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Background: Nontuberculous mycobacteria (NTM) are mycobacteria other than mycobacterium 
tuberculosis complex (MTBC) and mycobacterium leprae. NTM can cause infection in many human tissues 
and organs and is most commonly seen in the lungs. Clinically, the symptoms and signs of nontuberculous 
mycobacteria lung disease (NMLD) are very similar to those of tuberculosis (TB). Because most NTMs are 
resistant to conventional anti-TB drugs, the rapid diagnosis of NMLD is the key to treatment. This study 
aimed to use gene chip technology to examine bronchoalveolar lavage fluid (BALF) from NMLD patients to 
explore the value of this technique for the rapid diagnosis of NMLD in BALF. 
Methods: A retrospective analysis of 308 patients with NMLD treated at Fuzhou Pulmonary Hospital 
from January 2018 to June 2020 was performed. BALF was collected from the patients. Gene chip detection 
(Capital Bio Corporation, Chengdu, China) and BACTEC MGIT960 (Becton, Dickinson and Company, 
MD, USA) liquid culture were performed to compare the NTM positive detection rates between the two 
methods. The NTM strain isolated from liquid culture were identified by rDNA sequencing and the results 
of identification were compared with those of gene chip detection using BALF specimens.
Results: A total of 221 cases of NTM were detected in 308 BALF specimens by the gene chip method; the 
positive rate was 71.75% (221/308). A total of 218 cases of NTM were detected by the liquid culture method, 
and the positive rate was 70.78% (218/308). There was no significant difference in the positive rate of NTM 
detected in BALF specimens between the two methods (χ2=0.138 P=0.804>0.05); 187 cases were detected 
with both sequencing and gene chip detection, and the coincidence rate of strain identification with the two 
methods reached 96.79% (181/187). Sequencing of 218 strains of NTM was carried out; eight species were 
identified, and the top four species were M. intracellulare (131/218, 60.09%), M. avium (48/218, 22.02%), M. 
abscessus (27/218, 12.38%), and M. kansasii (5/218, 2.29%).
Conclusions: Gene chip technology can rapidly detect NTM in BALF and accurately identify bacterial 
species. It has important clinical value in the early diagnosis and treatment of NMLD.
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Introduction

Nontuberculous mycobacteria (NTM) is widely present 
in natural environments such as water, soil, and dust, and 
most are parasitic bacteria. Only a small number of NTM 
cause human pathogenicity, and more than 190 types of 
NTM have been discovered to date (1). NTM can invade 
human lungs, lymph nodes, bones, joints, skin and soft 
tissues, and other tissues and organs, and can cause systemic 
disseminated diseases (2). With the gradual control of 
the tuberculosis epidemic and the development of strain 
identification techniques, NTM infection-associated diseases 
show a clear increasing trend and have become a public 
health issue that threatens human health (3). Lung disease 
due to NTM occurs commonly in structural lung disease, 
such as chronic obstructive pulmonary disease (COPD), 
bronchiectasis, cystic cibrosis (CF), pneumoconiosis, prior 
TB, pulmonary alveolar proteinosis, and esophageal motility 
disorders (4). Clinically, it is often difficult to differentially 
diagnose NTM and mycobacterium tuberculosis complex 
(MTBC)-induced mycobacteria lung disease, and these 
diseases are easily misdiagnosed. Therefore, accurate and 
rapid detection of mycobacteria and strain identification are 
of great importance for early diagnosis, timely and correct 
drug administration, and epidemiological surveillance of 
mycobacteria lung disease. At present, screening for NTM 
in Chinese laboratories generally involves isolating and 
culturing the mycobacterium first, and then the strains 
are identified. However, mycobacterial culture takes a 
considerable amount of time, and consequently, it is not 
possible to provide timely strain identification results for 
clinical use. Our research group aimed to directly examine 
the bronchoalveolar lavage fluid (BALF) of patients with 
NTM lung disease (NMLD) using gene chip technology 
(Capital Bio Corporation) and to compare the results with 
the sequencing results of MGIT960 cultured and isolated 
strains. We intended to investigate the value of the gene chip 
technique for the rapid diagnosis of NMLD using BALF. 

We present the following article in accordance with the 
STROBE reporting checklist (available at https://dx.doi.
org/10.21037/apm-21-1205).

Methods

Sample collection

BALF was collected from patients with suspected 
mycobacterial lung disease who underwent fiberoptic 
bronchoscopy at our hospital from January 2018 to June 

2020. Both gene chip detection and BACTEC MGIT960 
(Becton, Dickinson and Company) liquid mycobacterial 
culture were performed. A total of 308 specimens from 
patients with a diagnosis of NMLD were included in this 
study. All procedures performed in this study involving 
human participants were in accordance with the Declaration 
of Helsinki (as revised in 2013). The study was approved 
by Ethics Committee of Fuzhou Institute of Tuberculosis 
Control and Prevention (No.:2019-001-01). Individual 
consent for this retrospective analysis was waived.

Main instruments and reagents

The mycobacterium culture apparatus MGIT960 (Becton, 
Dickinson and Company) and supporting reagents were 
purchased from BD Biosciences (USA). The Jingxing 
E-CyclerTM 96 PCR instrument, BioMixerTM II chip 
hybridization instrument, LuxScan10K/B microarray chip 
scanner, and mycobacterium strain identification chip 
were purchased from CapitalBio Corporation, China. The 
MPB64 antigen detection kit was purchased from Genesis 
Biodetection and Biocontrol Co., Ltd., Hangzhou, China. 
We used the 16S-23S rRNA intergenic transcribed spacer 
(ITS) and 16S rDNA homologous sequence analysis 
to identify the NTM strain from the isolated strains. 
Sequencing was performed by Sangon Biotech Company, 
Shanghai, China.

Isolation, culture and preliminary identification of 
mycobacterium by BACREC MGIT960

Mycobacterium were cultured according to the MGIT960 
manual (Becton, Dickinson and Company). The cultured 
positive strains were identified as acid-fast bacteria positive 
by acid-fast staining. The MPB64 antigen detection 
method (Genesis Corporation, Hangzhou, China) was used 
for the initial identification of acid-fast strains: MPB64 
antigen positive strains were MTBC, and negative strains  
were NTM.

Identification of bacterial strains in BALF by gene chip 
detection

Nucleic acid extraction
Two milliliters of BALF was added to an equal amount 
of 10% NaOH and mixed by shaking. After standing still 
for liquidation for 15 min, the mixture was centrifuged 
at 12,000 rpm/min for 2 min, and the supernatant was 
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discarded. One milliliter of wash solution was added to the 
centrifuge tube, vortexed, and mixed. After centrifugation 
at 12,000 rpm for 2 min, the supernatant was discarded;  
50 μL of nucleic acid extraction solution was added and 
mixed well and transferred to a nucleic acid extraction tube, 
which was placed in a nucleic acid extraction machine for 
5 min with shaking, followed by a 95 ℃ water bath for 
5 min and centrifugation at 10,000 rpm for 1 min. The 
supernatant was collected for nucleic acid detection.

PCR amplification
PCR was performed in strict accordance with the manual 
for bacterial strain identification by gene chip (CapitalBio 
Technology). The amplification reaction system was  
20 μL, which included 18 µL for the amplification reaction 
solution and 2 µL for the DNA template. Pre-denaturation 
took place at 94 ℃ for 10 min; after a hot start, the solution 
was subjected to 45 cycles at 94 ℃ for 30 s, 60 ℃ for 30 s, 
and 72 ℃ for 40 s, then 20 cycles at 94 ℃ for 30 s and 72 ℃ 
for 60 s and then kept at 72 ℃ for 7 min.

Hybridization and determination of the results
The PCR products were denatured in a PCR machine 
at 95 ℃ for 5 min, followed by an ice bath for 5 min. A 
hybridization mixture was prepared at a ratio of 9 μL of 
hybridization buffer and 6 μL of PCR products. A total 
of 13.5 μL of hybridization mixture was added to the chip 
array through the wells, and the loaded chips were placed 
in the BioMixerTM II microarray hybridization station 
(CapitalBio Corporation). Hybridization was carried out 
at 50 ℃ for 2 h, and the rotation speed was 5 rpm. After 
hybridization, the microarrays were washed and dried, and 
the signals were read and the results were determined using 
a LuxScanTM 10KB microarray chip scanner and a Jingxing 
mycobacterial strain identification chip discrimination 
system (CapitalBio Corporation).

Microbial strain identification of isolated strains

Nucleic acid extraction of strains
The nucleic acids of the strains were extracted by boiling. 
After mixing in mycobacterium culture-positive MGIT 
tubes (Becton, Dickinson and Company), 0.5 mL of 
bacterial solution was aspirated and placed in a water bath, 
boiled and lysed at 100 ℃ for 30 min, and centrifuged at 
12,000 rpm for 10 min. The supernatant was used for the 
detection of nucleic acids.

PCR amplification and sequencing
In accordance with the literature, ITS homologous 
sequence analysis was used, and 16S rDNA sequencing was 
used for bacteria that could not be distinguished by using 
this method.

The ITS upstream primer was 5'-CGACGAAGTCGTA 
ACAAGG-3', and the downstream primer was 5'-GC 
GTATCCNTTAGATGCTC-3'. The 16S rDNA upstream 
primer was 5'-CACATGCAAGTCGAACGGAAAGG-3'; 
the downstream primer was: 5'-GCCCGTATCGCCCG 
CACCCT-3'. The primers were synthesized by Sangon 
Biotech Company. The amplification reaction system 
comprised 25 µL, including 20 µL of amplification 
reaction solution and 5 µL of DNA template. The PCR 
amplification program was as follows: pre-denaturation at 
95 ℃ for 5 min; after a hot start, the solution was subjected 
to 55 cycles at 95 ℃ for 15 s, 54 ℃ for 20 s, and 72 ℃ for  
20 s, and then kept at 72 ℃ for 5 min. The amplified 
products were analyzed by agarose gel electrophoresis and 
sent to Sangon Biotech Company. The gene sequences were 
compared with the GeneBank Database of the National 
Center for Biotechnology Information (https:/blast.ncbi.
nlm.nih.gov/B1ast.cgi) for homology analysis to identify the 
strains.

Diagnostic criteria for NMLD

Diagnostic criteria for NMLD based on the ATS/ERS/
ESCMID/IDSA Clinical Practice Guideline for NTM (5).

Statistical analysis

SPSS 22.0 software was used for the statistical analysis. 
The chi-square test was used to compare count data among 
groups. P˂0.05 was considered statistically significant.

Results

Age and sex distribution of NTM patients

Among the 308 NMLD patients, 202 (65.57%) were female 
and 106 (34.43%) were male; the male-to-female ratio was 
1:1.91. Females outnumbered males in all but the under 
30 years age group. The distribution of NMLD in all age 
groups showed that middle-aged and elderly patients (i.e., 
those over 40 years of age) were the main population; these 
age groups accounted for 92.21% of the cases (284/308), 
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and the 51 to 60 years age group was the largest (35.72%). 
The specific distribution characteristics are shown in Table 1.

Comparison of test results between the gene chip and liquid 
culture methods

Among the 308 NMLD patients, 221 had positive BALF 
results according to the gene chip assay, for a positive rate of 
71.75% (221/308); in the preliminary strain identification, 
the number of cases with positive NTM according to the 
liquid culture and MPB64 antigen assay was 218, for a 
positive rate of 70.78% (218/308). The gene chip method 
and the liquid culture method had a positive coincidence 
rate of 85.78%, a negative coincidence rate of 62.2%, 
and an overall coincidence rate of 78.90%, and there was 
no difference in the positive detection rate of NTM in 
BALF specimens between the two methods (χ2=0.138, 
P=0.804>0.05) (Table 2). There were 218 cases of positive 
NTM in liquid cultures of BALF; they were reported at a 
range of 5 to 36 days, with a mean time of 21.49 days and a 
median time of 21 days; in comparison, the entire gene chip 

detection process took 6 h.

Comparison of NTM strain identification using the gene 
chip method and gene sequencing technology

A total of 218 strains of NTM were isolated from the BALF 
specimens of 308 NMLD patients after being cultured in 
liquid. After nucleic acid extraction, PCR amplification was 
performed, followed by ITS and 16S rDNA sequencing. 
Eight species were identified among the 218 NTM strains, 
including M. intracellulare in 131 strains (60.09%), M. avium 
in 48 strains (22.02%), M. abscessus in 27 strains (12.38%), 
M. kansasii in five strains (2.29%), M. szulgai/malmoense in 
two strains (0.92%), and one strain each of M. scrofulaceum, 
M. marseillense, and M. senegalense (0.46%). The gene chip 
method was used to directly detect NTM in BALF. A total 
of 221 cases of NTM were detected in 308 samples, and  
6 species were identified. The order of strain distribution 
was the same as that of the sequencing results (Table 3).

A m o n g  t h e  3 0 8  B A L F  s p e c i m e n s ,  1 8 7  w e r e 
simultaneously analyzed by gene sequencing and gene 
chip detection, and a total of 181 cases had coincident 
strain identification results. The coincidence rate of 
the two methods was 96.79%. The gene chip and gene 
sequencing results were inconsistent in a total of 6 cases 
(Table 4). In addition, because gene chip technology cannot 
distinguish M. chelonae from M. abscessus or M. szulgai from 
M. malmoense, the detection results were represented as M. 
chelonae/abscessus and M. szulgai/malmoense. The sequencing 
results of the 28 cases of M. chelonae/abscessus were all M. 
abscessus. The sequencing results of the two cases of M. 

Table 1 Age and sex distribution of 308 patients with NMLD

Age group (years)
 Male Female  Total

Patients % Patients % Patients %

<30 6 1.95 2 0.65 8  2.60

31–40 6 1.95 10 3.25 16  5.19

41–50 15 4.87 42 13.64 57 18.51

51–60 28 9.09 82 26.62 110 35.71

61–70 34 11.04 54 17.53 88 28.57

71–80 12 3.90 11 3.57 23 7.47

>80  5 1.62  1 0.32 6 1.95

Total 106 34.42 202 65.58 308 100

NMLD, nontuberculous mycobacterial lung disease.

Table 2 Comparison results for gene chip and liquid culture 
detection

Gene chip  

method

MGIT960 culture
Total χ2/P value

Positive Negative

 Positive 187 34 221 0.138/P=0.804>0.05

 Negative 31 56 87

 Total 218 90 308
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szulgai/malmoense were all M. malmoense.

Discussion

In recent years, NTM has become an important pathogen 
that threatens human health, and the incidence and 
prevalence of NMLD continue to rise worldwide (6). A 
retrospective study in the USA showed that the incidence 
of NMLD increased from 3.13/100,000 in 2008 to 
11.70/100,000 in 2015 (7). The infection rate of NTM 
has also shown a trend toward rapid growth in China. 
An epidemiological survey showed that the rate of NTM 
isolation in clinically isolated mycobacteria increased from 
11.1% to 22.9% over a decade (8). NTM can infect multiple 
tissues and organs in the human body, but the lungs are the 
most common infection site, accounting for approximately 
65–90% of cases (9). The symptoms, signs, and imaging 
findings of NMLD are very similar to those of pulmonary 

tuberculosis. However, NTM is generally resistant to 
common anti-TB drugs. Therefore, the rapid detection 
and identification of NTM species is very important for 
the diagnosis and treatment of NMLD. At present, most of 
the reported NTM strain identification methods are based 
on cultures to obtain isolates before strain identification  
(10-12). Due to the long cultivation time of mycobacteria, 
it takes 1–8 weeks and sometimes as long as 12 weeks to 
obtain a culture (13). Therefore, this method cannot provide 
timely and rapid clinical information. CapitalBio GeneChip 
technology is a commercially available indirect homologous 
sequence comparison method that uses 16S rDNA-specific 
single-nucleotide polymorphic sites as probes and fixes the 
probes on a chip after labeling. It indirectly determines the 
DNA sequence composition through the binding of the 
probes to the sequences to be tested, thus providing strain 
identification. This method is simple and can be performed 
quickly; the whole process takes only 6 h. It can identify 
17 clinically common NTMs, including M. tuberculosis, M. 
intracellulare, M. chelonae/M. abscessus, M. kansasii, M. avium, 
M. gordonae, M. fortuitum, M. scrofulaceum, M. gilvum, M. 
terrae, M. phlei, M. nonchromogenicum, M. marinum/M. 
ulcerans, M. aurum, M. szulgai/M. malmoense, M. xenopi, 
and M. smegmatis. Reliable results have been reported in 
the literature for the identification of isolated strains and 
sputum specimens (14,15). Although molecular biology 
technology has shown high sensitivity for the detection of 
MTBC in BALF (16,17), there is no report on the use of 
BALF specimens for NTM detection; therefore, this study 
intended to investigate the diagnostic value of gene chip 

Table 3 NTM identification results of the gene chip and gene sequencing methods

Bacterial species
Gene chip Gene sequencing Both methods

Number of strains % Number of strains % Coincident strains (%)

M. intracellulare 131 60.09 134 60.63 110/112 (98.21)

M. avium 48 22.02 46 20.81 41/42 (97.62)

M. chelonae/abscessus 28 12.84 30 13.57 22/23 (95.65)

M. kansasii 6 2.75 8 3.62 5/5 (100.0)

M. szulgai/malmoense 2 0.92 2 0.90 2/2 (100.0)

M. scrofulaceum 1  0.46 1 0.45 1/1 (100.0)

M. marseillense 1 0.46 0 0 0/1 (0.0)

M. senegalense 1  0.46 0 0 0/1 (0.0) 

Total 218  100 221  100 181/187 (96.79)

NTM, nontuberculous mycobacteria.

Table 4 Inconsistent NTM species identified by gene chip and 
gene sequencing

Gene chip Gene sequencing Number of cases

M. intracellulare M. abscessus 1

M. avium M. intracellulare 2

M. avium M. marseillense 1

M. intracellulare M. avium 1

M. chelonae/abscessus M. senegalense 1

NTM, nontuberculous mycobacteria.
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technology for NMLD by statistically analyzing the results 
of gene chip detection of NTM in BALF from patients with 
NMLD with the goal of aiding in the rapid diagnosis and 
treatment of NMLD and providing additionally clinical 
data on the prevalence of NTM in Fujian Province to guide 
the prevention and treatment of NMLD.

In this study, a total of 308 BALF specimens underwent 
simultaneous detection using the liquid culture method and 
the gene chip method, and the culture method was used as 
the reference method for evaluating the NTM detection 
rate of the gene chip method. The results showed that 
221 out of 308 BALF samples from NMLD patients had 
positive results with gene chip detection, with a positive rate 
of 71.75% (221/308), while the number of positive cases 
detected with the liquid culture method and preliminarily 
identified as NTM was 208, with a positive rate of 70.78% 
(218/308); there was no difference in the positive detection 
rate of NTM in BALF between the two methods (χ2=0.138, 
P>0.05). Compared to the liquid culture method, which 
requires an average of 21 days to detect NTM, the entire 
gene chip detection process takes only 6 h, which greatly 
decreases the detection time and allows clinicians to quickly 
diagnose NMLD.

In this study, the liquid culture-positive strains were 
sequenced using ITS and 16S rDNA gene sequencing and 
compared with the strain identification results directly 
detected in the BALF using the gene chip method to 
evaluate the accuracy of strain identification by gene chip. 
A total of 187 samples were subjected to simultaneous 
gene sequencing and direct gene chip detection of the 
isolated strains. A total of 181 strains had matching strain 
identification results; the coincidence rate between the two 
results was 96.79%, which was very high. A multicenter 
study in China in which the gene chip method was used for 
direct detection in positive sputum specimens also showed a 
fairly high coincidence rate between the gene chip method 
and the gene sequencing method (15), and coincidence rate 
of NTM strain identification and the sequencing of sputum 
culture isolates reached 95.4%. This study showed that 
gene chip technology can accurately identify NTM strains 
in BALF without the need for strain isolation and culturing, 
which decreases both the time and cost of detection. 
However, this technique has some limitations. First, this 
technique is based on the detection of 16S rDNA single 
sequences; even though this sequence currently has the most 
complete database for strain identification, its similarity 
among NTM strains is as high as 90%, its differentiation 
ability is low, and it cannot accurately distinguish M. 

chelonae from M. abscessus, M. szulgai from M. malmoense, 
or M. marinum from M. ulcerans (18). Therefore, ITS was 
selected as the main sequence for the sequencing method to 
improve the ability to differentiate among strains. Second, 
only 17 common clinical NTMs can be identified, which a 
small number compared to the large variety of pathogenic 
NTMs. In this study, M. marseillense and M. senegalense were 
not included in the detection range and were incorrectly 
identified. In view of these limitations, we suggest the use 
of a high-throughput gene chip, such as the ITS sequence, 
to increase the probe sequence and the probe types of 
pathogenic NTM to improve the differentiation ability and 
the number of strains identified.

The majority of the 308 NMLD patients included in this 
study were female and middle-aged or elderly; the number 
of female patients was 1.91 times that of male patients, and 
the proportion of menopausal women over 50 years of age 
was 48.05% (148/308), which is basically consistent with 
the literature reports (19). The sequencing results for 218 
strains of NTM isolate showed that the main pathogens of 
NMLD in our hospital were M. intracellulare, M. avium, 
M. abscessus, and M. kansasii, accounting for as much as 
97.71% (213/218). These four types of NTM are also the 
most common strains of NMLD reported domestically 
and abroad (5,20,21). Among them, M. intracellulare and 
M. avium are collectively referred to as MAC. This group 
represents the mycobacteria for which the highest number 
of new strains or subspecies are found and comprises the 
main pathogen of NMLD at our hospital. In our study, 
3 species were found: M. intracellulare in 131 strains, 
M. avium in 48 strains, and M. marseillense in 1 strain; 
together, they accounted for up to 82.57% of the isolated 
strains (180/218). Although the prevalence of NTM shows 
significant geographical variation, overall, the isolation 
rate of MAC is the highest, and MAC lung disease is the 
most common NMLD observed (22). This study shows 
that the coincidence rate of gene chip technology and 
sequencing for the detection of the most common strains of 
NMLD—MAC, M. abscessus, and M. kansasii—were 97.42% 
(151/155), 95.65% (41/42), and 100% (6/6), respectively. 
Gene chip detection in BALF is sufficient for the preliminary 
clinical diagnosis of NTM.

In summary, the incidence of NMLD shows an increasing 
yearly trend, and it is easily confused with tuberculosis (TB). 
NTM has high resistance to most anti-TB drugs; therefore, 
the rapid detection and identification of NTM at the species 
level is of great clinical importance. Gene chip technology 
is a molecular biology technology developed in recent years. 
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It has the characteristics of rapidness, high throughput, 
and a high degree of automation. The detection of NTM 
in BALF using this technology can help clinicians rapidly 
diagnose NMLD. Additionally, it enables clinicians to select 
suitable drug sensitivity tests in a timely manner based on 
the provided information about the bacterial strains, which 
allows a shift from empirical drugs to targeted drugs and 
provides a basis for precise clinical treatment.
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