
 

Molecular Detection and Identification of Mycobacteria 

 

 



 

Notes: 

Welcome to the Association of Public Health Laboratories, Essentials for the 
Mycobacteriology Laboratory, promoting quality practices. This presentation is molecular 
detection and identification of mycobacteria. 

 



1.3 Overview 

 

Notes: 

This module will cover the direct detection of mycobacterium tuberculosis complex and 
clinical specimens, as well as the identification of MTB complex and other mycobacteria 
from culture. 

 



1.4 Direct Detection  

 

Notes: 

Direct detection is the testing of a primary specimen by nucleic acid amplification to 
detect MTB complex DNA. It is not a replacement for culture, but can help augment 
additional lab testing. The flow of direct detection is from a clinical specimen such as 
sputum to DNA extraction followed by amplification. The results of which are MTB 
complex DNA detected or MTB complex DNA not detected. This testing can be 
performed within 24 to 48 hours from specimen received. 

 



1.5 Specimens that can be Tested for Direct Detection 

 

Notes: 

Many specimen types can be tested for direct detection of MTB complex. These include 
sputum, both processed or raw, other respiratory specimens like bronchoalveolar lavage, 
BAL, or bronchial washings, gastric lavage, urine, cerebrospinal fluid, body fluids like 
pleural and pericardial fluid, as well as tissues, both fresh and formalin-fixed. Specimen 
types need to be validated in laboratory developed tests and FDA approved tests include 
the specimens that are acceptable. These will be discussed later in this presentation. 

 



1.6 Identification 

 

Notes: 

Identification is the testing of culture growth from liquid or solid media to identify MTB 
complex DNA or RNA and may also include differentiation between members of the TB 
complex. The typical workflow includes growth and liquid media or solid media. When 
acid-fast growth is detected in culture, then a nucleic acid extraction or processing 
occurs. The nucleic acid goes through an amplification or hybridization process that can 
help identify a member of the MTB complex or other nontuberculous mycobacteria. 
Because this testing can require culture growth, it may take weeks to months from 
specimen collection. 

 



1.7 Considerations for Performing Molecular Testing for MTBC 

 

Notes: 

There are some considerations for performing molecular testing for mycobacterium 
tuberculosis complex organisms. First, molecular testing can be performed in a BSL-3 or 
BSL-2 space by following manufacturer instructions for kits and proper inactivation steps 
when appropriate. If samples are removed from the BSL-3 for testing into a BSL-2 space, 
proper inactivation protocols and inactivation studies must be in place. These 
inactivation steps ensure that there is no viable MTB complex organism present in the 
sample that put the laboratorian at risk during molecular testing. Good practices for BSL-
3 and molecular testing including unidirectional workflow must be observed. 

 



1.8 MTBC Inactivation 

 

Notes: 

Let's talk a bit about mycobacterium tuberculosis complex inactivation. No matter the 
inactivation method, it must be validated to ensure that a high level of TB cells will be 
inactivated by the method. Individuals performing inactivation procedures should be 
trained for each specific procedure. TB inactivation protocols and validations are critical 
if molecular testing is performed outside the BSL-3. Various methods can be performed 
in the BSL-3 for inactivation, including heat and chemical treatment. 

 



1.9 A Typical Validation Protocol 

 

Notes: 

This slide shows a typical validation protocol for TB inactivation. To validate an 
inactivation method, you will start with a high level of TB cells, approximately one million. 
To one population of cells, you apply your inactivation method, usually heat or chemical 
methods. After the inactivation method, you grow the organisms in liquid and solid media 
in triplicate and hold the cultures for eight weeks to check for growth. To another 
population of cells, the controlled population, you simply culture in liquid and solid media 
and use to quantitate the number of TB cells in your population before inactivation. 
Ideally, you will see no growth in your population of cells that were treated with your 
inactivation method. 

 



1.10 QC of Molecular Methods 

 

Notes: 

Quality control of molecular methods are vitally important as well. For lab developed 
tests, you'll want to consider extraction controls, both positive and negative, PCR 
controls, including a positive and negative template control, as well as inhibition 
detection, which can be accomplished in a number of ways, including the use of an 
external DNA target added to the reaction or by spiking an aliquot of your sample into 
another PCR assay. For FDA cleared tests, QC will be indicated in the package inserts. 
For example,Cepheid Xpert MTB/RIF, the controls include sample processing control 
and a probe check control. As part of your QA/QC plan, please ensure that you are 
developing protocols and practices that prevent contamination. This is critical to 
successful molecular testing. 

 



1.11 Sample Preparation and DNA Extraction 

 

Notes: 

The sample preparation or nucleic acid extraction step prior to testing can be completed 
through a number of methods, including chemical extraction, physical disruption of cells 
or heat killing of bacteria. The method selected should be based on your desired 
application, the quantity and quality of DNA required, convenience, cost and turnaround 
time. Also consider the cost of any needed instrumentation, reagents and staff time. This 
table presents some of the considerations for extraction by method. Quality of DNA is 
higher with chemical extraction versus crude preps. All three methods can produce a 
high quantity of DNA. Cleaner DNA can be used in all downstream applications, but 
crude preps are not as useful for very sensitive applications like whole genome 
sequencing. 

 



2. Direct Detection of Mycobacteria by NAA Testing 

2.1 Introduction 

 

Notes: 

Now that we have covered some general terminology and considerations for molecular 
testing of MTB complex, let's look at the direct detection of mycobacteria by nucleic acid 
amplification testing. 

 



2.2 CDC TB Guidelines  

 

Notes: 

CDC in 2009, released updated guidelines for the use of nucleic acid amplification tests 
and the diagnosis of TB. They say that earlier laboratory confirmation of TB can lead to 
earlier treatment initiation, improve patient outcomes, increased opportunities to interrupt 
transmission and more effective public health interventions. 

 



2.3 Updated Recommendation 

 

Notes: 

In order to achieve earlier lab confirmation of TB, nucleic acid amplification testing 
should be performed on at least one respiratory specimen from each patient with signs 
and symptoms of pulmonary TB for whom a diagnosis of TB is being considered, but has 
not yet been established and for whom the test result would alter case management or 
TB control activities. 

 



2.4 Direct Detection of MTBC is an Important Diagnostic Test for TB 

 

Notes: 

Direct detection of MTB complex is an important diagnostic test for TB. It has a greater 
positive predictive value with acid-fast bacilli smear positive specimens in settings where 
nontuberculous mycobacterium are common. It provides the ability to rapidly detect the 
presence of mycobacterium tuberculosis complex in 50 to 80% of AFB smear negative, 
but culture positive specimens. Appropriate use of nucleic acid amplification testing is 
critical to rapidly detecting and reducing transmission of TB in the United States. 

 



2.5 Healthy People 2020 

 

Notes: 

As part of the healthy people 2020 agenda, a set of science based ten year national 
objectives for improving the health of all Americans, the Federal Work Group set a goal 
to increase the proportion of culture confirmed TB patients with a positive NAAT test 
result reported within two days of specimen collection. As of 2008, approximately 32% of 
culture confirmed TB had a positive NAAT test reported within two days. Our goal is to 
increase that more than two-fold to 77%. 

 



2.6 Clinical Considerations for NAA Testing 

 

Notes: 

There are some clinical considerations for nucleic acid amplification testing, including 
only testing of patients suspected of having pulmonary TB based on clinical evaluation. 
For FDA approved assays, there are specific stipulations on the number of days a 
patient can be on TB therapy and still be tested by nucleic acid amplification test. For the 
Gen-Probe MTD test, a patient must have less than seven days of therapy and for the 
GeneXpert MTB/RIF, a patient must have less than three days of therapy. 

 



2.7 Methods for Direct Detection of MTBC 

 

Notes: 

There are several methods for direct detection of MTB complex from clinical specimens. 
Hologic, formerly Gen-Probe, markets the amplified MTB direct test, or the MTD. 
Cepheid has the GeneXpert MTB/RIF assay. Line probe assays can also be used, and 
many labs have developed assays in-house using real-time PCR and sequencing. 

 



2.8 MTD 

 

Notes: 

The Hologic MTD shown in the image here, is a commercially available test kit in the 
United States. It was initially approved for in vitro diagnostic use in 1995 for smear 
positive specimens and in 1999 enhanced to be used with smear negative specimens. 
The assay is based on target mediated amplification and uses a nucleic acid probe. It 
takes approximately two and a half to three hours to perform this assay. 

 



2.9 Transcription Mediated Amplification (TMA) 

 

Notes: 

The MTD test uses transcription mediated amplification and hybridization protection 
assay to qualitatively detect MTB complex ribosomal RNA. Nucleic acids are released 
from the mycobacterial cells by sonication, heat is then used to denature the nucleic 
acids and disrupt the secondary structure of the ribosomal RNA. The ribosomal RNA 
target is amplified by transcription of DNA intermediates at a constant temperature of 42 
degrees. TMA results in multiple copies of mycobacterial RNA amplicon. 

 Any mycobacterium tuberculosis complex specific sequences are detected in the RNA 
amplicon using the Gen-probe hybridization protection assay. The hybridization reagent 
contains a single stranded DNA probe with a chemiluminescent label. The probe is 
complimentary to mycobacterium tuberculosis complex specific sequences. When stable 
RNA/DNA hybrids are formed between the probe and the specific sequences, hybridized 
probe is selected and measured an illuminometer. 

 



2.10 Considerations for MTD Testing 

 

Notes: 

There are a few considerations to keep in mind for the MTD assay. It is FDA approved 
for use with AFB smear positive and negative respiratory sediments prepared using the 
NALC sodium hydroxide digestion and decontamination procedure. The test must be 
performed in conjunction with culture. Nonrespiratory specimens equate to off-label 
testing and require validation of the matrix. And bloody specimens may cause 
nonspecific positivity in the MTD test and should not be tested. 

 



2.11 Considerations for MTD Testing (2) 

 

Notes: 

The advantages of the MTD test include the fact that it is approved for multiple types of 
respiratory specimens and it uses the same equipment as the AccuProbe assays, which 
many AFB culture labs already possess. Some limitations include the test is labor 
intensive, and minor changes in technique can cause inconclusive results or failed runs. 
This test is not automated and does have a limited throughput. There is not internal 
inhibition control present in the test. And the presence of additional mycobacterium 
species like M. celatum and M. terrae-like organisms can cause false positive results. 

 



2.12 MTD Performance 

 

Notes: 

The performance of the MTD assay was examined in a meta analysis of 63 journal 
articles from 1995 to 2004, including US and non-US studies. And you can see in this 
table, the sensitivity and specificity in smear positive samples is quite high. In smear 
negative samples, the sensitivity is a bit lower and is also low in low prevalence 
populations. 

 



2.13 Xpert MTB/RIF 

 

Notes: 

The next commercially available FDA approved assay we will discuss is the Cepheid 
GeneXpert MTB/RIF. This is an automated system for identification of mycobacterium 
tuberculosis complex and detection of mutations associated with rifampin resistance.  
 
The benefit of this system is that DNA extraction, amplification and detection all occur in 
one cartridge, which minimizes risk. This test also has an integrated sample processing 
control that assures that a negative result is not due to inhibitors in the specimen. 
Discussion for this module will be limited to the detection portion of the assay. 

 



2.14 Specimen Types for Xpert Testing 

 

Notes: 

The Cepheid GeneXpert MTB/RIF is validate for sputum samples only. This can be in 
the form of one milliliter of raw sputum that ideally has been refrigerated. Although it can 
spend up to three days at 35 degrees and refrigerated for up to seven additional days, or 
half of a milliliter of sputum sediment that was processed using the standard NALC 
sodium hydroxide method for decontamination and resuspended in PBS buffer. The 
sediments can be tested for up to seven days if refrigerated. Analysis of any other 
specimen type is off-label and would require full validation. 

 



2.15 Workflow for Xpert MTB/RIF 

 

Notes: 

The workflow for the Xpert MTB/RIF assay involves three simple steps. Initially, the 
sample region is added to raw or processed sputum, mixed and incubated for 15 
minutes at room temperature. Then the liquefied specimen is added to the sample 
cartridge. Finally, the cartridge is inserted into the instrument and the total assay time is 
approximately one hour and 45 minutes. 

 



2.16 Xpert MTB/RIF Assay Design 

 

Notes: 

The Xpert MTB/RIF assay uses real-time PCR with molecular beacons. It detects 
mycobacterium tuberculosis complex and rifampin resistance by amplifying an 81 base 
pair region of the RNA preliminary subunit b, the rpoB gene, known as the RRDR, the 
rifampin resistant determining region. The amplicon is then probed with five molecular 
beacons to detect mutations within the RRDR. The schematic at the bottom of this slide 
shows the 81 base pair rifampin resistance determining region and five probes. 
Molecular detection of rifampin resistance will be covered in detail in the molecular 
detection of drug resistance module. 

 



2.17 Xpert MTB/RIF Results for Detection of MTBC 

 

Notes: 

The results returned from an MTB/RIF assay include MTB detected when at least two 
probes hybridized to the amplicon or MTB not detected when less than two probes 
hybridize. 

 



2.18 Xpert MTB/RIF Performance 

 

Notes: 

The performance of the GeneXpert MTB/RIF assay is shown in this table. The sensitivity 
is greater in smear positive samples, the limit of detection has been estimated at 131 
colony-forming units per milliliter of sample. The specificity is high and nearly 98%. The 
sensitivity is also lower in smear negative samples. Please note that these studies are 
international studies. Currently there are not many studies published on sensitivity and 
specificity of this assay in the United States. 

 



2.19 Considerations for Xpert MTB/RIF  

 

Notes: 

There are many advantages to the use of the GeneXpert MTB/RIF assay, including the 
fact that many clinical labs already have the Cepheid GeneXpert instrument that they 
use for MRSA and clostridium difficile testing. This is a closed system with a single 
cartridge, which minimizes contamination issues. It is very minimal hands-on time and 
results are returned within approximately two hours. There is also limited specimen 
manipulation, which limits the biosafety concerns. One limitation, however, is that the 
test is FDA approved only for sputum specimens. 

 



2.20 Line Probe Assay 

 

Notes: 

Line probes are another method used for direct detection of mycobacterium tuberculosis. 
The line probe assay involves the use of PCR to amplify specific sequences and 
hybridization of the amplicons to nitrocellulose strips. Not only can you detect MTB 
complex, but also some common nontuberculous mycobacteria.  
 
There are a few commercially available line probe assays including the Innogenetics, 
INNO-LiPA Mycobacteria v2, which detects mycobacterium tuberculosis complex, as 
well as some nontuberculous mycobacteria. The HAIN genotype mycobacterium CM, 
which detects mycobacterium tuberculosis complex and 24 nontuberculous 
mycobacteria and the HAIN genotype mycobacterium AS, which detects 19 
nontuberculous mycobacteria species. 

 



2.21 Line Probe Assay Specimen Types 

 

Notes: 

The appropriate specimen for the line probe assay is a smear positive sodium hydroxide 
NALC pretreated pulmonary specimen. If the smear results are scanned or negative, 
culture growth must be used for the line probe assay. In addition, cultured isolates can 
be used for the line probe assay. 

 



2.22 Line Probe Assay (2) 

 

Notes: 

Below the marker line, the first band is a conjugate control, which ensures that the test 
has performed appropriately. The second band is a mycobacterium control to ensure 
that the organism you are working with is a mycobacterial species. The remainder of the 
bands on this strip are species specific bands to assist in identification. The strip in lane 
one has reacted with the mycobacterium control band, but does not have a species or 
group specific marker. Lane two is a Mycobacterium avium-intracellulare complex, which 
has reacted with band nine. Lane three is mycobacterium gordonae, which has reacted 
with probe band eight. Lane four is a mycobacterium chelonae, which has reacted with 
two of the three probes that are specific to mycobacterium chelonae. Lane five is a 
mycobacterium kansasii that has reacted with one of the three probes specific to 
mycobacterium kansasii. Lane six shows a mycobacterium avium organism, lane seven 
is mycobacterium tuberculosis. And lane eight shows a conjugate control without 
mycobacterium DNA present. You can see that it has not reacted with probe two on the 
strip. 

 



2.23 Considerations for Line Probe Assay 

 

Notes: 

Line probe assays have some advantages. They can detect mycobacterium tuberculosis 
complex and drug resistance mutations in some assays. Because there is little 
equipment requirements for the assay, the implementation costs are low. However, 
these assays are not FDA approved, so their use requires a full validation and not all 
assays are available for purchase in the United States. Because you are manipulating 
PCR product, the chance for contamination is high. Also, visual inspection of banding 
patterns can lead to incorrect identification of bands. 

 



2.24 Laboratory Developed Tests for Direct Detection of MTBC 

 

Notes: 

Another option for direct detection of mycobacterium tuberculosis complex organisms in 
primary specimens is a laboratory developed test. Many lab developed tests are 
described in the literature and make use of real-time PCR. There are a variety of gene 
targets used for the detection of mycobacterium tuberculosis complex, including the 
IS6110 insertion element, heat shock protein 65, rpoB and others listed here. 

 



2.25 Real-time PCR Assay 

 

Notes: 

Laboratory developed tests based on real-time PCR, which is a lab technique used to 
amplify and detect target DNA in a closed system has many facets. First, a laboratory 
developed test can be validated for multiple specimen types, including smear positive 
and negative specimens, respiratory and nonrespiratory specimens, as well as AFB 
positive cultures. Extraction methods can include heating and silica bead lysis. You can 
validate your laboratory developed test for any real-time PCR instrument, taking 
advantage of in-house instrumentation. And some laboratory developed tests include 
controls to assess inhibition, through addition of unique exogenous plasmids. 

 



2.26 Considerations for LDT 

 

Notes: 

Advantages to laboratory developed tests include multiplexing of targets to detect 
multiple targets in a single reaction. Those can include other mycobacterium species or 
drug resistance markers. The tests can be adapted to multiple instruments and the tests 
can also be adapted to different specimen types. There are, however, some limitations. 
Laboratory developed tests require expertise and development and validation of the 
assays and they require extensive quality management of reagents, primers, probes and 
standard operating procedures are required to ensure performance. 

 



2.27 False Positive/False Negative Concerns for NAA Testing 

 

Notes: 

False positive and false negative results are a concern for any nucleic acid amplification 
test. False positives can be a result of amplicon contamination from previous reactions, it 
can also be cross reactivity of the assay with other mycobacterium strains that are not 
MTB complex strains. This is an important piece to consider when validating an assay. 
Specificity is very important. 
 
 False negatives, on the other hand, can occur due to limited sensitivity if a large amount 
of organism is required to be present in a sample before detection occurs, then 
sensitivity is low and may miss low numbers of organisms in a sample. Inhibition can 
appear to demonstrate a negative result, when in fact the PCR reaction didn't occur due 
to PCR inhibition. This is an important reason to include an inhibition control in your 
assay. Also, PCR failure can cause false negatives if the assay is not working properly. 

 



2.28 Recommended TATs for Reporting NAA Test Results 

 

Notes: 

In order to maximize the benefits of nucleic acid amplification direct detection tests, the 
turnaround time must be rapid, ideally, 48 hours or less from specimen collection to 
reporting of results. Initial positive nucleic acid amplification test results are critical test 
values and should be immediately reported to the clinician and public health authorities. 
The lab should be available for consultation regarding test interpretation and possible 
need for additional testing. 

 



2.29 Optional Algorithms for NAA Testing 

 

Notes: 

There are several possible algorithms for nucleic acid amplification testing, including 
universal testing or testing all incoming specimens. In low incidence areas, this is not a 
very cost effective model. Reflex testing, or testing smear positive samples is more cost 
effective, but may miss TB positive smear negative specimens. As mentioned earlier, 
nucleic acid amplification testing is recommended for at least one specimen from a 
patient where TB is suspected. Smear status alone shouldn't necessarily determine a 
nucleic acid amplification testing algorithm.  
 
Risk based testing takes into account the patient history, but using this alone may lead a 
lab to not test a large percentage of patients that should be tested, including some 
smear positive patients. This is why it is recommended that laboratories utilize a 
combination of reflex testing and risk based testing algorithms. While smear negative 
specimens have lower sensitivity, that sensitivity can be increased by applying some 
patient's selection criteria to determine who receives a nucleic acid amplification test. 

 



2.30 Respiratory Specimen Chart 

 

Notes: 

This flow chart shows one possible testing algorithm, starting with a respiratory 
specimen, whether smear positive or negative, a NAAT test is run. For a smear positive, 
NAAT positive specimen, you can presume this patient has TB pending culture results. If 
the specimen is NAAT negative, the clinician must use clinical judgment regarding the 
start of therapy while awaiting culture results. You may recommend testing another 
specimen by NAAT if clinical suspicion for TB is high. If inhibited NAAT results are 
returned, consider testing another specimen.  
 
For a smear negative sample, if the NAAT test is positive for TB complex, the clinician 
must use clinical judgment of whether to start treatment or wait for culture results. 
Additionally, another specimen could be tested by NAAT and if positive, you could 
presume TB infection. However, if the NAAT was negative, it is important to keep in 
mind that currently available NAAT tests are not sufficiently sensitive to exclude the 
diagnosis of TB in AFB smear negative patients suspected of having TB. 

 



2.31 Direct Detection Summary 

 

Notes: 

There are many clear advantages to direct detection of mycobacterium tuberculosis 
complex organisms in primary specimens. Rapid diagnosis leads to earlier treatment 
initiation, decreased cost associated with patient isolation and faster reporting to TB 
control programs to help reduce transmission. Nucleic acid amplification tests have good 
sensitivity for smear positive specimens and specificity is greatly improved over smear 
along, which only detects acid-fast bacilli.  
 
The limitations associated with direct detection include the lack of differentiation between 
live and dead organism. Nucleic acid amplification tests can be positive even after 
cultures have stopped growing organism. Generally, these tests don't differentiate 
between members of the TB complex. There is limited sensitivity for smear negative 
specimens. These tests are not indicated for use in determining bacteriologic here or to 
monitor for a response to therapy. 

 



2.32 NAA Testing Does Not Replace AFB Smear and Culture 

 

Notes: 

While nucleic acid amplification testing has added significant capabilities for earlier 
detection of MTB complex, it does not replace AFB smear or culture. Smear results are 
used to qualify the sensitivity of the nucleic acid amplification test and to indicate relative 
infectiousness of the patient. Culture is the gold standard for TB disease diagnosis. And 
culture is also required for phenotypic drug susceptibility testing and genotyping. 

 



3. Identification of Mycobacteria 

 

Notes: 

The next section of this module will cover identification of mycobacteria. 

 



3.2 Identification from Culture Growth  

 

Notes: 

Identification of mycobacterium species from culture growth is important for patient 
management and for appropriate public health response. Identification of mycobacterium 
species leads to diagnosis of clinically significant disease, both TB and nontuberculous 
mycobacterium infections. 

 



3.3 Identification Methods 

 

Notes: 

There are many different techniques for performing identification of mycobacterium from 
culture growth. Line probe assays and real-time PCR follow the same methodologies as 
previously discussed, and the basics will not be covered again. Additional technologies 
for identification include the Hologic AccuProbe, previously Gen-Probe, MALDI-TOF 
mass spectrometry can be used as well as DNA sequencing, both Sanger and next 
generation sequencing. 

 



3.4 Real-time PCR Assays Can Be Multiplexed 

 

Notes: 

With real-time PCR assays, you can multiplex or test for multiple gene targets in the 
same PCR reaction. There are assays that can detect mycobacterium tuberculosis 
complex and mycobacterium avium complex and the same PCR reaction.  
 
There are also assays that can differentiate between members of the mycobacterium 
tuberculosis complex. A five-plex assay with targets specific to mycobacterium 
tuberculosis, mycobacterium bovis BCG, africanum, microti, and canettii. presence or 
absence of five different regions of difference allows for the differentiation between 
members of the TB complex. The reference at the bottom of this slide has details on this 
lab developed test. 

 



3.5 Identification within MTBC 

 

Notes: 

Laboratories should consult with healthcare providers and the TB program to decide the 
necessity of differentiating among members of the mycobacterium tuberculosis complex. 
Not all labs require differentiation within the MTB complex. Due to unique epidemiology, 
an inherent PZA drug resistance, laboratories should consider differentiating 
mycobacterium bovis and mycobacterium bovis BCG from other members of the 
mycobacterium complex. The prevalence mycobacterium bovis varies in different 
regions of the US and can be as high as 3 to 4%. In addition, genotyping can help 
distinguish cases of mycobacteria and bovis and bovis BCG from other members of the 
TB complex. 

 



3.6 Accuprobe 

 

Notes: 

One commercially available test for the identification of mycobacterium species is the 
Hologic AccuProme assay. It is an insolution hybridization assay for the identification of 
culture growth. For this assay, nucleic acids are extracted after organisms are lysed and 
made nonviable. Single stranded label DNA probes anneal target ribosomal RNA, and if 
present, the RNA/DNA hybrids are detected by chemiluminescence. Kits available 
include for the identification of mycobacterium tuberculosis complex, mycobacterium 
avium complex, mycobacterium gardonae and mycobacterium kansasii. 

 



3.7 Considerations for Accuprobe 

 

Notes: 

Advantages of the AccuProbe assay include the availability of kits for the detection of 
four frequently isolated mycobacteria, relative ease of use and it's an FDA cleared assay, 
so it only requires verification to implement. Some limitations include the fact that this 
isn't -- not an amplified test and you must have sufficient culture growth for the best 
results. Also, the relative light units, or RLU values that are near the cutoff value may 
indicate that your target organism is present in your sample, but in low numbers and 
repeating the assay with additional growth may be necessary. 

 



3.8 MALDI-TOF 

 

Notes: 

MALDI-TOF is another method used for species identification in clinical labs now. 
MALDI-TOF stands for matrix-assisted laser desorption/ionization time of flight. It is a 
method of species ID using mass spectrometry. The method is based on analysis of 
proteins depicted as mass spectra with patterns of characteristic peaks. The spectra are 
compared to a database of known spectra to look for a match. 

 



3.9 MALDI-TOF Mycobacterial Sample Preparation 

 

Notes: 

The sample preparation of mycobacterial samples for MALDI-TOF is a bit more involved 
than for other bacteria. Starting with a single mycobacterial colony from solid media or 
1.2 milliliters of liquid media, they must undergo an extraction protocol and are then 
applied to sample target plate and overlaid with a matrix. Previous manufacturer 
extraction methods were ineffective for mycobacteria causing limited identification 
results.  
 
The process is significantly more labor intensive taking about two hours from sample to 
result. Initially, the culture suspension must undergo successive wash steps removing 
any components of the liquid culture media that inhibit the MALDI-TOF reaction. 
Following that step, heat lysis is required and then additional chemical, physical and 
heat lysis steps contribute to the extraction of desired proteins from the hearty mycolic 
acid cell walls. Once the sample is spotted onto the target plate, it can then be loaded 
into the instrument for analysis. 

 



3.10 MALDI-TOF MS Results 

 

Notes: 

Once the data have been collected on the sample, dedicated software analyzes mass 
spectra against a library of stored profiles. The two instruments commonly used are the 
Bruker Biotyper and the bioMerieux Vitek MS. They use different identification algorithms 
and scoring interpretations. You can see on the left side of the slide, a table of 
identifications from the Bruker. The scoring interpretation for the Bruker involves a score 
of 2.0 to the 3.0, indicating a genus and species identification. 1.7 to 1.99 indicates a 
probable genus identification, and anything below a 1.7 is an unreliable identification. On 
the right, is the bioMerieux data analysis, given as a percent confidence and a colored 
symbol indicating the quality of the result. 

 



3.11 MALDI-TOF Safety Precautions 

 

Notes: 

There are a few precautions to consider with MALDI-TOF. The extraction process does 
not guarantee inactivation of the mycobacterium species. If your MALDI-TOF instrument 
is not located in a biosafety level three lab, ensure inactivation of the bacteria before 
transferring samples to a lower biosafety level. An inactivation study that ensures no 
viable bacteria remain, should be performed prior to implementation of the method. 

 



3.12 Considerations for MALDI-TOF 

 

Notes: 

Some advantages of MALDI-TOF include rapid identification. You can go from positive 
growth and culture to identification I hours. It can also be used for identification of many 
bacteria and fungi in the laboratory, which makes the platform more useful. Some 
limitations do include the difficult extraction protocol from mycobacteria and some 
current database limitations, due to the fact that the library must be built on the same 
extraction protocol used by the laboratory. The initial cost, investment for the instrument 
is high and at this time, it cannot identify to the species level within the mycobacterium 
tuberculosis complex, which may or may not be of importance to your facility. 

 



3.13 Sanger Sequencing 

 

Notes: 

Sanger sequencing, as was discussed in the molecular biology 101 module, is a method 
of sequencing DNA present in an organism and can be used to identify mycobacterial 
species sometimes to the species level. In Sanger sequencing, template DNA, primers, 
DNA polymerase and fluorescently labeled nucleotides are used to create new DNA 
fragments. The length of the DNA fragment in combination with the specific fluorescents 
detected reveals the sequence of the DNA fragment. 

 



3.14 Sanger Sequencing (2) 

 

Notes: 

Once you have obtained the DNA sequence of an organism, it can be compared to a 
library of known sequences for bacterial identification. You receive a list of potential 
identifications with their percent identity. In the image here, mycobacterium avium is the 
top match with 100% identity. 

 



3.15 Sanger Sequencing: Common Target Genes 

 

Notes: 

There are many different gene targets that can be used for bacterial identification. This 
table lists some common gene targets, the length of the gene, as well as advantages 
and disadvantages for each target. Genes are typically chosen for identification assays 
based on the inclusion of both conserved and hyper variable regions. The 16S ribosomal 
RNA gene is commonly used and approximately 500 base pairs of the five prime end are 
sufficient to identify a large number of organisms. This gene is highly conserved, 
however, there are some species with identical 16S sequences that make differentiating 
species within a cluster difficult. 
 
 The 23S ribosomal RNA gene, at 3100 base pairs, makes for a difficult target, due to its 
size. The rpoB gene has several fragments of the 3600 base pairs that can be used for 
sequence identification. It does include the gene region where mutations known to 
confer rifampin resistance reside. Currently there is no consensus on which fragment is 
most suitable for identification a slow growing mycobacteria. Heat shock protein 65 is 
approximately 440 base pair gene, which is easy to sequence and thus can be useful in 
identifying species that are closely related compared to their 16S gene. 
 
gryB is another gene target that is relatively large, at 1000 base pairs, but it can be 
useful for differentiating some species within the mycobacterium tuberculosis complex. 



3.16 CLSI Recommendations for Molecular Identification Results Reporting 

 

Notes: 

With 16S Sequencing results used for identification, the CLSI Document MM18A  
Interpretive Criteria for Identification of Bacteria and Fungi by DNA Target Sequencing, 
provides some guidance on the appropriate level of identification to provide based on 
your sample’s percent identity with reference sequences. If you obtain a 100% identity of 
your sample to a reference sequence, then you can report out both genus and species 
of that organism. If your sample shares 99 to 99.9%  identity with your reference 
sequence, you can report your species to the genus and give the species that it is most 
closely related to such as “Mycobacterium species most closes related to the 
Mycobacterium Xenopi”. If you obtain a  sequence identity of 98.9 to 95% you can only 
say that “this sample most closely resemble a Mycobacterium species”. Below 95% 
identity you cannot provide a definitive identificationand should use other methods or 
other targets to assist in identification.  

 



3.17 Considerations for Sanger Sequencing 

 

Notes: 

There are several advantages to using Sangar sequencing, including having specific 
primers that have been well described and validated through years of research and use. 
You don't have to develop your own assay. Libraries are already available for 
comparison and there are both free, public databases, as well as peer review databases 
that may be free or require a fee for use. Limitations of DNA sequencing for ID include 
the fact that it can be tough to differentiate some mycobacterium species when using 
highly conserved genes. 

 



3.18 Next Generation Sequencing 

 

Notes: 

Next generation sequencing is a form of sequencing that can use the entirety of the 
genomic DNA from an organism or specific amplicons fragmented into small pieces and 
sequenced in millions of parallel reactions. The nucleotide incorporation and detection 
occurs in real-time. There are several manufacturers that make equipment for next 
generation sequencing. The technology and terminology varies between instrument 
platforms. 

 



3.19 NGS Data 

 

Notes: 

After obtaining those millions of sequence reads, the data is then reassembled or 
aligned. They can be aligned to a reference genome that is used like a scaffolding to 
help with placement of the sequence data or the de novo alignment can be performed 

where the sequence reads are aligned to each other and computer algorithms determine 
the best alignment in the absence of a reference genome. This data can then be 
compared to a library for identification, as well as determination of many other genetic 
features. Choosing the appropriate data analysis pipeline specific to your application, is 
critical in the assembly and interpretation of your next generation sequencing data. 

 



3.20 Comparison of NGS Platforms 

 

Notes: 

This table shows a comparison of a number of next generation sequencing platforms. 
They vary in sequencing chemistry, read length, instrument run time, as well as having a 
range of advantages and disadvantages. A lab must consider their sample throughput 
requirements, staff time, bioinformatic support and acceptable error rates before 
investing in a platform. Also note that this data represents current technology in 
chemistry and is likely to change. 

 



3.21 Applications of NGS 

 

Notes: 

Next generation sequencing can be applied at a whole genome level looking at the full 
complement of genetic material in an organism. This provides the largest amount of 
information and characterization of an organism and is useful in molecular epidemiology 
of TB through comparison of whole genome sequences. Next generation sequencing 
can also be applied to amplicons generated through PCR. This is known as targeted 
resequencing. Targeted resequencing allows you to focus on the area of interest in the 
genome and is not bound by some of the amplicon size limitations that Sangar 
sequencing is. In addition, focus sequencing reduces the amount of data collected to 
allow for faster, easier analysis, especially compared to whole genome sequencing. 

 



3.22 Considerations for NGS 

 

Notes: 

Some of the advantages of next generation sequencing are the high throughput 
available, the large amount of data that can be obtained and the ability to recognize new 
strains when you are not bound by having to target known sequences, however, data 
storage and database management, with a large amount of data definitely need to be 
considered. In addition, bioinformatics expertise is required to analyze the data. The 
initial cost to purchase instrumentation can be significant and ongoing costs may require 
batching of samples to keep consumable costs down. 

 



3.23 False Positive/False Negative Concerns for Molecular Identification 

Methods 

 

Notes: 

As with any molecular method, false positives due to contamination are of concern, 
ensuring unidirectional workflow and segregated areas for each step of the process 
along with proper cleaning and disinfection will help minimize contamination. False 
negatives are also a concern, either due to inhibition of your method that prevents you 
from detecting your target or from having a target that is not found in all strains. With 
mycobacterium tuberculosis, there are strains that have been found not to contain the 
IS6110 sequence, a common target for TB NAT tests. 

 



3.24 Reporting of Molecular Identification Results 

 

Notes: 

Keep in mind, the CDC recommended turnaround times for reporting of TB. Ideally, your 
lab will be able to report isolates as mycobacterium tuberculosis complex in less than 21 
days from specimen receipt. TB NAT testing should be used when possible to report 
detection of TB DNA in a primary sample within 48 hours of specimen collection. Report 
mycobacterium tuberculosis complex identification as soon as possible to the provider 
and the state TB control program so that appropriate public health action can be taken. 

 



3.25 Combining Molecular and Culture-based Approaches 

 

Notes: 

The conventional testing algorithm for the mycobacteriology laboratory can take weeks 
from specimen processing to organism identification because it requires pure growth of 
the organism and sufficient quantity to perform identification and susceptibility testing.  
 
Nucleic acid amplification testing can provide detection of mycobacterium tuberculosis 
complex within one to three days depending on testing frequency. Smear positive 
sediments can additionally be analyzed by molecular methods such as line probe assay 
for identification. Remember that nucleic acid amplification testing does not replace 
growth based testing. Specimens for NAAT should have an AFB smear and culture, no 
matter the result. For laboratories performing NAAT that don't have the capacity to 
perform culture. These specimens, both NAAT positive and NAAT negative should be 
submitted to a referral laboratory for culture. 

 



3.26 NAA Testing Resources 

 

Notes: 

The next few slides contain references and resources associated with this module and 
can be found on the APHL website. 

 



3.27 NTM Database Resources 

 

 



3.28 NGS Resources 

 

 



3.29 Thank You for Participating! 

 

Notes: 

This concludes the molecular detection and identification of mycobacteria presentation, 
which is a part of a series from the APHL's essentials for the mycobacteriology 
laboratory promoting quality practices. Please see the CDC and APHL website for more 
information on these topics. 

 

 

 


