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비결핵항산균이란?

Nontuberculous mycobacteria (NTM)

- M. tuberculosis, M. leprae 를 제외한 모든 항산균

- 토양, 물 등 자연환경에 존재

- 현재까지 190 여종 이상의 species/subspecis가 밝혀짐.

- 폐질환 (대부분, 90%이상), 림프절염, 피부/연조직/골감염증, 파종성 질환 

(disseminated disease)

- 사람간 전염은 되지 않아, 격리가 필요하지 않음.



비결핵항산균 폐질환

NTM-pulmonary disease (NTM-PD)

- 비결핵항산균 감염증에서 가장 흔한 임상양상

- 세계적으로 유병률, 발생률이 증가하는 추세

- 가장 흔한 원인 균종: M. avium complex, M. abscessus complex, M. kansasii

(국내 : M. avium complex, M. abscessus complex)

- Culture (+) NTM 중 25~60%가 NTM-PD 진단 기준을 만족



폐결핵 vs. 비결핵항산균 폐질환

폐결핵 비결핵항산균 폐질환

임상증상 기침, 객담, 객혈, 체중감소, 미열 등 기침, 객담, 객혈, 미열, 체중감소 등

영상검사 공동 (cavity), 중심소엽성 결절 공동 (cavity), 중심소엽성 결절

AFB 도말(smear)검사 양성 양성

핵산증폭검사 (TB-PCR) 양성 음성

AFB 배양(culture)검사 M. tuberculosis NTM species

치료 반드시 항결핵제 치료 반드시 치료를 필요하지는 않음

전염/격리 사람간 전염(공기전파), 격리 필요 사람간 전염(-), 격리 불필요



NTM 감별

대한결핵 및 호흡기학회 2017 결핵진료지침 3판



BMC Infect Dis. 2017 Jun 15;17(1):432.

Prevalence of NTM

Patients with NTM infection, 2009-2016

National claims data for HIRA database

(ICD-10: A31)

The age- and sex- adjusted prevalence of 

NTM per 100,000 population increased 

between 2009 (9.4) and 2016 (36.1).



Medicine . 2019 Nov;98(45):e17869.

Prevalence of NTM

52,511 patients with NTM-PD, 2009-2015

National claims data for HIRA database

ICD-10: A31 codes 

(excluding A31.1 cutaneous mycobacterial 

infection)



NTM is increasing

Tuberc Respir Dis. 2019 Apr;82(2):94-101



Microbiol Spectr. 2017 Jan;5(1)

* Rapidly growing: 7일 이내

NTM species



Tuberc Respir Dis. 2019 Apr;82(2):94-101

Causative species of NTM-PD

Ulsan



Koren J Intern Med. 2020 Nov;35(6):1424-1431

1017 cases with NTM-PD, 2006-2016

Severance hospital, South Korea

Causative species of NTM-PD



Int J Tuberc Lung Dis . 2016 Jul;20(7):934-40.
J Infect Dis 2020;222:S199-S211

 Pathogenicity of NTM varies.

Pathogenicity of NTM-PD



Infection sources

Tuberc Respir Dis. 2019 Apr;82(2):94-101



Eur Respir J. 2020 Jul 7;56(1):2000535

NTM 폐질환의 진단

ATS/ERS/ESCMID/IDSA Guideline (2020)

임상적 (Clinical) 호흡기 또는 전신증상  + 다른 질환의 배제

영상학적 (Radiologic) 결절 또는 공동 (Chest X-ray)

Or    기관지확장증에 동반된 다발성 작은 결절들 (HRCT)

미생물학적
(Microbiologic)

(1주 이상 간격) 객담 배양 (+) ≥ 2

Or    Bronchial washing 또는 BAL 검체 배양 (+) ≥ 1

Or    합당한 조직학적 소견* +  객담/washing 또는 조직 배양 (+) ≥ 1

AND

* Granulomatous inflammation or AFB



NTM 폐질환의 영상학적 분류

(1) 섬유공동형, Fibrocavitary (FC) form

(2) 결절 기관지확장증형, Nodular bronchiectatic (NB) form

- Non-cavitary nodular bronchiectatic (NC-NB) form 

- Cavitary nodular bronchiectatic (C-NB) form



섬유공동형 (FC form) 결절 기관지확장증형 (NB form)

오랜 기간 흡연력과 음주력이 있는
중년 이상의 남성

비흡연자 
중년 이상 여성

대부분 만성폐쇄성폐질환, 기존의 폐결핵 등 
기저질환 동반

기저질환 X

상엽의 공동
(폐결핵과 유사)

상엽의 공동 X
주로 우중엽과 좌상엽의 설상엽을 침범

양측 하부에 결절과 침윤

림프절 비대와 흉수는 드물다.
CT에서 기관지확장증에 동반된 

다발성 중심소엽성 결절(centrilodular nodule) 

MAC-PD 치료하지 않으면, 
1-2년이내 광범위한 폐 실질의 파괴와 사망

NB form 증가추세

대한결핵 및 호흡기학회 2020 결핵진료지침 4판

NTM 폐질환의 영상학적 분류



NTM 폐질환의 영상학적 분류

(1) 섬유공동형, Fibrocavitary (FC) form

- 고령의 남성

- 기저 폐질환 동반

- 대개 상엽의 공동과 증가된 폐음영 (폐결핵과 유사)

Tuberc Respir Dis 2016;79:74–84



NTM 폐질환의 영상학적 분류

Tuberc Respir Dis 2016;79:74–84

(2) 결절 기관지확장증형, Nodular bronchiectatic (NB) form

Non-cavitary NB (NC-NB) form

- 중년 여성, 비흡연자

- 기저질환이 없음

- 주로 우중엽과 좌상엽의 설상엽을 침범하는 양측 기관지확장증 (bronchiectasis)을 

동반한 다발성 중심소엽성 결절(multiple centrilobular nodules)



NTM 폐질환의 영상학적 분류

Eur Respir J. 2017 Sep 27;50(3):1602503

(2) 결절 기관지확장증형, Nodular bronchiectatic (NB) form

Cavitary NB (C-NB) form

- 결절 기관지확장증형이 우세함

- 1개 이상 공동이 있음



1017 cases with NTM-PD, 2006-2016

Severance hospital, South Korea

NTM 폐질환의 영상학적 분류

Koren J Intern Med. 2020 Nov;35(6):1424-1431



Eur Respir J 2017;50:1602503

566 cases with MAC-PD, 2002-2013

Samsung Medical Center, South Korea

- Favorable outcome*

Noncavitary disease (88%)

Cavitary disease (76 FC 76%, C-NB 78%)

- Cavitary disease was independently 

associated with unfavorable outcomes.

Cavitary diseases

*Favorable outcome was defined as sputum culture conversion after initiation of treatment and
maintenance of a negative culture for ⩾12 months on treatment



J Korean Med Sci 2016;31:649–659
Int J Infect Dis 2016;45:123–134

Eur Respir J 2017;50:1602503

Cavitary NTM-PD (FC and C-NB form) Non-cavitary NTM-PD (NC-NB form)

- Usually require immediate treatment

- The presence of cavity is associated with 

higher mycobacterial burden and 

mortality.

- Indolent course, often progress slowly

- Early treatment of mild NC-NB NTM-PD 

may not be advisable.

- Adverse effects of the long-term use of 

multiple antibiotics



1) Spontaneous culture conversion

Stable course without progression

2) Disease progression leading to treatment

3) Reversion or redevelopment after conversion

4) Recurrence after treatment success

NTM 폐질환의 자연경과



1) Spontaneous culture conversion

Stable course without progression

2) Disease progression leading to treatment

3) Reversion or redevelopment after conversion

4) Recurrence after treatment success

NTM 폐질환의 자연경과



Spontaneous culture conversion

F/62, Cough/sputum for 1 year

Sputum AFB: M. avium (3차례)

2 years later

증상 호전

Sputum AFB: no growth



Spontaneous culture conversion

F/80, Cough for 5 months

Never-smoker, TB history (-), Lt.breast cancer s/p op (2014) - NED

PCNBx; Chronic granulomatous inflammation

NTM-PCR (+)

1 year later 2 years later



Spontaneous culture conversion

NC-NB form NTM-PD, 2003-2013

Samsung Medical Center, South Korea

- Of 459 patients who did not initiate treatment, 157 (34%) showed spontaneous 

sputum culture conversion. 

Respir Med 2019;150:45–50



Spontaneous culture conversion

Respir Med. 2019 May;151:1-7.

NC-NB form MAC-PD, 2000-2013

Asan Medical Center, South Korea

- During the median of 5.0 years of follow-up, 203 patients who received no 

treatment during the study period showed that spontaneous sputum conversion 

occurred in 106 (52.2%).



Spontaneous culture conversion

Tuberc Respir Dis. 2019 Jan;82(1):15-26. 

- A significant proportion of patients with MAC-PD (approximately 40%–60%) 

remain without disease progression for several years after diagnosis, even without treatment.

3 years later



Spontaneous culture conversion

- 비결핵항산균 폐질환 진단만으로 즉각적인 치료를 시작할 필요는 없다.

- Indolent and mild NC-NB form의 NTM-PD 의 경우, “Watchful waiting” 



1) Spontaneous culture conversion

Stable course without progression

2) Disease progression leading to treatment

3) Reversion or redevelopment after conversion

4) Recurrence after treatment success

NTM 폐질환의 자연경과



Disease progression

F/63, Dyspnea and cough/purulent sputum for 6 months

Never-smoker, h/o pul.TB (2011)

BMI: 17.4 kg/m2

Positive AFB smear, Sputum AFB culture: M. ab subsp. abscessus

1 year later



Disease progression

Tuberc Respir Dis. 2019 Jan;82(1):15-26.



Disease progression

J Infect Dis 2020;222:S199-S211



Eur Respir J. 2021 Feb 4;57(2):2000454.

- BMI was inversely related to development of NTM-PD.

- Weight loss increased the risk of NTM-PD.

Disease progression

BMI NTM-PD incidence

HR Adjusted HR*

<18.5 kg/m2 (reference) (reference)

18.5–22.9 kg/m2 0.25 0.38

23.0–24.9 kg/m2 0.10 0.17

25.0–29.9 kg/m2 0.06 0.10

≥30 kg/m2 0.06 0.10

*: adjusted for age, sex, residence, income, diabetes, respiratory disease, solid cancer, 
haematologic malignancy, transplantation, AIDS, GERD, smoking status, number of hospital 
visits and chest radiograph findings during health screening



Chest. 2012 Dec;142(6):1482-1488.

590 patients with MAC-PD, 2000-2009

Samsung Medical Center, South Korea

M. avium (n = 323)

M. intracellulare (n = 267)

Disease progression



Clin Infect Dis. 2017 Feb 1;64(3):301-308. 

110 patients with MABC-PD, 2006-2015

Seoul National University Hospital, South Korea

M. abscessus (n = 56)

M. massiliense (n = 54)

Disease progression



Disease progression

J Formos Med Assoc. 2020 Jun;119 Suppl 1:S67-S75

Indicators for the initiation of treatment for MAC-PD



1) Spontaneous culture conversion

Stable course without progression

2) Disease progression leading to treatment

3) Reversion or redevelopment after conversion

4) Recurrence after treatment success

NTM 폐질환의 자연경과



Reversion or redevelopment after conversion

F/55, M. abscessus complex PD

- The changes in radiological imaging of one patient who experienced spontaneous conversion and 
reversion.

16 months later 2 years laterAt diagnosis

PLoS One. 2020 Apr 27;15(4):e0232161.



Reversion or redevelopment after conversion

Respir Med 2019;150:45–50

NC-NB form NTM-PD, 2003-2013

Samsung Medical Center, South Korea

- After spontaneous culture conversion, 26 of 157 (17%) showed redeveloped 

NTM-PD caused by a species different from the original species



Reversion or redevelopment after conversion

126 patients MABC-PD, 2012-2018

Asan Medical Center, South Korea

- Spontaneous culture conversion:

24 (25.8%), mean follow-up 3.7 years after diagnosis

- Reversion:

27.8%, median 18.2 months after conversion

PLoS One. 2020 Apr 27;15(4):e0232161.



Reversion or redevelopment after conversion

- 비결핵항산균 폐질환은 spontaneous sputum conversion이 있더라도 

지속적인 추적관찰이 필요하다.



1) Spontaneous culture conversion

Stable course without progression

2) Disease progression leading to treatment

3) Reversion or redevelopment after conversion

4) Recurrence after treatment success

NTM 폐질환의 자연경과



Antimicrob Agents Chemother. 2015;59(6):2972-7. 

158 patients successfully treated MAC-PD, 2000-2009

Asan Medical Center, South Korea

- 31.6% recurrence 

(Median follow-up: 43.8 months)

- Recurrence rate: NB form > other form

Recurrence after treatment success



Ann Am Thorac Soc. 2016 Nov;13(11):1956-1961. 

46 patients completed the recommended antibiotics for MAC-PD, 2000-2012

Northwestern Memorial Hospital, Chicago, Illinois

- 25 (54%) – True relapse (median time: 210 days)

- 21 (46%) – Reinfection (median time: 671 days)

Recurrence after treatment success



Patients with MAC-PD, 2002-2013

Samsung Medical Center, South Korea

- Of the 402 patients who completed treatment, 118 (29%) redeveloped NTM lung disease.

(Median follow-up period: 13.6 months)

Recurrence after treatment success

Eur Respir J. 2017 Sep 27;50(3):1602503



Patients with MAC-PD, 2002-2013

Samsung Medical Center, South Korea

Recurrence after treatment success

Eur Respir J. 2017 Sep 27;50(3):1602503



1) Spontaneous culture conversion

Stable course without progression

2) Disease progression leading to treatment

3) Reversion or redevelopment after conversion

4) Recurrence after treatment success

NTM 폐질환의 자연경과



Mortality

Emerg Infect Dis. 2017 Mar; 23(3): 468–476



- Mortality ratio of NTM to general population: 2.16 (95% CI: 2.10 to 2.22)
- 5-year mortality : 17.8% for NTM infection 

[26.6% Marras TK et al.(Ontario, Canada), 35.1% Novosad SA et al.(Oregon,USA)]

Mortality

BMC Pulm Med. 2019 Aug 1;19(1):140



Mortality

BMC Pulm Med. 2019 Aug 1;19(1):140
Clin Infect Dis. 2020 Sep 14;ciaa1381.



Am J Respir Crit Care Med. 2021 Jan 15;203(2):230-236.

Novel scoring system to predict 

mortality in NTM-PD

- 1,181 Derivation cohort 

(Samsung Medical Center)

- 377 Validation cohort 

(Seoul National University Hospital)

Mortality



BACES scoring system

- BMI
- Age
- Cavity
- ESR
- Sex

Mortality

Am J Respir Crit Care Med. 2021 Jan 15;203(2):230-236.



Q & A

경청해주셔서 감사합니다.
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