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Infections caused by mycobacteria, including Mycobacterium tuberculosis
complex (MTBC) and non-tuberculous mycobacteria (NTM), are a major public
health issue worldwide. An accurate diagnosis of mycobacterial species is a
challenge for surveillance and treatment, particularly in high-burden settings
usually associated with low- and middle-income countries. In this study,
we analyzed the clinical performance of two commercial PCR kits designed for
theidentification and differentiation of MTBC and NTM, available in a high-burden
setting such as Ecuador. A total of 109 mycobacteria isolates were included in
the study, 59 of which were previously characterized as M. tuberculosis and
the other 59 as NTM. Both kits displayed great clinical performance for the
identification of M. tuberculosis, with 100% sensitivity. On the other hand, for
NTM, one of the kits displayed a good clinical performance with a sensitivity of
94.9% (C1 95%: 89-100%), while the second kit had a reduced sensitivity of 77.1%
(C195%: 65-89%). In conclusion, one of the kits is a fast and reliable tool for the
identification and discrimination of MTBC and NTM from clinical isolates.

KEYWORDS

mycobacteria, Mycobacterium tuberculosis, atypical mycobacteria, PCR, clinical
performance

Introduction

There are two main groups of mycobacteria of clinical importance and global distribution:
(a) members of the Mycobacterium tuberculosis complex (MTBC), which cause tuberculosis; (b)
atypical or non-tuberculous mycobacteria (NTM), which are ubiquitous and opportunistic
microorganisms that may cause diseases in immunocompromised individuals and exhibit
unusual abilities to survive in odd and extreme environmental conditions (1-3); therefore, their
distribution appears to be environmentally defined and non-uniform, although it is still poorly
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defined (4, 5). The group of NTM comprises any mycobacteria other
than MTBC or Mycobacterium leprae, including over 190 species and
subspecies with a wide range of abilities to cause pulmonary and
extrapulmonary diseases (6, 7).

In high tuberculosis (TB)-burden countries, the detection and
treatment of NTM rarely occur because of poor knowledge about
NTM diseases and limited access to laboratory methods required for
culture and molecular assays for species level identification. As these
locations rely heavily on the microscopy for TB detection, NTM are
commonly missed or mistaken for Mycobacterium tuberculosis when
using acid-fast smears; consequently, patients are inappropriately
treated with anti-TB drugs (3, 6, 8). Most countries do not report
NTM diseases (3, 4, 6); therefore, the description of burden, trends,
and associated risk factors depends on special studies, surveys, and
sentinel surveillance programs (5). There has been an increasing trend
in the incidence and prevalence of NTM diseases around the world in
the last four decades; however, it varies across different regions (3, 5):
in the United States, the prevalence of NTM cases increased from
2.4/100,000 in the 1980s to 15.2/100,000 in 2013 (9); Canada reported
an increase from 4.9/100,000 in 1998 to 9.08/100,000 in 2010 (10);
England, Wales, and Northern Ireland have shown an overall increase
from 0.91/100,000 to 7.6/100,000 by 2012 (5); Brazil reported
0.25/100,000 prevalence in 2008 (3, 11); Taiwan reported an increase
from 2.65/100,000 in 2000 to 10.17/100,000 in 2008 (12); South Korea
shows an increase from 1.2/100,000 in 2003 to 33.3/100,000 in 2016
(5); and in China, the proportion of NTM cases increased from 15.6%
in 2013 to 46.1% in 2018 (5); while in sub-Saharan Africa, the
prevalence of pulmonary NTM diseases was 7.5% in a period between
1940 and 2016 (13). Additionally, a recent metadata analysis carried
out from 2022 to 2024 has shown a continued increase in NTM
isolation and disease across regions and in most countries in North
America, Europe, and East Asia (14-17). According to one of those
reports from 2022, the overall annual rate of change for NTM infection
and disease per 100,000 persons/year was 4.0 and 4.1%, respectively
(16, 17). Although no prevalence studies for NTM in Ecuador have
ever been done, there are some recent case reports of pulmonary
plastic surgery-associated infections caused by NTM (18, 19).

Tuberculosis is one of the major causes of death from a single
infectious agent in the world and produces an estimate of 10.6 million ill
people and 1.3 million deaths worldwide (20). It is a disease that mainly
affects vulnerable population groups in countries with low
socioeconomic development, worsening existing inequalities. While TB
diagnosis and access to treatment improved in recent years in all regions
of the world, the effect of the COVID-19 pandemic greatly disrupted the
increasing trend of newly diagnosed TB patients and reports worldwide,
from 7.1 million in the period 2017-2019 to 5.8 million in 2019-2020;
however, an increase was observed to 7.5 million in 2022 (20, 21).

Either TB or mycobacteriosis diagnosis is still a challenge,
especially in low- and middle-income countries (3, 20, 22).
Bacilloscopy and mycobacterial culture are the gold standards for
clinical diagnosis, although they are time-consuming tasks and
require a high bacterial load and expertise to manipulate these
microorganisms (1, 8, 23). Additionally, those methods do not allow
accurate discrimination between MTBC and NTM (3, 6). As antibiotic
treatments are totally different for those two groups of mycobacteria
(2, 3, 20, 24), several methodologies for discrimination between
MTBC or NTM are available, including biochemical tests (2, 3),
Sanger sequencing (3, 6), or MALDI-TOF MS (8, 25-27).
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Furthermore, PCR protocols for the rapid discrimination of MTBC
and NTM have been described. Moreover, there are several
commercial PCR-based kits that became available recently, such as the
Anyplex™ MTB/NTM Real-time Detection V2.0 (Seegene, South
Korea) or Advansure™ TB/NTM Real-Time PCR Kit (LG Life
Sciences, South Korea), with variable clinical performance depending
on the brand and the study (28-32).

The aim of this study was to compare the clinical performance of
two commercial PCR kits available in Ecuador for the rapid and
accurate identification and differentiation of MTBC and NTM from
the culture samples.

Materials and methods
Mycobacteria isolates included in the study

A total number of 109 mycobaceteria clinical isolates from the
collection of “Centro Nacional de Referencia para Micobacterias”
from “Instituto Nacional de Salud Publica e Investigacion Leopoldo
Izquieta Pérez” (INSPI) were included in the study.

A total of 50 of those cultures were previously characterized as
Mycobacterium tuberculosis following the Pan-American Health
Organization guidelines using the Kudoh — Ogawa method (33-35)
and also characterized by 24 Mycobacterial Interspersed Repetitive-
Unit Variable Number of Tandem Repeats (MIRU-VNTR) (36, 37).

The other 59 cultures corresponded to NTM isolated from skin
purulent lesions using the Kudoh Ogawa method. Those cultures were
characterized by matrix-assisted laser desorption/ionization-time of
flight mass spectrometry (MALDI-TOF MS), as described elsewhere
(27, 38), and included 29 Mycobacterium abscessus isolates, 9
Mycobacterium farcinogenes isolates and 19 Mycobacterium fortuitum
isolates, 1 Mycobacterium parafortuitum and 1 Mycobacterium
novocastrense isolates. Those NTM isolates are the most frequent
within the area of study in Ecuador and are commonly associated with
infections caused by plastic surgery (personal communication from
clinical laboratories to the authors).

Mycobacteria culture heat inactivation and
DNA isolation

Mycobacterial colonies were harvested from cultures, resuspended
in Tris-EDTA (TE) buffer (10mM Tris-HCI, I mM EDTA, pH 8.0), and
then inactivated at 95°C for 15min. After heat inactivation, all samples
were centrifuged for 5min at 10,000g, and the supernatant was directly
used for molecular procedures, as reported elsewhere (39-42). The heat
inactivation process was performed within the BSL2+ facility of the
“Centro Nacional de Referencia para Micobacterias” from INSPI to
prevent occupational exposure as it has been recommended (19).

qPCR using the VIASURE real-time PCR
detection kit — MTBC + NTM (CerTest
BIOTEC, Zaragoza, Spain) (“Viasure kit")

This IVD-CE marked qualitative real-time PCR assay is directed
to the detection and differentiation of Mycobacterium genus, the

frontiersin.org


https://doi.org/10.3389/fpubh.2024.1358261
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Castro-Rodriguez et al.

MTBC, and/or the specific differentiation of modern M. tuberculosis
species (L2, L3, and L4 families) DNA from clinical strains and
lower-track respiratory samples. The process is PCR-based with the
use of specific fluorescent probes and primers for the amplification
of conserved regions: a segment of the 16S rRNA gene for the
detection of Mycobacterium representatives, insertion sequences
IS6110 and IS1081 for the identification of mycobacteria that belong
to the MTBC, and/or a fragment of the TbD1 deletion region, which
allows the specific detection of M. tuberculosis strains classified as
modern strains of the L2, L3, and L4 families. The format of the
VIASURE RT-PCR Detection Kit used in this study contains 12 x
8-well strips, in which all reagents are lyophilized in each well for the
RT-PCR assay: specific primers and probes, dNTPs, buffer, and
polymerase, together with an Internal Control to discard inhibition
of the polymerase activity. According to the manufacturer, after the
addition of 15 pL of rehydration buffer to each well, a volume of 5 pL
of the DNA sample was added to select wells, then 5pL of
reconstituted MTBC + NTM-positive control and 5pL of MTB/
NTM-negative control were added to separate wells for a final
reaction volume of 20 pL in each well. A thermocycler (CFX96 from
Bio-Rad) was programmed to detect signals (cycle threshold (Ct)
<40) in the ROX channel (for 16S rRNA gene - Mycobacterium
species), FAM channel (for IS6110 and IS1081 sequences - MTBC
members), Cy5 channel (for TbD1 deletion region - “modern”
M. tuberculosis), and HEX channel (for Internal Control), using the
following PCR conditions: one cycle of 95°C for 2 min, followed by
45 cycles of 95°C for 10s and 60°C for 50s; fluorogenic data were
collected after each cycle of this step (43).

qPCR using the Mycobacterium multiplex
nucleic acid diagnostic kit (multiplex PCR —
fluorescence probing) (Sansure Biotech,
Changsha, People’s Republic of China)
("Sansure kit")

This commercial PCR kit is designed to detect DNA from seven
types of common clinical mycobacteria: M. tuberculosis (MTB),
Mycobacterium kansasii (MK), Mycobacterium avium (MA), MF,
Mycobacterium abscessus subsp. abscessus (MAA), Mycobacterium
abscessus subsp. massiliense (MAM), and Mycobacterium intracellulare
(MI). The detection is based on two kinds of PCR-technical principles:
the first uses specific fluorescent probes to detect one target, and the
second identifies another target by melting curve analysis, thus
achieving simultaneous detection of both targets using the same
fluorescence channel. The Mycobacterium Multiplex Nucleic Acid
Diagnostic Kit (Multiplex PCR - Fluorescence Probing) has an open
format; therefore, the volume of added reagents can be modified while
maintaining the concentration of the reaction established by the
manufacturer: each tube contained 13.28 uL of the MTB/NTM-PCR
Mix, 0.23 pL of the MTB/NTM Enzyme Mix, and 1.5 pL of DNA from
samples, while 1.5 uL of the MTB/NTM-positive control and 1.5 pL of
the MTB/NTM-negative control were added to the reaction mixture
in different tubes for a final reaction volume of 15 pL in each tube. The
thermocycler was programmed as follows: one cycle of 50°C for 2 min;
one cycle of 94°C for 3 min; and 45 cycles of 94°C for 105, 60°C for
205, and 75°C for 205 (fluorogenic data were collected at the end of
each cycle of this step); then, one cycle of continuous increase in
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temperature from 62°C to 75°C for fluorescence data collection for
the melting curve analysis. The signal of specific fluorescent probes
(Ct<39) is detected in the ROX channel for ME, in the FAM channel
for MK, in the Cy5 channel for Internal Control, and in the HEX
channel for MA, while DNA of MI is detected by the presence of a
melting curve in the ROX channel (melting temperature peak (Tm
peak): 70.5+ 1°C), MAA is detected in the FAM channel (Tm peak:
69.5+1°C), MAM is detected in the Cy5 channel (Tm peak: 68 +1°C),
and MTB is detected in the HEX channel (Tm peak: 67 + 1°C) (44).

Sanger sequencing for identification of
NTM species

By means of Sanger sequencing and BLAST searches, NTM
culture strains were evaluated for identification using the molecular
markers 16S, rpoB, and hsp65 genes. These three markers have been
widely used to identify mycobacteria (45-49). The PCR amplification
of the three genes was performed using GoTaq® Green Master Mix
(Promega, Wisconsin, United States) following protocols described
elsewhere (46, 47, 49). Amplification of fragments was confirmed by
electrophoresis in 2% UltraPure™ Agarose (Invitrogen, California,
United States) gels of 15cm x 10cm in 0.5X Tris-boric acid-EDTA
buffer at 100V for 3h using a ladder 100bp Plus Opti-DNA Marker
(Cat. No.: G016, Applied Biological Materials Inc., British Columbia,
Canada) for size determination. Amplicons were sequenced with the
Sanger method and analyzed with the ABI 3500xL Genetic Analyzer
from Applied Biosystems at the Service Department of Universidad
de las Americas, Quito, Ecuador. The obtained sequences were curated
using Geneious® v. 11.0.4 (Dotmatics, United Kingdom) and then
proceeded to their identification by nucleotide-BLAST (NCBI,
United States) search using default parameters.

Ethics statement

The access to this micobacteria collection was approved by IRB
from Universidad de Las Américas (code 2024-EXC-001). All samples
were anonymized, and no personal data of the patients were
made available.

Results

Identification of MTBC cultures using the
two commercial qPCR kits included in the
study

The 50 MTBC cultures yielded a positive result for MTBC DNA

detection either with the Viasure or the Sansure kit, showing a
sensitivity of 100% (Tables 1, 2; Supplementary Data 1).

Identification of NTM using the VIASURE
real-time PCR detection kit - MTBC + NTM

Fifty-six out of the fifty-nine NTM cultures previously
characterized by MALDI-TOF MS were positive for Mycobacterium
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TABLE 1 Clinical performance of the Viasure MTBC+NTM RT-PCR kit for
the detection of the Mycobacterium tuberculosis complex.

10.3389/fpubh.2024.1358261

TABLE 4 Clinical performance of Sansure Mycobacterium Multiplex RT-
PCR kit for detection of non-tuberculous mycobacteria.

Viasure
PCR kit

Reference method Total
Positive Negative
Positive 50 0 50
Negative 0 0 0 ‘

Reference method Total
Positive Negative
Sansure Positive 37 0 37
‘ PCR kit Negative 22 0 22

TABLE 2 Clinical performance of Sansure Mycobacterium Multiplex RT-
PCR kit for detecting Mycobacterium tuberculosis complex.

TABLE 5 Clinical performance of Sansure Mycobacterium Multiplex RT-
PCR kit for detection of non-tuberculous mycobacteria, including only
these species: M. kansasii, M. abscessus, M. abscessus subsp. massiliense,
M. avium, M. fortuitum, and M. intracellulare.

Reference method Total
Positive Negative
Sansure Positive 50 0 50
PCR kit Negative 0 0 0 ‘

TABLE 3 Clinical performance of the Viasure MTBC+NTM RT-PCR kit for
the detection of non-tuberculous Mycobacteria.

Reference method Total
Positive Negative
Viasure Positive 56 0 56
PCR kit Negative 3 0 3

genus for the Viasure kit according to the manufacturer’s
instructions (Ct <40 in the ROX channel). The remaining three
cultures were identified as MTBC cultures by the Viasure kit
(Ct <40 simultaneously for ROX and FAM channels), which means
a sensitivity of 94.9% (CI 95%: 89-100%) for detection of NTM
(Table 3; Supplementary Data 1).

Those three NTM cultures identified as MTBC by the Viasure kit
were subjected to Sanger sequencing to confirm the MALDI-TOF MS
result. Two strains were identified as NTM through the rpoB and 16S
markers, while one of the strains could not be further characterized
by Sanger sequencing.

Additionally, the specificity of the Viasure kit was 94.9% (CI 95%:
89-100%) and 100% for MTBC and NTM culture identification,
respectively.

Identification of NTM using the
Mycobacterium multiplex nucleic acid
diagnostic kit (multiplex PCR -
fluorescence probing)

Thirty-seven out of the fifty-nine NTM cultures previously
characterized by MALDI-TOF MS were positive for Mycobacteria for
the Sansure kit, according to the manufacturer’s instructions (see
Methods). The remaining 19 NTM cultures were identified as negative
samples, either for MTBC or NTM, which means a sensitivity of
62.7% (CI 95%: 50-75%) for the detection of NTM (Table 4;
Supplementary Data 1).

As the Sansure kit is designed for the identification of certain
Mycobacteria species, not including M. farcinogenes. M.parafortuitum
and M.novocastrense, we considered the exclusion of the eleven
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Reference method Total
Positive Negative
Viasure Positive 37 0 37
‘ NTM Negative 11 0 11

culture samples of that species for clinical performance analysis in
Table 5. For the remaining forty-eight mycobacteria culture, thirty-
seven were detected by Sansure kit, as mentioned above, which means
that sensitivity of the Sansure kit for the detection of the NTM species
indicated by the manufacturer was 77.1% (CI 95%: 65-89%).

Additionally, the specificity of the Sansure kit was 100% for either
MTBC or NTM culture identification.

Reproducibility analysis

The reproducibility of both commercial PCR kits was assessed by
running in triplicate all the non-matching samples compared to the
standard method, as well as 20% of the matching results. We found
100% reproducibility for all samples analyzed for both the Sansure and
Viasure PCR kits.

Discussion

Mycobacterial infections are a major public health issue
worldwide due to different conditions related to these
microorganisms (i.e., virulence, sensitivity, and resistance to
antibiotics), the host (i.e., comorbidities and immunological
status), and the environment where they develop (i.e., precarious
living conditions, socio-economic inequity, and human migration)
(40, 50, 51). Furthermore, the infrastructure, skills, and time
needed to perform the microbiological procedures required for
sampling, culturing, and identifying mycobacteria are negatively
impacting its diagnosis (3, 4, 6). Additionally, proper identification
of mycobacteria is fundamental for accurate treatment, as not only
the antibiotic therapy varies between TB and mycobacteriosis but
also depends on the NTM species (2, 3).

Therefore, fast and reliable identification and differentiation
of infectious mycobacteria has become a critical priority in the
field of microbiological diagnosis, and the implementation of
PCR-based techniques has allowed the development of a variety
of commercially available kits that perform identification assays
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in a matter of hours (52-54). For instance, there are several
reports addressing the clinical performance of some commercial
kits, such as the Anyplex™ MTB/NTM Real-time Detection V2.0
(Seegene, South Korea), with reported sensitivities for MTB
detection ranging from 71 to 86% and reported specificities
ranging from 94.9 to 99%; while for NTM detection, the reported
sensitivities ranged between 44.9 and 100% and the reported
specificities ranged from 97.7 to 97% (29, 31, 32, 55). For the
Advansure™ TB/NTM Real-Time PCR Kit (LG Life Sciences,
South Korea), MTB detection sensitivity ranges between 78.1 and
96.2 and specificity ranges from 93.8 to 96.2%, while NTM
detection sensitivity was in the range of 25-51.7% and specificity
ranges between 97.8% and 98.3% (31, 32). All these cited reports
worked with DNA extracted from clinical samples for the
PCR-based assay and compared against culture results, which is
considered the gold standard for mycobacterial diagnosis (29,
33). Although these reports endorse the use of PCR-based
methods as suitable techniques for rapid mycobacterial detection,
clinical performance evaluation studies are necessary as a wide
range of sensitivity values were obtained, not only depending on
the commercial brand but especially when comparing MTBC
with NTM. To date, those reports support that, at least for NTM
identification, PCR testing should be accompanied by
microbiological analysis for a definitive diagnosis (29, 52, 54).

In this study, to the best of our knowledge, we present the first
clinical performance evaluation of two commercial PCR kits recently
available for MTBC and NTM identification. For rapid identification
of MTBC cultures, both Viasure and Sansure kits are highly reliable
tools with 100% sensitivity compared to gold standard methods.
However, there was a slight reduction in MTBC identification
specificity for the Viasure kit, although co-infection of MTBC and
NTM not detected by MALDI-TOF MS cannot be totally ruled out.

By contrast, we found strong differences in the clinical
performance of the Viasure and Sansure kits for the identification of
NTM. The Viasure kit exhibited a great clinical performance with
94.9% (CI 95%: 89-100%) sensitivity and 100% specificity. However,
even for the set of NTM species that the Sansure kit was designed
for, the sensitivity value obtained was 77.1% (CI 95%: 65-89%). The
importance of conducting these kinds of studies in different
geographical settings, as the distribution of NTM species varies
worldwide, has been emphasized. For instance, the NTM species
included in this study are some of the most common in skin lessons
associated with plastic surgery in Ecuador (personal communication
to the authors). However, one of the kits evaluated in the study is not
designed for the detection of three of those species, not within the
most prevalent NTM species in other settings.

Considering that both commercial kits are also recommended for the
direct detection of mycobacteria in clinical samples, we would anticipate
poor clinical performance for the Sansure kit for NTM detection in
clinical samples, while further experiments will be needed to address the
clinical performance of the Viasure kit. This poor performance is actually
and simultaneously the main limitation and further direction of our study.
We are currently working in a study to address the clinical performance
of these two PCR commercial kits for the detection of MTBC and NTM
directly in clinical samples from TB and mycobacteriosis patients.

In conclusion, one of the PCR Kkits evaluated in this study
(Viasure Kkit) is a fast and accurate tool for the identification and
differentiation of MTBC and NTM from clinical isolates. This type
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of molecular test could help with the fast and affordable triage of
clinical isolates in middle- to high-burden settings such as
Ecuador, where differential diagnosis for TB and mycobacteriosis
is a challenge.

Data availability statement
The original contributions presented in the study are included in

the article/supplementary material, further inquiries can be directed
to the corresponding author.

Author contributions

BC-R: Data curation,
Methodology, Project administration, Writing — original draft,

Formal analysis, Investigation,
Writing - review & editing. GF-S: Data curation, Formal analysis,
Funding acquisition, Investigation, Supervision, Methodology.
AR: Data curation, Methodology, Writing - review & editing.
GC-F: Writing - review & editing, Investigation, Methodology.
SO: Supervision, Validation, Writing - review & editing,
Investigation. JH: Supervision, Validation, Writing - review &
editing, Resources. HP-V: Conceptualization, Funding acquisition,
Resources, Supervision, Validation, Writing - review & editing.
MG-B: Conceptualization, Data curation, Formal analysis,
Funding acquisition, Investigation, Supervision, Validation,
Writing - original draft, Writing - review & editing.

Funding

The author(s) declare that financial support was received
for the research, authorship, and/or publication of this article. This study
was funded by the Universidad de Las Americas (MED.MGB.23.01).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the authors and
do not necessarily represent those of their affiliated organizations, or those
of the publisher, the editors and the reviewers. Any product that may be
evaluated in this article, or claim that may be made by its manufacturer,
is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fpubh.2024.1358261/
full#supplementary-material

frontiersin.org


https://doi.org/10.3389/fpubh.2024.1358261
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fpubh.2024.1358261/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fpubh.2024.1358261/full#supplementary-material

Castro-Rodriguez et al.

References

1. Chin KL, Sarmiento ME, Norazmi MN, Acosta A. DNA markers for tuberculosis
diagnosis. Tuberculosis (2018) 113:139-52. doi: 10.1016/j.tube.2018.09.008

2. Katoch V, Mohan Kumar T, Babban J. Nontuberculous mycobacterial infections In:
SK Sharma and A Mohan, editors. Textbook of tuberculosis and nontuberculous
mycobacterial diseases. New Delhi: Jaypee Brothers Medical Publishers (2020)

3. Sharma S, Upadhyay V. Epidemiology, diagnosis and treatment of non-tuberculous
mycobacterial diseases. Indian ] Med Res (2020) 152:185-226. doi: 10.4103/ijmr.
IJMR_902_20

4. Sharma P, Singh D, Sharma K, Verma S, Mahajan S, Kanga A. Are we neglecting
nontuberculous mycobacteria just as laboratory contaminants? Time to Reevaluate
Things. J Pathog (2018) 2018:1-5. doi: 10.1155/2018/8907629

5. Zulu M, Monde N, Nkhoma P, Malama S, Munyeme M. Nontuberculous
mycobacteria in humans, animals, and water in Zambia: a systematic review. Front Trop
Dis (2021) 2:679501. doi: 10.3389/fitd.2021.679501.

6. Baldwin SL, Larsen SE, Ordway D, Cassell G, Coler RN. The complexities and
challenges of preventing and treating nontuberculous mycobacterial diseases. PLoS Negl
Trop Dis (2019) 13:¢0007083. doi: 10.1371/journal.pntd.0007083

7. Daley CL, Iaccarino JM, Lange C, Cambau E, Wallace RJ Jr, Andrejak C, et al.
Treatment of nontuberculous mycobacterial pulmonary disease: an official ATS/ERS/
ESCMID/IDSA clinical practice guideline. Eur Respir J (2020) 56:2000535. doi:
10.1183/13993003.00535-2020

8. Kalaiarasan E, Thangavelu K, Krishnapriya K, Muthuraj M, Jose M, Joseph NM.
Diagnostic performance of real time PCR and MALDI-TOF in the detection of
nontuberculous mycobacteria from clinical isolates. Tuberculosis (2020) 125:101988. doi:
10.1016/j.tube.2020.101988

9. Ratnatunga CN, Lutzky VP, Kupz A, Doolan DL, Reid DW, Field M, et al. The rise
of non-tuberculosis mycobacterial lung disease. Front Immunol (2020) 11:303. doi:
10.3389/fimmu.2020.00303

10. Marras TK, Mendelson D, Marchand-Austin A, May K, Jamieson FB. Pulmonary
nontuberculous mycobacterial disease, Ontario, Canada, 1998-2010. Emerg Infect Dis
(2013) 19:1889-91. doi: 10.3201/eid1911.130737

11. Zamarioli LA, Coelho AGV, Pereira CM, Nascimento ACC, Ueki SYM, Chimara
E. Estudo descritivo da freqiiéncia de micobactérias ndo tuberculosas na Baixada
Santista (SP). ] Bras Pneumol (2008) 34:590-4. doi: 10.1590/51806-37132008000800008

12.Lai C-C, Tan C-K, Chou C-H, Hsu HL, Liao CH, Huang YT, et al. Increasing
incidence of nontuberculous mycobacteria, Taiwan, 2000-2008. Emerg Infect Dis (2010)
16:294-6. doi: 10.3201/eid1602.090675

13. Okoi C, Anderson STB, Antonio M, Mulwa SN, Gehre F, Adetifa IMO. Non-
tuberculous mycobacteria isolated from pulmonary samples in sub-Saharan Afric—a
systematic review and Meta analyses. Sci Rep (2017) 7:12002. doi: 10.1038/
541598-017-12175-z

14. Prevots DR, Marshall JE, Wagner D, Morimoto K. Global epidemiology of
nontuberculous mycobacterial pulmonary disease: a review. Clin Chest Med (2023)
44:675-721. doi: 10.1016/j.ccm.2023.08.012

15. Kumara K, Ponnuswamy A, Capsticke TGD, Chen C, McCabe D, Hurst R, et al.
Non-tuberculous mycobacterial pulmonary disease (NTM-PD): epidemiology,
diagnosis and multidisciplinary management. Clin Med (2024) 24:100017. doi: 10.1016/j.
clinme.2024.100017

16. Naestholt Dahl V, Mglhave M, Flge A, van Ingen J, Schén T, Lillebaek T, et al.
Global trends of pulmonary infections with nontuberculous mycobacteria: a systematic
review. Int ] Infect Dis (2022) 125:120-31. doi: 10.1016/}.ijid.2022.10.013

17. Moreno-Izquierdo C, Zurita J, Contreras-Yamettia FI, Jara-Palacios MA.
Mycobacterium abscessus subspecies abscessus infection associated with cosmetic
surgical procedures: case series. Case Reports (2020) 22:¢00992. doi: 10.1016/j.idcr.2020.
€00992

18. Echeverria G, Rueda V, Espinoza W, Rosero C, Zumarraga MJ, de Waard JH. First
case reports of nontuberculous mycobacterial (NTM) lung disease in
Ecuador: important lessons to learn. Pathogens (2023) 12:507. doi: 10.3390/pathogens
12040507

19. Djelouagji Z, Drancourt M. Inactivation of cultured Mycobacterium tuberculosis
organisms prior to DNA extraction. J Clin Microbiol (2006) 44:1594-5. doi: 10.1128/
jcm.44.4.1594-1595.2006

20. World Health Organization. Global tuberculosis report 2023. Available at: https://
iris.who.int/ (2023).

21. Zimmer AJ, Klinton JS, Oga-Omenka C, Heitkamp P, Nawina Nyirenda C, Furin
J, et al. Tuberculosis in times of COVID-19. J Epidemiol Community Health (1978)
76:310-6. doi: 10.1136/jech-2021-217529

22.Pan American Health Organization. Tuberculosis in the Americas. Regional report
(2021). Washington D.C.

23. Zeineldin MM, Lehman K, Camp P, Farrell D, Thacker TC. Diagnostic evaluation
of the IS1081-targeted real-time PCR for detection of Mycobacterium bovis DNA in
bovine Milk samples. Pathogens (2023) 12:972. doi: 10.3390/pathogens12080972

Frontiers in Public Health

10.3389/fpubh.2024.1358261

24. Singla R, Gupta S, Sharma A. Treatment of tuberculosis In: SK Sharma and A
Mohan, editors. Textbook of tuberculosis and nontuberculous mycobacterial diseases. New
Delhi: Jaypee Brothers Medical Publishers (2020)

25. Neuschlova M, Vladarova M, Kompanikova J, Sadlonova V, Novakova E.
Identification of Mycobacterium Species by MALDI-TOF Mass Spectrometry. Adv Exp
Med Biol (2017) 1021:37-42. doi: 10.1007/5584_2017_26

26. Alcolea-Medina A, Fernandez MTC, Montiel N, Garcia MPL, Sevilla CD, North
N, et al. An improved simple method for the identification of mycobacteria by MALDI-
TOF MS (matrix-assisted laser desorption-ionization mass spectrometry). Sci Rep
(2019) 9:20216. doi: 10.1038/541598-019-56604-7

27. Mediavilla-Gradolph MC, de Toro-Peinado I, Bermudez-Ruiz MP, Garcia-
Martinez MA, Ortega-Torres M, Montiel Quezel-Guerraz N, et al. Use of MALDI-TOF
MS for identification of non-tuberculous Mycobacterium species isolated from clinical
specimens. Biomed Res Int (2015) 2015:1-6. doi: 10.1155/2015/854078

28. Cho SY, Kim M]J, Suh J-T, Lee HJ. Comparison of diagnostic performance of three
real-time PCR kits for detecting Mycobacterium species. Yonsei Med ] (2011) 52:301-6.
doi: 10.3349/ymj.2011.52.2.301

29. Sawatpanich A, Petsong S, Tumwasorn S, Rotcheewaphan S. Diagnostic
performance of the Anyplex MTB/NTM real-time PCR in detection of Mycobacterium
tuberculosis complex and non-tuberculous mycobacteria from pulmonary and
extrapulmonary specimens. Heliyon (2022) 8:e11935. doi: 10.1016/j.heliyon.2022.e11935

30. Lee S, Hwang K-A, Ahn J-H, Nam JH. Evaluation of EZplex MTBC/NTM real-
time PCR kit: diagnostic accuracy and efficacy in vaccination. Clin Exp Vaccine Res
(2018) 7:111-8. doi: 10.7774/cevr.2018.7.2.111

31. Choe W, Kim E, Park SY, Chae JD. Performance evaluation of Anyplex plus MTB/
NTM and AdvanSure TB/NTM for the detection of Mycobacterium tuberculosis and
nontuberculous mycobacteria. Ann Clin Microbiol (2015) 18:44. doi: 10.5145/
ACM.2015.18.2.44

32. Lee JH, Kim BH, Lee M-K. Performance evaluation of Anyplex plus MTB/NTM
and MDR-TB detection kit for detection of mycobacteria and for anti-tuberculosis drug
susceptibility test. Ann Clin Microbiol (2014) 17:115. doi: 10.5145/ACM.2014.17.4.115

33. Organizaciéon Panamericana de la Salud, Organizacion Mundial de la Salud.
Manual para el Diagnéstico Bacterioldgico de la Tuberculosis. Normas y Guia Técnica—
Parte 2: Cultivo. (2008). Available at: https://iris.paho.org/handle/10665.2/18616.

34. Franco-Sotomayor G, Rivera-Olivero IA, Leon-Benitez M, Uruchima-Campoverde
SE, Cardenas-Franco G, Perdomo-Castro ME, et al. Fast, simple, and cheap: the Kudoh-
Ogawa swab method as an alternative to the Petroff-Lowenstein-Jensen method for
culturing of Mycobacterium tuberculosis. ] Clin Microbiol (2020) 58:e01424-19. doi:
10.1128/JCM.01424-19

35. Garcia-Bereguiain MA. Kudoh swab method for Mycobacterium tuberculosis
culture: looking back to the 70s to fight tuberculosis. Int ] Mycobacteriol (2020) 9:229-30.
doi: 10.4103/ijmy.ijmy_66_20

36. Supply P. (2014). Multilocus variable number tandem repeat genotyping of
Mycobacterium tuberculosis technical Guide. Available at: https://www.researchgate.
net/publication/265990159.

37. Supply P, Allix C, Lesjean S, Cardoso-Oelemann M, Riisch-Gerdes S, Willery E,
et al. Proposal for standardization of optimized mycobacterial interspersed repetitive
unit-variable-number tandem repeat typing of Mycobacterium tuberculosis. ] Clin
Microbiol (2006) 44:4498-510. doi: 10.1128/JCM.01392-06

38. Deininger S-O. Bruker daltonics In: Imaging mass spectrometry. Tokyo, Japan:
Springer (2010). 199-208.

39. Garzon-Chavez D, Zurita J, Mora-Pinargote C, Franco-Sotomayor G, Leon-
Benitez M, Granda-Pardo JC, et al. Prevalence, drug resistance, and genotypic diversity
of the Mycobacterium tuberculosis Beijing family in Ecuador. Microb Drug Resist (2019)
25:931-7. doi: 10.1089/mdr.2018.0429

40. Garzon-Chavez D, Garcia-Bereguiain MA, Mora-Pinargote C, Granda-Pardo JC,
Leon-Benitez M, Franco-Sotomayor G, et al. Population structure and genetic diversity
of Mycobacterium tuberculosis in Ecuador. Sci Rep (2020) 10:6237. doi: 10.1038/
541598-020-62824-z

41. Sweeney RW, Whitlock RH, McAdams SC. Comparison of three DNA preparation
methods for real-time polymerase chain reaction confirmation of Mycobacterium Avium
subsp. Paratuberculosis growth in an automated broth culture system. J Vet Diagn Invest
(2006) 18:587-90. doi: 10.1177/104063870601800611

42. Aldous WK, Pounder JI, Cloud JL, Woods GL. Comparison of six methods of
extracting Mycobacterium tuberculosis DNA from processed sputum for testing by
quantitative real-time PCR. J Clin Microbiol (2005) 43:2471-3. doi: 10.1128/
JCM.43.5.2471-2473.2005

43. CerTest Biotec SL. VIASURE real time PCR detection kit - M. tuberculosis complex
+ non-tuberculous mycobacteria.

44. Sansure Biotech. Mycobacterium Multiplex Nucleic Acid Diagnostic Kit (Multiplex
PCR - Fluorescence Probing).

45. Brunello E Ligozzi M, Cristelli E, Bonora S, Tortoli E, Fontana R. Identification of
54 mycobacterial species by PCR-restriction fragment length polymorphism analysis of

frontiersin.org


https://doi.org/10.3389/fpubh.2024.1358261
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://doi.org/10.1016/j.tube.2018.09.008
https://doi.org/10.4103/ijmr.IJMR_902_20
https://doi.org/10.4103/ijmr.IJMR_902_20
https://doi.org/10.1155/2018/8907629
https://doi.org/10.3389/fitd.2021.679501.
https://doi.org/10.1371/journal.pntd.0007083
https://doi.org/10.1183/13993003.00535-2020
https://doi.org/10.1016/j.tube.2020.101988
https://doi.org/10.3389/fimmu.2020.00303
https://doi.org/10.3201/eid1911.130737
https://doi.org/10.1590/S1806-37132008000800008
https://doi.org/10.3201/eid1602.090675
https://doi.org/10.1038/s41598-017-12175-z
https://doi.org/10.1038/s41598-017-12175-z
https://doi.org/10.1016/j.ccm.2023.08.012
https://doi.org/10.1016/j.clinme.2024.100017
https://doi.org/10.1016/j.clinme.2024.100017
https://doi.org/10.1016/j.ijid.2022.10.013
https://doi.org/10.1016/j.idcr.2020.e00992
https://doi.org/10.1016/j.idcr.2020.e00992
https://doi.org/10.3390/pathogens12040507
https://doi.org/10.3390/pathogens12040507
https://doi.org/10.1128/jcm.44.4.1594-1595.2006
https://doi.org/10.1128/jcm.44.4.1594-1595.2006
https://iris.who.int/
https://iris.who.int/
https://doi.org/10.1136/jech-2021-217529
https://doi.org/10.3390/pathogens12080972
https://doi.org/10.1007/5584_2017_26
https://doi.org/10.1038/s41598-019-56604-7
https://doi.org/10.1155/2015/854078
https://doi.org/10.3349/ymj.2011.52.2.301
https://doi.org/10.1016/j.heliyon.2022.e11935
https://doi.org/10.7774/cevr.2018.7.2.111
https://doi.org/10.5145/ACM.2015.18.2.44
https://doi.org/10.5145/ACM.2015.18.2.44
https://doi.org/10.5145/ACM.2014.17.4.115
https://iris.paho.org/handle/10665.2/18616
https://doi.org/10.1128/JCM.01424-19
https://doi.org/10.4103/ijmy.ijmy_66_20
https://www.researchgate.net/publication/265990159
https://www.researchgate.net/publication/265990159
https://doi.org/10.1128/JCM.01392-06
https://doi.org/10.1089/mdr.2018.0429
https://doi.org/10.1038/s41598-020-62824-z
https://doi.org/10.1038/s41598-020-62824-z
https://doi.org/10.1177/104063870601800611
https://doi.org/10.1128/JCM.43.5.2471-2473.2005
https://doi.org/10.1128/JCM.43.5.2471-2473.2005

Castro-Rodriguez et al.

the hsp65 gene. J Clin Microbiol (2001) 39:2799-806. doi: 10.1128/JCM.39.8.
2799-2806.2001

46. Cooksey RC, de Waard JH, Yakrus MA, Rivera I, Chopite M, Toney SR, et al.
Mycobacterium cosmeticum sp. nov., a novel rapidly growing species isolated from a
cosmetic infection and from a nail salon. Int J Syst Evol Microbiol (2004) 54:2385-91.
doi: 10.1099/ij5.0.63238-0

47. de Zwaan R, van Ingen J, van Soolingen D. Utility of rpoB gene sequencing for
identification of nontuberculous mycobacteria in the Netherlands. J Clin Microbiol
(2014) 52:2544-51. doi: 10.1128/JCM.00233-14

48. Lee H, Park H-J, Cho S-N, Bai GH, Kim SJ. Species identification of mycobacteria
by PCR-restriction fragment length polymorphism of the rpoB gene. J Clin Microbiol
(2000) 38:2966-71. doi: 10.1128/JCM.38.8.2966-2971.2000

49.Morais FCL, Bello GL, Costi C, Schmid KB, Soares TDS, Barcellos RB, et al.
Detection of non-tuberculosus mycobacteria (NTMs) in lung samples using
16S rRNA. Mem Inst Oswaldo Cruz (2022) 117:e220031. doi:
10.1590/0074-02760220031

50. Peters JS, Ismail N, Dippenaar A, Ma S, Sherman DR, Warren RM, et al. Genetic
diversity in Mycobacterium tuberculosis clinical isolates and resulting outcomes of

Frontiers in Public Health

07

10.3389/fpubh.2024.1358261

tuberculosis infection and disease. Annu Rev Genet (2020) 54:511-37. doi: 10.1146/
annurev-genet-022820

51. Sanabria GE, Sequera G, Aguirre S, Méndez ], dos Santos PCP, Gustafson NW,
et al. Phylogeography and transmission of Mycobacterium tuberculosis spanning prisons
and surrounding communities in Paraguay. Nat Commun (2023) 14:303. doi: 10.1038/
541467-023-35813-9

52. Brankin A, Seifert M, Georghiou SB, Walker TM, Uplekar S, Suresh A, et al. In
silico evaluation of WHO-endorsed molecular methods to detect drug resistant
tuberculosis. Sci Rep (2022) 12:17741. doi: 10.1038/s41598-022-21025-6

53. Bigio J, van Gemert W, Kaiser B, Waning B, Pai M. Asia emerges as a hotbed of
diagnostic innovations for tuberculosis. J Clin Tuberc Other Mycobact Dis (2021)
25:100267. doi: 10.1016/j.jctube.2021.100267

54.Dicks KV, Stout JE. Annual review of medicine molecular diagnostics for
Mycobacterium tuberculosis infection. Annu Rev Med (2019) 2018:77-90. doi: 10.1146/
annurev-med-040717-051502

55. Perry MD, White PL, Ruddy M. Potential for use of the Seegene Anyplex MTB/
NTM real-time detection assay in a regional reference laboratory. J Clin Microbiol (2014)
52:1708-10. doi: 10.1128/JCM.03585-13

frontiersin.org


https://doi.org/10.3389/fpubh.2024.1358261
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://doi.org/10.1128/JCM.39.8.2799-2806.2001
https://doi.org/10.1128/JCM.39.8.2799-2806.2001
https://doi.org/10.1099/ijs.0.63238-0
https://doi.org/10.1128/JCM.00233-14
https://doi.org/10.1128/JCM.38.8.2966-2971.2000
https://doi.org/10.1590/0074-02760220031
https://doi.org/10.1146/annurev-genet-022820
https://doi.org/10.1146/annurev-genet-022820
https://doi.org/10.1038/s41467-023-35813-9
https://doi.org/10.1038/s41467-023-35813-9
https://doi.org/10.1038/s41598-022-21025-6
https://doi.org/10.1016/j.jctube.2021.100267
https://doi.org/10.1146/annurev-med-040717-051502
https://doi.org/10.1146/annurev-med-040717-051502
https://doi.org/10.1128/JCM.03585-13

	Rapid and accurate identification and differentiation of Mycobacterium tuberculosis and non-tuberculous mycobacteria using PCR kits available in a high-burden setting
	Introduction
	Materials and methods
	Mycobacteria isolates included in the study
	Mycobacteria culture heat inactivation and DNA isolation
	qPCR using the VIASURE real-time PCR detection kit – MTBC + NTM (CerTest BIOTEC, Zaragoza, Spain) (“Viasure kit”)
	qPCR using the Mycobacterium multiplex nucleic acid diagnostic kit (multiplex PCR – fluorescence probing) (Sansure Biotech, Changsha, People’s Republic of China) (“Sansure kit”)
	Sanger sequencing for identification of NTM species
	Ethics statement

	Results
	Identification of MTBC cultures using the two commercial qPCR kits included in the study
	Identification of NTM using the VIASURE real-time PCR detection kit – MTBC + NTM
	Identification of NTM using the Mycobacterium multiplex nucleic acid diagnostic kit (multiplex PCR – fluorescence probing)
	Reproducibility analysis

	Discussion
	Data availability statement
	Author contributions

	 References

