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Ionization-Time of Flight Mass Spectrometry
PURPOSE AND BACKGROUND
The ability to control tuberculosis in patients and populations depends on rapid detection and identification of Mycobacterium
tuberculosis complex (MTBC). This requires a mechanism to accurately identify MTBC and other mycobacteria from primary
broth cultures,1,2 and broth and/or solid media subculture growth.3–5 Matrix-assisted laser desorption ionization-time of flight
mass spectrometry (MALDI-TOF) is a rapid, sensitive and cost-effective method for organism identification that is routinely used
in clinical and public health laboratories. The purpose of this document is to outline best practices for the use of the MALDI-TOF
technique as it specifically applies to the identification of Mycobacterium species, including both MTBC and non-tuberculous
Mycobacterium (NTM). This document, structured to mirror a laboratory’s own decision and implementation process, will guide
readers through the considerations for using the MALDI-TOF system and the necessary steps to implement and maintain testing
of MTBC and NTMs using MALDI-TOF. A reader who is considering whether MALDI-TOF is the best fit for their laboratory should
review these additional resources.6–11
The MALDI-TOF system identifies microbes, usually bacteria or fungal species, through an analytical technique based on the
detection and measurement of ionized analytes in the sample.12,13 When the sample is tested, the MALDI-TOF system generates
a spectral profile—referred to as the peptide mass fingerprint (PMF)—which can then be compared to profiles in a database of
known PMFs to find a match. Current MALDI-TOF systems generate a report with the ranked matches to library database spectra
obtained using an algorithm that indicates the confidence in the MALDI-TOF identification. The identity of a sample can be
reliably determined down to the genus level and, in many cases, to the species and strain level.1–3,5,6
In the US, there are currently two commercially available MALDI-TOF systems for microbial identification: the MALDI-TOF Biotyper
(Bruker Daltonics) and the VITEK MS (bioMérieux) which both have databases that are in vitro diagnostic (IVD) or research
use only (RUO). Since there are a large number of published studies of direct comparisons of these two instruments14–17 only
notable differences related to considerations or implementation of testing for MTBC or NTM will be detailed in this document.

CONSIDERATIONS FOR IMPLEMENTING A MALDI-TOF SYSTEM FOR
MYCOBACTERIUM IDENTIFICATION
Cost and Justification
The initial purchase of laboratory equipment is always expensive and a MALDI-TOF system is no exception, with instrumentation
and software costing approximately $200,000. However, unlike most expensive laboratory instruments, reagent rental
agreements are not an option because reagent costs are minimal. Preventive maintenance agreements must also be taken
into account as the cost is approximately $20,000/year. Nevertheless, understanding how a new system or workflow has the
potential to save staff time, reduce reagent and supply costs, improve the quality of results, and decrease testing turnaround
times are all factors that should be examined. This technology can be used by multiple departments or groups within a public
health laboratory, which enables cost sharing on the instrument purchase, service agreements, reagents, and potentially staff
training and time. Laboratories interested in implementing a MALDI-TOF system can use the information below as justifications.
Examples have been provided from public health laboratories that have already purchased/implemented MALDI-TOF systems in
their laboratories.
Technology: MALDI-TOF is a relatively new and unique technology that employs an accurate and rapid method for the
identification of a wide variety of microbial pathogens, including bacteria, fungi and mycobacteria from culture.
Facilities: The instrument can be placed in a standard Biosafety Level-2 laboratory and generally does not require any specific
laboratory facility design (as may be needed with molecular methods).
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Expand Identification Services: Extensive spectrum libraries (manufacturer-provided library and software upgrades) allow
for an expansion of the number of organisms that can be identified. In some cases, MALDI-TOF provides more specific
identifications, which are often not available using traditional testing methods.
Shared Resources: MALDI-TOF has applications for identification of pathogens (i.e., bacterial, fungal) in addition to
mycobacteria. Routine costs including service agreements and common reagents, supplies and ancillary equipment, can be
shared across departments or groups.
Cost Savings: Labor, consumables and equipment maintenance costs should be compared to the total costs for all current
test methods.
•

Potential to eliminate or reduce use of other identification or test methods (including method-specific reagents,
consumables, and instrument service contracts) if MALDI-TOF is implemented

•

Potential to reduce number of staff and time to perform testing (to determine staff time savings)

The following are examples of public health laboratory evaluation of MALDI-TOF systems prior to purchase and implementation:
Example 1: A public health laboratory had saved money in labor and reagent costs for bacterial identification in the bacteriology
laboratory through the purchase of a MALDI-TOF system to replace previous bacterial identification methods (e.g., gas
chromatography and biochemical tests). The MALDI-TOF system was validated for the identification of mycobacteria to replace a
line-probe assay. After one year of routine clinical use in the lab, a cost savings of 96% for reagents and supplies was realized. In
addition, a savings of one FTE was realized, and those savings were applied to other components of the identification algorithm.
Additionally, the cost to the bacteriology department was reduced, since the equipment and service contract costs could be
shared by both bacteriology and mycobacteriology groups.
Example 2: A public health laboratory received funding to purchase a MALDI-TOF system and was asked to evaluate the cost
savings over time to justify the purchase. The overall cost to perform MALDI-TOF using the same isolates tested by current
testing methods (DNA probes and HPLC) was determined. The number of test runs performed, cost of reagents, chemicals,
supplies, consumables, culture media and staff time were considered. Using MALDI-TOF, the estimated cost savings in reagents
and supplies was approximately 70% compared to current ID methods. Factoring in service agreement costs, savings were 36%;
but since MALDI-TOF has applications that can be utilized across multiple lab areas, these costs could be distributed among
them. In this laboratory, the differences in staff time and labor cost were found to be negligible.18
Example 3: A public health laboratory is considering using a MALDI-TOF system to replace their current high performance
liquid chromatography (HPLC) system, AccuProbe system, and 16s DNA and rpoB gene sequencing for the identification of
mycobacteria. MALDI-TOF systems can provide identification of a larger number of mycobacteria to the species level than
HPLC and the AccuProbe system. Turnaround time would also be decreased. In the bacteriology unit, MALDI-TOF would replace
conventional biochemicals, commercial identification system and 16s DNA gene sequencing. The initial capital investment for a
MALDI-TOF system is high, but the cost per organism identification is extremely low. In addition, the time to identification will be
reduced from 1-10 days to a matter of hours. The elimination of the HPLC system will save $8,000 in preventive maintenance
costs, although the MALDI-TOF system annual preventive maintenance cost will be approximately $20,000. Table 1 shows the
estimated savings with the switch to a MALDI-TOF system.
Table 1: Example of Financial Justification and Estimated Savings
Application ( Test Volume)

Current Method Cost
Per Year (Per Test)

MALDI-TOF Cost Per
Annual Savings
Year (Per Test)*

Mycobacteria ID by HPLC (2900)

$87,000 ($30)

$6,670 ($2.30)

$80,330

Bacterial ID by API/Biochemical(s) (2500)

$50,000 ($20)

$3,750 ($1.50)

$46,250

Bact/AFB Sequencing ID using 16S/rpoB (200)

$20,000 ($100)

$400 ($2.00)

$19,600

TOTAL ANNUAL SAVINGS

$146,180

*Does not include annual preventative maintenance cost of approximately $20,000
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Checklist of Considerations
Safety
CDC states that the incidence of MTBC among persons working with MTBC is 3-5 times greater than laboratory personnel
that do not work with MTBC.19 With an infectious dose of 1-10 organisms and an increased incidence of drug-resistant MTBC,
laboratories considering the use of MALDI-TOF for MTBC identification of MTBC must ensure that safety is a top priority.
•

Biological risk assessments and validation of inactivation methods (e.g., heat inactivation) should be performed.20 This
assessment is especially important if the instrument will be located in a BSL-2 laboratory.21 Both commercial systems
include inactivation procedures for mycobacteria in their package inserts.

•

Each laboratory is responsible for conducting a biological and chemical risk-assessment to evaluate the risks associated
with the MALDI-TOF system and with the manipulation of MTBC and NTM. Mitigation steps can then be identified and
implemented to minimize the risks.

•

An inactivation study must be performed to establish the effectiveness of the culture extraction method in the
inactivation of all organisms. The effectiveness of the inactivation method should be assessed periodically as
determined by risk assessments, local regulations and/or local practices (See Inactivation and Extraction).

It is essential that laboratories follow the recommendation of the Biosafety in Microbiological and Biomedical Laboratories
(BMBL), which states, “BSL-3 practices, containment equipment and facilities are required for laboratory activities in the
propagation and manipulation of cultures of any subspecies of MTBC.”22 Inactivation studies are especially critical for
those laboratories with space constraints that necessitate the placement of the MALDI-TOF system in a BSL-2 environment.
They must ensure complete inactivation prior to the removal of samples from the BSL-3 laboratory.

Start-up Costs
•

Bruker Daltonics MALDI-TOF Biotyper CA System and bioMérieux Vitek® MS instrumentation, software and library
packages, installation and training

•

Supporting equipment (e.g., heating block, centrifuge, pipettors, etc.)

•

Startup supplies (e.g., reagents and chemicals, target slides or plates, consumables, and culture media).

Variable Costs
•

Time frame for return on investment acceptable to laboratory administration

•

Service contract (after first year) of approximately $20,000 that includes up to two preventive maintenance visits per
year and repairs as needed with remote access capability (instrument must be connected to internet)

•

Reagents, chemicals, supplies and consumables (e.g., target plates, micro centrifuge tubes, pipette tips, and culture
media) needed to perform routine testing based on culture volume

•

Staff time to validate new libraries to expand testing capacity across additional laboratory departments or groups:
bacteriology, mycology, select agents, etc. Note that the actual library updates are free, but the time needed to validate
and implement the updates needs to be considered.

Test Volume and Client Needs
•

Consider whether the routine test volume justifies the initial purchase costs (considering current identification method
costs compared to MALDI-TOF)

•

Evaluate whether the laboratory wants or needs to offer more specific speciation than to the complex level (i.e., MTBC or
Mycobacterium avium complex (MAC))

•

Assess whether the laboratory routinely identifies a large number or many different species of NTMs and whether MALDITOF will be helpful in that regard

•

Determine whether other laboratory sections (other than Mycobacteriology) would benefit or be interested in using the
MALDI-TOF
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•

Ensure that the libraries available on the platform meet the needs of the laboratory
○○

Bacteria, fungi, mycobacteria

○○

FDA-cleared or RUO

○○

User-created libraries

Staffing
•

Identify who will receive initial manufacturer training and perform routine testing

•

Identify who will be using the instrument (consider staff across laboratory sections who will be using the MALDI-TOF
system)

•

Determine the necessary experience and training that is appropriate to perform MALDI-TOF

•

Identify who will be responsible for instrument maintenance, quality control, etc.

•

Determine potential savings of FTEs or hours required of hands-on testing time (compared to current testing algorithms)

Testing Turnaround Time
•

Considering culture, sample preparation and inactivation/extraction requirements

•

Address impact of using the MALDI-TOF system in laboratory workflows

•

Assess whether scheduling use among laboratory sections would have any impacts

Instrument Placement
•

Delivery route for instrument installation and testing workflow

•

Electrical requirements

•

Temperature/HVAC conditions

•

Instrument footprint: ensure adequate space for supporting hardware (keyboard, monitor and printer) and for specimen
handling is included

•

○○

bioMérieux is a floor-standing model

○○

Bruker is a bench-top model

Evaluate laboratory space that allows for access and safe and efficient use by all laboratory section staff

IT			
•

Networking for remote access for data storage and spectrum result analysis

•

Interfacing with laboratory information system (LIS) and other instrument systems

•

Installation of manufacturer library and software upgrades and manufacturer remote troubleshooting and maintenance

•

Create and implement plan for IT security on the MALDI-TOF system

Training
•

Ensuring staff are properly trained to manipulate MTBC and NTM safely is critical in reducing the risk of exposure

•

More information about working with MTBC can be found in the Laboratory Safety: Work Practices for Mycobacterium
tuberculosis23 or other modules in the series “Essentials for the Mycobacteriology Laboratory: Promoting Quality
Practice.”
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CONSIDERATIONS FOR MALDI-TOF VALIDATION
Laboratories should evaluate current testing practices and services, algorithms for identification, and the type and frequency
of mycobacteria species routinely identified in their laboratory when determining the MALDI-TOF role. In all situations, primary
emphasis should be placed on identifying isolates with clinical and public health significance (e.g., MTBC, M. avium complex).
Since rapid and accurate identification of MTBC is of primary importance, laboratories should ensure that incorporation of
MALDI-TOF in their test algorithm for MTBC improves or enhances current testing for accurate and timely identification of initial
cases of MTBC. Priorities for NTM should include species that make up 80-90% of a laboratory’s isolates with the remaining
“rare” or least-frequently encountered species having the lowest priority. Current practices, resources and cost considerations
should guide the decision as to which organisms to validate for identification using MALDI-TOF.5,7,24

Initial Validation
The term “validation” is used to describe the process that a manufacturer must follow to set test performance specifications
and to describe the process laboratories must follow to determine test performance specifications.25 A laboratory may need
to conduct a validation for a laboratory developed test (LDT) or a modification to an IVD system or procedure. The term
“verification” is used to describe the process users (e.g., laboratories) must follow to prove that an individual laboratory can
meet manufacturer performance specification under its own conditions.11 Since MALDI-TOF systems use FDA-cleared or RUO
library databases, the extent of the evaluation required for implementation may vary by laboratory. There are many publications
that compare the library performance for the identification of mycobacteria.6,14,26–29 For the purpose of consistency in this
document, the term “validation” will be used throughout. Each laboratory should perform a validation or verification as they
deem appropriate before implementation.
A validation study to establish performance specifications of the MALDI-TOF systems must be performed prior to reporting
test results from patient specimens. CLIA regulations describe the specific requirements for validation.30 In general, accuracy
and precision (i.e., repeatability and reproducibility) are the performance specifications most applicable. Accuracy studies are
performed by comparing MALDI-TOF identification results with those obtained using a reference method. CLSI recommends
testing a minimum of 30 isolates per organism group (Mycobacteriaceae) and comparing to the existing system or to a reference
method such as 16S rRNA sequencing and/or previously validated identification method (e.g., line-probe assay).11 Accuracy
studies should also include an assessment of the different culture media used, growth conditions, age of the cultures and
extraction protocols used in the test procedure. Precision studies should evaluate reproducibility within runs, between runs,
between users/laboratory staff, and over a period of several consecutive days.11 Since MALDI-TOF is not a quantitative method,
validation of linearity, reportable range, and reference range is not applicable. Nevertheless, the confidence of the identification
is based on a software system-generated score that is used to define the probability of a correct identification as compared
to the reference species in the database. The higher the score, the higher the degree of similarity to a given organism in the
database and the greater the confidence of the identification. For example, Bruker provides scores ranging from 3.00 to 0 and
interprets the identification as either high confidence, low confidence or no identification possible. Vitek MS provides a percent
likelihood score with 99.9% indicating a perfect match with the reference spectrum and an interpretation of a “good ID.” “Good
ID” scores can range from >60 to 99.8% when a perfect match is not obtained. If a unique spectrum is not recognized, a list
of possible organisms is provided with an interpretation of “low discrimination” identification. Laboratories may establish their
own minimal scores for acceptable identification and may establish different minimal scores for different organisms. However,
if the system provides an FDA-cleared library databases, such as the Vitek MS system, using a score other than that of the
manufacturer makes the test a laboratory developed test and therefore, the validation must be more extensive (e.g., using more
strains of each species). CLSI recommendations for validation of MALDI-TOF identification systems are available.11

Study Design
Acceptability Criteria
Laboratories should establish a reference or “gold standard” method(s) to which MALDI-TOF identifications will be compared.
MALDI-TOF will provide a species-level identification for most mycobacteria with some exceptions. The identification resolution
of MALDI-TOF may be greater than that provided by routinely validated laboratory methods, which are in many cases only able
to provide “group” or “complex”-level identifications. Sequencing methods (e.g., 16S rRNA, rpoB, etc.) are generally considered
to be the gold standard for bacterial identification, but due to cost and technical limitations, these are not always routinely
available. Reference methods such as AccuProbe Mycobacterium sp. Identification test (Hologic®), HPLC, and commercial
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line-probe methods can be used when sequencing methods are unavailable, but these are not always as discriminatory as
MALDI-TOF.
The testing laboratory should establish criteria for an “acceptable” identification using manufacturer guidance, score values
and the number of strains of particular species tested. Assessment of MALDI-TOF performance should include determining the
number of correct identifications to species/group/complex with reportable scores—per the instrument instructions—for each
media type(s) under evaluation (e.g., solid media and broth media) out of the total number of isolates used in the validation
(removing isolates for which discrepancies could not be resolved). This will determine the success of the MALDI-TOF platform
and protocols under evaluation to provide a usable (reportable) result and correctly identify the isolate. Agreement should then
be calculated as the number of correct identifications to species/group/complex per total number of isolates for which there
is a reportable score (as per the instrument instructions). MALDI-TOF can be considered validated when it is determined to be
equivalent or superior to the existing system. Laboratories should consider at least 90% agreement with current methods as
acceptable, with >95% being required for the most commonly isolated species.31 Additionally, given the serious implications of a
misidentification of MTBC, acceptability criteria for MALDI-TOF testing of MTBC isolates should be established as 100%.

Groups/Species That Can Be Identified
In most cases, MALDI-TOF provides a specific genus and species identification. However, in some cases these cannot readily
be confirmed because a convenient yet proven supplemental method is unavailable.11,32 Laboratories should only report
identifications to the level of which the validation reference method provides (e.g., MALDI-TOF ID: M. fortuitum; reference ID:
M. fortuitum complex). Reporting at a group, complex or genus level may be acceptable when the healthcare provider does not
consider the isolate clinically significant.33

Number of Isolates Recommended
Currently, there are > 200 recognized species and subspecies of mycobacteria with standing in nomenclature
(e.g., Bacterio.net), and MALDI-TOF databases contain multiple spectra for the majority of these species. Although clinical
laboratories routinely identify only a small percentage of these species, those encountered could comprise a wide range of
species. Laboratories should determine the distribution and frequencies of mycobacterial species isolated in their laboratory
and determine those species that compromise 80-90% of identifications.31 For these most commonly encountered species, it is
suggested that a minimum of 3-5 isolates of each species be tested.11 Testing a greater number of isolates for the more clinically
relevant (e.g., MTBC) and the most frequently isolated species (e.g., M. avium complex) should be considered. The majority of
test isolates for validation should come from clinical specimens encompassing routine test isolates, but laboratories can include
other well-characterized reference strains, including type strains from curated collections (e.g., ATCC, CIP) and isolates from
proficiency testing surveys. The number and type of species should be established in consultation with the laboratory director.
After initial performance specifications are established, the list of validated species may be expanded. Validation data should be
collected on an ongoing basis when uncommon species are isolated and identified. For example, for any species not previously
identified in the original validation, a minimum of three of each species must be confirmed by sequencing or other reference
methods. Once three or more have been identified and confirmed, confirmation is no longer required and MALDI-TOF results can
be reported.

Media
Laboratories should determine which types of media will be used for identification of mycobacteria using MALDI-TOF. Each
media type that will be used must be validated. Cultures grown on solid media can be used to assess purity and to provide
adequate biomass for testing if needed. Media type (e.g., selective (Middlebrook and Cohn 7H10) vs. non-selective (LowensteinJensen)) generally does not affect identification accuracy, especially when an extraction method is used.11 Testing broth-based
media cultures can decrease testing turnaround time, but any additional proteins from sample inoculation and other present
organisms may adversely affect the quality of results.2,29 Studies have shown some success when using BACTEC™ MGIT™
(Beckton Dickinson) broth media cultures for identification of MTBC using MALDI-TOF.1,2,4 Laboratories that have validated a
MALDI-TOF system have used both solid and broth-based media with differing levels of success. Each laboratory will need to
establish a procedure which meets their needs, while optimizing the system and allowing for the best possible quality of results.

Age of Culture
The optimal culture incubation time needed to provide accurate results should be evaluated. One study has shown that culture
age generally does not affect spectra quality of a number of mycobacteria species;34 however, others have demonstrated
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that prolonged incubation on solid media does adversely affect the quality of culture identification.26 Following established
procedures and ensuring that cultures are routinely processed and tested at similar time frames will ensure consistency.

Inactivation and Extraction Method
An effective inactivation and extraction method is critical to achieving accurate identification results, while also inactivating the
culture. Multiple methods have been described with varying levels of success.1–4,35 One study found that heat inactivation at
temperatures up to 95°C for extended periods of time (up to 30 minutes) using a dry heat block had viable remaining cells, but
another successful process where inactivation was achieved was when samples were submerged in a boiling water bath or a
forced air oven at 100°C for at least five minutes.36 A third protocol involves heat inactivation of samples at 80°C for 20 minutes
by submersion in a water bath, which demonstrated complete inactivation.37 The former study did find that effective inactivation
was dependent on the internal temperature of the sample reaching the inactivation temperature. Each laboratory should
consider temperature, timing, cell density and sample volume when developing an inactivation protocol.38
The inactivation and extraction protocols recommended by bioMérieux and Bruker have been shown to be sufficient for
inactivating MTBC.26,38 The procedure recommended by bioMérieux utilizes a combination of lysing bacteria using glass beads
and 70% ethanol, whereas the Bruker method inactivates mycobacteria using heat followed by a chemical and glass bead
extraction method. These manufacturers’ protocols should be performed in the BSL-3 laboratory. For the initial inactivation
method validation, 10-12 MTBC strains (clinical and reference) should be evaluated and must include a high concentration of
cells (e.g., >106 or the highest concentration of MTBC used in your laboratory) to thoroughly challenge the inactivation method.
This cell suspension should be plated to both liquid and solid media and be incubated for the appropriate amount of time to
determine viability of cells (e.g., eight weeks for MTBC).38 Even after a method has been validated, it is recommended that
laboratories continually monitor the efficacy of their inactivation procedure as determined by their own risk assessment.39 As
an example, one public health laboratory used 10 clinical and one reference strain and monitors inactivation monthly using
material from three confirmed MTBC cultures.

Integrating MALDI-TOF into a Laboratory Diagnostic Algorithm
Some laboratories have experienced difficulties when attempting to identify mycobacteria directly from primary broth cultures
inoculated with clinical specimens.1,2,40 Other institutions have developed and optimized alternative extraction methods designed
to more effectively identify mycobacteria directly from primary broth cultures.1,2,4 If a laboratory determines that the primary
culture identification turnaround time of MALDI-TOF is inadequate, then alternative methods can be used in combination with
MALDI-TOF to create a more comprehensive and efficient identification algorithm.
MALDI-TOF can reliably identify many mycobacteria species from primary broth and solid cultures, though laboratories
may choose to subculture positive broth cultures to both solid and broth media. If using liquid broth culture for MALDI-TOF,
consideration should also be given to sub-culturing from broth onto solid media to ensure that low level secondary mycobacteria
are not missed and to be able to confirm colony characteristics are consistent with MALDI-TOF ID. Rapid detection assays such
as PCR-based tests, rapid antigen detection and hybridization assays can be performed on primary broth cultures to identify
MTBC, and may be the preferred method for cultures that exhibit features indicating possible MTBC (e.g., cording observed in
AFB smear from culture).
Pure mycobacterial cultures that cannot be identified using the testing methods discussed above or provide identifications
requiring further validation may be tested using alternative identification methods, such as gene sequencing or submission to
reference laboratories.

CONSIDERATIONS FOR REPORTING RESULTS
Results Interpretation and Supplemental Testing
Results generated from the MALDI-TOF should be reported in accordance with CLIA guidelines. After the assay has been
validated, results should be reported as indicated by the validation (either to the species or group/complex level). For example,
results may be reported as MTBC-identified or M. avium-identified. While it is not required that the testing method be specified
on the report, in accordance with CLIA regulation 42 CFR 493.1291,30 “the laboratory must, upon request, make available
to clients a list of test methods employed by the laboratory and, as applicable, the performance specifications established or
verified as specified in 493.1253.” Section 493.1291(c)(4)30 does stipulate that any test which has not been FDA-cleared or
FDA-approved, including those not subject to FDA clearance or approval, methods developed in house, standardized methods
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and FDA-approved procedures which have been modified by the user must include the disclaimer statement “The performance
characteristics of this test were determined by (Laboratory Name). It has not been cleared or approved by the US Food and Drug
Administration.”

ONGOING CONSIDERATIONS
Adding New Organisms to the Library
Identification of bacterial organisms using MALDI-TOF is limited by the number and quality of spectra in the database. To
enhance identification, library entries can be added to a local database for species more frequently encountered in a specific
laboratory. Literature review highlights the many benefits of augmenting the manufacturer’s library with additional reference
spectra, such as including species not represented in the manufacturer’s database, enriching the depth of coverage in the
manufacturer’s database, or incorporating clinical strains whose spectral profiles are distinct from type strains found in the
database.41,42 Previous studies have reported enhanced libraries are required for identification for several classes of bacteria
including Mycobacterium spp., Nocardia spp., and aerobic actinomycetes.26,43 Indeed, a recent study reported that with a
custom library 88% of mycobacterial species could be identified with a score of 2.0, the acceptable score at the time.7 When
they lowered the score to 1.7 they achieved 91% identification. While this study used only isolates from solid media, the
agreement was quite good and there were no misidentifications.7 When creating a custom library, important considerations
should be made including selection and identity confirmation of bacterial strains to be added, as well as spectral quality, and the
number of spectra required for validation.44 Strains added to a custom library should be verified with several testing methods,
as addition of an incorrect organism during this stage will lead to inaccurate identification in the future. Organism identification
for mycobacteria should be confirmed using DNA sequence analysis using targets such as 16S rRNA, rpoB, hsp65, and gyrB
genes, and identifications and should have a percent identification greater than 99% to only one organism (unless being entered
into the library as a complex). When creating a new library, each entry should be created using 20-36 spectra collected from
9-12 distinct spots on the target plate. All spectra should be analyzed using the manufacturer’s recommended criteria and the
new entry should be run against all the other spectral profiles in all libraries to ensure the identification score is acceptable and
specific for that species of mycobacteria.7 It is important to note that multiple strains of the same species may be added to the
library to enhance identification of the organism. In addition, strains added to the custom library should be prepared following
the same extraction methods and growth conditions as those utilized in the laboratory to allow for optimal identification of
unknowns. Validation of newly added strains should be conducted following the same guidance discussed previously.

Verification of New Versions of Commercial Libraries
When installing new versions of commercially-available libraries, users may wish to do a limited verification study, primarily
focused on organisms that have been added or changed. The manufacturer should supply information detailing changes to the
library associated with the new version, which should include details on any new organism entries and other significant changes
to the database. Based on this information, a verification study can be designed and performed to test the system’s ability
to accurately identify the new organisms. If the organisms added to the database are rarely isolated, it may not be feasible
to perform a verification study. If isolated, these species will need to be confirmed by the laboratory’s gold standard” testing
method.11
An alternate way to validate new library versions is to reanalyze spectra from previous MALDI-TOF runs. One can select and
compile a defined number of spectra files, representing the most commonly identified organisms. For example, 5-20 spectra
each of 10-20 different species could be compiled and analyzed using the previous library version, and again after the new
update has been installed. Comparing these results side-by-side will help insure that the updated system continues to meet the
laboratory’s requirements. This will also give an indication of how the library update may impact identification of the laboratory’s
most commonly isolated organisms.

Quality Control and Quality Assurance
Equipment Maintenance
Most of the routine maintenance of the MALDI-TOF system is performed by the manufacturer’s field service representatives.
Some manufacturers can monitor and fine tune the instrument performance remotely and notify the user when adjustments
are made. This can include hardware adjustments, software updates and troubleshooting. The laboratory should follow the
manufacturer’s recommendations for routine maintenance that is required to be performed by the user to keep the instrument
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performing reliably. All maintenance and service on the equipment should be documented and retained in accordance with each
laboratory’s policy.

Troubleshooting
A well-trained and experienced laboratory staff is required for effective MALDI-TOF troubleshooting. When troubleshooting, other
characteristics of the organisms such as colony morphology, growth rate, results of biochemical tests performed, and antibiotic
susceptibility test results should be taken into account. Table 2 describes possible causes for the absence of a spectrum, and
poor quality or unusual spectra. If an instrument problem is suspected, the manufacturer should be contacted. The technical
service representative may be able to remotely access the MALDI-TOF system to diagnose and correct the issue.
Table 2. Troubleshooting for Absent or Unexpected ID: Possible Causes, Stratified by Spectrum Quality
Poor Quality or No Mass Spectrum Generated – No ID Obtained
•

Matrix was not added before analysis.

•

Too much or too little biomass was used in analysis.

•

Biomass and/or matrix do not cover the entire target spot.

•

Isolate is mucoid; too much capsular material was transferred to target.

•

Organism type is not responsive to the direct colony transfer technique; extraction is needed.

•

Organism biomass is contaminated with agar or primary specimen.

•

Culture is mixed (organism not properly isolated).

•

Reagents have expired/evaporated/crystallized or were incorrectly prepared.

•

Organism is too old or too young.

•

Organism was refrigerated before analysis.

•

Scratches or dents are on the target slide or plate.

•

Laser intensity is inadequate.

•

Detector needs maintenance or replacement.

•

Uneven target spot application.

Good Quality Mass Spectrum Generated – Unexpected ID, Split ID, or No ID Obtained
•

The sample was transferred to the wrong spot on the target slide or plate (inaccurate sample tracking).

•

Sample cross-contamination is present (may occur from sloppy spotting, using a single pipette to apply
the matrix to multiple spots, or from inadequate cleaning of reusable target slides or plates).

•

The culture is mixed (microorganism not properly isolated before analysis).

•

Reagents are contaminated with microorganisms.

•

Organism is not represented in the database.

Abbreviation: ID, identification(s).
Reprinted with permission from Clinical and Laboratory Standards Institute from: CLSI. Methods for the Identification of Cultured
Microorganisms Using Matrix-Assisted Laser Desorption/Ionization Time-of-Flight Mass Spectrometry. 1st ed. CLSI guideline M58. Wayne, PA:
Clinical and Laboratory Standards Institute; 2017.11
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APPENDIX A: EXAMPLE WORK FLOWS
Example 1

Positive PCR

Continue to
Monitor Solid
Media to Confirm ID
and Check for
Mixed Growth

Neg

+

Re‐Decontaminate and setup “post
decon 7H11 plate”
Refer to Re‐Decon MGIT Flow Chart
and Solid Media Flow Chart.

+ +
Neg

Perform Kinyoun Stain

Neg

After 72 Hours:

Perform TB/
MAC RT‐PCR
from MGIT
or MALDI on
pure acid‐
fast growth

Consider
performing
TB/MAC RT‐
PCR from
MGIT (for
respiratory
specimens,
if not
already
done)
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No ID

Read Plates after
24‐72 hours

+

Neg

Only non
acid‐fast
growth or
non‐Myco
MALDI ID

Perform Kinyoun from
growth and report “AFB
not TB” if possible
Repeat MALDI from
more growth or
consider 16s/rpoB
sequencing

After 72 Hours:

Negative PCR

Perform TB and/or
MAC TR‐PCR same
day if:
‐Smear Positive
‐TB Suspect
‐Previous History of
TB or MAC
‐MGIT+ on Friday

Negative PCR

Wait for overnight
BAP growth and
then perform TB/
MAC RT‐PCR (if no
BAP growth)

Time to
Detection
< 5 days

Growth on 7H11

Setup BAP and
7H11 plates from
well vortexed broth,
check patient
history

Growth on BAP

MGIT Tube Flags
Positive
(first time)

Perform Kinyoun from
MGIT and report “AFB
not TB” if positive

APPENDIX A: EXAMPLE WORK FLOWS
Example 2

Primary Samples are
tested using the
same algorithm once
the MGIT is flagged
positive for growth

Heat Inactivation

TBC/MAC
RT‐PCR

TBC
Positive

TB WGS

Direct from
Isolate submitted
once TBC/MAC/
M. abcessus
ruled out

Isolates Received

MAC
Positive

M. abcessus
RT‐PCR

Negative

Positive

Negative

NTM
Identification
MALDI

Score > 1.9

Score < 1.9

Sanger
Sequencing
(rpoB, 16S,
hsp65)

Pan‐Susceptible
(no drug resistance mutations
identified)
Resistance Detected
TB DST

Unknown Mutation

DST: Drug resistance testing
MAC: Mycobacterium avium complex
NTM: Nontuberculous mycobacteria
TBC: Mycobacterium tuberculosis complex
WGS: Whole genome sequencing
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