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Abstract.  Nontuberculous mycobacteria (NTM) are opportunistic 
infections that can proliferate in humans, animals and the environment.  
NTM and Mycobacterium tuberculosis (MTB) are both acid-fast bacilli, 
therefore conventional tests such as Ziehl-Neelsen staining cannot tell 
them apart.  For the treatment of NTM infection, a macrolide-containing 
regimen is frequently necessary to overcome innate resistance to  
first-line antituberculosis medications.  Knowing the prevalent species 
of local NTM, particularly from clinical samples, may suggest suitable 
treatments when necessary.  In order to identify NTM, sequencing the 
hsp65 gene, a trustworthy and frequently used method, and qPCR for 
detection of MTB, was carried out in 1,003 sputum samples from suspected 
tuberculosis patients in northern Vietnam.  Among these, 86 (8.5%) were 
labeled NTM, while 118 (11.7%) MTB were found.  M. avium (n = 32, 
37%), M. abscessus (n = 18, 21%), M. simiae (n = 13, 15%), and M. fortuitum  
(n = 12, 14%) were the four largest complex groups among the 86 NTM.  
In this study, the distribution of common NTM was comparable to other 
reports from TB-burden countries including China, India and other South 
East Asian nations.  This study provided information on the prevalent NTM 
species in northern Vietnam, which may aid scientists and physicians in 
understanding the variety of local mycobacteria.
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INTRODUCTION

Nontuberculous mycobacteria 
(NTM) often inhabit the environment 
(Falkinham, 2009), and may colonize 
and/or  in fec t  the  human body , 
espec ia l ly  the  respi ra tory  t rac t 
(Claeys and Robinson, 2018; Yoon et 
al, 2020).  Similar to Mycobacterium 
tuberculosis (MTB), NTM can cause 
d i s e a s e s  i n  i m m u n o d e f i c i e n c y 
individuals or chronic conditions such 
as HIV infection, chronic obstructive 
pulmonary disease (COPD),  and 
cystic fibrosis (McCarthy et al, 2012; 
Adjemian et al, 2018a; Adjemian et 
al, 2018b; Pyarali et al, 2018).  Also, 
pulmonary diseases are common 
features of NTM infections, which is 
similar to MTB disease (Johnson and 
Odell, 2014). 

Routine testing of sputum with 
Ziehl-Neelsen staining may detect 
acid fast bacilli (AFB), but it is unable 
to distinguish between MTB and  
NTM as  they are  s imi lar  under 
microscopic observation (Bayot  et 
al, 2023).  Although, standard first-
l ine therapy for MTB containing 
ethambutol, isoniazid, pyrazinamide, 
a n d  r i f a m p i n  c a n  t r e a t  N T M  
infection, but this therapy is not 
optimum for NTM,  and there are other  
r e c o m m e n d e d  d r u g s  s u c h  a s 
macrolides and amikacin for treating  
c e r t a i n  m y c o b a c t e r i a  s p e c i e s  
(Haworth et al, 2017; Pathak et al, 2022). 

In clinical practice, recognizing 
common NTM in a local setting before 
initiating therapy is very useful for an 
empiric treatment.  Recently, reports 
from developed countries such as 
the United States, and tuberculosis-
burden areas  (China,  India  and 
Tanzania) have shown a variety of 
NTM in both humans and animals 
(Katale et al, 2014; Adjemian et al, 
2018a; Adjemian et al, 2018b; Sharma 
and Upadhyay, 2021; Sun et al, 2022).  
According to the abovementioned 
reports, the dominant common NTM 
species are M. abscessus  complex, 
M .  a v i u m  c o m p l e x  ( M A C )  a n d  
M .  f o r t u i t u m .   T h e s e  d a t a  a r e 
important for local guidelines of 
empiric treatment when needed.

In Vietnam, there are limited 
d a t a  o n  N T M  va r i a b i l i t y  f r o m 
e n v i r o n m e n t a l  a n d / o r  c l i n i c a l 
samples.   Previously, NTM from 
Vietnam are included in several  
multi -s i te  research studies from 
South East Asia, where HIV-infected 
adults and children are enrolled 
for the detection of NTM and MTB 
(McCarthy  et  al ,  2012;  Borand  et 
al ,  2019).  In these studies, NTM 
are detected in 16.7-21.0% of the 
patients, and 12.0-17.7% with MTB.  
The common NTM species are M. 
abscessus, M. fortuitum, M. kansasii, 
and MAC (McCarthy  et  al ,  2012; 
Borand et al, 2019). 
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However, these studies did not 
provide specific results from Vietnam, 
and it is important to note that NTM 
infection cases may extend beyond 
HIV-infected patients.  Therefore, 
further investigations are required to 
determine the prevalent NTM species 
in Vietnam to provide data on their 
biological properties and medical 
implications.  Quantitative (q)PCR has 
been reported as a feasible technique 
to  detect  of  MTB in  developing 
countries  such as Colombia and 
Pakistan (Ikram et al, 2015; Casallas-
Rivera et al, 2017) and sequencing of 
a mycobacterial hsp65 amplicon for 
identification of NTM (Ringuet et al, 
1999; Chimara et al, 2008; Senna et al, 
2008; Kumar et al, 2014).  Here, we 
conducted a study to characterize 
the NTM species present in sputum 
samples collected from individuals in 
northern Vietnam.

MATERIALS AND METHODS

Sample collection

Sputum samples were collected 
from 1,003 patients with suggestive 
symptoms of tuberculosis including 
a persistent cough, exhaustion, chest 
pain, weight loss, and evening rise 
fever, attending National Hospital 74, 
Ha Giang Lung Hospital, Nghe An 
Friendship General Hospital, Quang 
Ninh General Hospital, and Thanh 

Thuy Medical Center,  from 2020 
to 2021. For the purpose of a cross 
sectional analysis, a single sample 
was retrieved from each patient, with 
written informed consent.

The  s tudy was  approved by 
t h e  E t h i c s  C o m m i t t e e ,  J o i n t 
Vietnam-Russia Tropical  Science 
and Technology Research Center 
(Approval no. 2199/CN-HDDD).

Molecular assay

A l l  s a m p l e s  we r e  t e s t e d  b y 
quantitative (q)PCR (MTB Real-TM 
kit; Sacace Biotechnologies, Como, 
Italy) to identify M. tuberculosis.  We 
chose hsp65  gene as the target of 
DNA amplification and sequencing 
using the reference primer pair 
hsp -65  F  5 ’  ACCAACG ATG G T -
GTGTCCAT 3 ’  and hsp-65  R  5 ’ 
CTTGTCGAACCGCATACCCT 3’  
(Telenti  e t  a l ,  1993;  Kumar  e t  a l , 
2014).  The reaction was conducted 
using 2X PCR Master Mix Solution 
(i-Taq™, LiliF Diagnostic, iNtRON 
Biotechnology, Gyeonggi-do, Korea).  
The thermocycling program of DNA 
amplification was as follows: 95°C 
for 2 minutes, followed by 40 cycles 
of 94°C for 30 seconds, 58°C for 30 
seconds and 72°C for 45 seconds.  PCR 
amplicon (~441 bp) was separated 
by 1.5% agarose gel-electrophoresis, 
observed using Redsafe dye and 
directly sequenced (First BASE DNA 
Sequencing Services,  Singapore).  
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DNA sequence was analyzed by both 
NCBI BLAST (https://blast.ncbi.nlm.
nih.gov/Blast.cgi), and hsp65 blast 
tool (http://hsp65blast.phsa.ca/blast/
blast.html) to identify Mycobacterium 
spp.  Sequences were submitted to 
GenBank (accession nos. OQ658413 
- OQ658498).

RESULTS

Of the 1,003 sputum samples, 
118 (11.7%) were MTB positive based 
on the MTB qPCR assay (Sacace 
Biotechnologies, Como, Italy) and 
e x c l u d e d ,  w h i l e  t h e  r e m a i n i n g 
samples  were  subjected to  PCR 
amplification and sequencing of the 
Mycobacteria hsp65 amplicons (~441 
bp).  Eighty-nine (10.0%) samples 
were successfully amplif ied and 
sequenced, of which 86 (8.5% of total 
samples) were identified as NTM and 
the remaining three as Breviabacterium 
c a s e i ,  R o t h i a  m u c i l a g i n o s a  a n d 
Streptomyces coelicolor.  Among the 
NTM-positive 86 subjects, 58 and 28 
were males and females respectively, 
with a mean age of 58 years old 
and occupat ions  compris ing  o f 
farmers (n = 39), industrial workers 
(n = 14), official staff (n = 1), retirees 
(n =  26), students (n =  2), traders 
(n =  3),  and unemployed (n =  1).  
The most prevalent detected NTM 
specimen was M. intracellulare (n 
=25, 29.0%), M. abscessus (n =  10, 

11.6%), M. fortuitum (n = 8, 9.3%), 
M. massi l iense  (n =  8,  9.3%), and  
M. simiae (n =  7, 8.1%) (Table 1).  
In terms of complex groups,  the 
predominant was MAC, followed by 
M. abscessus complex, then M. simiae 
complex, M. fortuitum complex, and 
M. gordonae.  Six samples did not 
belong to any of these groups.

DISCUSSION

In this study, for the first time, a 
description of NTM species from the 
sputum of MTB-suspected patients in 
Vietnam was reported.  Although the 
number of samples was limited and 
restricted to subjects in the northern 
Vietnam, the results might reflex NTM 
prevalence in the respiratory tracts of 
people in the whole country.  MAC 
and M. abscessus complexes were most 
prevalent.  It is well-documented that 
M. avium induces a high risk of lung 
disease among people with chronic 
conditions (Wang et al, 2020) and M. 
abscessus is strongly associated with 
nosocomial infections (Ghosh et al, 
2017).  Although M. simiae and M. 
fortuitum  complexes were present 
at low prevalence and are believed 
to be less pathogenic than the two 
aforementioned groups, they can 
cause disease in individuals with 
immunosuppression, malignancy 
or pulmonary fibrosis (Park  et al , 
2008; Jabbour  et  al ,  2020).  These 
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results are similar to those reported 
from China and India (Sharma and 
Upadhyay, 2021; Sun  et al ,  2022).  
Acquired immunodeficiency subjects 
in the same regions show a higher 
prevalence of M. kansaii (McCarthy 
et al, 2012), while our study detected 
only one sample with M. kansaii but 
the immune status of this subject was 
not available.  Our MTB and NTM 
detection rates were slightly different 
from a similar study from Indonesia 
(Mertaniasih et al, 2017), with lower 
frequency of MTB (11.7% vs 18.8%) 
and higher NTM (8.5%  vs  5.7%).  
These differences can be attributed to 
differences in geographic and social 
factors, and to the local situation of 
tuberculosis infection. 

Detections of mycobacteria by 
qPCR and hsp65 PCR are described 
as reliable tools (Varma-Basil et al, 
2013; Ikram et al, 2015; Varadaiah et 
al, 2016; Casallas-Rivera et al, 2017), 
bacterial culture is still considered 
the gold standard for mycobacteria 
identification (Boldi  e t  a l ,  2023).  
U n f o r t u n a t e l y ,  o u r  l a b o r a t o r y 
currently lacks the required biosafety 
facilities for validating the PCR-
based assays.   In the future,  we 
will  need to acquire facil it ies to 
perform mycobacterial cultures if 
we are to carry out longitudinal 
monitoring of patients to confirm the 
presence of NTM-pulmonary disease, 
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as recommended by the American 
Thoracic  Society  and Infect ious 
Disease Society of America (Haworth 
et al, 2017; Daley et al, 2020).

Identification of the causative 
p a t h o g e n  a l l o w s  a p p r o p r i a t e 
ant ibiot ic  treatment  rather  than 
a presumptive regimen based on 
clinical signs and symptoms.  For 
example, antibiotics for the treatment 
of MAC infections should contain a 
macrolide, ethambutol and rifamycin; 
for the treatment of M. kansasii, they 
should consist  of  azi thromycin, 
ethambutol  and r i fampicin;  and 
for the treatment of M. abscessus , 
they should be a combination one 
or two of the following members 
of the group comprising amikacin, 
imipenem and tigecycline together 
with two of the members of the group 
containing azithromycin, clofazimine 
and linezolid (Haworth et al, 2017; 
Daley et al, 2020; Pathak et al, 2022).  
For the common NTM group detected 
in this study, a macrolide-containing 
regimen is recommended to avoid 
intr ins ic  res is tance  to  f i rs t - l ine 
ant i -TB drugs  (Park  e t  a l ,  2008 ; 
Jabbour et al, 2020; Pathak et al, 2022).  
In resource-limited settings, inability 
to  detect  NTM infect ions  could 
lead to interpretation of treatment 
failure with first-line anti-TB drugs 
as drug-resistance MTB (Tortoli et 
al, 2010).  Thus, our findings should 

a le r t  phys i c ians  to  prescr ib ing 
macrolide-containing regimens to 
treat suspected NTM diseases while 
lacking specific identification.

T h e  s t u d y  c o n t a i n s  s e ve r a l 
limitations.  Firstly, single samples 
collected without following up may 
not identify true NTM infections.  In 
future investigation, a cohort study 
should be establ ished,  in which 
clinical features of NTM-infected 
individuals should be described 
in more detail.  Secondly, as only 
sputum samples  were  used,  the 
results would not indicate extra-
pulmonary NTM infections.  Future 
studies should include lymphoid 
aspirates and postoperative and joint 
or soft-tissue infections.  Thirdly, 
assay of NTM based solely on a short 
sequence of mycobacterial  hsp65 
might not be adequate to classify 
all Mycobacterium  spp (Kim  et al , 
2019).  Most recently, the application 
of  a  next  generation sequencing 
( N G S )  t e c h n i q u e  wa s  r e p o r t e d 
to be as sensitive and specific as 
Mycobacteria Growth Indicator Tube 
(MGIT) culture method (Wei et al, 
2023).  In addition, whole genome 
analysis of NTM can predict drug 
resistance characteristics, which can 
inform physicians to the appropriate 
an t ib io t i c  reg imens  (So lank i  e t 
a l ,  2022) .   With the approach of 
metagenomic NGS, infections of 
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multiple NTM species are able to be 
detected simultaneously, which is 
not easy to resolve using traditional 
bacterial culture or conventional PCR 
(Liu et al, 2022).

In conclusion, this study confirms, 
in lieu of mycobacterial cultures, the 
util i ty of PCR-based methods in 
providing insights into the variability 
o f  NTM and in  ident i fy ing  the 
common NTM species present in 
sputum samples collected in northern 
Vietnam.

ACKNOWLEDGEMENTS

The authors are thankful to all 
individuals for their support to the 
study.

CONFLICT OF INTEREST 
DISCLOSURE

The authors declare no conflict 
of interest.

REFERENCES

Adjemian J, Olivier KN, Prevots DR. 
Epidemiology of  pulmonary 
nontuberculous mycobacterial 
sputum positivity in patients 
with cystic fibrosis in the United 
States, 2010-2014. Ann Am Thorac 
Soc 2018a; 15: 817-26. 

Adjemian J ,  Olivier KN, Prevots 
DR.  Erra tum:  Epidemiology 

of pulmonary nontuberculous 
mycobacterial sputum positivity 
in patients with cystic fibrosis in 
the United States, 2010-2014. Ann 
Am Thorac Soc 2018b; 15: 1114-5. 

Bayot ML, Mirza TM, Sharma S. Acid 
fast bacteria, 2022 [cited 2023 Mar 
15]. Available from: URL: https://
www.ncbi.nlm.nih.gov/books/
NBK537121/

Boldi MO, Denis-Lessard J, Neziri R, et 
al. Performance of microbiological 
tests for tuberculosis diagnostic 
according to the type of respiratory 
specimen: a 10-year retrospective 
study. Front Cell Infect Microbiol 
2023; 13: 1131241.

B o r a n d  L ,  d e  L a u z a n n e  A , 
Nguyen NL, et al . Isolation of 
nontuberculous mycobacteria 
in Southeast Asian and African 
human immunodeficiency virus-
infected children with suspected 
tuberculosis. Clin Infect Dis 2019; 
68: 1750-3.  

Casallas-Rivera MA, Cárdenas Bernal 
AM, Giraldo-Cadavid LF, Prieto 
Diago P, Santander SP. Real-time 
PCR assay for the diagnosis of 
pleural tuberculosis. Colomb Med 
(Cali) 2017; 48(2): 47-52. 

Chimara E, Ferrazoli L, Ueky SY, 
et al. Reliable identification of 
mycobacterial species by PCR-
res t r i c t ion  enzyme ana lys i s 
( P R A) - h s p 6 5  i n  a  r e f e r e n c e 



139

NONTUBERCULOUS MYCOBACTERIA IN NORTHERN VIETNAM

Vol 54 No.3  May 2023

laboratory and elaboration of 
a  s e q u e n c e - b a s e d  e x t e n d e d 
algorithm of PRA-hsp65 patterns. 
BMC Microbiol 2008; 8: 48.

C l a e y s  TA ,  R o b i n s o n  R T.  T h e 
many lives of nontuberculous 
mycobacteria. J Bacteriol  2018; 
200: e00739-17. 

Daley CL, Iaccarino JM, Lange C, et 
al. Treatment of nontuberculous 
mycobacterial pulmonary disease: 
an official ATS/ERS/ESCMID/
IDSA clinical practice guideline. 
Eur Respir J 2020; 56: 2000535. 

Falkinham JO 3rd. Surrounded by 
mycobacteria: nontuberculous 
mycobac ter ia  in  the  human 
environment. J Appl Microbiol 
2009; 107: 356-67.

Ghosh R, Das S, Kela H, De A, Haldar 
J, Maiti PK. Biofilm colonization 
o f  M y c o b a c t e r i u m  a b s c e s s u s : 
new threat in hospital-acquired 
surgical site infection. Indian J 
Tuberc 2017; 64: 178-82.

Haworth CS, Banks J, Capstick T, 
et  al .  British Thoracic Society 
Guideline for the management of 
non-tuberculous mycobacterial 
pulmonary disease (NTM-PD). 
BMJ Open Respir  Res  2017; 4: 
e000242. 

Ikram A, Ahmed SA, Khan FA, Khadim 
MT, Satti L. Rapid Mycobacterium 
tuberculosis  DNA detection on 
fine needle aspirates from extra 

pulmonary lymph nodes. J Coll 
Physic ians Surg Pak  2015; 25: 
417-21.

Jabbour JF, Hamieh A, Sharara SL, 
Kanj SS. Mycobacterium simiae: 
harmless colonizer or deadly 
pathogen? PLoS Pathog 2020; 16: 
e1008418.

J o h n s o n  M M ,  O d e l l  J A . 
Nontuberculous mycobacterial 
pulmonary infections. J Thorac 
Dis 2014; 6: 210-20.

Katale BZ, Mbugi EV, Botha L, et 
a l .  Species  diversi ty  of  non-
t u b e r c u l o u s  m y c o b a c t e r i a 
isolated from humans, livestock 
and wildlife in the Serengeti 
ecosystem, Tanzania. BMC Infect 
Dis 2014; 14: 616. 

Kim BJ,  Kim GN, Kim BR, Shim 
TS ,  Kook  YH,  Kim BJ .  New 
Mycobacteroides abscessus subsp. 
m a s s i l i e n s e  s t r a i n s  w i t h 
recombinant hsp65 gene laterally 
transferred from Mycobacteroides 
a b s c e s s u s  s u b s p .  a b s c e s s u s : 
potential for misidentification 
of M. abscessus strains with the 
hsp65-based method. PLoS One 
2019; 14: e0220312. 

K u m a r  P ,  B e n n y  P ,  J a i n  M , 
S i n g h  S .  C o m p a r i s o n  o f  a n 
in-house multiplex PCR with 
t w o  c o m m e r c i a l  i m m u n o -
chromatographic tests for rapid 
identification and differentiation 



140

SOUTHEAST ASIAN J TROP MED PUBLIC HEALTH

Vol 54 No.3  May 2023

of MTB from NTM isolates. Int J 
Mycobacteriol 2014; 3: 50-6.

Liu Y, Ma X, Chen J, Wang H, Yu Z. 
Nontuberculous mycobacteria 
by metagenomic next-generation 
sequencing: three cases reports 
and l i terature  review.  Front 
Public Health 2022; 10: 972280. 

McCarthy KD, Cain KP, Winthrop 
K L ,  e t  a l .  N o n t u b e r c u l o u s 
mycobacterial disease in patients 
with HIV in Southeast Asia. Am 
J Respir Crit Care Med 2012; 185: 
981-8.  

Mertaniasih NM, Kusumaningrum 
D, Koendhori EB, Soedarsono, 
K u s m i a t i  T ,  D e w i  D N . 
Nontuberculous mycobacterial 
s p e c i e s  a n d  M y c o b a c t e r i u m 
tuberculosis complex coinfection 
in  pat ients  wi th  pulmonary 
tuberculosis  in  Dr .  Soetomo 
Hospital, Surabaya, Indonesia. 
Int J Mycobacteriol 2017; 6: 9-13.  

P a r k  S ,  S u h  G Y,  C h u n g  M P , 
e t  a l .  Clinical  significance of 
Mycobacterium fortuitum isolated 
from respiratory specimens. 
Respir Med 2008; 102: 437-42.

P a t h a k  K ,  H a r t  S ,  L a n d e  L . 
Nontuberculous Mycobacteria 
L u n g  D i s e a s e  ( N T M - L D ) : 
current  recommendations on 
diagnosis, treatment, and patient 
management. Int J Gen Med 2022; 
15: 7619-29.

Pyarali FF, Schweitzer M, Bagley V, 
et al. Increasing non-tuberculous 
m y c o b a c t e r i a  i n f e c t i o n s 
in  veterans  wi th  COPD and 
association with increased risk of 
mortality. Front Med (Lausanne) 
2018; 5: 311.

Ringuet H, Akoua-Koffi C, Honore 
S,  et  al .  hsp65  sequencing for 
identification of rapidly growing 
mycobacteria. J  Clin Microbiol 
1999; 37: 852-7. 

Senna SG, Batt i lana J ,  Costa JC, 
e t  a l .  S e q u e n c i n g  o f  h s p 6 5 
g e n e  f o r  i d e n t i f i c a t i o n  o f 
Mycobacterium species isolated 
from environmental and clinical 
sources in Rio de Janeiro, Brazil. 
J Clin Microbiol 2008; 46: 3822-5. 

Sharma SK,  Upadhyay  V.  Non-
t u b e r c u l o u s  m y c o b a c t e r i a : 
a  d i s e a s e  b e y o n d  T B  a n d 
preparedness in India.  Expert 
Rev Respir Med 2021; 15: 949-58. 

So lanki  P ,  L ipman M,  McHugh 
TD,  Sat ta  G.  Whole  genome 
sequencing and prediction of 
antimicrobial susceptibilities in 
non-tuberculous mycobacteria. 
Front Microbiol 2022; 13: 1044515. 

Sun Q, Yan J, Liao X, et al. Trends 
and species diversity of non-
t u b e r c u l o u s  m y c o b a c t e r i a 
isolated from respiratory samples 
in northern China, 2014-2021. 



141

NONTUBERCULOUS MYCOBACTERIA IN NORTHERN VIETNAM

Vol 54 No.3  May 2023

Front  Publ ic  Hea l th  2022;  10: 
923968.

Telenti A, Marchesi F, Balz M, Bally 
F, Böttger EC, Bodmer T. Rapid 
identification of mycobacteria to 
the species level by polymerase 
chain reaction and restriction 
enzyme analysis. J Clin Microbiol 
1993; 31: 175-8.  

Tortoli  E,  Rogasi  PG, Fantoni E, 
Be l t rami  C ,  De  Franc isc i  A, 
Mar io t t in i  A .  In fec t ion  due 
t o  a  n o v e l  M y c o b a c t e r i u m , 
mimicking multidrug-resistant 
Mycobacterium tuberculosis. Clin 
Microbiol Infect 2010; 16: 1130-4.

Va r a d a i a h  Y G C ,  P r a s h a n t  A , 
Chinnappa RK, et al. Evaluation of 
nested polymerase chain reaction 
targeting hsp65 of Mycobacterium 
tuberculosis for the detection of 
organism in the sputum samples. 
Indian J  Med Biochem  2016; 1: 
28-33.  

Varma-Basil M, Garima K, Pathak R, 
et al. Development of a novel PCR 
restriction analysis of the hsp65 
gene as a rapid method to screen 

for the Mycobacterium tuberculosis 
complex and nontuberculous 
mycobacteria in high-burden 
countries. J Clin Microbiol 2013; 
51: 1165-70.

Wang PH, Pan SW, Shu CC, et al . 
Clinical course and risk factors of 
mortality in Mycobacterium avium 
complex lung disease without 
initial treatment. Respir Med 2020; 
171: 106070.

Wei W, Cao J, Wu XC, et al. Diagnostic 
performance of metagenomic 
next-generation sequencing in 
non-tuberculous mycobacterial 
pulmonary disease when applied 
to clinical practice. Infection 2023; 
51: 397-405. 

Yoon JK, Kim TS, Kim JI, Yim JJ. 
Whole genome sequencing of 
nontuberculous Mycobacterium 
(NTM) isolates from sputum 
specimens of co-habiting patients 
with NTM pulmonary disease 
and NTM isolates from their 
environment .  BMC Genomics 
2020; 21: 322.


