
International Journal of 

Mini Review
Review of Research Progress on Detection and Identification Methods of  

Mycobacterium
Guan-Ying Ma1, Zhi-Gang Zhang2,*                                                              

1Department of Clinical Pathology, Chengde Medical University, China.
2Department of Pathology, Cangzhou People’s Hospital, China.

*Corresponding author: Zhi-gang Zhang, Department of Pathology, Cangzhou People’s Hospital, 7 Qingchi Avenue, 
Cangzhou City, Cangzhou 061000, China.

Received: December 04, 2021                                                                                         Published: December 29, 2021

Copyright © All rights are reserved by Guan-Ying Ma1, Zhi-Gang Zhang2,*                                                            

Clinical Studies & Medical  Case ReportsISSN 2692-5877

1

DOI: 10.46998/IJCMCR.2021.16.000398

DOI: 10.46998/IJCMCR.2021.16.000398

Abstract  

Nontuberculosis-Nlycobacteria (NTM), also known as environmental mycobacteria or mycobacteria other than tuberculosis, 
it grows in both natural and man-made environments and plays an important role in mycobacteria,and some of its strains can 
cause disease. With the increasing incidence of lung diseases caused by NTM worldwide, NTM has become an important hu-
man pathogen, especially in recent years, a number of nosocomial NTM infections have occurred in China, which has gradually 
aroused concern at home and abroad. The premise of clinically targeted treatment is accurate identification of strains; however, 
the imaging manifestations of mycobacterium subspecies are not easy to distinguish and the pathomorphologic manifestations 
are very similar, all of which are granulomatous inflammatory manifestations. At present, the reagent that can detect the most 
species of bacteria is the gene detection kit of Aneugen Biotechnology (Shenzhen) Co., Ltd., so how to detect more than 22 spe-
cies of mycobacteria is of great significance. With the increasing incidence of mycobacterial disease, it is urgent and necessary 
to find a simple and efficient detection method. This paper describes the experimental principles, advantages and disadvantages 
as well as accuracy of several generations of mycobacterium identification methods, in order to provide support for clinical and 
laboratory personnel. For example, traditional bacterial identification methods are simple but time-consuming; the method of 
molecular identification is rapid and specific, but not economical and simple; first-generation sequencing can accurately detect 
more than 22 strains of mycobacterium. If tuberculosis is not confirmed, metagenomic second-generation sequencing can be 
used to detect mycobacterium, but the second-generation sequencing is complicated, time-consuming, multi-loci and expensive, 
so the first-generation sequencing has its limitations but is convenient and quick. With the outbreak of the epidemic, the disease 
has become the focus of clinical research. Despite the continuous discovery and application of different treatment methods, the 
diagnosis of mycobacterium still faces great challenges, and there is an urgent need to develop new and efficient identification 
methods to improve the accuracy. Mycobacteriosis caused by non-tuberculous mycobacteria is an increasingly concerned pa-
tient with immune deficiency and immune capacity in human medicine, but there are still many deficiencies in the identification 
methods of strains. In order to search for an efficient, convenient and economical identification method, this paper describes the 
new progress in the identification technology of non-tuberculous mycobacteria.

Keywords: Mycobacteria; Traditional bacteriological identification; Metagenomic sequencing; Generation sequencing; Re-
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Introduction
Nontuberculosis Nlycobacteria (NTM), also known as myco-
bacterium environmental or Mycobacterium extrinsic tuber-
culosis (MOTT), refers to mycobacteria other than mycobac-
terium tuberculosis complex and Mycobacterium leprosy [1], 
which is an important opportunistic pathogen that usually lives 
freely. Widespread in the environment. So far, about 200 spe-
cies of NTM have been identified as human pathogens, and 
they can cause a wide range of infections, with lung infections 
accounting for 65%-90% of them [2]. Infection of pulmo-
nary NTM is usually caused by primary pulmonary disease, 
whereas disseminated infections and lymphadenitis caused 
by NTM are common in immunodeficient hosts [3]. NTM is 
not a single disease, but a general term for bronchopulmonary 

diseases caused by any mycobacterium except mycobacterium 
tuberculosis. It is mainly harmful to people with chronic pul-
monary diseases, nosocomial infections and reduced immu-
nity. For example, non-tuberculous mycobacteriosis without 
clinical symptoms is reported to account for 25% of cases [4]. 
Although mycobacterium tuberculosis infection accounts for 
the main part of granulomatous inflammation, there are many 
patients with clinical symptoms of non-tuberculous mycobac-
terium, and hospital-acquired infection, such as aubaniere in-
fection of non-tuberculous mycobacterium found in our hos-
pital, neither patient has obvious clinical manifestations. Line 
two strains of mycobacteria classified spot hybridization ex-
periments show that all the following mycobacteria (shame af-
ter mycobacteria, mycobacterium tuberculosis complex group, 
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secondary mycobacteria, intracellular mycobacteria, bird 
mycobacteria, stomach mycobacteria, Kansas mycobacteria, 
scrofula mycobacteria, cow mycobacteria, turtle mycobacteria, 
turtle mycobacterium abscess bacteria, sur plus mycobacteria, 
Sea/ulcer mycobacteria, toad mycobacteria, di's mycobacte-
ria, accidental/pig mycobacteria, yellow mycobacterium, ape 
mycobacteria, soil mycobacteria, grass mycobacteria, do not 
produce color mycobacteria, Gordon mycobacteria), and then 
to identify the bacteria strains of metagenomic detection are 
tips for Obama's mycobacteria, This finding also plays a pre-
ventive and protective role for medical workers. Most of the 
clinical manifestations of Mycobacterium are not character-
istic, including cough, sputum, fever, shortness of breath, he-
moptysis, chest tightness and chest pain. Imaging performance 
is also very similar, more performance and lobular core nodes, 
millet tree-in-bud nodules, interlobular septal thickening, large 
consolidation, bronchiectasis, ground glass density, pleural 
thickening, lymph node enlargement, such as performance of 
(Figure 1-4) is difficult to identify [5], but different subspecies 
of bacterial species treatment difference is very big, Therefore, 
accurate and rapid identification of bacterial species is the key 
to the diagnosis and treatment of various mycobacterial infec-
tious diseases. Caused by rare mycobacteria NTM is rarely, if 
ever, found that the existing clinical experience and knowledge 
is not enough, with the progress of science and technology, 
methods for the identification of strains of constant progress, 
now roughly divided into traditional bacteriological methods 
such as survey method, molecular biology technology, the 
development of rapid molecular diagnostic test to identify 
mycobacterium tuberculosis has become the focus of the re-
search and implementation [6]. Among them, first-generation 
sequencing (Sanger sequencing) is found to be a convenient, 
economical and fast identification method after many reviews 
and summaries of literatures.

Microscopic and CT images of mycobacterium diag-
nosis:

Figure 1                    

Figure 2                    

Figure 3                   

Figure 4               

Microscopically, caseous necrosis, peripheral fibrous connec-
tive tissue, and chronic inflammatory cell infiltration are seen.

CT mediastinal window showed micronodules, calcification 
and pleural thickening, ground glass shadow and tree bud sign 
in lung window.
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Traditional Detection Methods for Mycobacteria

Traditional bacteriological identification
Traditional bacteriological identification is mainly based on 
the morphological, physiological and biochemical characteris-
tics of mycobacteria, including acid-fast staining, fluorescence 
microscopy, traditional solid culture method, and rapid culture 
method using semi-automatic culture system, tube culture sys-
tem, and automatic culture system.
Acid-fast staining and fluorescence microscopy are common 
staining methods for the detection of mycobacteria. The most 
commonly used method in the laboratory is the direct smear 
method of sputum specimens. This method is simple and 
cheap, but the sensitivity is poor, and the detection rate is not 
high. The results cannot be obtained within 1 day in the case of 
a large amount of sputum smear, which is far from meeting the 
needs of tuberculosis prevention and control. The traditional 
solid cultivation method of separation takes longer, generally 
need eight to 12 weeks to get, and the cultivation of the faster 
technology still need 4-6 weeks 9 [7], and use modified Roche 
solid culture medium (L - J) culture also needs 20 days to 2 
months, even with more advanced automatic mycobacteria/
drug susceptibility testing system for liquid culture also needs 
7 to 20 days or so. The Capital Bio Real-time Polymerase chain 
reaction test showed good diagnostic accuracy for both my-
cobacterium tuberculosis and non-mycobacterium tuberculosis 
infection. This is of great significance for the differential diag-
nosis of early pulmonary mycobacterium infection [8].
In recent years, the rapid development of fluorescent staining 
technology, as a research method or experimental means, has 
been widely used in the field of medical science in a variety of 
basic theoretical research and clinical diagnosis. The sensitiv-
ity, specificity and accuracy of bacterial assay are much higher 
than that of bacterial assay. However, isolation culture is the 
"gold standard" for tuberculosis diagnosis in terms of tubercu-
losis control, epidemiological investigation and research.

Timed fluorescence quantitative PCR
Timed fluorescent quantitative PCR is a method to measure the 
total amount of products formed after each cycle of Polymerase 
chain reaction in DNA amplification reaction using fluorescent 
chemicals. Because the use of fluorescent chemicals can enable 
the detection personnel to conduct real-time detection of the 
Polymerase chain reaction process, PCR sequencing of 16S-
23S rDNA [9] is more sensitive, and this gene fragment is gen-
erally used to detect cases with low content of acid-fast bacilli 
and atypical changes in tissue morphology. It can avoid the 
false negative caused by the limitation of acid-fast staining to a 
certain extent and improve the detection rate of bacteria. PCR 
has double specificity including probes and primers. Rapid di-
agnostic methods based on real-time PCR, such as GeneXpert 
MTB/RIF method, can detect rifampin (RIF) resistance at the 
same time. Moreover, it is easy to operate in a closed tube and 
causes less samples and environmental pollution. However, 
it also has the disadvantages of easy interference of primers, 
limited detection types and low amplification efficiency. The 
establishment of THE LNA-OSN-Q-PCR method can redesign 
the probe based on the existing mature N-PCR, or redesign the 
primers based on the mature Q-PCR. Lna-osn-q-pcr does not 
need to open the lid in the whole process, and has almost no 
contamination risk. With its high accuracy, good repeatabil-
ity, quantitative analysis and short time consuming, it can be 
used as a routine molecular diagnostic method in microbiology 

laboratories on a large scale, and has the potential to become a 
commercial kit.

Pcr-Reverse Dot Hybridization (RDBH)
Dot hybridization is to add denatured DNA to nitrocellulose 
membrane, hybridize with labeled probe, autoradiography, 
judge whether there is hybridization and hybridization inten-
sity, used for gene deletion or copy number change detection. 
A new Reverse Dot Hybridization (RDBH) method was de-
veloped for rapid identification of clinical mycobacterium iso-
lates. Using 16S rRNA as the target, this method was identi-
fied by DNA sequencing and conventional methods including 
growth characteristics, pigment production, colony morphol-
ogy and biochemical tests. Data showed that the sensitivity of 
mycobacterium probe hybridized to the membrane of clinical 
isolates was 100% [10], which greatly improved the detection 
efficiency of mycobacterium. But its detection coverage is lim-
ited.

Molecular Detection of Mycobacterium

Matrix assisted laser desorption ionization time of flight 
mass spectrometry (MALDI-TOF-MS)
MALDI—TOF-MS mainly produces different track spectra 
under the action of magnetic field according to the bacterial 
protein, and compares them with the spectrum in the database 
to obtain the result of bacterial species identification. The com-
bination of QPCR and MALDI-TOF remains a suitable meth-
od for timely diagnosis of mycobacterium species. This may 
ultimately help detect cases missed by phenotypic testing and 
enhance NTM diagnostic capabilities to effectively improve 
patient management [11]. The 16SrRNA gene fragment in mo-
lecular detection technology is sensitive, and its main defect 
lies in that some non-tuberculate mycobacterium species can-
not be detected. However, as its relevant database is the most 
complete at present, it is recommended for routine use, and the 
data obtained by this method for NTM strain identification are 
of clinical value and epidemiological significance. Therefore, 
rapid identification of Mycobacterium tuberculosis complex 
and NTM is the key to appropriate treatment [12].

Gene chip technology
The common chip technologies are DNA microarray method 
and Liquid chip (Suspension array). The known sequence am-
plified by FLUORESCENCE labeling PCR is used for qualita-
tive and quantitative analysis by hybridizing signal with oligo-
nucleotide probe on the chip. The fluxes of the two microarray 
methods were higher in the detection of drug resistance genes 
and identification of bacterial strains. Although the identifi-
cation ability was weaker than that of direct gene sequence 
analysis, the synthesis of nucleic acid probes was prone to er-
rors or impurities, which reduced the specificity of hybridiza-
tion. However, this technology is simple to operate, capable of 
identifying common clinical NTM, and can solve most clinical 
problems [13]. The whole process of the chip method used in 
this study only takes 4 hours [14]. After initial screening by 
chip hybridization, 16S rRNA gene sequencing was selected 
for confirmation. Although the selected 16S rRNA gene iden-
tification ability is relatively low, due to its most complete rel-
evant database at present, it is recommended for routine use 
[15]. Currently, there are few detection items available for 
solid-phase chip, so it is difficult to be widely used.
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Sanger Sequencing
The clinical radiological characteristics of this disease and tu-
berculosis (TB) were confirmed and identified by intra tran-
scriptional spacer gene sequencing in 16S-23S rRNA. Patients 
with active disease were treated by NTM species and followed 
up to determine clinical, radiological, and microbiological out-
comes [16]. With the development of molecular biology tech-
nology, DNA sequencing identification method has become 
the gold standard for bacterial species identification. DNA 
sequencing identification method for mycobacterium species 
identification is based on certain specificity of certain homolo-
gous DNA fragments of different mycobacteria. This method 
has high resolution and short detection time. DNA sequence 
number of clustering analysis is the first to use DNA sequence 
method for the identification of mycobacteria strains, the ap-
pearance of DNA sequence database makes DNA sequence 
contrast identification of mycobacterium species no longer 
need to professional and technical personnel can also be mea-
sured, some open public information database platform to en-
rich the database itself, such as America's national centre for 
biological information (NCBI), However, some scholars found 
that NCBI has some identification error sequences, incomplete 
sequences and unnamed sequences, which can affect the accu-
racy of identification results [17]. Due to the shortcomings of 
traditional detection methods such as low sensitivity and long 
time, misdiagnosis or missed diagnosis is easy to be caused to 
some patients. Therefore, whether to provide rapid, sensitive, 
specific, reliable, simple and suitable for clinical application 
of laboratory examination technology has become the focus of 
research at home and abroad. First-generation sequencing has 
the advantages of sensitivity, specificity and rapidity, which 
can improve the detection rate of TUBERCULOSIS bacilli and 
play an important role in promoting the prevention and treat-
ment of tuberculosis in China and the world.

Metagenomics Next Generation Sequencing (NGS)
NGS can be analyzed by genomics method to extract DNA 
from the environment, which can cover the entire genome 
instantly without prior knowledge of specific pathogens. It is 
suitable for mycobacterium species that are not easy to find, 
but its accuracy depends on accurate extraction of high concen-
tration OF DNA or RNA and efficient removal of host genes. 
Although second-generation sequencing can make up for the 
limitations of traditional identification technology, it is difficult 
to popularize widely due to its high price, high requirements 
for identification operation and limited research environment. 
A rapid, simple, specific and sensitive tuberculosis diagnostic 
test can accurately identify the existing technology can't detec-
tion of mycobacterium tuberculosis strains, the itself patients 
with lung basic diseases such as tuberculosis, the defects in ad-
vance by means of screening for genetic genes or gene screen-
ing to regular follow-up, prevent prompt action, it is of great 
help and significance to clinical diagnosis and treatment [18].

Prospect
China is a country with a high burden of TB, and the burden 
of non-tuberculous mycobacterium (NTM) disease is also in-
creasing worldwide, but its diagnosis is still delayed and mis-
taken for multi-drug resistant tuberculosis (MDR-TB) [19] The 
proportion of diseases caused by non-tuberculous mycobacte-
rium is increasing, long-term ineffective treatment and con-
tinuous TB transmission. It seriously affects the prevention, 
control and management of TUBERCULOSIS and poses a 

major threat to human health. However, the lack of an orga-
nized monitoring system for NTM, such as that for TUBER-
CULOSIS, still delays its diagnosis and is easily misdiagnosed 
as multidrug-resistant tuberculosis (MDR-TB) [20].
Existing application of species identification technology, the 
traditional test method of overall existence one-sided sex, al-
though the sensitivity is high, the operation is simple and the 
price is low, but time-consuming, specificity and reliability is 
low, can't close relatives of accurate ruled out identification of 
strains of mycobacterium tuberculosis, however, because of its 
low cost, and still is the core of all diagnostic methods, it is 
widely used in clinical practice. With increasing attention paid 
to Non-Tuberculous Mycobacterium (NTM) disease, especial-
ly in health infection outbreaks, researchers are increasingly 
developing molecular biotechnology and gene bank testing 
systems to detect and control NTM at low cost. Maldi-tof-ms 
[21], PCR amplification and dot hybridization are relatively 
efficient and reliable identification methods with high resolu-
tion, good repeatability and short detection time. These new 
technologies greatly improve the accuracy of NTM detection. 
In addition, it has been applied in some large hospitals and 
laboratories [22]. However, comprehensive data on patient 
susceptibility, dominant species and drug resistance profile are 
also needed in order to improve treatment plan and manage-
ment of NTM. Although only a limited number of antibiotic 
NTM show sensitivity, the resistance of isolates is highly vari-
able, so more caution should be taken in the empirical treat-
ment of NTM infection [23]. At present, there are still many 
non-tuberculous mycobacterium disease-causing strains that 
cannot be identified with model specificity. Therefore, rapid 
identification of NTM from MTBC and specific identification 
of NTM are essential for correct treatment and correct patient 
management.
Therefore, the Sanger sequencing mentioned in this paper can 
solve the problems of time-consuming, complex operation and 
low cost. In the future, a simple, rapid, convenient and reli-
able routine laboratory NTM species identification technology 
will be established. This method can be used to identify the 
most common NTM from lung samples in developing coun-
tries [24]. Due to the complex identification mechanism of 
non-tuberculous mycobacteria, which is not completely clear 
and difficult to determine, there is still a lack of very effective 
and accurate methods. The above methods have shown the ad-
vantages of detection in experimental studies, but more stud-
ies are needed to explore the clinical application and specific 
implementation methods. There is still a long way to go in the 
research and selection of methods to identify non-tuberculous 
mycobacteria. It is believed that in the near future, people can 
conquer the disease caused by non-tuberculous mycobacteria, 
which seriously affects human health.
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