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ABSTRACT The SARS-CoV-2 pandemic has strained manufacturing capacity worldwide,
resulting in significant shortages of laboratory supplies both directly and indirectly. Such
shortages include probe-based kits for detection of the Mycobacterium tuberculosis com-
plex from positive liquid broth cultures. These shortages and possible loss of this partic-
ular assay have consequences for laboratory testing algorithms and public health in the
United States. As there are no FDA-approved, commercially available options that cur-
rently exist which could immediately fill this gap, laboratories must identify alternatives
and plan for modifying current testing algorithms to accommodate this change.
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It is not surprising that clinical laboratories are facing significant challenges with
respect to shortages of many SARS-CoV-2-related supplies. These SARS-CoV-2-specific

scarcities have increasingly expanded to encompass testing supplies, reagents, and
kits for other routine microbiological diagnostics (1, 2). Such routine testing is neces-
sary for diagnosis of a variety of non-SARS-CoV-2 infections such as other viral, bacte-
rial, fungal, and mycobacterial infections, including tuberculosis (TB). Shortages have
ranged from general lab supplies, including specific types of pipettes and tips, to multi-
ple types of commercially prepared culture medium. A significant proportion of these
shortages are attributable to the need for diagnostic companies to redirect resources
in an unprecedented way to support the manufacture of SARS-CoV-2-related products
and kits. This redirection of resources and manufacturing assets has not been without
consequences, leading to supply chain shortages, which change in composition almost
daily (1, 2). The resulting increase in unpredictability surrounding supplies has caused
many laboratories to scramble to identify alternatives in order to avoid negative
patient impacts. However, other collateral effects are now occurring whereby prod-
ucts or product lines that were under consideration for discontinuation or had begun
the process prior to the SARS-CoV-2 pandemic, appear to have had those timelines
accelerated due to the excessive strain on resources and manufacturing. This is no
more apparent than with the nucleic acid probe-based kits used for identification of
the dimorphic fungi Blastomyces dermatitidis, Coccidioides immitis, and Histoplasma
capsulatum which have already been discontinued. The mycobacterium-specific probe
kits used for identification of the Mycobacterium tuberculosis complex, the Mycobacterium
avium complex, Mycobacterium kansasii, and Mycobacterium gordonae from positive broth
and solid medium cultures (AccuProbe; Hologic, Inc., San Diego, CA) are also under consid-
eration for possible discontinuation per notification from the manufacturer in the third
quarter (Q3) of 2020 with an estimated original timeline of 12 to 18 months for this to
occur. Recently however, some laboratories encountered shortages of test kits, whereas
others, including our own, were unable to procure the required number of kits altogether.
In the United States, this assay provides the only FDA-cleared option for rapid
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determination of mycobacterial identification for the four species mentioned above from
positive liquid cultures. As a result, the probe-based assay is utilized by many labs, includ-
ing hospital, public health, and large reference labs, in conjunction with their automated
culture detection systems as well as growth on solid media. This assay has been in use for
over 2 decades and as such represents the most common means for laboratories to rule
out TB in patients with positive broth cultures confirmed by smear to have an acid-fast or-
ganism. Without the benefit of the probe assay, ruling out TB on the day a broth culture
signals positive becomes problematic for many clinical microbiology laboratories. In addi-
tion, in the United States, nontuberculous mycobacterial species, such as the M. avium
complex, represent a higher proportion of positive cultures versus M. tuberculosis, and as
such, the probe assay is a valuable tool for providing appropriate antimicrobial therapy.
Thus, the loss of this diagnostic testing platform has significant consequences for standard
algorithms, as illustrated in Fig. 1. As of February 2021, there are no FDA-cleared or
-approved options which could immediately replace this probe assay. As a result, lab-
oratories must modify current testing to accommodate this change. At a minimum,
ruling out M. tuberculosis is paramount to controlling the spread of TB and providing
for appropriate placement of patients in negative pressure or isolation as well as con-
tact tracing.

What is urgently needed is an alternative identification method, one that is both rapid
and cost-effective and provides the means to rule out TB the same day a liquid culture

FIG 1 Mycobacteriology laboratory testing algorithm including a DNA probe-based assay. DST, drug
susceptibility testing; NGS, next generation sequencing.

Commentary Journal of Clinical Microbiology

December 2021 Volume 59 Issue 12 e00778-21 jcm.asm.org 2

https://jcm.asm.org


signals positive so that patients requiring placement in negative-pressure rooms are not
confined unnecessarily, utilizing precious hospital resources that are in very short supply.
Rapidly being able to rule out TB is also essential to ensure implementation of appropriate
public health measures, including prevention of additional spread of the disease, and iden-
tification and tracing of contacts. Such alternative tests exist that would address the loss of
the probe-based mycobacterial identification kits, but laboratory testing algorithms would
necessarily have to change. The use of these technologies may be challenging for some
laboratories, but potential rapid alternatives exist that could help shape future diagnostic
algorithms in the mycobacteriology laboratory in the United States.

MALDI-TOF MS

Matrix-assisted laser desorption ionization–time of flight mass spectrometry (MALDI-
TOF MS) has been successfully used for the identification of mycobacterial species from
culture growth on solid medium. However, direct testing of liquid-based, positive cultures
using MALDI-TOF MS can be problematic due to a variety of factors, including the pres-
ence of human-derived proteins within specimens used to inoculate cultures, the composi-
tion of the mycobacterium-specific medium which contains proteins that may interfere
with spectral analysis, and a lack of an optimized/standardized extraction method. This
can result in scores with a high degree of variability between platforms and laboratories,
often below the threshold for identification on most systems (,2.0) (3). Bacterial contami-
nation or mixed species of mycobacteria, often present in mycobacterial broth cultures,
may also confound MALDI-TOF-MS results. In one study, detection of the M. tuberculosis
complex by MALDI-TOF-MS was as low as 41.6% in polymicrobial broths; thus, the authors
suggested an initial screen be performed using an immunochromatographic assay (4). In
still another study, correct mycobacterial identification from broth cultures was as low as
22% (5). One possible solution would be to subculture positive broths onto solid medium
with subsequent MALDI-TOF-MS analysis. However, subculturing of slow-growing myco-
bacteria, such as the M. tuberculosis complex, could take days to weeks for growth, result-
ing in delays in reporting of TB. Recently, various modifications of protein extraction meth-
ods and other assay parameters have been evaluated to improve MALDI-TOF-MS-based
identification from positive liquid and solid cultures. In one study, the use of freezing and
mechanical disruption for extraction of mycobacterial proteins was compared to the man-
ufacturer’s recommended protocol (6). Using a score of$1.7, correct mycobacterial identi-
fication was achieved with 49.7% (150/302) of liquid and 62.9% (190/302) of solid medium
cultures. However, differences were noted by growth rate, where 50% (87/174) of cultures
containing slow-growing mycobacterial species and 64.8% (83/128) of rapid-growing spe-
cies were identified. Most protocol modifications have focused on improved cellular dis-
ruption methods in an attempt to improve recovery of mycobacterial proteins (7). Other
investigators have bypassed such methods with solid medium cultures and obtained
85% and 75% concordance for identification of slow-growing and rapid-growing species,
respectively, with 100% agreement for M. tuberculosis (7). However, variability in agree-
ment between MALDI-TOF-MS-based results versus other standard identification tests
exists between studies and laboratories. With regard to identification of M. tuberculosis
directly from signal-positive MGIT 960 tubes, Huang and coworkers demonstrated agree-
ment of 80.6% (58/72) in pure cultures, which dropped to 41.6% (10/24) when cultures
were polymicrobial (4). The documented variability observed using MALDI-TOF-MS for
identification of M. tuberculosis directly from positive broth cultures will require laborato-
ries to perform a comprehensive validation and have ancillary tests available if needed
for rapid identification ofM. tuberculosis the same day culture signals positive.

LAB-DEVELOPED MOLECULAR METHODS

Various molecular methods exist which could be used to identify the M. tuberculosis
complex from positive liquid broth cultures. These involve conventional and real-time
PCR assays as well as sequencing-based methods which are well described and in use
by some laboratories for mycobacterial identification (3, 8–14). Sequencing-based tests
are primarily lab-developed and include the most commonly used genomic target, 16S
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rRNA, as well as alternative genes such as rpoB and hsp65 (3). Although some laborato-
ries currently utilize these technologies for mycobacterial identification, comprehen-
sive validation of not only the method but also the genomic database selected for use
is required prior to implementation. The fact remains that many laboratories are simply
unable to perform such testing, and even in those that routinely provide sequencing
analysis for mycobacterial identification, these assays are not rapid and often take mul-
tiple days for completion. In addition, in high-throughput labs under strain from the
molecular testing required for the COVID-19 pandemic, the additional volume of posi-
tive mycobacterial cultures may be untenable at the current time.

LINE PROBE ASSAYS

One alternative to nucleic acid sequencing of specific targets includes a commercially
available line probe assay (LPA; Bruker-Hain Diagnostics, Nehren, Germany) shown by pre-
vious investigators to identify the M. tuberculosis complex as well as mutations conferring
resistance to isoniazid and rifampin directly from positive broth cultures (15). However, the
LPA requires technical skill, is not rapid, and has requirements regarding unidirectional
workflow that not all laboratories can accommodate. In the United States, kits from the
manufacturer require international arrangements, which have become more difficult to
navigate during the SARS-CoV-2 pandemic. Importantly, this assay is not FDA cleared or
approved for mycobacterial identification from positive broth cultures. Implementation
would require careful laboratory validation and quality monitoring with various degrees of
rapidity for the identification of theM. tuberculosis complex from culture-positive broths.

OTHER ALTERNATIVES

Although few in number, rapid identification platforms do exist, one of which has
been FDA approved for use with both smear-positive and -negative respiratory speci-
mens for the identification of the M. tuberculosis complex and determination of rifam-
pin resistance. This testing platform, the GeneXpert MTB/RIF assay (Cepheid, Sunnyvale,
CA), is a nucleic acid amplification platform which can be performed in an average
of #2 h (16). The assay requires minimal technical training and is simple to perform.
Information provided by the instrument includes detection of the M. tuberculosis com-
plex and rifampin resistance, which if present, may indicate possible multidrug-resistant
M. tuberculosis (MDR-TB). Rapid detection of M. tuberculosis and rifampin resistance not
only provides for initiation of an appropriate antibiotic regimen in positive cases but also
allows for those in which M. tuberculosis is not detected to avoid unnecessary treatment
and placement in respiratory isolation.

While FDA approval has been limited to respiratory specimens, additional uses have
been evaluated by a growing number of investigators and clinical laboratories across
the globe. These “off label” practices include determination of the analytical sensitivity
and specificity of the GeneXpert MTB/RIF assay for use with nonrespiratory specimens
such as cerebrospinal fluid, other sterile fluids, and tissues, to name a few (16–23). A
growing number of publications have demonstrated the utility of the GeneXpert MTB/
RIF assay with extrapulmonary specimens, many of which are often paucibacillary. With
regard to positive mycobacterial broth cultures, the GeneXpert MTB/RIF assay should be
able to detect the M. tuberculosis complex and rifampin resistance from both manual
and automated culture detection systems. Most automated culture detection systems
have sufficient volume ($1 ml) for performance of the GeneXpert test, and detection
thresholds for the automated systems are set at 5 � 105 to 1 � 106 CFU per ml or higher.
Thus, there would be more than enough organism present to result in a positive signal
on the GeneXpert system, for which the lower limit of detection is 157 CFU/ml (16). The
specificity of the assay is such that even in instances of mixed cultures such as M. tuber-
culosis complex plus a nontuberculous species or bacterial contamination, detection
should still be possible. Many laboratories currently use the GeneXpert system for not
only detection of TB and rifampin resistance directly from smear-positive and -negative
sputum, but also for other microbiological laboratory tests for which the platform is FDA
approved. As such, the GeneXpert MTB/RIF assay could be employed to provide rapid
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detection and determination of M. tuberculosis complex from positive broth cultures in
under 2 h, which would ensure that patients with tuberculosis could be identified
quickly and on the same day as the culture went positive. Since this would be off-label
use, laboratories would be required to perform an in-house validation prior to imple-
mentation. A modified testing algorithm incorporating the GeneXpert MTB/RIF assay ver-
sus the other testing strategies is shown in Fig. 2.

Another rapid test which has been demonstrated to have high sensitivity and specific-
ity in identification of the M. tuberculosis complex directly from positive broth cultures is
an immunoassay which detects the MPT64 antigen (Fig. 2). This antigen is derived from an
M. tuberculosis complex-specific secretory protein, which can be detected by an MPT64-
specific monoclonal antibody. Three well-known MPT-64-specific commercial immunoas-
says are the BD MGIT TBc identification test (Becton, Dickinson, Sparks, Maryland), Capilia
TB NEO (Tauns, Japan), and the TB Ag MPT64 rapid test (Abbott SDBioline, USA). A com-
parative analysis of these three tests demonstrated 100% sensitivity for detection and
identification of the M. tuberculosis complex on the day of broth culture positivity (24, 25).
No false positives were observed for either the Capilia or BD assays when challenged with
nontuberculous species; however, the SDBioline assay resulted in a weak false positive
with Mycobacterium gastri (25). Currently, these assays are used by many countries outside
the United States for identification of the M. tuberculosis complex from positive liquid
broth cultures. Although easy to perform and relatively low in cost, they may be

FIG 2 Mycobacteriology laboratory testing algorithm without a DNA probe-based assay. DST, drug
susceptibility testing; NGS, next generation sequencing; MAC, M. avium complex.
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problematic to obtain for laboratories within the United States, as all three are manufac-
tured outside the country with unclear options for distribution of the tests to the U.S.
market.

CONCLUSIONS

The SARS-CoV-2 pandemic has had a significant negative impact on laboratory sup-
ply chains worldwide, affecting not only virus-specific supplies and reagents but also
more general laboratory supplies. Such impacts have necessitated that laboratories im-
provise in maintaining critical operations for patient care, including diagnostics related
to TB. Shortages of the probe-based assay (AccuProbe, Hologic) for identification of
the M. tuberculosis complex from positive liquid broth cultures threaten to delay diag-
nosis of TB in laboratories unable to procure the required number of kits to maintain
testing. The possible discontinuation of the product line altogether has accelerated the
need for clinical mycobacteriology laboratories utilizing this assay to find justifiable
alternatives which not only provide for same day identification of the M. tuberculosis
complex from positive broth cultures but also permit proper placement of patients in
isolation with subsequent contact tracing.

The diagnostic algorithms presented in Fig. 1 and 2 provide examples of how the loss
of one specific platform can severely affect clinical laboratory operations. It is imperative
to consider alternatives that provide rapid results which are available to a majority of
clinical mycobacteriology laboratories. Although multiple assays exist to identify the M.
tuberculosis complex from positive broth cultures, many require additional instrumenta-
tion, such as MALDI-TOF-MS, whereas others are highly complex molecular tests, which
often take more than 1 day for completion and as such are not viable options for all lab-
oratories. In the short term, many laboratories may opt to utilize methods currently in
use once validated for identification of theM. tuberculosis complex from acid-fast bacillus
(AFB)-positive broth cultures. Such methods may include lab-developed molecular tests
or the GeneXpert MTB/RIF assay. The GeneXpert MTB/RIF assay has perhaps the greatest
potential as an immediate rapid alternative identification method with results in #2 h,
especially for laboratories needing a replacement for the probe assay and unable to
incorporate more highly complex sequencing-based methods. Other rapid platforms
such as the MPT64 antigen tests, used routinely outside the United States, are also an
appealing alternative, but supplies are not available domestically for commercial use. For
smaller laboratories where implementation of alternative methods such as MALDI-TOF-
MS and other highly complex, molecular assays are not feasible, specimens and/or posi-
tive cultures may need to be sent to larger reference laboratories for mycobacterial
identification.

Given the significance of delays in identification of TB cases to public health, it is
suggested that the Centers for Disease Control, the Association of Public Health
Laboratories, and other organizations add their voice for manufacturers of the antigen
tests to distribute their products within the United States at least until alternative
assays can be developed. Alternatively, it is possible that discontinuation of the probe
assay is premature, especially in light of the significance to public health and as no
equivalent, FDA-cleared alternative is currently available.

ACKNOWLEDGMENT
Support for this work was provided in part by NIH contract HHSN272201700001C

(Mycobacterium Tuberculosis Quality Assurance).

REFERENCES
1. ASM. 2020. Supply shortages impacting COVID-19 and non-covid testing.

https://asm.org/Articles/2020/September/Clinical-Microbiology-Supply
-Shortage-Collecti-1.

2. ASM. 2020. Laboratory supply shortages are impacting COVID-19 and
non-COVID diagnostic testing. https://asm.org/Articles/2020/September/
Laboratory-Supply-Shortages-Are-Impacting-COVID-19.

3. Forbes BA, Hall GS, Miller MB, Novak SM, Rowlinson M, Salfinger M,
Somoskovi A, Warshauer DM, Wilson ML. 2018. Practice guidance for

clinical microbiology laboratories: mycobacteria. Clin Microbiol Rev 31:
e00038-17. https://doi.org/10.1128/CMR.00038-17.

4. Huang T, Lee C, Tu H, Lee S. 2018. Rapid Identification of mycobacteria
from positive MGIT broths of primary cultures by MALDI-TOF mass spec-
trometry. PLoS One 13:e0192291. https://doi.org/10.1371/journal.pone
.0192291.

5. Van Eck K, Faro D, Wattenberg M, de Jong A, Kuipers S, van Ingen J. 2016.
Matrix-assisted laser desorption ionization-time of flight mass spectrometry

Commentary Journal of Clinical Microbiology

December 2021 Volume 59 Issue 12 e00778-21 jcm.asm.org 6

https://asm.org/Articles/2020/September/Clinical-Microbiology-Supply-Shortage-Collecti-1
https://asm.org/Articles/2020/September/Clinical-Microbiology-Supply-Shortage-Collecti-1
https://asm.org/Articles/2020/September/Laboratory-Supply-Shortages-Are-Impacting-COVID-19
https://asm.org/Articles/2020/September/Laboratory-Supply-Shortages-Are-Impacting-COVID-19
https://doi.org/10.1128/CMR.00038-17
https://doi.org/10.1371/journal.pone.0192291
https://doi.org/10.1371/journal.pone.0192291
https://jcm.asm.org


fails to identify nontuberculous Mycobacteria from primary cultures of respi-
ratory samples. J Clin Microbiol 54:1915–1917. https://doi.org/10.1128/JCM
.00304-16.

6. Rodriguez-Temporal D, Perez-Risco D, Struzka EA, Mas M, Alcaide F. 2018.
Evaluation of two protein extraction protocols based on freezing and me-
chanical disruption for identifying nontuberculous mycobacteria by ma-
trix-assisted laser desorption ionization-time of flight mass spectrometry
from liquid and solid cultures. J Clin Microbiol 56:e01548-17. https://doi
.org/10.1128/JCM.01548-17.

7. Alcolea-Medina A, Fernandez C, Montiel N, Garcia L, Sevilla D, North N,
Lirola M, Wilks M. 2019. An improved simple method for the identification
of mycobacteria byMALDI-TOF MS (matrix-assisted laser desorption-ioniza-
tion mass spectrometry. Nature 9:20216. https://doi.org/10.1038/s41598
-019-56604-7.

8. Kim JU, Cha CH, An HK. 2015. Direct identification of mycobacteria from clini-
cal specimens by multiplex real-time PCR. J Appl Microbiol 118:1498–1506.
https://doi.org/10.1111/jam.12780.

9. Daley P, Petrich A, May K, Luinstra K, Rutherford C, Chedore P, Jamieson F,
Smieja M. 2008. Comparison of in-house and commercial 16S rRNA sequenc-
ing with high performance liquid chromatography and genotype AS and CM
for identification of nontuberculousmycobacteria. DiagnMicrobiol Infect Dis
61:284–293. https://doi.org/10.1016/j.diagmicrobio.2008.02.018.

10. Heller LC, Jones M, Widen RH. 2008. Comparison of DNA pyrosequencing
with alternative methods for identification of mycobacteria. J Clin Micro-
biol 46:2092–2094. https://doi.org/10.1128/JCM.02001-07.

11. Shrestha NK, Tuohy MJ, Hall GS, Reischl U, Gordon SM, Procop GW. 2003.
Detection and differentiation of Mycobacterium tuberculosis and nontu-
berculous mycobacterial isolates by real-time PCR. J Clin Microbiol 41:
5121–5126. https://doi.org/10.1128/JCM.41.11.5121-5126.2003.

12. Richardson ET, Samson D, Banaei N. 2009. Rapid identification ofMycobacte-
rium tuberculosis and nontuberculous mycobacteria by multiplex, real-time
PCR. J Clin Microbiol 47:1497–1502. https://doi.org/10.1128/JCM.01868-08.

13. Hong YJ, Chung YH, Kim TS, Song SH, Park KU, Yim JJ, Song J, Lee JH, Kim
EC. 2011. Usefulness of three-channel multiplex real-time PCR and melt-
ing curve analysis for simultaneous detection and identification of the
Mycobacterium tuberculosis complex and nontuberculous mycobacteria. J
Clin Microbiol 49:3963–3966. https://doi.org/10.1128/JCM.05662-11.

14. Cha CH, An HK, Kim JU. 2014. Direct identification of mycobacteria from cul-
ture media using a multiplex real-time PCR assay: report on its application in
a clinical laboratory in a region of high tuberculosis endemicity. Diagn Micro-
biol Infect Dis 79:49–53. https://doi.org/10.1016/j.diagmicrobio.2014.01.009.

15. Ng KP, Rukumani DV, Chong J, Kaur H. 2014. Identification ofMycobacterium
species following growth detection with the BACTEC MGIT 960 system by
DNA line probe assay. Int J Mycobacteriol 3:82–87. https://doi.org/10.1016/j
.ijmyco.2014.03.005.

16. Boehme CC, Nabeta P, Hillemann D, Nicol MP, Shenai S, Krapp F, Allen J,
Tahirli R, Blakemore R, Rustomjee R, Milovic A, Jones M, O'Brien SM, Persing

DH, Ruesch-Gerdes S, Gotuzzo E, Rodrigues C, Alland D, Perkins MD. 2010.
Rapid molecular detection of tuberculosis and rifampin resistance. N Engl J
Med 363:1005–1015. https://doi.org/10.1056/NEJMoa0907847.

17. Helb D, Jones M, Story E, Boehme C, Wallace E, Ho K, Kop J, Owens MR,
Rodgers R, Banada P, Safi H, Blakemore R, Lan NT, Jones-López EC, Levi M,
Burday M, Ayakaka I, Mugerwa RD, McMillan B, Winn-Deen E, Christel L,
Dailey P, Perkins MD, Persing DH, Alland D. 2010. Rapid detection of
Mycobacterium tuberculosis and rifampin resistance by use of on-demand,
near-patient technology. J Clin Microbiol 48:229–237. https://doi.org/10
.1128/JCM.01463-09.

18. Siddiqi OK, Birbeck GL, Ghebremichael M, Mubanga E, Love S, Buback C,
Kosloff B, Ayles H, Atadzhanov M, Dheda K, Koralnik IJ. 2019. Prospective
cohort study on performance of cerebrospinal fluid (CSF) Xpert MTB/RIF,
CSF lipoarabinomannan (LAM) lateral flow assay (LFA), and urine LAM
LFA for diagnosis of tuberculous meningitis in Zambia. J Clin Microbiol
57:e00652-19. https://doi.org/10.1128/JCM.00652-19.

19. Bahr NC, Tugume L, Rajasingham R, Kiggundu R, Williams DA, Morawski
B, Alland D, Meya DB, Rhein J, Boulware DR. 2015. Improved diagnostic
sensitivity for tuberculous meningitis with Xpert MTB/RIF of centrifuged
CSF. Int J Tuber Lung Dis 19:1209–1215. https://doi.org/10.5588/ijtld.15
.0253.

20. Pink F, Brown TJ, Kranzer K, Drobniewski F. 2016. Evaluation of Xpert
MTB/RIF for detection of Mycobacterium tuberculosis in cerebrospinal
fluid. J Clin Microbiol 54:809–811. https://doi.org/10.1128/JCM.02806-15.

21. Hillemann D, Rüsch-Gerdes S, Boehme C, Richter E. 2011. Rapid molecular
detection of extrapulmonary tuberculosis by the automated GeneXpert
MTB/RIF system. J Clin Microbiol 49:1202–1205. https://doi.org/10.1128/
JCM.02268-10.

22. Kohli M, Schiller I, Dendukuri N, Dheda K, Denkinger CM, Schumacher SG,
Steingart KR. 2018. Xpert MTB/RIF assay for extrapulmonary tuberculosis
and rifampicin resistance. Cochrane Database Syst Rev 8:CD012768.

23. Denkinger CM, Schumacher SG, Boehme CC, Dendukuri N, Pai M, Steingart
KR. 2014. Xpert MTB/RIF assay for the diagnosis of extrapulmonary tubercu-
losis: a systematic review and meta-analysis. Eur Respir J 44:435–446. https://
doi.org/10.1183/09031936.00007814.

24. Hasegawa N, Miura T, Ishii K, Yamaguchi K, Lindner TH, Merritt S, Matthews
JD, Siddiqi S. 2002. New simple and rapid test for culture confirmation of
Mycobacterium tuberculosis complex: a multicenter study. J Clin Microbiol 40:
908–912. https://doi.org/10.1128/JCM.40.3.908-912.2002.

25. Global TB Programme, World Health Organization, TB Supranational Ref-
erence Laboratory. SRLN evaluation protocol for the laboratory evaluation
of commercial assays for the rapid species identification of M. tuberculosis
from cultured isolates in both solid and liquid culture systems. World Health
Organization, Geneva, Switzerland. https://www.who.int/tb/areas-of-work/
laboratory/capilia_evaluation_report.pdf.

Commentary Journal of Clinical Microbiology

December 2021 Volume 59 Issue 12 e00778-21 jcm.asm.org 7

https://doi.org/10.1128/JCM.00304-16
https://doi.org/10.1128/JCM.00304-16
https://doi.org/10.1128/JCM.01548-17
https://doi.org/10.1128/JCM.01548-17
https://doi.org/10.1038/s41598-019-56604-7
https://doi.org/10.1038/s41598-019-56604-7
https://doi.org/10.1111/jam.12780
https://doi.org/10.1016/j.diagmicrobio.2008.02.018
https://doi.org/10.1128/JCM.02001-07
https://doi.org/10.1128/JCM.41.11.5121-5126.2003
https://doi.org/10.1128/JCM.01868-08
https://doi.org/10.1128/JCM.05662-11
https://doi.org/10.1016/j.diagmicrobio.2014.01.009
https://doi.org/10.1016/j.ijmyco.2014.03.005
https://doi.org/10.1016/j.ijmyco.2014.03.005
https://doi.org/10.1056/NEJMoa0907847
https://doi.org/10.1128/JCM.01463-09
https://doi.org/10.1128/JCM.01463-09
https://doi.org/10.1128/JCM.00652-19
https://doi.org/10.5588/ijtld.15.0253
https://doi.org/10.5588/ijtld.15.0253
https://doi.org/10.1128/JCM.02806-15
https://doi.org/10.1128/JCM.02268-10
https://doi.org/10.1128/JCM.02268-10
https://doi.org/10.1183/09031936.00007814
https://doi.org/10.1183/09031936.00007814
https://doi.org/10.1128/JCM.40.3.908-912.2002
https://www.who.int/tb/areas-of-work/laboratory/capilia_evaluation_report.pdf
https://www.who.int/tb/areas-of-work/laboratory/capilia_evaluation_report.pdf
https://jcm.asm.org

	MALDI-TOF MS
	LAB-DEVELOPED MOLECULAR METHODS
	LINE PROBE ASSAYS
	OTHER ALTERNATIVES
	CONCLUSIONS
	ACKNOWLEDGMENT
	REFERENCES

