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tuberculosis in 2020 worldwide and global tuberculosis deaths in-

creased from 1.2 to 1.3 million among HIV-negative people be-

tween 2019 and 2020 [1]. Mycobacteria other than the MTB com-

plex and Mycobacterium leprae are referred to as nontubercu-

lous mycobacteria (NTM) [2, 3]. NTM infection is a primary cause 

of pulmonary disease with increased incidence in the Korean 

population [4-6]. Park et al. [6] reported that the annual incidence 

of pulmonary disease by NTM increased from 2.9 cases in 2008 to 

12.3 cases in 2018 per 100,000 population.

The most effective protection approach for these infectious dis-

eases is early diagnosis and treatment of mycobacterial infection 

[7]. Rapid and accurate diagnosis of mycobacteria is vital to reduce 

morbidity and mortality rates and the risk of person-to-person 

disease transmission [8]. Mycobacterium species can be detected 

using various methods, such as acid‐fast bacillus (AFB) staining, 

culture, and PCR [9]. Speci�cally, molecular methods, using PCR‐
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Background: Tuberculosis caused by Mycobacterium tuberculosis (MTB) remains a major health problem worldwide. Nontuberculous mycobac-
teria (NTM) infection is the primary cause of pulmonary disease. Currently, for early diagnosis of mycobacterial infection, direct PCR detection in 
clinical specimens is used. This study aimed to identify factors affecting the direct PCR detection of mycobacteria from clinical specimens.
Methods: Records of mycobacterial culture from October 2016 to July 2020 were retrospectively reviewed. Using culture as the reference 
method, the performance of direct PCR detection was calculated. Differences in analytical performances among mycobacteria species, specimen 
type, and acid-fast bacillus (AFB) staining were determined using chi-squared or Fisher’s exact test.
Results: Of the 27,267 culture datasets, 1,586 datasets were selected. The sensitivity of direct PCR detection for NTM was 27.6% (95% confi-
dence interval [CI ], 22.3–33.5) in sputum and 47.8% (95% CI, 37.3–58.5) in bronchial washing fluid (P <0.001). The sensitivity of direct PCR de-
tection showed higher sensitivity in smear-positive AFB than in smear-negative AFB for both MTB (93.8% vs. 51.2%; P <0.001) and NTM (68.3% 
vs. 26.1%; P <0.001).
Conclusions: AFB staining results were related with the direct PCR detection of MTB and NTM, whereas the respiratory specimen type was re-
lated with the direct PCR detection of NTM.
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based techniques, can be used to obtain accurate results, and the 

advent of molecular methods for mycobacterial detection has re-

duced the time to diagnosis to a few days, whereas the diagnosis 

using conventional culture systems required several weeks [8, 10]. 

Recently, various PCR methods have been commonly used with 

conventional culture and microscopy‐based methods [9, 11]. With 

the development of these technologies, direct detection using mo-

lecular genetic testing in clinical specimens, that is, direct PCR de-

tection, is commonly used in laboratories currently. These direct 

PCR detection methods have also been introduced for the rapid 

diagnosis of mycobacterial infection.

In this study, the performance of direct PCR detection for myco-

bacteria was retrospectively reviewed based on the type of clini-

cal specimen, AFB stain results, and type of Mycobacterium spe-

cies by comparing mycobacterial culture as the reference method.

MATERIALS AND METHODS

1. Study sample

Records of mycobacterial culture-positive at Samsung Chang-

won Hospital from October 2016 to July 2020 were retrospectively 

reviewed. Data were collected by reviewing medical records: times 

and types of specimen collection for mycobacterial culture and 

PCR and laboratory data including AFB smear, mycobacterial cul-

ture, direct PCR detection, and NTM identi�cation test. Data with 

the following conditions were excluded from the study: (1) incom-

plete data and (2) data that is dif�cult to con�rm whether culture 

and direct PCR were performed using the same sample. This study 

was approved by the institutional review board of Samsung Chang-

won Hospital (SCMC 2022-08-007), and the requirement for in-

formed consent was waived. A mycobacterial culture and direct 

PCR detection �owchart are shown in Figure 1.

2. Sample preparation

A tissue grinder was used for the homogenization of biopsy spec-

imens. When body �uid or abscess volume was ≥10 mL, centrif-

ugation was performed at 3,000×g for 15 minutes. For decontam-

ination, respiratory specimens of the sputum, bronchial washing 

�uid (BWF), and contaminated specimens (abscesses, gastric as-

pirates, and urine) were treated with 2% N‐acetyl‐L‐cysteine–so-

dium hydroxide and centrifugation at 3,000×g was performed for 

20 minutes. Non-contaminated samples, such as body �uids (ce-

rebrospinal [CSF], joint, and pleural �uids), blood, bone marrow, 

and biopsy specimens, were not decontaminated. 

3. AFB stain and culture

For most specimens with or without decontamination, the AFB 

smear was stained using the auramine‐rhodamine �uorescence 

and con�rmed using the Ziehl–Neelsen method based on guide-

lines provided by the American Thoracic Society [12]. A smear-

Fig. 1. A flowchart for the detection of MTB and NTM from cultured and uncultured specimens between October 2016 and July 2020. Decontami-
nation was performed on respiratory specimens. 
Abbreviations: AFB, acid-fast bacilli; MTB, Mycobacterium tuberculosis; NTM, nontuberculous mycobacteria.
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positive had a grade higher than +1. All specimens were cultured 

in liquid (MGIT960 system; Becton Dickinson, Sparks, MD, USA) 

and solid (3% Ogawa agar; Shenyang, Seoul, Korea) media for a 

maximum of 6 weeks. When a positive signal was shown in the 

MGIT or colonies were observed on the Ogawa media, AFB stain 

and nested PCR assay were routinely performed for detection of 

MTB. Subcultures were performed in Ogawa medium using ali-

quots from MGIT only if they showed positivity. The nested PCR 

assay was conducted using an MTB (II) PCR kit (Biosewoom, Seoul, 

Korea) according to the manufacturer’s instructions. Brie�y, a 5 μL 

aliquot of the PCR product was placed on 1.5% agarose gel. The 

products were visualized by ultraviolet transillumination and com-

pared to the positive control. The �rst PCR band was revealed at 

256 bp and the second PCR band was revealed at 181 bp. If nested 

PCR showed equivocal results, a real-time PCR assay was also per-

formed. The equivocal results are as follows: no PCR band, �rst 

PCR band visible, or faint PCR band (Fig. 2).

4. Direct detection by real-time PCR

Real-time PCR was conducted using the AdvanSure tuberculo-

sis/nontuberculous mycobacteria (TB/NTM) real-time PCR kit 

(AdvanSure TB/NTM kit; LG Life Sciences, Seoul, Korea). The real-

time PCR allows the identi�cation of clinically important MTB 

and NTM [8, 13]. Specimens were mixed with 50-μL DNA extrac-

tion solution and heated at 100°C for 20 minutes. In the PCR tube 

including the PCR mixture, 5-μL primer/probe mixture and 5-μL 

template DNA were mixed and spun down. Assays were analyzed 

using a SLAN-96P real-time PCR machine (LG Life Sciences, Seoul, 

Korea). Positive and negative controls were included in each anal-

ysis. Positive MTB and NTM results from the AdvanSure TB/NTM 

kit were determined when the cycle threshold (Ct) value was <35.

5. Statistical analysis

Using culture results as the reference method, mycobacterial 

PCR performances on clinical specimens were calculated in accu-

racy, sensitivity, speci�city, positive predictive value (PPV), and 

negative predictive value (NPV) with a 95% con�dence interval 

(CI). Differences in analytical performances between MTB and 

NTM were determined using chi-squared or Fisher’s exact tests. 

Stata software (version 14.0; Stata Corporation, College Station, 

TX, USA) and the IBM statistical package for the social sciences 

(version 20; SPSS Inc., Chicago, IL, USA) were used for analysis. A 

P value of <0.05 was considered statistically signi�cant.

RESULTS

Among the 27,267 culture datasets collected, 1,586 data (516 tis-

sues, 462 sputa, 263 BWF, 250 abscesses, 28 joint �uid specimens, 

22 pleural �uid specimens, 8 CSF, 5 pericardial effusion, 3 urine 

specimens, and 29 other �uid specimens) of 1,252 patients were 

selected. Of the 1,586 datasets, 677 (42.7%) were culture-positive 

and of that, 315 (46.5%) and 362 (53.5%) showed MTB and NTM 

isolates, respectively. 

1. �Proportions of mycobacteria species during study 

periods

The proportion of mycobacteria among all positive mycobacte-

rial cultures decreased from 66.0% in 2016 to 38.0% in 2020 for 

MTB and increased from 34.0% in 2016 to 62.0% in 2020 for NTM 

(P =0.001, chi-square test for trend). The average annual smear-

positive AFB rate was 43.6% and 34.8% for MTB and NTM, respec-

tively (P =0.019). The average annual direct PCR detection rate 

based on culture was 62.8% and 31.4% for MTB and NTM, respec-

tively (P<0.001). 

The direct PCR detection rate based on culture-positive was 

64.4% (203/315) and 33.1% (120/362) for MTB and NTM, respec-

tively (Table 1). Of the 1,586 data, 373 (23.5%) discrepancies were 

Fig. 2. Examples of 1.5% agarose gel analysis of PCR products gener-
ated by conventional PCR. The black arrow indicates the internal con-
trol band (483 bp); the white arrow indicates the second PCR band 
(181 bp). Lanes 1, 8, 9, and 10 showed equivocal results and were iden-
tified as NTM, Mixed, and MTB using real-time PCR, respectively. 
Abbreviations: MTB, Mycobacterium tuberculosis; NTM, nontubercu-
lous mycobacteria; Mixed, MTB, and NTM.
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observed between detections by culture and direct PCR. Of this 

data, 348 (93.3%) were mycobacteria in culture alone (Culture-only); 

18 (4.8%) were direct PCR alone (PCR-only); 7 (1.9%) showed de-

tection of different mycobacteria between culture and direct PCR 

(Mycobacteria-mismatch). Among the Culture-only, the smear-

positive rate was 6.6% (23/348), which was lower than that when 

the same mycobacteria were detected by both culture and direct 

PCR [41.5% (134/323)]. The 18 PCR-only data resulted from DNA 

extracted from one sputum and 17 non-respiratory specimens (12 

tissues, four abscesses, and one pleural �uid). PCR-only case (No. 

1058) from sputum had extra-pulmonary tuberculosis and MTB 

was detected in both culture and direct PCR in pleural �uid and 

pericardial effusion collected with sputum. Of the seven Myco-

bacteria-mismatch cases, two (No. 239 and 717) had NTM lung 

disease with latent tuberculosis; four cases (No. 11, 247, 256, and 

695) had pulmonary tuberculosis and NTM grew in only one of 

two or more cultures. The Mycobacteria-mismatch data are sum-

marized in Supplementary Table S1.

2. �Performance of direct PCR detection based on 

specimen types

Using culture data as the reference results, the performance of 

direct PCR detection showed higher sensitivity (64.4% vs. 33.2%), 

NPV (91.8% vs. 83.4%), and accuracy (92.1% vs. 84.0%) for MTB 

than for NTM (each, P<0.001) (Table 2). The performance of di-

Table 2. Performance of direct PCR detection in different specimen types based on culture

Types of  
specimens

TP FP TN FN
Sensitivity Specificity PPV NPV Accuracy

% 95% CI % 95% CI % 95% CI % 95% CI % 95% CI

Sputum

   MTB 112 6 285 59 65.5 57.9-72.6 97.9 95.6-99.2 94.9 89.4-97.7 82.8 79.7-85.6 85.9 82.4-89.0

   NTM 71 0 205 186 27.6* 22.3-33.5 100 98.2-100 100 100-100 52.4* 50.5-54.3 59.7* 55.1-64.3

BWF

   MTB 72 1 150 40 64.3 54.7-73.1 99.3 96.4-99.9 98.6 91.0-99.8 78.9 74.5-82.8 84.4 79.5-88.6

   NTM 44 0 171 48 47.8* 37.3-58.5 100 97.9-100 100 100-100 78.1* 74.6-81.3 81.7* 79.5-86.2

Non-respiratory

   MTB 19 7 822 13 59.4 40.6-76.3 99.2 98.3-99.7 73.1 55.2-85.7 98.4 97.7-99.0 97.7 96.4-98.6

   NTM 5 11 837 8 38.5 13.9-68.4 98.7 97.7-99.4 31.3 15.5-52.9 99.1 98.6-99.4 97.8 96.6-98.7

Total

   MTB 203 14 1,257 112 64.4 58.6-69.4 98.9 98.2-99.4 93.6 89.5-96.1 91.8 90.6-92.9 92.1 90.6-93.3

   NTM 120 11 1,213 242 33.2 28.3-38.3 99.1 98.4-99.6 91.6 85.6-95.2 83.4 82.3-84.4 84.0 82.2-85.8

Underlines indicate significant differences P <0.05 between NTM and MTB.
*Direct PCR detection for NTM showed higher sensitivity (47.8% vs. 27.6%), NPV (78.1% vs. 52.4%), and accuracy (81.7% vs. 59.7%) in BWF than in sputum (each, P <0.001).
Abbreviations: TP, true positive; FP, false positive; TN, true negative; FN, false negative; MTB, Mycobacterium tuberculosis; NTM, nontuberculous mycobacteria; BWF, bronchial 
washing fluid; PPV, positive predictive value; NPV, negative predictive value; CI, confidence interval.

Table 1. Correlations between direct PCR detection and culture from 
clinical specimens

Methods
Direct PCR detection*

MTB NTM Negative Total

Culture-positive

MTB   203† 1‡ 112§ 315

   AFB stain grading

      0 111 1 106 217

      +1 30 0 4 34

      +2 28 0 1 29

      +3 18 0 0 19

      +4 15 0 1 17

NTM 6‡ 120† 236§ 362

   AFB stain grading

      0 3 77 215 295

      +1 3 19 13 35

      +2 0 10 4 14

      +3 0 7 0 7

      +4 0 7 0 7

Culture-negative 8ll 10ll 891 909

   AFB stain grading

      0 8 6 887 901

      +1 0 3 0 3

Total 217 131 1,239 1,586

*Cases in which MTB and NTM were simultaneously detected by real-time PCR were 
included. †The direct PCR detection rate based on culture-positive was 64.4% (203/ 
315) for MTB and 33.1% (120/362) for NTM. Of the 1,586 data, 373 (23.5%) dis-
crepancies were observed between culture and direct PCR detections, consisting of 
7 (1.9%) Mycobacteria-mismatch‡, 348 (93.3%) Culture-only§, and 18 (4.8%) PCR-
onlyll cases.
Abbreviations: MTB, Mycobacterium tuberculosis; NTM, nontuberculous mycobac-
teria; AFB, acid-fast bacillus.
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rect PCR detection for MTB showed no signi�cant differences be-

tween the sputum and BWF (65.5% vs. 64.3%). The performance 

of direct PCR detection for NTM showed higher sensitivity (47.8% 

vs. 27.6%), NPV (78.1% vs. 52.4%), and accuracy (81.7% vs. 59.7%) 

in BWF than in sputum (each, P<0.001). 

3. �Performance of direct PCR detection based on the 

AFB staining results

The sensitivity, speci�city, PPV, and NPV of direct PCR detec-

tion based on AFB staining results are shown in Table 3. The per-

formance of direct PCR detection showed a higher sensitivity for 

MTB (93.8% vs. 51.2%) and NTM (68.3% vs. 26.1%) with smear-

positive than that with smear-negative (each, P<0.001). However, 

the speci�city with smear-positive was lower than that with smear-

negative for MTB (95.5% vs. 99.1%; P =0.033) and NTM (97.0% vs. 

99.4%; P =0.042). 

DISCUSSION

Pulmonary tuberculosis remains a major global health prob-

lem, and the prevalence of NTM lung disease has increased world-

wide [1, 14-17]. The annual rate of NTM isolates signi�cantly in-

creased during the study period. The performance of direct PCR 

detection generally showed lower sensitivity in NTM than in MTB 

(33.2% vs. 64.4%, Table 2). Compared with previous studies [8, 9, 

14, 18], the sensitivity and speci�city of direct PCR detection for 

MTB were similar (median 72.3% [range 63.2–87.5] for sensitivity 

and median 99.0% [range 97.5–100] for speci�city). However, for 

NTM, medians of 73.9% and 99.4–100% for sensitivity and speci-

�city were reported in a study that included 17 NTM-positive iso-

lates [9], and 23.2% and 99.7% in a study that included 69 NTM-

positive isolates, respectively [18]. In the present study, the sensi-

tivity and speci�city were 33.2% and 99.1%, respectively, which 

was a statistical result of 362 NTM-positive isolates; therefore, it is 

considered more reliable than those of the previous studies. 

In the performance evaluation based on specimen types, the 

difference in performing direct PCR detection between sputum 

and BWF was identi�ed (Table 2). The sensitivity of direct PCR 

detection for NTM was higher in BWF than in sputum (47.8% vs. 

27.6%; P<0.001). The speci�city of the method used for NTM 

was 100% in sputum and BWF. To the best of our knowledge, 

previous studies on direct PCR detection for NTM have not re-

ported the differences between sputum and BWF. Conversely, the 

performance of direct PCR detection for MTB did not show a sig-

Table 3. Performance of direct PCR detection based on culture with AFB stain in clinical specimens

AFB smear TP FP TN FN
Sensitivity Specificity PPV NPV Accuracy

% 95% CI % 95% CI % 95% CI % 95% CI % 95% CI

M. tuberculosis

Smear-positive 91 3 63 6 93.8* 87.0-97.7 95.5 87.3-99.1 96.8 90.9-98.9 91.3 82.8-95.8 94.5 89.8-97.4

   Sputum 67 2 53 6 91.8 83.0-96.9 96.4 87.5-99.6 97.1 89.6-99.2 89.8 80.4-95.0 93.8 88.1-97.3

   BWF 17 1 7 0 100 80.5-100.0 87.5 47.4-99.7 94.4 73.1-99.1 100 100.0-100.0 96.0 79.7-99.9

   Others 7 0 3 0 100 59.0-100.0 100 29.2-100.0 100 100.0-100.0 100 100.0-100.0 100 69.2-100.0

Smear-negative 111 11 1,185 106 51.2* 44.3-58.0 99.1 98.4-99.5 91.0 84.7-94.9 91.8 90.7-92.7 91.7 90.1-93.0

   Sputum 44 4 228 53 45.4 35.2-55.8 98.3 95.6-99.5 91.7 80.3-96.8 81.1 78.2-83.8 82.7 78.1-86.6

   BWF 55 0 143 40 57.9 47.3-68.0 100 97.5-100.0 100 100.0-100.0 78.1 73.9-81.9 83.2 77.8-87.7

   Others 12 7 814 13 48.0 27.8-68.7 99.2 98.3-99.7 63.2 42.5-79.9 98.4 97.7-98.9 97.6 96.4-98.6

NTM

Smear-positive 43 3 97 20 68.3† 55.3-79.4 97.0 91.5-99.4 93.5 82.3-97.8 82.9 77.1-87.5 85.9 79.6-90.8

   Sputum 36 0 73 19 65.5 51.4-77.8 100 95.1-100.0 100 100.0-100.0 79.3 72.8-84.7 85.2 77.8-90.8

   BWF 7 0 17 1 87.5 47.4-99.7 100 80.5-100.0 100 100.0-100.0 94.4 73.1-99.1 96.0 79.7-99.9

   Others 0 3 7 0 - - 70.0 34.8-93.3 0 0.0-30.9 100 100.0-100.0 70.0 -

Smear-negative 77 7 1,111 218 26.1† 21.2-31.5 99.4 98.7-99.8 91.7 83.7-95.9 83.6 82.6-84.5 84.1 82.1-86.0

   Sputum 35 0 131 163 17.7 12.6-23.7 100 97.2-100.0 100 100.0-100.0 44.6 43.0-46.2 50.5 44.9-56.0

   BWF 37 0 154 47 44.0 33.2-55.3 100 97.6-100.0 100 100.0-100.0 76.6 73.1-79.8 80.3 74.6-85.1

   Others 5 7 826 8 38.5 13.9-68.4 99.2 98.4-99.7 41.7 20.7-66.2 99.0 98.5-99.4 98.2 97.1-99.0

Direct PCR detection showed a higher sensitivity for MTB* (93.8% vs. 51.2%) and NTM† (68.3% vs. 26.1%) with smear-positive than that with smear-negative (each, P <0.001).
Abbreviations: TP, true positive; FP, false positive; TN, true negative; FN, false negative; AFB, acid-fast bacillus stain; BWF, bronchial washing fluid; NTM, nontuberculous my-
cobacteria; CI, confidence interval; PPV, positive predictive value; NPV, negative predictive value.
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ni�cant difference between respiratory specimens of sputum and 

BWF (65.5% vs. 64.3% for sensitivity and 97.9% vs. 99.3% for speci-

�city). Cho et al. [8] reported a sensitivity of 70.9% (95% CI, 67.4–

74.2) and a speci�city of 98.2% (95% CI, 97.9–98.4).

The performance evaluation of direct PCR detection based on 

the results of AFB staining showed better sensitivity in smear-pos-

itive than in smear-negative (93.8% vs. 51.2% [P<0.001] for MTB; 

68.3% vs. 26.1% [P<0.001] for NTM) (Table 3). Several studies re-

ported that the sensitivity had a median of 93.2% (range 54.5–100%) 

in the smear-positive and a median of 49.5% (range 7.3–100%) in 

the smear-negative [8, 9, 14, 18]. As previously mentioned, sensi-

tivity for NTM was higher in BWF than in sputum. In 297 cases, 

excluding discrepancy cases between culture and direct PCR de-

tection, additional analysis was conducted to determine the rela-

tionship between the type of respiratory specimen and the results 

of AFB staining. We observed that the grade of AFB staining in 

sputum was higher than in BWF (Supplementary Table S2). There-

fore, the high sensitivity of NTM in BWF was not related to the 

grade of AFB staining. Additionally, the area under the receiver 

operating characteristic curve (AUROC) for direct PCR detection 

for mycobacteria was analyzed using AFB staining for each speci-

men type (Table 4). The AUROC for MTB was highest in the smear-

positive sputum and lowest in the smear-negative sputum (0.941 

vs. 0.718). The AUROC for NTM was highest in the smear-positive 

BWF and lowest in the smear-negative sputum (0.938 vs. 0.588).

This study had some limitations. First, because this is a retro-

spective study the data for this study were not obtained from a 

controlled environment; thus, unexpected environmental vari-

ables may have affected the results. However, these unexpected 

variables may exist in the actual laboratory; therefore, the results 

of this study will still be considered signi�cant. Second, no medi-

cal history such as pulmonary disease or radiologic �ndings was 

included in this study. However, given that the statistics are some-

what similar to those of previous reports, results can be consid-

ered signi�cant even after excluding this clinical data. Third, to 

identify a factor associated with direct PCR detection rate between 

NTM species, further studies are required to analyze the larger 

dataset.

In summary, we identi�ed factors affecting the direct PCR de-

tection of mycobacteria in a retrospective study. The AFB staining 

results were related with the direct PCR detection of MTB and 

NTM, and the type of respiratory specimen was related with the 

direct PCR detection of NTM.

요  약

배경: 결핵균(Mycobacterium tuberculosis, MTB) 감염에 의한 결

핵은 전 세계적으로 주요한 건강 문제로 남아있다. 비결핵항산균

(nontuberculous mycobacteria, NTM) 감염은 폐 질환의 주요 원인

이다. 이러한 마이코박테리아 감염의 조기진단을 위해 현재는 임

상 검체에서 직접 PCR 검출 방법을 사용하고 있다. 본 연구에서는 

임상 검체에서 마이코박테리아의 직접 PCR 검출에 영향을 미치는 

요인을 알아보고자 한다.

방법: 2016년 10월부터 2020년 7월까지의 마이코박테리아 배양 결

과 데이터를 후향적으로 수집하였다. 배양 결과를 바탕으로 직접 

PCR 검출의 성능을 분석했다. 마이코박테리아의 종류, 검체의 유

형, 그리고 항산균 염색 간의 분석적 성능 차이는 chi-square 또는 

Fisher’s exact test를 사용하여 검증하였다.

결과: 27,267개의 배양 결과 데이터 중 1,586개의 데이터를 선정하

였다. NTM에 대한 직접 PCR 검출의 민감도는 객담에서 27.6% (95% 

신뢰 구간[CI], 22.3–33.5), 기관지 세척액에서 47.8% (95% CI, 37.3–

58.5)이었다(P<0.001). 직접 PCR 검출의 민감도는 MTB (93.8% vs. 

51.2%; P<0.001)와 NTM (68.3% vs. 26.1%; P<0.001) 모두에서 항

산균 염색 양성에서 음성보다 더 높은 민감도를 보였다.

결론: 항산균 염색 결과는 MTB와 NTM의 직접 PCR 검출과 연관

성을 보였고, 호흡기 검체의 유형은 NTM의 직접 PCR 검출과 연관

성을 보였다.
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Table 4. AUROC and performance of direct PCR detection based on 
culture with AFB stain in respiratory specimens

Specimen AFB stain N AUROC (95% CI)

MTB Sputum + 128 0.941 (0.900-0.982)

Sputum - 329 0.718 (0.668-0.769)

BWF +   25 0.938 (0.815-1.000)

BWF - 238 0.790 (0.740-0.839)

NTM Sputum + 132 0.827 (0.764-0.891)

Sputum - 326 0.588 (0.562-0.615)

BWF +   25 0.938 (0.815-1.000)

BWF - 238 0.720 (0.667-0.774)

Abbreviations: AUROC, area under the receiver operating characteristic curve; AFB, 
acid-fast bacillus stain; MTB, M. tuberculosis; NTM, nontuberculous mycobacteria; 
BWF, bronchial washing fluid; CI, confidence interval; PPV, positive predictive val-
ue; NPV, negative predictive value.
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