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                                                                             Abstract-
 
Diagnosis and management of non-tuberculous mycobacterial (NTM) infections remain 

formidable due to their nonspecific clinical presentation, environmental persistence and 
adaptability, and intrinsic drug resistance to existing treatments. The diverse species exhibiting 
variable

 
drug susceptibility and lacking standardised treatment regimens make the precise 

identification of NTM species more critical. Therefore, precise and prompt species-level 
identification is paramount to confirm diagnosis, suggest appropriate therapeutics to

 
improve 

patient outcomes. NTM infections often mimic tuberculosis, leading to frequent misdiagnosis, 
inappropriate therapy, and increased morbidity. Compounding this, advanced molecular tools 
required for precise identification are limited inresource-constrained setups. Moreover, no robust 
diagnostic algorithm exists for accurately identifying NTM at the species level. 
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Abstract- Diagnosis and management of non-tuberculous 
mycobacterial (NTM) infections remain formidable due to their 
nonspecific clinical presentation, environmental persistence 
and adaptability, and intrinsic drug resistance to existing 
treatments. The diverse species exhibiting variable drug 
susceptibility and lacking standardised treatment regimens 
make the precise identification of NTM species more critical. 
Therefore, precise and prompt species-level identification is 
paramount to confirm diagnosis, suggest appropriate 
therapeutics to improve patient outcomes. NTM infections 
often mimic tuberculosis, leading to frequent misdiagnosis, 
inappropriate therapy, and increased morbidity. Compounding 
this, advanced molecular tools required for precise 
identification are limited inresource-constrained setups. 
Moreover, no robust diagnostic algorithm exists for accurately 
identifying NTM at the species level. This study aims to 
develop a rapid, reliable, and reasonable diagnostic algorithm 
for clinically relevant NTMs. By evaluating the non-complexity 
of molecular techniques, accuracy of the diagnosis, the 
turnaround time, a robust algorithm is to be proposed. 
Standardization of Drug Susceptibility Test (DST) in the study 
will guide the prompt and targeted therapy.  
Keywords: NTM, MTB, drug resistance, LPA, NTM, DST, 
sequencing. 
 

  I.

 

Background

 TM refer to the mycobacteria

 

other than M. 
tuberculosis

 

complex and M. leprae[1]. They are 
ubiquitously present in the environment, 

specifically in soil and water, and are capable of causing 
a range

 

of diseases in humans and animals[2]. They 
affect both immunocompromised and healthy 
individuals, and such infections are now increasing 
globally[3], [4], [5]. Similar to

 

M. tuberculosis, NTM 
infections have

 

the potential to disseminate systemically, 
mimicking M. tuberculosis

 

infections, and can resultin 
skin and soft tissue infections, lymphadenitis, and

 
pulmonary infections[6]. Again, due to the varied clinical 
representation of NTM infection, it

 

results in delayed 
diagnosis and is often misdiagnosed as TB, increasing 
the burden on the National TB elimination 
programme[7]. There are 150 species identified in NTM, 
but a few, such as

 

Mycobacterium avium complex

 
(MAC), Mycobacterium abscessus, and M. kansasii, are

 
capable of causing

 

pulmonary infections [8]. MAC is 

well associated with nosocomial infections, while M. 
abscessus is found to bea notorious pathogen that 
causes high mortality because of its innate resistance to 
multiple medications[9].  

Diagnosis and disease management in NTM 
infections are challenging. As NTM is an environmental 
pathogen, it is difficult to distinguish colonisation 
frominfection[10]. Management of the disease is also 
toilsome as all NTM species except M. kansasii are 
intrinsically or partially resistant to standard anti-
tubercular drugs[11]. Antimicrobial susceptibility testing 
for all drugs of interest and each species has notbeen 
standardised yet[12]. Moreover, the clinical application 
of such AST available drugs with optimal doses is also 
debatable. Due to their wide availability in the 
environment and hydrophobic nature, these organisms 
are adaptable to low pH, high temperature and capable 
of producing biofilm, thus creating antimicrobial 
resistance[13], [14].  

Treatment of NTM infection involves a 
protracted regimen of combined antibiotics, and the 
outcome can vary depending on the species causing 
the particular infection[15]. In addition, relapse of 
infection due to the same organism or new recurrent 
infection due to other mycobacteria is relatively 
common[16]. 

The isolation and rapid identification of NTM 
from clinical specimens areessential due to the 
differences in treatment strategies for tuberculosis and 
other mycobacterial infections [17]. This will save the 
government resources as misdiagnosis of NTM infection 
leads to unnecessary intake of tuberculosis drugs by the 
patients[18]. The delay in treatment for non-tubercular 
infection also leads to increased mortality[19]. The 
intake of tuberculosis drugs increases the risk of drug-
related side effects in patients, leading to increased 
morbidity[20]. Identification at the species level is 
necessary for making prompt clinical decisions, as 
treatment of infections varies by species. But species-
specific diagnosis demands advanced molecular 
techniques, which are not readily available everywhere. 
Currently, there is no existing robust algorithm for 
identification of non-tuberculous mycobacteria upto the 
species level[21], [22], [23], [24]. Therefore, a 
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properand early diagnostic algorithm is crucial for the 
effective management of the disease.  

II. Methods/Study Design 

Primary Objectives: 1: Identification and characterisation 
of non-tuberculous mycobacteria in clinically suspected 
cases.  

Objective 2: Development of a diagnostic algorithm for 
identification of non-tuberculous mycobacteria upto 
species level by comparing different methods.  

Objective 3: Standardisation of drug susceptibility 
testing for each species of nontuberculous 
mycobacteria. 

a) Study Design 
This study will be conducted as a cross-

sectional analysis over a 2-year time period.  
  

 

 
 

i. Sample Size 
This study aims to develop a diagnostic 

algorithm for identifying non-tuberculous mycobacteria 
atthe species level. All the samples suspected of non-
tuberculous mycobacteria infection will be included. 
Sample size is calculated using Open EPI software. 
Assuming non-tuberculous mycobacterium prevalence 
in suspected tuberculosis samples to be 10%, 20% 
relative error, 95% CI and 80% power, the minimum 
sample size required is estimated to be 864. 
Considering a 10% loss to follow-up, the final sample 
size is calculated to be 950 (864 + 86). 

Inclusion criteria for NTM infection (pulmonary and 
extrapulmonary): 
1. Patients with AFB smear-positive results and not 

responding to anti-tubercular therapy (ATT) for a 
minimum of 3 months. 

2. Sample with AFB smear positive but negative 
findings both on CBNAAT and LPA  

3. Clinically suspected cases of Mycobacteriosis.  
Exclusion Criteria:  

• CBNAAT Positive 
• LPA positive 
• Confirmed TB cases 
ii. Sample Selection and Segregation 

The study site has both clinicians and 
microbiologists as co-investigators, who will be 

responsible for diagnosing and referring samples for 
NTM. Samples suspected of NTM infection will be 
divided into sterile and non-sterile samples. Sterile 
samples will be directly cultured into solid and liquid 
media, and then microscopy will be done. Similarly, non-
sterile samples will be inoculated in the liquid and solid 
culture media after a proper decontamination 
procedure. The inoculated media will be incubated for 6 
weeks before being reported as culture negative. The 
samples with positive culture reports will be identified by 
growth pattern, pigment production and other 
characteristics. Further kit-based tests will be used for 
species identification and DST of the isolates. A panel 
for drug sensitivity testing will be designed for the 
treatment of NTM species isolated from patients’ 
samples. Clinical data, including treatment history, will 
be collected for all the subjects included in the study. 

Pulmonary Disease 
Suspected NTM lung infection should be 

evaluated for: (1) a chest radiograph or a high-resolution 
computed tomography (HRCT) scan in the absence of 
cavitary lesions; (2) At least two sputum specimens for 
acid-fast bacilli (AFB) analysis should be collected; and 
(3) exclusion of other diseases, specifically tuberculosis. 
An accurate diagnosis of NTM lung disease requiresthe 
simultaneous fulfilment of clinical, radiographic, and 
microbiologic criteria.All demographic parameters of the 
suspected cases will be recorded in a pre-tested 
questionnaire, along with the Revised National 
Tuberculosis Control Program (RNTCP) form.  

Clinical 

Pulmonary: In pulmonary disease or infection, nodular or 
cavitary opacities are seen on chest radiograph, and 
HRCT scan may show multifocal bronchiectasis with 
multiple small nodules. 
Extra pulmonary: a. Detailed clinical history of chronic 
lesions with discharge, which are smear positive and not 
responding to standard ATT, will be taken. b. Clinically 
suspected mycobacteriosis, which is smear negative 
and CBNAAT negative, but pathologically suspicious, 
will also be taken into consideration.  

Microbiologic 

Staining: After collection of suspected clinical 
specimens will be subjected to smear microscopy using 
the Ziehl-Neelsen (ZN) staining method. 

Culture: Specimens will be cultured on solid (LJ) and 
liquid (MGIT) media. 

1. A culture result for sputum is taken as positive from 
at least two separate expectorated sputum samples 
(If the initial one is non-conclusive, and repetition of 
culture and AFB analysis will occur).  

2. A Positive culture findingfrom at least one bronchial 
wash or lavage.  
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Study site: The study will be conducted in tertiary TB 
diagnosis and care centres. i. National Reference 
Laboratory for TB, RMRC, Bhubaneswar (10 districts) ii. 
IRL for TB, Cuttack (20 districts) iii. SCB Medical College 
and Hospital, Cuttack, which caters for most of the 
tuberculosis cases of the state and central Odisha. iv. 
MKCG Medical College and Hospital, Berhampur,serves 
as the referral centre for TB cases from southern 
Odisha. VSS Medical College and Hospital, Burla, is the 
referral centre for Western Odisha.  



3. Transbronchial or other lung biopsy demonstrating 
histopathologic features with mycobacteriosis 
(granulomatous inflammation or AFB)  

Extra Pulmonary Disease 
Samples that will be included are pleural fluid, 

lymph node aspirate for cold abscesses, pus, synovial 
fluid, cerebrospinal fluid, ascitic fluid, urine, gastric 
aspirate, bone marrow aspirate, biopsy material. Tissue 
samples or fluids from sterile sites do not require 
decontamination. Tissues should be ground aseptically 
in sterile physiological saline or bovine albumin and then 
directly inoculated onto the media. The samples will be 
further processed for microscopy, culture isolation in 
liquid and solid media. 

b) Identification of NTM by Different Methods 
Identifying Mycobacteria at the species level, 

particularly non-tuberculous mycobacteria (NTM), using 
conventional biochemical or microbiological approaches 
is sometimes non-specific, labour-intensive, and time-
consuming. To address these constraints, numerous 
improved approaches for accurately identifying NTM at 
the species level have been developed. In this work, we 
will analyse and compare three diagnostic approaches 
for NTM species identification. Each approach will be 
evaluated using critical metrics, including time to 
completion, cost-effectiveness, diagnostic accuracy, 
and overall effectiveness. This comparative study will 
allow us to identify the most efficient and reliable 
technique, which can subsequently be integrated into a 
simplified diagnostic procedure for NTM in clinical and 
research settings. 

i. Line Probe Assay    
This approach uses nucleic acid amplification 

and reverse hybridisation techniques to identify different 
Mycobacterial species[25]. Primarily, the target 
sequence is amplified by PCR using biotinylated 
primers[26]. Then, amplified productsare reverse-
hybridised on a nitrocellulose strip containing 
immobilised species-specific fragments[27]. Finally, a 
colour will be developed in an enzyme-mediated 
method. Then those strips were visually compared to an 
NTM speciation chart, provided by a commercially 
available kit.  

 

 

 
 

  

 

for the differential identification of M. tuberculosis 
complex, based on the gyrB gene polymorphism[31]. 
GenoType Mycobacterium CM identifies MTB complex 
and 24 most common NTM species, while GenoType 
Mycobacterium AS simultaneously identifies 19 
additional NTM species[32] bytargeting 23SrDNA as its 
target [33]. 

ii. PCR Restriction Fragment Length Polymorphism 
Analysis (PRA) with Hsp65 As Target Gene 

The hsp65 gene from relevant Mycobacterium 
species will be retrieved from the Gen Bank database 
for PCR-restriction fragment length polymorphism 
(RFLP) assay [34]. Primers targeting the hsp65 gene will 
be designed for the digestion of amplicon with Sau96I 
and CfoIto yield a distinct and specific restriction pattern 
for NTM species and tuberculosis. The expected 
fragment sizes resulting from Sau96I and CfoI digestion 
will be analysed for each species. There are eight 
distinct restriction patterns predicted for Sau96I and ten 
for CfoI. Based on these patterns, an identification 
algorithm for PRA will be developed. 

iii. Next Generation Sequencing 
DNA will be extracted by culturing the isolated 

strains in LJ media. Then, DNA library preparation will be 
employed for both WGS and tNGS procedures. 
Extracted DNA will be cleaned using the Quantabio Spar 
Qmagnetic solution, and for library preparation, [35] the 
rapid PCR barcoding kit from Oxford Nanopore will be 
used. Then libraries will be sequenced using the MinION 
sequencer (Minion1KC; ONT)[36] with flow cells R9.4.1 
for 72 h and base calling using guppy (v4.3.4)[37]. The 
samples will be identified, and antimicrobial resistance 
(AMR) analysis will be completed by using EPI2ME 
software[38]. In case of tNGS, DNA sequences will be 
PCR amplified using DEEPLEX MYC-TB by 
Genoscreenkit (Illumina)[39]. Then all the procedures 
will be followed as in WGS. All bioinformatic analyses 
will be analysed by different algorithms from Oxford 
Nanopore platforms. For the NTM species, we are also 
developing a pipeline for their identification and AMR 
analyses with highaccuracy.  

III. Standardization of DST for Ntm 

Drug susceptibility testing of NTM will be 
performed usingthe broth microdilution resazurin 
method, as outlined in the 2018 guidelines fromthe 
Clinical and Laboratory Standards Institute (CLSI) and 
Sharma et al. (2021)[40]. For the initial culture of rapidly 
growing mycobacteria and slowly growing 
mycobacteria, Cation-Adjusted Muller-Hinton Agar 
(CAMHB) and Middlebrook 7H9 media will be used. 
After copious growth, a bacterial suspension will be 
prepared with McFarland Standard1. Further, the 
suspension will be diluted to 1:20 in respective media. 
Drugs with different concentrations will be prepared and 
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The Genotype Mycobacterium CM/AS kit & the 
GenoType NTM DR have been developed for 
subspecies identification and detection of resistance to 
macrolides and aminoglycosides in clinical isolates, 
which will be used for species identification[28]. The 
performance of this test is comparable to that of DNA, 
which will be done from culture-positive samples[29].
The GenoType Mycobacterium assay (Hain Lifescience,
Germany) is a reverse hybridisation procedure after a 
multiplex PCR assay [30]. There are three kits: 
GenoType MTBC, GenoType Mycobacterium CM, and 
GenoType Mycobacterium AS. GenoType MTBC is used 



added to each well in a gradient manner, except in the 
positive control wells. Then the prepared bacterial 
suspension will be added to each well except in the 
wells assigned for negative controls. Plates will be 
incubated at 37°C for 3 to 5 days for RGM and 7 to 14 
days for SGM. Then, resazurin dye will be added to 
assess the viability of the NTM species and determine 
MIC cutoffs. A change in colour from blue to pink 
indicated bacterial viability. The minimum inhibitory 
concentration (MIC) will be determined as the lowest 
concentration of the drug that maintains the blue colour, 
indicating inhibition of bacterial growth[41][42]. 

IV. Implementation Strategy 

Al the samples referred for presumptive 
TB/suspected NTM infection diagnosis will be included 
in the study. It will be strictly seen that the algorithm is 
followed till the process is completed. A pretested 
questionnaire will be used to capture all relevant data.  

V. Statistical Analysis 

The statistical analysis will be done using STATA 
software. We will report descriptive summary statistics, 
comparative analyses, and interpretations of the 
findings. 

VI. Discussion 

The occurrence of NTM infections is increasing 
globally and poses a significant public health 
threat[43],[44],[45]. They are emerging pathogens 
capable of affecting both the immunocompromised and 
the competent population[44],[45]. NTM group 
comprises multiple species with a non-specific clinical 
presentation and intrinsic or partial resistance to existing 
antimicrobial therapy[48]. Due to these characteristics, 
NTM diagnosis at the species level is quite challenging, 
and no pathogen-specific assay is available to date. 
Confirmation requires Clinical correlation, radiological 
interpretation and microbiological elucidation. As they 
are ubiquitously present in the environment, repeated 
sample collections and tests are required to confirm the 
infection. Different molecular methods are developed 
from time to time for the identification of the infectious 
agent[47],[48],[49]. However, no precise algorithmic 
strategy has been recommended for identifying 
theseinfecting agents. No confirmed DST has been 
prescribed for each NTM species, which is important for 
the development of a precise treatment policy. This 
study has been designed to develop an algorithm for 
NTM identification and DST analyses, providing a solid 
treatment strategy. This is a two-year, cross-sectional, 
hospital-based study covering different regions of 
Odisha to understand the incidence of the disease. In 
addition to this, the study aimsto developan algorithm 
tool for identifying non-tuberculous mycobacteria tothe 
species level. All the samples suspected of non-

tuberculous mycobacteria infection will be included in 
the study. The sample size will be calculated based on 
the prevalence shown in the scientific literature, using 
the openEpi software[52]. Assuming non-tuberculosis 
mycobacterium prevalence in suspected tuberculosis 

and 80% power, the minimum sample size required will 
be estimated to be 864. Considering a 10% loss to 
follow-up, thefinal sample size is calculated to be 950 
(864 + 86). Then, samples will be collected according to 
the American Thoracic Society guidelines(2007)[55]. 
Identification of non-tuberculous mycobacteria (NTM) 
will be carried out through a combination of clinical 
presentation, microbiological assessment, and 
molecular diagnostic tools. Following initial clinical and 
microbiological characterisation, species-level 
identification will be confirmed using three molecular 
platforms, such as Line Probe Assay (LPA), PCR-
Restriction Analysis (PRA), and Next-Generation 
Sequencing (NGS). These tools will enable both species 
identification and detection of antimicrobial resistance 
(AMR) at the genetic level. Subsequently, the study will 
compare all the molecular diagnostic tools based 
ontheir diagnostic performance, technological 
complexity, turnaround time, and cost-effectiveness. 
Based on these comparative analyses,a diagnostic 
algorithm for the identification of NTM at the species 
level and corresponding AMR profiling will be 
established. Furthermore, the resistance profiles 
generated through the NGS platform will be validated by 
phenotypic drug susceptibility testing (DST) using all 
recommended antimycobacterial agents. Taken 
together, the study aims to standardise AMR profiling for 
individual NTM species and propose empirically driven 
treatment regimens tailored to prevalent specific NTM 
pathogens. 

a) Declarations 

  
The study will not be initiated before the 

protocol, consent form, and information sheet have 
received approval/favourable

 
opinion from the 

Institutional Ethics Committee, RMRC-ICMR, 
Bhubaneswar. All research tools will also be translated 
into the local languages, Hindi and English, for review by 
the RMRC Institutional Ethics Committee prior to the 
commencement of the research. Minor protocol 
amendments only for logistical or administrative 
changes may be implemented immediately, and the 
Institutional Ethics Committees will be informed.

 
List of Abbreviations 
• AFB  -   Acid-Fast Bacilli 
• AMR -  Antimicrobial Resistance 
• AST  -   Antimicrobial Susceptibility Testing 
• ATT  -   Anti-Tubercular Therapy 
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samples to be 10 % [53][54], 20% relative error, 95% CI 

• Ethics Approval and Consent to Participate



• CAMHB  -    Cation-Adjusted Mueller-Hinton Broth 
• CBNAAT - Cartridge-Based Nucleic Acid Ampli-

fication Test 
• CFU  -         Colony-Forming Unit 
• CI  -            Confidence Interval 
• CLSI  -    Clinical and Laboratory Standards Institute 
• DNA  -    Deoxyribonucleic Acid 
• DST -     Drug Susceptibility Testing 
• EPI2ME - EPI2ME Bioinformatics Platform (Oxford 

Nanopore Technologies) 
• GMIT  - Growth Mycobacterial Indicator Tube (if 

applicable) 
• HRCT  - High-Resolution Computed Tomography 
• LJ  - Löwenstein-Jensen Medium 
• LPA  - Line Probe Assay 
• MAC  - Mycobacterium avium Complex 
• MGIT  - Mycobacterial Growth Indicator Tube 
• MIC  - Minimum Inhibitory Concentration 
• MTB  - Mycobacterium tuberculosis 
• Mtb  - Mycobacterium tuberculosis (used 

synonymously with MTB) 
• NGS  - Next-Generation Sequencing 
• NTM  - Non-Tuberculous Mycobacteria 
• ONT  - Oxford Nanopore Technologies 
• PCR Polymerase Chain Reaction 
• PRA PCR - Restriction Fragment Length 

Polymorphism Analysis 
• RGM Rapidly Growing Mycobacteria 
• RNTCP - Revised National Tuberculosis Control 

Programme 
• RFLP  - Restriction Fragment Length Polymorphism 
• SGM  - Slowly Growing Mycobacteria 
• TB Tuberculosis 
• tNGS  - Targeted Next-Generation Sequencing 
• WGS  - Whole-Genome Sequencing 
• ZN Ziehl-Neelsen (Staining Method) 
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