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a b s t r a c t 

Nontuberculous mycobacteria (NTM) are a group of acid-fast mycobacteria other than Mycobacterium tuberculosis 

complex (MTBC) that cause pulmonary disease that is similar to the disease caused by MTBC. International 
guidelines for the diagnosis of pulmonary NTM disease are rigid and have remained unchanged for nearly 2 
decades. In this opinion piece, we provide a new perspective on the traditional criteria by suggesting a diagnostic 
algorithm that incorporates direct molecular identification of NTM performed on raw sputum specimens (using 
Sanger or targeted deep sequencing approaches, among others) paired with traditional culture methods. Our 
approach ensures a more rapid diagnosis of pulmonary NTM disease, thus, facilitating timeous clinical diagnosis, 
and prompt treatment initiation, where indicated, and leverages recent advances in novel molecular techniques 
into routine NTM identification practice. 
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Nontuberculous mycobacteria (NTM) are a collective group of more
han 190 species and subspecies other than Mycobacterium leprae or
ycobacterium tuberculosis complex (MTBC) [1] . Globally, NTM infec-

ions are steadily increasing due to increased immune suppression in
atients and aging populations with increased diagnosis being driven
y improved diagnostic techniques and heightened awareness of NTM
nfection [2] . 

International guidelines on diagnosing pulmonary NTM infections in
dults, jointly prepared by the American Thoracic Society, the European
espiratory Society, the European Society of Clinical Microbiology and

nfectious Diseases, and the Infectious Diseases Society of America were
pdated in 2020 [1] . However, the diagnostic criteria for pulmonary
nfection remain largely unchanged from the previous iteration of the
uidelines in 2017 and include the necessity of having two independent
putum NTM cultures (indicating the same species on culture, collected
 1 week apart) to infer pulmonary infection. This rigid requirement
ims to ensure the distinction between potential colonization or con-
amination of the airway from true pathogenic pulmonary NTM disease.
∗ Corresponding author. 
E-mail address: Christoffel.opperman@nhls.ac.za (C.J. Opperman) . 

ttps://doi.org/10.1016/j.ijregi.2023.12.003 
eceived 14 June 2023; Received in revised form 11 December 2023; Accepted 11 D
772-7076/© 2023 The Authors. Published by Elsevier Ltd on behalf of Internationa
Y-NC-ND license ( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
hus, although the guidelines have been updated regularly, the ancil-
ary use of novel molecular diagnostics to directly identify NTM species
rom a sputum sample has not been incorporated. 

This commentary discusses some of the advantages and obstacles
f incorporating the use of molecular tools when performed directly
n sputum specimens. We also propose the integration of this strategy
s part of the clinical diagnostic algorithm paired with an independent
ulture result. In addition, a review of recent molecular advances in
chieving direct sputum mycobacteria identification is also presented
o provide context and future direction. 

urrent state-of-the-art molecular diagnostics for nontuberculous 

ycobacteria identification 

The direct identification of NTM from clinical samples shows promis-
ng results from smear-positive samples on various platforms. The re-
erse blot hybridization assay (REBA) Myco-ID (YD Diagnostics, Yon-
in, South Korea) was able to detect 20 different NTM species from a
espiratory specimen that is smear-positive with acid-fast bacilli (AFB).
he test had a laboratory concordance of 98.6% with culture identifica-
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ion of NTM species and was able to differentiate them from MTBC [3] .
ore recently, the REBA Myco-ID identified 436 NTM isolates among

96 clinical patients from a cohort of individuals with mycobacterium
ulmonary disease. Notably, this included instances of mixed infections,
ith 32 specimens demonstrating coexistence of M. intracellulare and M.

bscessus , and 10 cases showing mixed infection of M. avium and M. ab-

cessus [4] . Moreover, the positive predictive value (PPV) of REBA Myco-
D was found to be statistically significantly higher ( P = 0.004) com-
ared to Mycobacteria Growth Indicator Tube TBc identification (MGIT
60-TBc ID) [4] . Additionally, when combined with HybREAD480, an
nstrument for automating the post-polymerase chain reaction (PCR)
tep, REBA Myco-ID exhibited an accuracy rate of 94.3% (181/192;
5% confidence interval [CI]: 90.0-97.1%) across 192 clinical samples,
s compared to multigene sequencing-based typing [5] . A multi-center
tudy evaluated a commercial biochip assay (Capital Bio, Beijing, China)
ased on 16S ribosomal ribonucleic acid (rRNA) gene sequences that can
dentify 17 different NTM species within 6 hours from smear-positive
putum specimens showed 98.8% sensitivity (95% CI: 96.6-99.6) and
00% specificity (95% CI: 99.7-100) when compared to sequencing
he traditional microbiology culture [6] . The Anyplex Plus Mycobac-

erium tuberculosis (MTB) /nontuberculous mycobacteria (NTM) multi-
rug resistant-TB Assay (Seegene Inc, Seoul, South Korea) is a real-time
ultiplex PCR platform that detected 76.7% (19/26) of NTM in sputum

pecimens and 100% (4/4) from extra-pulmonary sites that were sub-
equently found to be culture-positive [7] . Sawatpanich et al. [8] con-
ucted a study assessing the efficacy of Anyplex MTB/NTM in the de-
ection of NTM. The results revealed that the assay successfully iden-
ified NTM nucleic acids in 44.9% (124/276) of culture-independent
pecimens that tested positive for NTM culture. Remarkably, it also ex-
ibited a positive yield in 2.3% (214/9299) of specimens deemed NTM
ulture-negative. For pulmonary specimens, the assay demonstrated a
ensitivity of 42.6%, specificity of 96.6%, a PPV of 36.3%, a negative
redictive value (NPV) of 97.4%, and an overall percent agreement
f 94.3% with culture-based GenoType Mycobacterium Common my-
obacteria (CM)/Additional species (AS) line probe assay. Conversely,
n the case of extra-pulmonary specimens, the assay exhibited a sensitiv-
ty of 56.5%, specificity of 99%, 38.2% PPV, 99.5% NPV, and an overall
ercent agreement of 98.5% with GenoType Mycobacterium CM/AS line
robe assay performed from cultures. These findings underscore the di-
gnostic potential and discriminatory capabilities of Anyplex MTB/NTM
n the context of NTM detection across diverse specimen types [8] .
he reverse hybridization assay GenoType Mycobacteria Direct (GTMD;
ain Lifescience GmbH, Nehren, Germany) that detects MTBC and four
TM species ( M. avium, M. intracellulare, M. kansasii , and M. malmoense )
as evaluated among 1570 specimens that were sputum smear-negative

9] . The GTMD method could only detect 4/10 NTM species (0/1 M.

ansasii , 1/1 M. avium , 3/8 M. intracellulare) compared to culture from
mear-negative pulmonary samples [9] . Another two deoxyribonucleic
cid (DNA)/DNA hybridization molecular assays recently tested to iden-
ify NTM directly from sputum were the GenoType CM direct (GTCMd)
Bruker, Billerica, MA, USA) and Vision Array Myco (VAM) (ZytoVi-
ion, Bremerhaven, Germany). GTCMd and VAM assays identified 24/27
88.9%) and 19/27 (70.3%) of NTMs accurately to species level com-
ared to culture [10] . Importantly, GTCMd could identify Mycobac-

erium species among 3/3 smear-negative sputum samples for AFB, but
AM failed to identify the organism in any of the three samples. 

merging molecular diagnostics to identify nontuberculous mycobacteria 

In a recent multi-center study involving 15 laboratories across nine
uropean countries, a comprehensive evaluation of 1330 NTM Matrix-
ssisted Laser Desorption/Ionization Time-of-Flight Mass Spectrometry

MALDI-TOF MS) identifications was conducted. The study revealed an
dentification accuracy of 100% at the species level in eight partici-
ating centers when MALDI-TOF MS was applied to cultures cultivated
n Löwenstein-Jensen media (Becton Dickinson, Franklin Lakes). These
141
ndings highlight the efficacy and reliability of MALDI-TOF MS in pro-
iding precise NTM identifications, particularly when applied to cul-
ures [11] . However, the same level of precision for NTM identification
as not been reported when MALDI-TOF MS is directly applied to clini-
al samples. 

Rapid identification of NTM species from respiratory specimens was
xplored using nucleotide MALDI-TOF MS, which detects any NTM
pecies based on the presence of specific single nucleotide polymor-
hisms. In the study that involved 108 patients diagnosed with NTM
ulmonary disease and 67 control patients with other respiratory dis-
ases, the nucleotide MALDI-TOF MS exhibited the following diagnostic
erformance metrics for the detection of NTM: sensitivity 77.8% (95%
I: 68.6-85.0%), specificity 92.5% (95% CI: 82.8-97.2%), PPV 94.4%
95% CI: 86.8-97.9%), NPV 72.1% (95% CI: 61.2-81.0%), and accuracy
3.4% (95% CI: 76.9-88.5%), based on the reference clinical diagnostic
tandard for NTM pulmonary disease [12] . 

Although advances in protein extraction methods and database ex-
ansion to increase the number of recognized NTM patterns hold poten-
ial promise for the future [ 13 , 14 ], a concern remains that sputum sam-
les have a protein composition closely related to the lungs [15] thereby
otentially masking NTM specific protein peak profiles. Hence, defini-
ive identification of NTM using MALDI-TOF MS is anticipated to require
 pure culture. 

Direct sequencing of specific genes for NTM was identified in cys-
ic fibrosis respiratory samples with culture-independent 16S rRNA se-
uencing. Targeted sequencing was used to sequence the V4 region of
he 16S rRNA gene on bronchoalveolar and NTM culture-positive spu-
um [16] . Sequencing raw sputum detected 8/15 (53%) NTMs among
5 culture-positive (11 sputa and four bronchoalveolar lavages) samples
four M. abscessus complex and M. avium complex, respectively) [16] .
lthough 16S rRNA is a typical housekeeping gene used in molecular

echniques to identify bacteria, it shows poor discrimination between
TM species. This is mainly due to inter-species sequence similarity
nd some NTM species having identical sequence homology. Therefore,
t is not uncommon for certain NTMs to have 0% interspecies diver-
ence, rendering 16S rRNA sequencing a less suitable form for NTM
peciation [17] . On the other hand, sequencing of the rpoB and hsp65

enes allows for fast and reliable results that produce robust phyloge-
etic trees to speciate NTMs [17] . Sequencing these regions allows for
n additional spectrum of less frequently isolated NTMs to be identified
nd not included in commercial kits. The benefit of using these genes
or detecting NTMs over traditional diagnostic culture-based methods
s highlighted in a study performed on respiratory specimens in which
uantitative PCR of the hsp65 gene identified three NTMs (two M. avium

nd one M. flavescens ) reported as culture-negative [18] . A recent ap-
roach employed a combination of loop-mediated isothermal amplifi-
ation and lateral flow biosensors, specifically targeting the rpoB gene
f M. kansassi . This innovative method enabled the detection of NTM at
ow concentrations, detecting as little as 1 femtogram/microliter (fg/ 𝜇l)
f DNA and 50 colony-forming units (CFU) of bacilli in sputum, under
 constant amplification temperature [19] . 

There is a growing trend toward the adoption of novel multi-
lex assays designed to identify NTM/MTB co-infections. Sarro et al.
20] developed and optimized a platform specifically tailored for the de-
ection of Mycobacterium avium complex (MAC). This platform targeted
1311/DT1 for MAC and IS6110/SenX3-RegX3 for MTBC. The MAC
omponent of the assay exhibited a detection limit of five CFU in artifi-
ially spiked sputum samples. The diagnostic performance of the Multi-
lex MTB/NTM assay, overall, was found to be inferior to sputum cul-
ure results. However, it demonstrated comparability to the GeneXpert
ycobacterium tuberculosis (MTB) /Rifampicin (RIF) assay across various

atient groups, including the TB culture-negative control group, TB/HIV
ositive group, individuals with treatment failure, and TB-positive in-
ividuals naive to treatment. The GeneXpert MTB/RIF assay exhibited
igher sensitivity, while the Multiplex MTB/NTM assay demonstrated
uperior specificity across all evaluated patient cohorts [20] . 
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Figure 1. The proposed algorithm for diagnosing and managing nontuberculous mycobacteria pulmonary disease. A second independent sputum sample (ideally 
taken ≥ 1 week after the initial sputum sample) is requested if the first sputum is culture-positive for NTM in a patient with a clinical and radiological picture 
consistent with pulmonary NTM disease. In cases of inconclusive or negative results from molecular testing and when smear microscopy is negative for AFB, sputum 

culture should be performed on that specimen. In addition, if the NTM identified with a direct molecular method from the sputum correlates with the NTM isolated 
on the initial sputum culture, susceptibilities can be performed from the culture. The clinician can consider treatment or the watchful wait management approach 
without needing a second culture. 
AFB, acid-fast bacilli; NTM, nontuberculous mycobacteria. 
Footnote: 
@ Active pulmonary tuberculosis must be excluded using a standard diagnostic algorithm that includes a GeneXpert MTB/RIF Ultra negative in most settings. 
$ In cases with an isolated culture that signals NTM growth, the clinician must ensure that the results correlate with the clinical and radiological profile consistent 
with NTM pulmonary infection. 
# Direct molecular testing will only be performed depending on the availability of the appropriate assay suitable to detect the NTM that was cultured using the initial 
sputum sample. 
∗ A second culture must be sent for discordance between direct molecular testing and initial culture results. 
ˆ Microbiological treatment response can be evaluated using serial cultures/smears. These must be evaluated in conjunction with the clinical and radiological response 
to treatment. 
∗ ∗ Many NTM species may not cause significant pulmonary disease (low pathogenic potential), e.g., M. gordonae, M. mucogenicum, M. nonchromogenicum, M. 

haemophilum, M. flavescens, M. gastri, M. terrae , or M. triviale . Thus the ‘watchful waiting’ strategy may be applied with adequate patient follow-up, incorporat- 
ing clinical and radiological parameters. 
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Whole-genome sequencing (WGS) and next-generation sequencing
NGS) metagenomics [ 21 , 22 ] represent a promising frontier for charac-
erizing new NTM species, discovering therapeutic targets, and identi-
ying gene mutations that encode antibiotic resistance and pathogenic
irulence factors [23] . In a comprehensive cohort study comprising 422
atients suspected of nontuberculous mycobacterial pulmonary disease,
ei et al. [24] demonstrated that metagenomic NGS (mNGS) exhibited

 diagnostic sensitivity of 81.4%. This surpassed the 53.6% sensitivity
bserved with MGIT 960. Conversely, the specificity of mNGS in di-
gnosing nontuberculous mycobacterial pulmonary disease was 97.8%,
142
losely aligning with the specificity of MGIT 960 at 100%. The integra-
ion of mNGS with MGIT 960 resulted in a heightened diagnostic sen-
itivity of 91.8%. The sensitivities for pulmonary puncture tissue fluid,
ronchoalveolar lavage fluid, and sputum were determined to be 80.6%,
4.8%, and 77.5%, respectively. All of these values surpassed the corre-
ponding sensitivities of MGIT 960 ( P < 0.05) [24] . 

While WGS has been useful in identifying novel NTM species from
ultures, its application with direct sputum specimens is limited. He
t al. [25] showed that MTBC and NTM targeted capture sequencing,
irectly on 14 sputum and 16 bronchial alveolar lavage fluid sam-
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les, displayed a sensitivity of 91.3% (CI: 70.5-98.5), specificity of
2.9% (CI: 11.8-79.8), and accuracy 83.3% (CI: 82.3-84.3), compared
o BD BACTECTM MGITTM 960 (Becton Dickinson Microbiology System,
parks, NV, USA) cultures used as the gold standard for comparison.
n a separate experiment, NGS directly on sputum provided a complete
rug-resistant profile faster than MGIT cultures in M. tuberculosis [26] .
nterestingly, direct WGS from sputum samples revealed more within
ample diversity than sequencing from the cultured M. tuberculosis iso-
ate [27] . Recognizing genetic diversity enhances the detection of re-
istant variants at low frequencies [27] . Therefore, sequencing success
mong the MTBC directly from sputum should justify this novel diag-
ostic tool to identify NTMs in the same way, but further investigation
s needed in this field [28] . Whether detecting these underlying pop-
lations will lead to outcome benefits or confuse clinicians further by
estricting antibiotic choice still needs clarification. 

otential benefits, limitations, and recommendations of incorporating the 

roposed diagnostic algorithm in routine clinical practice 

The main benefit of the proposed algorithm is to shorten the time
o establish the diagnosis of NTM pulmonary disease, thus, enabling
rompt treatment initiation and limiting pre-treatment loss to follow-
p (PTLTFU). In our setting, the rates of PTLTFU are likely substantial
ince a second sputum sample is only sent to the laboratory for test-
ng in ∼30% of patients who had previously grown an NTM on spu-
um culture (unpublished data from the National Health Laboratory
ervice [NHLS], TB Laboratory, Western Cape, South Africa, 2020). It
s likely that a firm diagnosis of NTM pulmonary disease (in accor-
ance with current criteria) is achieved in even fewer patients since
here is further attrition attributed to the long culture time of the sec-
nd sputum sample. NHLS data from the Western Cape, South Africa,
n NTM cultures between 2016-2022 indicated 1389 isolates with an
verage processing time of 23 days (range 3-45) from sample regis-
ration to entering the final result for clinician review. Direct molecu-
ar testing can reduce turnaround times to a few days. As is the case
ith TB, the reasons for PTLTFU in patients with NTM pulmonary
isease are also likely complex, however, having a rapid diagnostic
est (such as GeneXpert MTB/RIF Ultra) significantly reduces PTLTFU
nd time-to-treatment initiation [ 29 , 30 ]. We are expecting the same
o hold true for NTM where a rapid result from molecular testing of
mear-positive sputum (second sample) may reduce time-to-treatment
nitiation and prevent PTLTFU. However, this needs to be confirmed
n future prospective studies since there is no controlled data con-
rming the impact of rapid molecular tests on patient-important out-
omes. 

We recommend the utilization of the Sanger sequencing method for
he identification of targeted genes such as rpoB or hsp65 as a rapid
nd dependable means of discerning NTM [31] . This molecular platform
xhibits a track record characterized by reliability and accuracy [32] .
t boasts a minimal error rate (0.001%) [33] , rendering it particularly
ell-suited for the sequencing of relatively lengthy fragments, typically

panning 800 base pairs. Furthermore, its cost-effectiveness, especially
n the context of smaller-scale sequencing initiatives, is a noteworthy
dvantage [34] . It demands no extensive laboratory infrastructure or
pecialized expertise, as conventional PCR can be employed to obtain
he requisite sequences. In addition to its practical attributes, Sanger se-
uencing obviates the need for advanced bioinformatics proficiency, as
eadily accessible alignment tools such as Basic Local Alignment Search
ool (BLAST) are freely available for the analysis of sequencing results
35] . This accessibility simplifies the data analysis process. Importantly,
anger sequencing has demonstrated its efficacy when applied directly
o sputum samples, further underscoring its practical utility in the rapid
dentification of NTM [36] . These collective advantages render Sanger
equencing a compelling choice for diagnosticians seeking a rapid, re-
iable, and accessible method for the molecular identification of NTM
pecies, especially in low-resource settings. 
143
A cutting-edge platform with prospective implications is the tar-
eted, amplicon-based, deep sequencing modality known as Deeplex
GenoScreen, Lille, France). This molecular testing technique has
emonstrated expeditious results and genetic characterization directly
rom sputum specimens for MTB, earning an endorsement from the

orld Health Organization [37–39] . Its utilization is particularly
ecognized for its efficacy in detecting drug-resistant tuberculosis and
erving as a surveillance tool. This assay can identify more than 100
ifferent mycobacterial species [40] . The current impediment to its
idespread implementation lies in cost considerations, particularly in

ow to middle-income countries. Nevertheless, a broad-scale adoption
f Deeplex holds the potential to ameliorate operational expenses.
n addition, DeeplexR®Myc-TB exhibits the capability to discern co-
nfections between NTM and MTBC. Anticipating future developments,
edicated versions of Deeplex designed for NTM susceptibility testing
old promise in alleviating the reliance on cultures for the execution of
rug susceptibility testing. 

We also acknowledge that this proposed algorithm has several limita-
ions: Firstly, given the high cost associated with some molecular assays
nd their poor performance in low burden (smear-negative) disease, we
ropose evaluating only smear-positive specimens with rapid molecular
ools. This could limit its usefulness; however, it may be argued that pa-
ients that would most likely benefit from such an algorithm would be
hose with high burden diseases who are at increased risk for poor treat-
ent outcomes. Secondly, the algorithm may over-diagnose NTM pul-
onary disease. This would subject patients to unnecessary toxic treat-
ent and may promote resistance. However, this limitation is mitigated

y pairing the molecular diagnostic test, which has high specificity [18] ,
o a previous culture, and confirming concordance of the results. This
trategy, when applied in conjunction with the appropriate clinical con-
ext, should limit over-treatment. Thirdly, unlike culture, direct molecu-
ar testing of sputum, cannot predict sputum culture conversion to neg-
tive and does not allow for quantitative culture evaluations that can
ssist in assessing the severity of the disease, monitor the course of treat-
ent, and differentiate chromogenic from nonchromogenic mycobacte-

ia that is not possible with direct molecular testing [41–43] . Lastly, due
o the variable treatment response of NTM pulmonary disease, it is pos-
ible that achieving an earlier diagnosis may not guarantee a favorable
reatment response. Thus, we propose evaluating the impact of this al-
orithm in a larger cohort as part of operational research to validate this
trategy. The algorithm proposes no changes to bronchoalveolar lavage
pecimen, or any other specimen obtained from usually sterile sites. 

In summary, we recommend an algorithm for diagnosing NTM pul-
onary disease that incorporates direct molecular testing of smear-
ositive sputum samples from patients who already have a single
ulture-confirmed NTM result ( Figure 1 ) instead of the mandatory re-
uirement of having two independent cultures confirming NTM pul-
onary disease as per the current international guidelines. Although

he application of novel technology looks promising for direct molecular
dentification of NTM from sputum, before it can be widely embraced,
ore clinical application studies are needed to develop and integrate

his algorithm into routine practice. Such an approach will ensure op-
imal resource allocation in systems with proven clinical benefits and
avorable patient outcomes. 
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