABC were 54% and 46%, respectively.

Regarding clinical phenotypes of NTM-LD, the proportion of cases of the nodular
bronchiectatic form increased significantly from 56% in 2001 to 72% in 2015 (P trend <
0.001), while the proportion of cases of the fibrocavitary form decreased from 39% in 2001 to
20% in 2015 (Ptrend < 0.001, Fig. 2B).
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Fig. 1. Annual incidence of nontuberculous mycobacterial lung disease per 100,000 inpatient and outpatient
encounters.
MAC = Mycobacterium avium complex, MABC = Mycobacterium abscessus complex.
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Fig. 2. Changes in the proportion. (A) Mycobacterium avium and Mycobacterium intracellulare among patients with
Mycobacterium avium complex lung disease. (B) Clinical phenotypes of nontuberculous mycobacterial lung disease.
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This study evaluated recent changes in the epidemiology of NTM-LD in Korea. We
identified an increasing incidence of NTM-LD, largely due to an increase in MAC-LD as the
incidence of LD from other etiologic organisms, including MABC and M. kansasii, remained
relatively stable. We also identified an increasing proportion of M. avium compared with M.
intracellulare among MAC cases, and a significant increase in the proportion of the nodular
bronchiectatic form.

MAC was the most common etiologic organism identified in our study, and the increased
incidence of MAC-LD was the reason for the increased incidence of NTM-LD in Korea,
consistent with the reported experience of other countries.® Although M. avium and

M. intracellulare are infrequently differentiated in clinical practice and in many previous
epidemiologic studies, these organisms have a different epidemiology and pathogenesis.
Regarding MAC-LD in East Asia, M. avium is the most common causative species in Japan,
whereas M. intracellulare is the predominant organism in mainland China.1516 Another study
showed that household tap water was the main source of M. avium pulmonary infection,
whereas M. intracellulare pulmonary infections were acquired from environmental sources like
soil.17 These findings suggest that natural environmental factors, including soil, humidity,
and temperature; artificial environmental factors, such as modernized water supply systems;
and human behaviors, such as showering, may be responsible for the change in epidemiology
of NTM-LD in certain geographical regions.15

Within MABC, M. abscessus is the most common pathogen (45%—65%) followed by M. massiliense
(20%-55%), but their relative proportions vary according to geographic location.¢ Although
species differentiation was only available for the latter part of the present study, our results are
consistent with previous reports showing that the proportion of M. abscessus and M. massiliense
are similar to each other in Korea.514

The proportion of the nodular bronchiectatic form of NTM-LD has increased significantly
in recent years. Patients with nodular bronchiectatic NTM-LD are typically postmenopausal
women with a unique body morphotype, consisting of a slender body habitus, altered
immunophenotype, and mucociliary dysfunction!8 that increases their susceptibility

to environmental NTM exposure. Indeed, the prevalence of bronchiectasis increases
substantially with age in these patients, and they tend to have a high risk of acquiring
NTM-LD.19 However, it is unclear whether NTM-LD is a consequence or the cause of
bronchiectasis. There are increasing evidence that support both contentions.20

There were several limitations of the present study. First, the data were collected from a
single referral center with specialized NTM clinics, and the number of patients transiently
decreased in 20092010 and 2013-2015 in our hospital due to shortage of medical staff.
Therefore, the data may not be representative of Korea due to referral bias. Second,
environmental factors for each patient were not reviewed as part of this retrospective study.

In summary, the increase of number of patients with NTM-LD was primarily due to
an increase of MAC-LD. The proportion of M. avium infections among MAC and the
proportion of cases of the nodular bronchiectatic form of NTM-LD have significantly
increased over time.
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