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Objectives
• Explain the utility of next generation sequencing (NGS) and the most common 

methods used for Mycobacterium tuberculosis complex (MTBC)
• Describe a NGS workflow for MTBC
• Provide an overview of drug resistant MTBC and susceptibility testing
• Discuss the WHO catalog of mutations
• Describe how targeted next generation sequencing (tNGS) is utilized to detect 

resistance markers in MTBC
• Provide information for Reference Laboratory susceptibility testing of MTBC

• CDC MDDR service and Susceptibility Testing Reference Center
• CA MDL National DST Reference Lab



Next Generation Sequencing (NGS)
• Large-scale, high-throughput DNA sequencing
• Generates a large amount of data that can be used for a variety of purposes

Detection of mutations 
that predict drug 
resistance and 
susceptibility

Identification of strains 
or species

Compare genotypes
High quality analysis to 
determine relatedness 

to other cases



Polling Question 1
What is the definition of a gene?

a) A specific sequence of DNA that contains the information for making a 
protein

b) An enzyme responsible for making nucleotides

c) A type of cell organelle that contains DNA

d) A random sequence of nucleotides in a chromosome



NGS Methods

Targeted NGS (tNGS) Whole genome sequencing (WGS)

Amplicon-based NGS, to sequence specific 
parts of the genome (i.e. single gene or 
group of genes)

Sequence the entire genome of an organism

Useful for diagnostic purposes Can be used for diagnostic and 
epidemiological/surveillance purposes

Can be used on primary specimens and 
isolates

Can be used on isolates



TB NGS 
Workflow

Reference: APHL TB NGS Fact Sheet

https://www.aphl.org/aboutAPHL/publications/Documents/ID-TB-NGS-Fact-Sheet.pdf


Drug Resistant Mycobacterium tuberculosis 
complex (MTBC)

Drug 
susceptible

MDR

XDR

INH Resistant Multidrug-resistant 
(MDR)

Pre-extensively drug-
resistant (Pre-XDR)

8.5% 1.4% 0.2%

% Drug Resistance: United States (2023 CDC data)

% Drug Resistance Among TB cases: Virginia (2024 VDH data)

First-line Resistant Multidrug-resistant 
(MDR)

9.8% 0%



Drug Susceptibility Testing (DST)

Phenotypic methods Genotypic methods 

Culture based

Weeks TAT

Agar Proportion
MGIT

Sensititre

Molecular 
based

Days TAT

PCR
tNGS
WGS

Benefits
Faster

More reliable (i.e. PZA)
Primary specimen (tNGS)

Mixed/contaminated cultures
Low-level/hetero-resistance



Genetic Terminology

Single Nucleotide Polymorphism

A variation at a single nucleotide 
position; the most common type of 

mutation causing drug resistance in MTB

Silent Mutation

Change to a nucleotide sequence that 
does not result in a change to the amino 

acid

Wild Type (WT)

Standard genetic sequence to which 
mutations are compared (H37Rv 

commonly used WT (pan-susceptible) 
strain for MTB)

Variant or Mutation

Alteration in the nucleotide sequence of 
an organism that may or may not have a 

phenotypic effect



Molecular DST (mDST) for MTBC

• As NGS capabilities expand, laboratories 
are using mDST to predict MTBC drug 
resistance

• Laboratory availability varies based on 
many factors:
• Incidence rate
• Infrastructure 
• Expertise
• Laboratory developed tests (LDTs)

Reference: APHL NGS and Mutations

https://www.aphl.org/aboutAPHL/publications/Documents/ID-TB-NGS-Mutations.pdf


https://www.who.int/publications/i/item/9789240082410

• Large database of WGS and phenotypic 
drug susceptibility testing data from 
analysis of global clinical isolates

• WHO recommends routine testing of all 
TB patients for rapid detection of 
resistance to rifampin and isoniazid

https://www.who.int/publications/i/item/9789240082410


• Resistant
• Likely resistant

• Unknown
• Undetermined

• Susceptible
• Sensitive
• Likely susceptible



CDC Test Offering

CDC TB Laboratory CDC Pathology

Molecular Detection of Drug-Resistance 
Service (MDDR)

Infectious disease testing for human tissues 
(when culture is not available)

Phenotypic DST 
(agar proportion, first and second-line)

Histopathology, histochemistry, 
immunohistochemistry, PCR and 

sequencing

Samples must be routed through state health department/laboratory or authorized facility
Pre-approval required for testing





MDDR Testing at CDC
• Utilizes DNA sequencing for detection of mutations most frequently associated 

with resistance to first and second-line drugs as well as new/repurposed drugs such 
as bedaquiline, clofazimine, and linezolid

• tNGS assay that is CLIA compliant
• DNA regions of interest are amplified by PCR
• Sequencing libraries generated using Illumina Nextera XT Library Prep Kit
• Libraries sequenced on Illumina MiniSeq platform

• All isolates (including those grown from sediments) will also undergo growth-based 
DST

• MDDR User Guide

https://www.cdc.gov/tb/php/laboratory-information/mddr-user-guide.html
https://www.cdc.gov/tb/php/laboratory-information/mddr-user-guide.html


Reference: MDDR User Guide

https://www.cdc.gov/tb/php/laboratory-information/mddr-user-guide.html


Genetic Loci Examined in MDDR Assay
Drug Genetic locus

Rifampin rpoB

Isoniazid katG, fabG1- inhA

Ethambutol embB

Pyrazinamide pncA

Fluoroquinolones gyrA, gyrB

Amikacin Capreomycin Kanamycin rrs

Kanamycin eis

Bedaquiline AtpE, rv0678, pepQ

Clofazimine Rv0678, pepQ

Linezolid RplC, rrl

Assistance with MDDR results interpretation: 
Laboratorians, TB control personnel, and healthcare providers can contact the CDC by email 
(TBLab@cdc.gov) or telephone (404-639-2455) for help in interpretation of reports

mailto:TBLab@cdc.gov




Reference: APHL NGS and Mutations

https://www.aphl.org/aboutAPHL/publications/Documents/ID-TB-NGS-Mutations.pdf


Polling Question 2
Which of the following genetic loci is used for determining rifampin 
resistance?

a) pncA

b) katG

c) rpoB

D) inhA



National Public Health Laboratory DST Reference 
Center for Mycobacterium tuberculosis
• Provides DST for eligible US PHL with low volumes of testing
• Performed at California Department of Public Health’s Microbial Diseases 

Laboratory (MDL) 
• First-line DST using MGIT (rifampin, isoniazid, ethambutol, moxifloxacin)
• Pyrazinamide DST using MGIT when a mutation with uncertain significance 

is detected via molecular methods and PZA resistance cannot be ruled out
• Second-Line DST using MGIT (ethionamide, capreomycin, amikacin, 

moxifloxacin, kanamycin and rifabutin)
• Molecular detection of drug resistance performed by WGS on submitted 

isolates and by tNGS on specimen sediments, mixed and non-viable 
cultures



MDL WGS and tNGS DST Interpretation 
Summary

Reference: National PHL DST Reference Center
Reporting Language and Bioinformatic Pipeline

https://www.aphl.org/programs/infectious_disease/tuberculosis/Pages/TB-DST.aspx#:%7E:text=%E2%80%8B%E2%80%8B%E2%80%8B%E2%80%8B%E2%80%8B,with%20low%20volumes%20of%20testing.
https://www.aphl.org/programs/infectious_disease/tuberculosis/Documents/WGS%20%20Reporting%20Language.pdf


National TB Molecular Surveillance Center
• CDC contracts with Michigan laboratory to provide genotyping services
• Provides support for epidemiologic investigations and surveillance activities
• Performs WGS to distinguish different strains of M. tuberculosis

• Helps distinguish between persons whose TB disease is the result of TB 
infection that was acquired in the past, compared to recently or newly 
acquired.

• Add value to conventional contact investigations
• Offers a tool to help direct TB prevention and control efforts to preventing 

transmission
• Allows monitoring of our progress toward eliminating TB transmission

• State PHL submits index isolate for each patient (1 per year)
• TB Genotyping Information Management System



WGS Analysis
Type of Analysis Purpose

Whole-genome multilocus sequence typing 
(wgMLST)

• Analyzes 2,672 gene/loci and assigns a number 
for each. 

• Isolates that match at >99.7% of loci form a 
genotype cluster with a wgMLSType name 

Whole-genome single nucleotide polymorphism 
(wgSNP) comparison

• Identify SNPs that distinguish isolates in a 
genotype-matched cluster. 

• Number of SNPs that differ between isolates 
can provide information about recent 
transmission. 

• SNPs used to map phylogenetic tree

Detection of possible drug resistance • Detect mutations associated with drug 
resistance for surveillance purposes



Contact
Kathleen.milloy@dgs.virginia.gov
(804)648-4480 ext. 223

mailto:Kathleen.milloy@dgs.virginia.gov
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