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Abstract
Background: Non-tuberculous mycobacteria (NTM) can resemble 
tuberculosis (TB), particularly in TB-endemic settings, and species-level 
identification is important because antimicrobial susceptibility differs 
considerably among species. 

Methods: We conducted a prospective diagnostic accuracy study 
comparing Matrix-Assisted Laser Desorption/Ionization-Time of Flight 
(MALDI-TOF) mass spectrometry with the GenoType Mycobacterium 
CM/AS line probe assay (LPA) for NTM identification at a tertiary care 
centre in Central India. Isolates with discordant results were further 
evaluated by 16S–23S internal transcribed spacer (ITS) PCR sequencing. 
Thirty culture-positive, NAAT-negative, MPT64Ag-negative isolates 
from patients with presumptive TB or suspected NTM infection were 
tested by both methods. 

Results: LPA identified a single organism in 23/30 isolates (76.7%), 
while 7/30 (23.3%) showed co-detection of M. tuberculosis complex and/
or another NTM species. MALDI-TOF most frequently identified M. 
fortuitum (11/30, 36.7%), followed by M. abscessus and M. intracellulare 
(8/30, 26.7% each). Among the 23 isolates with a single-organism 
LPA result, MALDI-TOF and LPA agreed at the species level in 17 
(73.9%), with moderate-to-substantial agreement (kappa = 0.66, z = 5.41,  
p < 0.0001). ITS sequencing of the six discordant isolates supported the 
LPA result in five and the MALDI-TOF result in one. Using LPA as the 
reference standard in the single-organism subset, MALDI-TOF showed a 
sensitivity of 73.9% and specificity of 94.8%. 

Conclusion: MALDI-TOF and LPA showed good agreement for most 
NTM isolates, although discrepancies were more evident among rapidly 
growing mycobacteria and M. simiae. When the methods disagreed, ITS 
sequencing more often supported the LPA identification.

Keywords: Non-tuberculous mycobacteria; MALDI-TOF; Line probe 
assay; GenoType CM/AS; ITS sequencing; Diagnostic accuracy; Central 
India

Introduction
Non-tuberculous mycobacteria (NTM) comprise a diverse group of 

environmental acid-fast bacilli that are different from  Mycobacterium 
tuberculosis  and  M. leprae. They are commonly referred to as atypical or 
environmental mycobacteria, and have also been described as mycobacteria 
other than tuberculosis (MOTT) [1]. NTM are widely distributed in soil, dust, 
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and natural and municipal water sources, where they can 
persist within biofilms. In most situations, human infection 
is thought to result from environmental exposure rather than 
direct person-to-person transmission [1]. NTM disease is 
increasingly recognised as a public health concern, although 
its true burden is probably underestimated. The clinical 
and radiological features may closely resemble pulmonary 
or extrapulmonary tuberculosis, and NTM infection may 
consequently be mistaken for drug-resistant TB, with 
important implications for treatment [2]. NTM are commonly 
classified as rapidly growing mycobacteria (RGM), which 
form colonies within seven days on solid media, and slowly 
growing mycobacteria (SGM), which require seven days 
or longer [3]. Examples of RGM include Mycobacterium 
abscessus, Mycobacterium fortuitum and Mycobacterium 
chelonae, whereas the SGM group includes organisms such 
as the Mycobacterium avium complex, Mycobacterium 
kansasii and Mycobacterium intracellulare. The reported 
prevalence of NTM has increased in North America, Europe 
and Asia over the last two decades [4]. Indian studies have 
reported isolation prevalences ranging from 0.2% to 5.9% and 
disease prevalence of up to 0.8 per 100,000 population, with 
considerable geographic variation in the species recovered 
[5]. Studies from Central India have particularly reported M. 
fortuitum and M. abscessus among the commonly isolated 
species in both pulmonary and extrapulmonary specimens 
[6,23], consistent with observations from other TB-endemic 
regions [7,23].

Species-level identification is clinically important because 
treatment regimens differ substantially between NTM 
species. For example, M. avium complex, M. kansasii and 
M. abscessus are managed with different multidrug treatment
approaches [8]. Accurate identification therefore plays an
important role in clinical decision-making [9]. Traditional
biochemical methods, including niacin accumulation,
arylsulfatase activity, nitrate reduction and growth on
MacConkey agar, are time-consuming and have largely
been replaced by more rapid methods [9]. In many reference
laboratories, the GenoType Mycobacterium CM/AS line
probe assay (LPA; Hain Lifescience, Nehren, Germany)
and MALDI-TOF mass spectrometry are now used for rapid
identification. The LPA is a reverse-hybridisation assay
targeting the 23S rRNA gene and can identify 37 species
across the CM and AS kits [10]. MALDI-TOF identifies
mycobacteria by analysing characteristic protein spectra
following cell inactivation and protein extraction [11]. Both
approaches offer a shorter turnaround time than sequencing,
although 16S–23S ITS sequencing remains an important
method for confirming isolates when results are discordant or
ambiguous [12]. Although both methods are increasingly used 
for NTM identification, comparative data on their agreement
remain limited in India, particularly from Central India. This
is relevant because NTM are increasingly recognised among

patients investigated for tuberculosis in the region [13]. 
We therefore conducted a prospective diagnostic accuracy 
study to compare MALDI-TOF and LPA for species-level 
identification of NTM and to use ITS sequencing to resolve 
discordant results.

Methods
Study design and setting

This was a prospective, hospital-based comparative 
diagnostic accuracy study that was conducted over 18 months, 
from February 2025 to August 2026, in the Department of 
Microbiology at the All India Institute of Medical Sciences 
(AIIMS), Bhopal, Madhya Pradesh, India. The study was 
carried out in collaboration with the Departments of General 
Medicine, Pulmonary Medicine and Translational Medicine.

Study population and case definitions

The study included patients with presumptive tuberculosis 
or suspected NTM infection whose clinical specimens 
were referred to the institutional TB laboratory for Ziehl–
Neelsen (ZN) staining, mycobacterial culture and nucleic 
acid amplification testing (NAAT). Presumptive TB was 
considered in patients with symptoms such as cough or 
fever lasting two weeks or more, significant weight loss, 
haemoptysis, or an abnormal chest radiograph. NTM infection 
was considered in patients with persistent fever or respiratory 
symptoms, skin lesions not responding to conventional 
antibacterial treatment, or clinical syndromes known to be 
associated with NTM disease. Specimens were included when 
they were obtained from patients evaluated for presumptive 
TB or suspected NTM infection and were submitted for 
ZN staining, culture and NAAT, with subsequent culture 
positivity for Mycobacterium spp. Specimens were excluded 
when NAAT was positive for M. tuberculosis complex, 
when both ZN microscopy and culture were negative, when a 
culture-positive isolate was MPT64 antigen positive, or when 
the specimen met laboratory rejection criteria.

Specimen types and processing
Both pulmonary specimens, including sputum, 
bronchoalveolar lavage, and endotracheal/tracheal aspirate, 
and extrapulmonary specimens, including blood, urine, 
pus, peritoneal fluid, lymph node aspirate, pericardial fluid, 
ascitic fluid, cerebrospinal fluid and tissue biopsy, were 
eligible. Specimens were processed according to institutional 
biosafety procedures in a Class II A2 biosafety cabinet, BSL-
3 Facility, Department of Microbiology, All India Institute of 
Medical Sciences (AIIMS), Bhopal, Madhya Pradesh, India. 
ZN microscopy and NAAT were performed before NALC–
NaOH decontamination and inoculation into the MGIT 960 
automated liquid culture system (Becton, Dickinson and 
Company), following the manufacturer's instructions.
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produces overlapping chromatogram peaks at divergent 
positions. Such samples would require methods such as 
cloning or targeted deep sequencing for definitive resolution. 
This was therefore considered a methodological limitation 
rather than an unresolved pending result.

Statistical analysis
Cohen’s kappa and diagnostic accuracy were calculated 

based on the categorical results obtained by each method. 
Isolates in which LPA detected more than one organism 
were analysed separately and excluded from the primary 
concordance and diagnostic accuracy analyses. Agreement 
between LPA and MALDI-TOF was assessed among the 
remaining isolates with a single-organism LPA result using 
percentage agreement and Cohen's kappa, with a z-test used 
to determine whether the observed kappa differed from 
chance agreement. LPA was used as the reference standard 
for evaluating MALDI-TOF because it is a widely validated 
molecular method for mycobacterial speciation. For each 
NTM species, a 2×2 table was constructed by comparing 
that species with all other species, and sensitivity, specificity, 
positive predictive value (PPV) and negative predictive value 
(NPV) were calculated with 95% confidence intervals using 
the exact Clopper–Pearson method. [22] Confidence intervals 
were reported instead of p-values for diagnostic accuracy 
measures because these measures represent precision around 
a proportion rather than a comparison between independent 
groups.

Results
Study population

During the study period, 4,325 specimens from patients 
evaluated for presumptive tuberculosis or suspected NTM 
infection were screened by ZN microscopy, NAAT/CBNAAT 
and MGIT-960 liquid culture. Of these, 3,460 were culture-
negative, and 865 were culture-positive. Among the culture-
positive specimens, 835 grew M. tuberculosis complex, 
while 30 were culture-positive for Mycobacterium spp. 
and negative for MPT64 antigen. These 30 isolates met the 
inclusion criteria and were subjected to species identification 
by both LPA and MALDI-TOF, giving an NTM yield of  
3.5% among culture-positive specimens (0.7% of all 
specimens screened). Twenty-four isolates (80.0%) were from 
pulmonary specimens and six (20.0%) from extrapulmonary 
specimens.

Species distribution by MALDI-TOF and Line 
Probe Assay

All 30 isolates underwent species identification by both 
LPA and MALDI-TOF. For MALDI-TOF, an identification 
was considered reliable when at least one of the three replicate 
spectra had a log score of ≥1.60. The mean log score across the 
30 isolates was 1.79, with values ranging from 1.68 to 1.82. 

MPT64 antigen testing
All culture-positive isolates were tested with MPT64 

antigen, a rapid immunochromatographic assay used to 
differentiate M. tuberculosis complex from NTM. A pink 
band in the control (C) region indicated a valid test. An 
additional pink band in the test (T) region was interpreted as 
MPT64 positive and consistent with M. tuberculosis complex, 
whereas a control-only band was considered negative and 
suggestive of NTM [10].

Line Probe Assay (GenoType Mycobacterium CM/
AS)

DNA was extracted from positive liquid cultures using 
the GenoLyse kit (Hain Lifescience, Nehren, Germany). 
Biotinylated primers supplied with the GenoType CM/AS 
assay were used to amplify the region required for species 
identification. The resulting amplicons were hybridised to 
species-specific oligonucleotide probes immobilised on 
nitrocellulose strips, and the banding pattern was interpreted 
according to the manufacturer's instructions. The CM kit 
identifies 23 species, while the AS kit covers a further 14 less 
commonly encountered mycobacterial species [14].

MALDI-TOF mass spectrometry
For MALDI-TOF analysis, mycobacterial aliquots were 

washed and inactivated for 30 minutes at room temperature 
using the manufacturer's reagents. The material was then 
treated with acetonitrile and 70% formic acid and centrifuged 
at 13,000 rpm for 2 minutes. 1 microlitre of the supernatant 
was spotted in triplicate onto the MALDI target plate. An 
Escherichia coli protein extract was used as the internal 
quality control. Spectra were acquired in linear positive-
ion mode at a laser frequency of 60 Hz over an m/z range 
of 2,000–20,000 Da using a Microflex LT MALDI-TOF MS 
instrument (Bruker Daltonik GmbH, Bremen, Germany). A 
log score of ≥1.80 was considered highly probable, 1.60–
1.79 probable, and <1.60 unassigned. An identification was 
accepted when at least one of the three replicate spectra 
produced a species- or complex-level match with a log score 
of ≥1.60 [15].

ITS sequencing (discordance resolution)
Isolates with discordant LPA and MALDI-TOF results, 

as well as isolates for which LPA detected more than one 
organism, were considered for confirmatory PCR sequencing 
of the 16S–23S internal transcribed spacer (ITS) region. 
Genus- and species-specific primers were used as previously 
described [12], and sequences were compared with curated 
reference databases. For isolates with a single-organism LPA 
result, the ITS sequence was used to adjudicate discordant 
MALDI-TOF and LPA identifications. Mixed LPA results 
could not be resolved by the sequencing method used in 
this study because Sanger sequencing of a mixed template 

https://jenni.ai/citation?d=z%3A7VdNbxxJGbYhWRBaCQkitAgBBSyLA%2BN29%2FR8BqLNZJzYDv7Ijr3ZBe2lurt6upzqqk5Xt%2B3JKbDiwgUhfgIc4JIzlliBsgeEBCcOnOGAhEDksomQLCSeqp4Zz6xiGdgVB7QjOZmuft%2Bnnnrer5rvHC9cHAoV0kLlxwuL%2Bxkdsu0yDVgeee1WN1Y5H3J5Ic2ieJ0PE4G%2FQsOQWx%2BupP7%2B8cKHoiBQR8cLF%2BKEGYOTa8%2B%2F8tfvfe7ng0iwGE%2BfxXcshIXKTq59aunJox%2B8cZkd8qhITq69um4fZzZeeBbgJyuvMeAXL84AvvTrh5fu%2F3F9Arh3aB%2FPAXz55A2LOAbsuj%2F%2Bw8eu3qsA3X9m5mkCuA6zpSdvnwf4FLuuPbw0BvTeshgVoJ%2FMHfn2Z4wefzsP8J0F%2BxkDNp%2F%2FLT6%2FqwCbFaUJ4OafY%2FM5D9CQgNcY0PkS%2BGU%2FqQA78wxf%2Bb1vPv8Z4Nc%2BbiWtALsmCGsPJ4ADy%2FjpewC8Yt89ff8Av3F1LsrvHfDqd%2BeC8gxAdq9UBRt9%2BB%2B3dl4dbPc2yc5N0t%2Fc2N7o4%2FvWRn%2Bwc31jZ3Nn7Vs1skVHpO66rRrJHGIq8U8PfuS1201yRwmHNBo1sq0c0iSu220ue57fXnFbKy%2B6Hcd1H%2F%2FyLZdEil%2FxXMfz6p2VW%2F0tp9Fwms4MjmPASV9lIxR4UpBHPxtv10tZzkMqya4KOStGBC2AbPEwVwFXQg1HDukJQQa2EZAB0yw%2FYJFDbhxQUdqOQFRMioSRNSbV3ihjZGsUqoCGBYDLlPS0xtkM6kbEZMFj7DZxm7GkguxmDBQ0iXOVkn4pijLH0w1xwHMKAmECuxrZpQGXjAzKRz%2FVYbK8hs7FdI1QGZFVdC9N1rkQLKVSfpXcVDlsSjnU97F1DjbXsVIwATktCew6YDHLmQwZ6cOG5ZUAM8RqZHW57ncazVNnbIoNRvANGYccpN4mO8gKBN3I2lwZMJCXeGHAUhWdnrpOVuFk0qOy7IUhywpYeh6SIA8TGxfSI5IdklClCE8IccSI0APKBQ0EI6vbPaKLnGeEWnGXzpC%2Bv7XS2%2F06Wadckk0eMw15cVAcniU48vQcl8kh1YRVER2TNhGF0oIjJQpFcAIrU8FhQdK5uOkqbg7Zg0%2FBdEEQhYBqIOHAlNzuD7AcJpLfK2FA8yEruBziTd3fJTkqgwwZQpqzIRSqYXsh1CG8gxHWDliuGUlGQc4jfr8S0QRbmCzIkKZmT4CPk9VwmMrR3zJUQppZ2ZBwvErBkdm%2B7tfm87a3C0pxmWMxJx5KbnwwwrhdokJhS2gDOREZpGHF5hCvcVL7KlU5OxUkOlT53eOFTyQ0QLwg2OjCpQ8i%2B%2F8Q2esKb4wimhxCvRmJrY%2FXbL1bSsSfS1BWaaasgDFpeQRuPEIKZGUguE6wPqHGZSjKyBxnGiGiy2D8ukZaRKribP%2BqI%2FrTfcEXBy0SdPozYmza%2FMTaninLoT41aQvL%2B1XUNGYaMs3QGrf95lfG4Z0seK3Z0BsWmCRhwlK0QFFp5pANidwrKHopejxaPbo%2BNPaa3jwFbjoyeBQmzA7mlwxVHlFIMXGzZioo4DPObwxHstStO60vXzaUvEbnjFDYSBnGSKaq3AxZz%2FfJUqfrdP9td5Ndxr2SHBWN1ZwxxEcuz5ftJLbV2cbjENNUUEwBjaxYRQoN627dzPg0VNIeK9%2BQsTL3dloWCUbQA8HTDJg38Qc1fKfdYFzrkl1E9RWCHZFbCtMHVMG%2Fj2qyws%2FO9PhAiTJlL9Sy6R6b098E3NxgBlQOGS5E4IeZdxsrn37uL4mgk%2B%2BPhfHMeVDCSb9prk6SpsYjjmnKxWg4HthIjQMm42qKR7kSzN6z5o3V4O1fYFDjrlKN87FTNerPcuLTQV%2BZMzv%2BK%2Bs4ofp2FL8T8gi%2FXj4S4np09PnJ%2FWg%25
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MALDI-TOF most frequently identified M. fortuitum (11/30, 
36.7%), followed by M. abscessus and M. intracellulare 
(8/30, 26.7% each), while M. chelonae, M. simiae and M. 
avium were each identified in one isolate (3.3%).

The distribution of species between pulmonary and extra-
pulmonary specimens did not show a statistically significant 
difference (Monte Carlo estimate of the Fisher–Freeman–
Halton exact test, based on 100,000 replicates: χ² = 8.05,  
p = 0.16). Because more than half of the expected cell counts 
were below five, the exact simulation-based test was consid-
ered more appropriate than the asymptotic chi-square test. 
LPA also identified M. fortuitum most frequently (12/30, 
40.0%, including its detection in all seven mixed results), 
followed by M. abscessus (7/30, 23.3%). In addition, LPA 
detected co-presence of M. tuberculosis complex with an 
NTM species in four isolates (13.3%), while three isolates 
(10.0%) showed two different NTM species without M. tu-
berculosis complex. Overall, 23/30 isolates (76.7%) had a 
single-organism NTM result. All seven mixed or dual detec-
tions were from pulmonary specimens. The four MTB–NTM 
co-infections involved M. fortuitum, with one also showing 
M. avium complex. The three dual-NTM detections consisted
of M. fortuitum and M. chelonae.

Figure 1: Species distribution by MALDI-TOF MS, pulmonary vs. 
extrapulmonary.

Category No. of 
isolates Percentage

MTB–NTM co-infection  
(NTM + M. tuberculosis complex) 4 13.30%

Dual/mixed NTM infection  
(two NTM species, no MTB) 3 10.00%

Single-organism NTM isolates 23 76.70%

Table 1: Mixed mycobacterial detections using the Line Probe 
Assay (N = 30)

organism, the two methods produced the same species 
identification in 17 (73.9%), while 6 (26.1%) showed 
discordant results.

Concordance between MALDI-TOF MS and Line 
Probe Assay

Among the 23 isolates for which LPA reported a single 

For the 23-isolate single-organism subset, the isolate-
level confusion matrix gave a Cohen's kappa of 0.655  
(SE = 0.121). The corresponding z-test gave z = 5.41 with 
p < 0.0001, indicating that the agreement between LPA 
and MALDI-TOF was significantly greater than would be 
expected by chance.

Category No. of 
isolates Percentage p-value

Species-level concordance 17 73.90%

Discordant identification 6 26.10%

Cohen's kappa (κ) — 
agreement beyond chance

0.66 
(moderate–
substantial)

— <0.0001

Table 2: Agreement between Line Probe Assay and MALDI-TOF 
MS, single-organism LPA subset (n = 23)

Figure 2: Concordance between Line Probe Assay and MALDI-
TOF MS (single-organism subset, n = 23).

ITS sequencing resolution of discordant single-or-
ganism isolates

All six isolates with discordant single-organism results 
underwent confirmatory 16S–23S ITS PCR sequencing. 
Sequencing supported the LPA identification in five of the six 
isolates (83.3%) and the MALDI-TOF identification in one 
(16.7%). Of particular note, all three isolates identified as M. 
simiae by LPA were assigned different species by MALDI-
TOF—M. intracellulare, M. abscessus and M. fortuitum, 
respectively. ITS sequencing confirmed M. simiae in all three 
cases.
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Overall, ITS sequencing supported the LPA result in five 
of the six discordant isolates (83.3%) and the MALDI-TOF 
result in one (16.7%). Thus, when the two methods gave 
different species assignments in this cohort, the LPA result 
was more frequently consistent with the sequence-confirmed 
identification.

MALDI-TOF concordance with multi-organism 
(mixed) LPA calls

Among the seven isolates in which LPA detected more 
than one organism, MALDI-TOF provided a single species 
identification and therefore could not directly indicate the 
presence of a mixed infection. Its result was compared with 
the organisms reported by LPA. In five of the seven isolates 

Isolates LPA results MALDI-TOF results ITS (16S–23S) results Platform corroborated

1 M. abscessus M. chelonae M. abscessus LPA

2 M. chelonae M. abscessus M. abscessus MALDI-TOF

3 M. abscessus M. intracellulare M. abscessus LPA

4 M. simiae M. intracellulare M. simiae LPA

5 M. simiae M. abscessus M. simiae LPA

6 M. simiae M. fortuitum M. simiae LPA

Table 3: ITS sequencing resolution of discordant single-organism isolates (n = 6; all resolved)

(71.4%), the MALDI-TOF identification corresponded to 
one of the organisms detected by LPA. In the remaining 
two isolates (28.6%), it did not match either LPA-reported 
organism. These seven mixed isolates could not be 
adjudicated by ITS sequencing because the mixed templates 
produced overlapping Sanger chromatograms that prevented 
reliable sequence interpretation.

Diagnostic accuracy of MALDI-TOF MS against the 
Line Probe Assay

Diagnostic accuracy was assessed only in the 23 isolates 
with a single-organism LPA result, as specified in the 
statistical analysis.

Figure 3: Species-wise diagnostic accuracy of MALDI-TOF MS with Line Probe Assay as reference standard (n = 23)

Table 4: MALDI-TOF concordance with multi-organism LPA calls (n = 7; not resolvable by ITS sequencing)

Isolate MALDI-TOF  results LPA results Concordance
1 M. abscessus M. fortuitum + M. tuberculosis complex Full discordance

2 M. simiae M. fortuitum + M. tuberculosis complex Full discordance

3 M. fortuitum M. fortuitum + M. tuberculosis complex + M. avium complex Partial (matches 1 of 3)

4 M. fortuitum M. tuberculosis complex + M. fortuitum Partial (matches 1 of 2)

5 M. fortuitum M. chelonae + M. fortuitum Partial (matches 1 of 2)

6 M. fortuitum M. fortuitum + M. chelonae Partial (matches 1 of 2)

7 M. fortuitum M. fortuitum + M. chelonae Partial (matches 1 of 2)



Sharda B, et al., Arch Microbiol Immunology 2026 
DOI:10.26502/ami.936500248

Citation:	 Bhavya Sharda, Falguni Agarwal, Shaina Gaikwad, Antisha Tiwari, Anand Kumar Maurya, Debasis Biswas, Shashank Purwar, Jitendra 
Singh, Sagar Khadanga, Alkesh Kumar Khurana. Comparative Evaluation of MALDI-TOF Mass Spectrometry and Line Probe Assay 
for Species-Level Identification of Non-Tuberculous Mycobacteria. Archives of Microbiology and Immunology. 10 (2026): 147-155.

Volume 10 • Issue 3 152 

When species-level results from the 23 single-organism 
isolates were pooled, MALDI-TOF showed an overall 
sensitivity of 73.9% (95% CI 51.6–89.8%) and specificity 
of 94.8% (95% CI 89.0–98.1%) when LPA was used as the 
reference standard. Sensitivity was 100% for M. fortuitum, 
M. intracellulare and M. avium, although the estimate for
M. avium was based on only one isolate. Sensitivity for
M. abscessus was 71.4%, while it was 0% for M. chelonae
and M. simiae. MALDI-TOF failed to correctly identify the
single M. chelonae isolate, and all three M. simiae isolates
that were identified by LPA. The three M. simiae results were
subsequently shown to agree with LPA by ITS sequencing,
whereas the M. chelonae isolate was confirmed as M.
abscessus, supporting the MALDI-TOF result. Specificity
remained above 85% for all evaluated species, indicating that
MALDI-TOF rarely assigned a species that was not identified
by LPA. The seven isolates with mixed LPA results were
not included in these calculations because they could not be
reliably adjudicated by ITS sequencing.

Discussion
In this analysis, MALDI-TOF and the GenoType 

Mycobacterium CM/AS line probe assay agreed on species 
identification in just under three-quarters of NTM isolates 
for which LPA returned a single organism (17/23, 73.9%), 
with moderate-to-substantial overall agreement (κ = 0.66). 
This concordance rate is broadly consistent with prior head-
to-head comparisons of MALDI-TOF against hybridisation-
based assays, which have generally reported good but 
incomplete agreement, with discordance concentrated among 
closely related rapidly growing species [15] [16]. In our 
cohort, M. fortuitum, M. abscessus and M. chelonae — all 
members of the rapidly growing mycobacteria group that 
share overlapping proteomic spectra and hybridisation-probe 
cross-reactivity — accounted for the majority of isolates and 
a substantial share of discordant pairs, mirroring the difficulty 
other groups have reported in resolving this complex by either 
platform alone [17]. Notably, discordance was not confined to 
the RGM complex: all three isolates called M. simiae by LPA 
were assigned a different species by MALDI-TOF and ITS 
sequencing subsequently confirmed M. simiae in all three, 
suggesting the local MALDI-TOF spectral database may 
under-represent this slowly growing species in particular.

Recent literature published since the design of this study 
reinforces both the promise and the limits of MALDI-TOF 
for NTM speciation. A 2026 Indian study using a modified 
bead-based protein-extraction protocol reported considerably 
higher concordance between MALDI-TOF and LPA than 
observed here (92.7%, 108/110 isolates)[19], suggesting that 
extraction methodology may be an important, modifiable 
driver of platform agreement that could be explored in future 
work at this centre. A 2025 multi-marker Sanger-sequencing 

comparison against MALDI-TOF from Ecuador reported 
Cohen's kappa values ranging from 0.46 to 0.76 depending 
on the gene target used (16S, hsp65, rpoB, singly and 
concatenated) [20], situating our kappa of 0.66 well within 
the range typically observed across contemporary NTM 
identification studies. A 2025/2026 systematic review and 
meta-analysis of 55 studies estimated a pooled MALDI-TOF 
identification accuracy of 88% (95% CI 84–91%) against 
varied reference standards [21], underscoring that no single 
platform yet achieves uniform accuracy across the full 
diversity of NTM species, consistent with the species-specific 
discordance we observed for M. chelonae and M. simiae.

Now that ITS sequencing is complete for all six discordant 
single-organism isolates, a clear picture emerges: LPA was 
corroborated over MALDI-TOF in five of six discordant 
isolates (83.3%), and MALDI-TOF was corroborated 
over LPA in only one (16.7%). This asymmetry indicates 
that, at least for the rapidly growing mycobacteria and M. 
simiae discordant in this cohort, LPA more often reflected 
the sequence-confirmed species when the two platforms 
disagreed. This finding, together with the fact that all MALDI-
TOF identifications in this cohort met at least the "probable" 
score threshold, suggests that score thresholds alone do not 
guarantee correct species assignment [18] and that sequence-
based confirmation remains necessary for discordant results, 
particularly within the RGM complex and for M. simiae, as 
recommended by current diagnostic guidelines [8].

A separate and practically important finding concerns the 
7/30 isolates (23.3%) for which LPA reported more than one 
organism. In five of these seven, MALDI-TOF's single call 
matched one of the organisms LPA detected, but in two it 
matched neither — meaning MALDI-TOF, which cannot 
itself flag mixed infection, may silently miss a clinically 
relevant second organism (including M. tuberculosis complex 
itself) in around a quarter of such mixed specimens. This has 
direct clinical relevance in TB-endemic settings, where an 
NTM-only MALDI-TOF call could mask underlying MTB 
co-infection detected by LPA. Unlike the single-organism 
discordants, these 7 mixed isolates cannot be adjudicated 
by ITS sequencing: Sanger sequencing of a mixed-template 
specimen yields overlapping chromatogram peaks that cannot 
be confidently base-called wherever the two organisms' ITS 
sequences diverge, so no reference identification is available 
for this subset with the methodology used here. This is a 
genuine limitation of sequence-based confirmation in mixed 
infections, not an outstanding result, and would require 
cloning or targeted deep sequencing to resolve. This analysis 
has important limitations. First, the diagnostic-accuracy 
estimates presented here, while based on completed ITS 
sequencing for the single-organism subset, are drawn from 
a small number of isolates per species (e.g., single isolates 
of M. avium and M. chelonae); confidence intervals around 
several species-wise estimates are correspondingly wide. 
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Second, the 7 isolates with multi-organism LPA calls 
could not be included in the kappa or diagnostic-accuracy 
calculations, and could not be resolved by ITS sequencing 
for the methodological reasons described above, so the true 
concordance and accuracy of MALDI-TOF across the full 
30-isolate cohort remains uncertain for this subset. Third,
single-centre recruitment may limit generalisability to other
regions of India with different NTM species distributions.

Despite these limitations, these findings support the use 
of MALDI-TOF as a rapid, comparatively low-cost first-
line platform for NTM speciation in resource-limited, TB-
endemic settings, while reinforcing that discordant calls 
— especially among rapidly growing mycobacteria and M. 
simiae — require sequence-based confirmation, and that 
mixed-organism LPA results warrant particular caution given 
both MALDI-TOF's inability to flag co-infection and the 
inherent limits of Sanger-based ITS sequencing in resolving 
mixed templates. A larger, multi-centre study incorporating 
cloning-based or next-generation sequencing approaches for 
mixed specimens would allow a definitive, algorithm-based 
diagnostic pathway for NTM identification to be defined for 
TB-endemic, resource-limited settings.

Conclusion
MALDI-TOF MS and the GenoType Mycobacterium 

CM/AS line probe assay showed moderate-to-substantial 
agreement (73.9% concordance, κ = 0.66) for NTM species 
identification among isolates with an unambiguous single-
organism LPA result. ITS sequencing, now complete for all 
six discordant single-organism isolates, corroborated LPA in 
five and MALDI-TOF in only one — indicating that, for the 
species discordant in this cohort (principally rapidly growing 
mycobacteria and M. simiae), LPA more often reflected 
the sequence-confirmed identity. A further seven isolates 
showed multi-organism LPA calls, of which MALDI-
TOF's single-species assignment partially matched in five 
and fully missed in two, including possible co-detection of 
M. tuberculosis complex; these mixed isolates could not be
resolved by ITS sequencing, since a mixed-culture template
precludes confident Sanger base-calling, and this is reported
as a methodological limitation rather than a pending finding.
MALDI-TOF remains an attractive rapid, low-cost first-
line tool for NTM speciation in TB-endemic, resource-
limited settings, provided discordant single-organism
calls are routinely referred for ITS sequencing and mixed-
organism LPA results are interpreted with the caution that
neither platform, nor standard Sanger sequencing, can fully
adjudicate them.
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