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INTRODUCTION

Nontuberculous mycobacteria (NTM) are a family of the 
Mycobacterium species distinct from the Mycobacterium 
tuberculosis complex and Mycobacterium leprae [1]. They 
are ubiquitous organisms in the environment and can 
reside in soil, natural water, or tap water [2]. Previously, 
NTM was not thought to be a common disease pathogen 

in immunocompetent hosts, and NTM infections have 
been seen more frequently in immunocompromised 
patients, such as organ transplant recipients, cancer pa-
tients, and patients with acquired immunodeficiency 
syndromes [3,4].

Patients with rheumatoid arthritis (RA) are thought to 
have an increased risk of developing infections, which 
may be related to immunologic disturbances caused by 
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Background/Aims: Nontuberculous mycobacteria (NTM) infection has been 
increasing worldwide in both general population and immunocompromised pa-
tients, which has also been reported in rheumatoid arthritis (RA) patients. This 
study aimed to identify the incidence and clinical characteristics of NTM infec-
tion in RA patients living in tuberculosis (TB) infection endemic area.
Methods: We performed a retrospective analysis of NTM infection cases in our 
RA registry at a tertiary referral center from January 1995 to December 2013. The 
clinical features of them were compared to those of 52 TB infection patients from 
same registry.
Results: Among 1,397 patients with RA, NTM infection was newly developed in 26 
patients and the incidence of NTM infection was 164.8 per 100,000 patient-years. 
The Mycobacterium avium complex was the most frequent isolate (76.9%). None of 
the NTM infections had extrapulmonary involvement, which was rather common 
in TB infection (26.9%). Patients with NTM infection were older, received higher 
cumulative steroid doses, and had higher rates of past TB infection history and 
concomitant interstitial lung disease (ILD) than cases with TB infection. 
Conclusions: In South Korea, NTM infection is not rare in RA patients, and in-
fection rates are growing. Physicians should be cautious about NTM infection in 
patients with a history of TB infection or concomitant ILD, even living in TB en-
demic area.
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RA itself or to immunosuppressive therapies [5-7]. To 
date, there have been several studies on NTM infection 
in RA patients [8-13]. However, most of these studies 
focused on NTM infection during anti-tumor necro-
sis factor (TNF) therapy or were conducted in Western 
countries where NTM infection is more common than 
tuberculosis (TB) infection.

In our current study, we describe the incidence and 
clinical characteristics of NTM infection in RA patients 
by comparison with TB infection, which is endemic in 
South Korea.

METHODS

A retrospective, longitudinal cohort study was per-
formed on RA patients at a tertiary hospital in South 
Korea. From January 1995 to December 2013, a total 
of 1,428 patients were diagnosed with RA. Of these, 31 
were excluded because of a short follow-up duration (< 
6 months). Therefore, electronic medical records from 
1,397 patients were reviewed. All data available up to Feb-
ruary 28, 2015 were used. A diagnosis of NTM infection 
was made using the criteria proposed by the American 
Thoracic Society/Infectious Disease Society of America 
(ATS/IDSA) in 2007 [14]. TB was diagnosed if M. tubercu-
losis was isolated from any clinical specimen or if DNA 
for M. tuberculosis was detected by polymerase chain 
reaction analysis in any clinical specimen (bacteriolog-
ically confirmed TB) [15]. Patients with negative myco-
bacterial culture results but a high clinical likelihood 
of active TB infection and good clinical/radiographic 
responses to anti-TB treatment were also considered 
active TB patients (clinical TB infection). Clinical infor-
mation was collected at the time of diagnosis of NTM 
or TB infection in the following areas: demographic 
characteristics, laboratory data, radiologic findings, mi-
crobiological data, and treatment outcome. Radiological 
abnormalities were classified according to the follow-
ing four patterns seen on chest computed tomography: 
nodular/bronchiectatic (NB), fibrocavitary (FC), NB + FC, 
and other types [16].

Statistical analysis
All continuous variables were expressed as mean ± SD. 
Categorical variables were reported as numbers and 

percentages. To estimate the incidence of NTM and TB 
infection among RA patients, we divided the number of 
NTM or TB cases by the total number of patient-years 
of follow-up. Continuous variables were compared by a 
Student t test or the Mann-Whitney U test, while cate-
gorical variables were compared by the chi-square test 
or Fisher exact test. Statistical significance was defined 
as p < 0.05. Data were analyzed using SPSS version 18.0 
(SPSS Inc., Chicago, IL, USA).

This study fulfilled the ethical guidelines of the Dec-
laration of Helsinki (as revised in Brazil 2013) and re-
ceived approval from the Institutional Review Board of 
the Asan Medical Center (number 2015-0333).

RESULTS

Incidence of NTM infection
Among 1,397 RA patients, 26 cases of NTM infection and 
52 cases of TB infection occurred during the follow-up 
period (11.1 ± 6.7 years). NTM was isolated from the clin-
ical specimens from 111 patients, but only 26 patients 
(23.4%) satisfied the diagnostic criteria for NTM infec-
tion [14]. The total patient-observation duration of RA 
patients was 15,780 patient-years, and the incidence of 
NTM and TB infection after RA diagnosis was 164.8 
per 100,000 patient-years and 329.5 per 100,000 pa-
tient-years, respectively. NTM infections were increased 
annually, whereas TB infection has developed in a rela-
tively steady pattern (Fig. 1).

Fig. 1. Annual frequency of nontuberculous mycobacteria 
(NTM) and tuberculosis (TB) infection in rheumatoid ar-
thritis patients.
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Baseline characteristics of patients with NTM and 
TB infection
The baseline characteristics of patients with NTM and 
TB infection are presented in Table 1. The majority of 
both groups were found in female patients. The age 
of diagnosis was greater for NTM infections than TB 
infection, although age of RA diagnosis did not differ 
between infection types. The average body mass index 
was below 21 kg/m2 in both groups. A past history of TB 
infection or concomitant interstitial lung disease (ILD) 
was more common in patients with NTM infection than 
cases with TB infection.

The most frequent symptom of NTM infection in RA 
patients was sputum. Fever was noted in only three of 
the 26 NTM patients (11.5%) but in 14 of the 38 pulmo-
nary TB patients (36.8%). All 26 NTM patients showed 
only pulmonary NTM infection, whilst 14 of the TB pa-
tients (26.9%) showed extrapulmonary infections (pleu-
risy [n = 5], lymphadenitis [n = 3], peritonitis [n = 2], mili-

tary TB [n = 1], mastitis [n = 1], enteritis [n = 1], and renal 
TB [n = 1]). Among 26 NTM patients, all patients had 
a positive test in sputum culture, 15 patients (57.7%) in 
bronchoalveolar lavage specimen and two patients (10%) 
in biopsy specimen, respectively.

Medication and laboratory findings for NTM infections
Among the 26 patients in our current series with NTM 
infection, six (23.1%) were treated with biological disease 
modifying anti-rheumatic drugs (DMARDs) at the time 
of diagnosis (etanercept [n = 4], infliximab [n = 2]). For 
TB patients, five cases (9.6%) were treated with biolog-
ical DMARDs (abatacept [n = 3], etanercept [n = 1], in-
fliximab [n = 1]) (Table 2). The cumulative steroid dose 
at the time of diagnosis was 4.5 ± 3.3 g (equivalent dose 
with prednisolone) in the NTM group, which is high-
er than the TB patients. However, there was no differ-
ence in daily steroid dosage between the two groups at 
the time of diagnosis. There were no differences in the 

Table 1. Clinical characteristic of the study patients with nontuberculous mycobacteria infection and tuberculosis

Characteristic NTM (n = 26) TB (n = 52) p value

Female sex 18 (69.2) 34 (65.4) 0.803

Age at diagnosis of RA, yr 54.7 ± 10.3 50.2 ± 13.7 0.108

Age at infection, yra 63.2 ± 7.7  57.5 ± 12.0 0.014

Duration of RA, yr 8.5 ± 4.9 7.2 ± 7.2 0.803

Ever-smoker 9 (34.6) 13 (25) 0.374

BMI, kg/m2 20.2 ± 3.1 20.8 ± 2.9 0.414

DM 5 (19.2) 7 (13.5) 0.521

Hypertension 3 (11.5) 8 (15.4) 0.743

History of TBa 10 (38.5) 6 (11.5) 0.008

Concomitant ILDa 11 (42.3) 5 (9.6) 0.001

Extrapulmonary infectiona 0 14 (26.9) 0.003

Symptoms

Sputum 14 (53.8) 26/38 (68.4)b 0.799

Cough 11 (42.3) 27/38 (71.1)b 0.101

Dyspnea 8 (30.7) 8/38 (21.1)b 0.128

Fever 3 (11.5) 14/38 (36.8)b 0.024

None 6 (23.1) 4/38 (10.5)b 0.093

Values are presented as number (%) or mean ± SD.
NTM, nontuberculous mycobacteria; TB, tuberculosis; RA, rheumatoid arthritis; BMI, body mass index; DM, diabetes melli-
tus; ILD, interstitial lung disease. 
ap < 0.05. 
bPercentage among pulmonary TB patients.
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levels of anti-cyclic citrullinated antibody, rheumatoid 
factor, white blood cell count, platelet count, erythrocyte 
sedimentation rate (ESR), protein, alanine transami-
nase, aspartate transaminase, or total bilirubin between 
the two groups, with the exception of hemoglobin and 
C-reactive protein (CRP).

Microbiological and radiological features of NTM 
infection
The most common species of NTM infection in RA 
patients was the Mycobacterium avium complex (MAC) 
(76.5%; Mycobacterium intracellulare [n = 11], M. avium [n 
= 9]), followed by Mycobacterium abscessus (n = 2) and My-
cobacterium lentiflavum (n = 2) (Table 3). Radiologic fea-
tures indicated NB type in nine patients (34.6%), FC type 

in eight patients (30.8%), NB + FC type in four patients 
(15.4%), and other types in five patients (19.2%).

Treatment and outcome of NTM infection
As shown in Table 4, the average treatment duration for 
NTM infection was 14.3 ± 6.4 months. Nineteen patients 
(73.1%) were treated with macrolide-based medications 
only, while additional lobectomy with medication was 
conducted in three patients (11.5%). Four patients (15.4%) 
were observed without treatment due to old age (n = 2) or 
refusal of treatment (n = 2). Among the 22 patients treat-
ed, 17 patients (77.3%) achieved a negative conversion of 
sputum culture, either with completion of treatment (n 
= 15) or on anti-NTM medication at last follow-up visit 
(n = 2). Five patients (22.7%) did not obtain negative cul-

Table 2. Medications and laboratory findings of nontuberculous mycobacteria infection and tuberculosis

Variable NTM (n = 26) TB (n = 52) p value

Anti-rheumatic drugs at infection

Biological DMARDs 6 (23.1) 5 (9.6) 0.165

PD 20 (76.9) 40 (76.9) 1.000

MTX 21 (80.8) 32 (61.5) 0.123

Leflunomide 4 (15.4) 4 (7.7) 0.430

HCQ 8 (30.7) 17 (32.7) 0.864

SSZ 5 (19.2) 8 (15.4) 0.667

AZA 0 2 (3.8) 0.311

Dosage of PD at infection, mg/daya 3.6 ± 2.7 3.1 ± 4.4 0.682

Cumulative dose of PD at infection, ga,b 4.5 ± 3.3 2.9 ± 3.1 0.042

Anti-CCP antibody, U/mL 697.9 ± 1,311.4 415.47 ± 1,097.4 0.340

RF, IU/mL 199.3 ± 142.7 187.19 ± 143.3 0.780

White blood cells, × 10³/µL 8,488.5 ± 2,999.8 7,894.2 ± 3,148.5 0.427

Platelets, × 10³/L 259.7 ± 62.5 304.5 ± 118.7 0.076

ESR, mm/hr 50.0 ± 30.9 61.3 ± 33.7 0.317

CRP, mg/dLb 1.6 ± 1.4 4.5 ± 4.4 0.002

Protein, g/dL 7.2 ± 0.5 6.7 ± 0.9 0.114

AST, IU/L 24.1 ± 6.0 29.9 ± 15.0 0.128

ALT, IU/L 16.6 ± 4.3 21.4 ± 15.3 0.065

Total bilirubin, mg/dL 0.9 ± 0.3 0.7 ± 0.3 0.078

Values are presented as number (%) or mean ± SD.
NTM, nontuberculous mycobacteria; TB, tuberculosis; DMARD, disease modifying anti-rheumatic drug; PD, prednisolone; 
MTX, methotrexate; HCQ, hydroxychloroquine; SSZ, sulfasalazine; AZA, azathioprine; CCP, cyclic citrulli nated; RF, rheuma-
toid factor; ESR, erythrocyte sedimentation rate; CRP, C-reactive protein; AST, aspartate transaminase; IU, international unit; 
ALT, alanine transaminase. 
aEquivalent dose with prednisolone.
bp < 0.05.
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ture conversion with maintenance of treatment (n = 2), 
treatment withdrawal due to adverse effects (n = 2), and 
death from pneumonia after lobectomy (n = 1). Pneumo-
nia was the cause of death in one of the four patients 
not treated after 2 months of NTM infection. Among 15 
patients who completed treatment, three experienced a 
relapse.

DISCUSSION

Previous studies have shown that patients with RA have 
an increased risk of NTM infection [8,17]. However, 
there have been few studies on the incidence or clini-
cal characteristics of NTM infections in RA patients in 
South Korea. This may be due to the low incidence of 
NTM infection in South Korea [18]. Physicians are more 
likely to focus on TB infection because of its relatively 
high incidence. In our current study, the incidence of 
TB infection in RA patients was 329.5 per 100,000 pa-
tient-years, which is approximately three times higher 
than that of the general population of South Korea (108 
per 100,000 patient-years, according to a 2012 World 
Health Organization report) [19]. However, the inci-
dence of NTM infection in RA patients was 164.8 per 
100,000 patient-years, implying that NTM infections 
are not rare among RA patients in South Korea.

In contrast to a previous study conducted in the Unit-
ed States [8], we found in our current analysis that the 
incidence of NTM infection was lower than that of TB 
infection in RA patients, which is not surprising consid-
ering that our present study was conducted in an area 
of intermediate TB burden. Nonetheless, NTM infec-
tion rates are increasing both in South Korea [20,21] and 
worldwide [22-24]. Therefore, NTM infection represents 
an increasing problem for patients with RA. Our study 
showed that NTM infection in RA patients has tended to 
increase after mid-2000. There are several explanations 
for this result. First, advances in laboratory techniques, 
such as liquid media culture, might contribute to the 
detection of NTM. Indeed, after our hospital initiated 
the use of liquid media in 2008, the frequency of NTM 
isolation increased. Second, an increase in the number 
of screening tests for TB infection before biological 
DMARDs might have resulted in an increased rate of 
NTM infection. During our present study period, NTM 
isolation in RA patients was the highest (23 of 111 NTM 
isolations) in 2008, a year with a high number of screen-
ing tests for mycobacterial infection. Furthermore, in 
six out of our 26 patients with NTM infection, NTM was 
detected for the first time through the screening test. 
Third, as mentioned above, NTM infection itself has 
been increasing in South Korea [20,21], and heightened 
awareness of this pathogen may have resulted in more 
frequent detection.

Table 3. Microbiological and radiological features of nontu-
berculous mycobacteria infection

Variable NTM (n = 26)

Causative organism

Mycobacterium intracellulare 11 (42.3)

Mycobacterium avium 9 (34.6)

Mycobacterium abscessu 2 (7.7)

Mycobacterium lentiflavum 2 (7.7)

Mycobacterium kansasii 1 (3.9)

Mycobacterium fortuitum 1 (3.9)

Radiological features

NB 9 (34.6)

FC 8 (30.8)

NB + FC 4 (15.4)

Other types 5 (19.2)

Values are presented as number (%). 
NTM, nontuberculous mycobacteria; NB, nodular/bronchi-
ectatic type; FC, fibrocavitary type. 

Table 4. Treatment outcomes of nontuberculous mycobac-
teria infections

Variable NTM (n = 26)

Treatment duration, mo 14.3±6.4

Treatment modality

Observation 4 (15.4)

Medication, only 19 (73.1)

Medication + Operation 3 (11.5)

Treatment outcome

Culture conversion 17/22 (77.3)a

Completion of treatment 15/22 (68.2)a

Relapse 3/15 (20.0)b

Values are presented as mean ± SD or number (%).
NTM, nontuberculous mycobacteria.
aPercentage among treated patients. 
bPercentage among patients with treatment completion.
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In patients treated with a TNF inhibitor, the risk of TB 
infection is better understood than the risk of NTM in-
fection. However, there have been several reports show-
ing higher rates of NTM infection in patients using TNF 
inhibitors [9,13]. In our present study, the proportion of 
patients using biological DMARDs at the time of NTM 
diagnosis (23.1%) was higher than that of TB infec-
tions (9.6%). Furthermore, the estimated incidence per 
100,000 patient-years of NTM infection in RA patients 
with and without biological DMARDs was 655.7 and 134.5, 
while the incidence of TB infection in RA patients with 
and without biological DMARDs was 546.5 and 316.2, re-
spectively. These data suggest that NTM infection could 
be more susceptible to biological DMARDs than TB in-
fection because screening and prophylactic treatment 
has been performed only for latent TB infection before 
biological DMARDs therapy.

NTM and TB infections showed different clinical 
behaviors in our Korean patients with RA. All NTM in-
fections in our study were pulmonary, whereas over a 
quarter of our TB cases were extrapulmonary. These re-
sults are consistent with a previous study of RA patients 
showing that most cases of NTM and TB infection were 
pulmonary, with a larger percentage of pulmonary in-
fection in the NTM cases [8,17]. This result is poten-
tially explained by the fact that RA patients have a high 
risk of chronic lung conditions, such as bronchiectasis, 
bronchiolitis, and ILD [25], that are known risk factors 
for pulmonary NTM disease [26-28]. Given the data in 
the current study, RA patients with NTM infection had 
a high incidence of concomitant ILD and previous his-
tory of TB infection, by which structural lung damage 
could be caused.

As a matter of fact, the percentage of ever-smoker in 
our RA patients with NTM and TB infection is higher 
than that in general RA patients. According to the pre-
vious reports, cigarette smoking have been suggested as 
a risk factor for pulmonary NTM infection [18] and TB 
infection [29]. In addition, smoking is also associated 
with lung diseases such as chronic obstructive pulmo-
nary disease or lung cancer which are other risk factors 
for pulmonary NTM infection [18]. Therefore, high per-
centage of ever-smoker in our patients might be associ-
ated with increasing risk of NTM and TB infection.

In the present study, the levels of inflammatory mark-
ers such as ESR and CRP were elevated at the time of 

diagnosis of NTM or TB infection. It might be resulted 
from either high disease activity of RA or infection itself. 
Whereas the levels of ESR and CRP at the diagnosis of 
infection were increased than those at 6 months ago, the 
doses of DMARDs or corticosteroid were not changed 
during the period in most patients. Therefore, it is sup-
posed that elevated levels of ESR and CRP could be a 
proxy for hidden infection in a case of stable underlying 
disease.

In our study, the cumulative steroid dose at the time 
of diagnosis was much greater in the patients with NTM 
infection than those with TB infection. And NTM in-
fections tended to occur later, after the diagnosis of RA. 
These may imply that NTM infection developed more 
susceptibly in immune compromised RA patients. This 
is similar to human immunodeficiency virus-infected 
patients, in whom NTM infections usually occur at a 
later stage (a lower CD4 T-cell count) than TB infections 
[30,31].

There is geographic variability in the prevalence of 
NTM species that are responsible for disease [32]. In the 
United States and Japan, the two most common patho-
gens of NTM pulmonary infection are MAC and Myco-
bacterium kansasii [33,34]. M. kansasii and Mycobacterium 
malmoense are the most common species in England and 
Scotland, respectively. In South Korea, MAC is the most 
common species, followed by M. abscessus and the My-
cobacterium fortuitum complex [35,36]. Our present inves-
tigation has revealed that, among RA patients, MAC was 
also the most common pathogen of pulmonary NTM 
infection, similar to previous reports from South Korea 
[35,36].

Our current findings showed favorable outcomes for 
NTM infection in RA patients (77.3% obtained negative 
culture conversion and 68.2% completed their treat-
ment), similar to the results of previous studies of non-
RA patients [37-39]. Moreover, among our six NTM pa-
tients who were treated with biological DMARDs, five 
obtained negative culture conversion (four complete 
treatments, one anti-NTM treatment at last follow-up 
visit), revealing good treatment outcomes similar to pre-
vious studies of RA patients receiving biological agents 
[12,16]. According to the 2007 ATS/IDSA official state-
ment, patients with active NTM disease should receive 
TNF inhibitor only if they are also receiving adequate 
therapy for NTM infection. However, it has not been 
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determined if TNF inhibitor should be stopped at the 
time of NTM infection diagnosis in patients undergo-
ing TNF inhibitor therapy. In our present study, one pa-
tient continued to use etanercept with anti-NTM med-
ication due to her high disease activity. She obtained a 
complete treatment status, suggesting that maintenance 
of TNF inhibitor in patients undergoing concomitant 
treatment with an adequate NTM treatment might be 
possible.

Our present study had several limitations of note. It 
was a retrospective and relatively small registry investi-
gation at a single referral center. Furthermore, selection 
bias cannot be excluded. For example, RA patients with 
pulmonary comorbidity or high disease activity might 
have been more prevalent at our center than at a pri-
mary clinic, leading to possible overestimation of NTM 
infection incidence.

Conclusively, an incidence of 164.8 per 100,000 pa-
tient-years suggests that in RA patients, NTM infection 
is not rare in South Korea, where TB infection is en-
demic. A history of TB infection and concomitant ILD 
were found more commonly in patients with NTM in-
fection compared to cases with TB infection. Therefore, 
physicians should be cautious about NTM infection, es-
pecially in RA patients with a history of TB infection and 
concomitant ILD.
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