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The nontuberculous mycobacteria (NTM) have been found in different environmental sources. They 
tend to colonize different body surfaces and secretions. The purpose of this study is to evaluate the 
presence of NTM in the theater environment. Fifty of Theater environment sample were examined 
using acid-fast stain, Lowenstein -Jensen medium culture, PCR and DNA-Sequencing. 4 of 50 
samples were detected as NFB in AFB stain, L-J medium culture, PCR. and then, All of 4 NTM stains 
identified as Mycobacterium fortitum type in DNA-sequencing result.
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Introduction

Nontuberculous mycobacteria (NTM) has been called as 

atypical mycobacteria mycobacteria other than tuberculosis 

(MOTT) from the past, and studies on contaminants 

distributed naturally in the natural environments such as soils 

and river streams have been carried out. The observation 

results have proven that NTM is not only distributed in the 

natural environments, but also it exists in water supply 

facilities and other various environments adjacent to human 

beings, causing various diseases to human beings.

Therefore, the risk of NTM as pathogen has come into the 

spotlight again. 

Since 1980s, cases of tuberculous infections in patients 

with immune deficiency such as acquired immune deficiency 

syndrome (AIDS) have increased in U.S., Europe and Japan as 

well as cases of lung diseases in adults with normal immune 

status due to NTM also have increased gradually (Falkinham, 

1996). Various experiments and clinical cases have proven 

that NTM separated from the tap water in hospitals causes 

lung diseases in patients with immune deficiency and 

furthermore some NTM species are being detected from 

mineral water available in the market and natural 

environments (Caroli et al., 1985; Hillebrand- Haver-kort et 

al., 1999).

Since NTM has been detected from tap water and natural 

environments (Covert et al., 1999; Argueta et al., 2000; Chang 

et al., 2002), it is possible to assume that NTM may exist in 

multi-use facilities where many people use, and if this 

assumption is proven, it is highly possible that multi-use 

facilities may also become environments which could cause 

lung diseases to people with immune deficiency. 

Upon the consideration that if NTM was detected from 

multi-use facilities where the general public could use and 

access frequently, it could affect the public health significantly 

and cause various serious social and sanitary problems, it 

was decided to carry out a study regarding the existence of 

NTM in multi-use facilities, and clinical specimens were 

collected and examined from 50 multi-use facilities in the 

capital area, and in order to detect NTM, acid-fast staining 
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and Löwenstein-Jensen (L-J) medium inoculation were 

carried out. And, the PCR method was carried out on cultured 

bacterial species. Sequencing and separation of bacterial 

species were performed and NTM contamination level and 

contaminant bacterial species in the theater environment 

were identified.

Materials and Methods 

For the samples in this study, clinical specimens (dust) were 

collected from places that could affect the general public 

most closely such as seats and floor handles in 50 theaters of 

multi-use facilities in the capital area using sterilized cotton 

swabs, and sterilized distilled water was added to the 

collected clinical specimens and the process of centrifugation 

was carried out for 30 minutes at 2000 RPM. Supernatant was 

removed, precipitate was treated with 4% NaOH for 20 

minutes, Acid-fast staining which was the Kinyoun method 

and L-J medium inoculation were carried out (Difco, USA), 

and direct PCR analysis was performed (Koneman et al., 

1997).

For the L-J medium method, the inoculation was carried 

out with a sterilized loop for 8-week culture at 37oC, acid-fast 

staining was carried out and indirect PCR was applied. For 

direct PCR method, sterilized distilled water was added to the 

collected clinical specimens, the process of centrifugation 

was carried out for 30 minutes at 2000 RPM, supernatant was 

removed and precipitate was let floating on TE Buffer 1 mL. 

(Zwadyk et al., 1994) For indirect PCR method, a cluster 

cultured on L-J medium was inserted to TE Buffer 1 mL using 

the sterilized loop, the centrifugation was carried out for 5 

minutes at 13000 RPM, supernatant was removed, precipitate 

was mixed with DNA extract 200 L, and it was heated for 20 

minutes at 100oC after vortex mix for 30 seconds in order to 

extract DNA. Centrifugation was carried out for 5 minute at 

13,000 RPM and 3 L was collected from supernatant liquid 

and used for PCR. 

For PCR reaction solution, 20 L reaction solution was 

created and used on the experiment by adding extracted DNA 

3 L, 5×MTB/NTM ACE PM 4 L, 8-MOP solution 3 L, 

2×Multiplex Master 10 L to PCR premix (Bioneer, Korea). 

For the reaction condition of thermal cycler, the reaction was 

carried out at 94oC for 15 minutes, and a total of 42 cycles 

were carried out for 10 minutes at 72oC after the degeneration 

reaction (for 30 seconds at 94oC), coupling reaction (for 30 

seconds at 62oC), elongation reaction (for 30 seconds at 72oC). 

For checking the PCR result, 5 L Etidium bromide was added 

to 2% agarose gel and DNA was stained. Electrophoresis of 

DNA size marker and PCR reaction product 3 L was carried 

out at 100 volt for 20 minutes and the reaction product was 

checked in UV transilluminator. (Telenti et al., 1993).

For clinical specimens proven to be atypical tuberculosis 

bacillus in PCR result, DNA-sequencing was carried out and 

Mycobacterium species were separated and identified (MTB/ 

NTM ACE V3.0, Seegene).

Results

In order to confirm, prove the existence of NTM in 

multi-use facilities and analyze its influence, samples from 50 

multi-use facilities (theaters) in the capital area were 

collected and tested in this study, and the result of acid-fast 

staining and culture using L-J medium showed that 4 out of 50 

samples have tested positive, showing a 8% positive rate (Fig. 

1). The result of direct PCR on enriched samples showed that 

all 50 samples have tested negative. For culture using L-J 

medium, clusters were formed in 4 samples (8%), and in order 

to confirm the existence of NTM, each cluster was collected 

using a sterilized loop, and acid-fast staining and indirect PCR 

were carried out.

As a result of Acid-fast staining, 4 out of 4 samples tested 

positive and these samples also tested positive in indirect PCR 

result (Fig. 2). For the result of samples tested positive, it was 

confirmed through the sequencing and separation of 

bacterial species that all the samples tested positive were 

Mycobacterium fortuitum type (Fig. 3).

Discussion

NTM infects AIDS patients as well as patients with immune 

deficiency, causing tuberculous infection (Falkinham, 1996). 

Previously, NTM has been recognized as a pathogen-free 
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Fig. 1. (A) Smear of NTM prepared from LJ culture medium stained with Ziehl-Neelsen stain. (B) Growth of NTM on LJ agar slant after
5 days of incubation at 37oC.

Fig. 2. Gel electropheresis of the NTM and NTB PCR. Lanes: M, molecular marker; P, positive; N, negative; 1∼4, NTM positive samples;
5∼50, NTM negative samples.

Fig. 3. Sequencing result for confirming NTM species.

strain which is harmless to people. However, many recent 

studies have proven that NTM exists in anywhere with human 

life and it is a strain which causes serious lung diseases 

through the respiratory system of people with weak 

immunogenicity and it may also infect people with normal 

immunogenicity, causing diseases (Falkinham, 1996; Chang 

et al., 2002). Therefore, it was decided to investigate whether 

NTM existed in theaters which were used by the general 
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public or not based on the contents mentioned above, and 

dust samples were collected from 50 theaters in the capital 

area for the experiment and confirmation. And then, AFB 

staining, culture on L-J medium, PCR and Sequencing were 

used, and rbsthralc rbs was separated and identified.

In other experiment results regarding NTM in multi-use 

facilities, Chang et al. (2002) obtained the detection rate of 

20.4% from tap water and Covert et al. (1999) obtained the 

detection rate of 54% from ice samples and NTM detection 

rate of 35% from drinking water available in the market. 

Argueta et al. (2000) obtained the result that 25 out of 121 

food samples have tested NTM positive, showing the 

detection rate of 20.6%. And, Choi et al. obtained NTM 

detection rate of 6.25% from tap water samples. Meanwhile, 

NTM detection rate from dust samples collected from theaters 

in this study was 8% (4/50). This result was somewhat lower 

than 20.4% obtained by Chang et al, 54% from ice samples and 

35% from drinking water obtained by Covert et al, and 20.6% 

obtained by Argueta et al. However, it was similar with 

6.25% obtained by Choi et al. Such difference in the 

detection rate between countries and areas is caused by 

various environmental differences or environmental factors, 

indicating that these differences and factors should be 

considered. However, in order to block the spread chain of 

disease, it is important to carry out continuous and systematic 

monitoring in public areas and build and update DB with 

monitoring data. 

The fact in this study that NTM was detected from theaters 

which are public areas is very significant that the environment 

which may cause lung diseases to either people with immune 

deficiency or people with normal immune system was 

established. 

The result showing that NTM existed in living environments 

of multi-use facilities corresponded to the result of other 

previous studies. It is generally known that NTM contamination 

in natural environments could be the source of tubercular 

infection for patients with immune deficiency and it is 

pointed out as a public health problem. Therefore, it is very 

important to classify and identify NTM into bacterial species 

in the epidemiologic investigation.

It has been proven that M. avium is an important strain 

which causes tuberculosis-related diseases in patients with 

immune deficiency (Falkinham, 1996). It was reported that 

nosocomial outbreaks occurred by NTM were related to 

contaminated natural environments (Wallace et al., 1998). In 

addition, some bacterial species such as M. avium and M. 

szulgai have been identified from the surface of cooling water 

and spray water samples in dental hospital. M.fortuitum may 

be detected from nature, sewage and dust, and direct and 

indirection infection from contaminated tap water are also 

possible, so in order to prevent relevant diseases, it is 

necessary to investigate surrounding natural environments as 

well as other living environments (Schulze-Röbbecke et al., 

1995).

In the result of this study, NTM was detected from 4 out of 

50 samples from theaters in multi-use facilities and the 

sequencing result showed that all 4 NTM were identified as 

M.fortuitum. This result was similar with the result of other 

studies mentioned above (Choi et al., 2013).

This result of this study has proven that theaters in 

multi-use facilities are contaminated with NTM (M.fortuitum), 

and it is significant as material which could prove the 

spreading path of pathogenic microorganism to human beings 

through natural environments and other environmental 

factors. 

Theaters in multi-use facilities are public places used by 

unspecified individuals regardless of individual variation in 

the level of immunity, so thorough environmental management 

and collective efforts are necessary to create these places 

more healthy. 
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