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CRyPTIC

Aim: 
 Achieve sufficiently accurate genetic 

prediction of resistance to most of the 
anti-TB drugs, so that whole genome 
sequencing replaces culture-based DST

Tools:
 Extremely large number of strains run 

through the pipeline to capture all 
possible spectra

 Handy tool to capture MIC data on subset 
of strains

 Collaboration with CPTR to develop a 
new lyophilized microdilution Trek plate 
containing new and repurposed TB drugs

Comprehensive Resistance Prediction for 
Tuberculosis: an International Consortium 
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Use of MICs for optimizing TB treatment
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MICs of moxifloxacin by mutation 

Rodwell et al., unpublished 5



Rationale: Proportion of patient population 
reaching therapeutic target for MXF 

High level gyrA resistance mutations Low level gyrA resistance mutations

Rodwell et al., unpublished 6

 Knowing the SNP mutation can dramatically alter 
patient management by optimizing treatment
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Trek microtiter validation study design

Phase 1: assessment of reference strain H37Rv ATCC 
27294, to be tested in 10 replicates

Phase 2: assessment of external quality control 
(EQC) panel consisting of 30 strains, CRY1-CRY30 (10 
duplicated strains and 10 unique ones, all 
genotypically and phenotypically characterized), to 
be tested in duplicates;

Phase 3: testing of 4,500 clinical isolates
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Workflow

PZA MGIT
DNA extraction
Preparation of mycobacterial
inoculum of turbidity ~0.5McF 

70 assays per center
H37Rv +30 (x2) Clinical strains

3 methods 

2 independent readers 4 time points DAY 7 DAY 10 DAY 14 DAY 21

TOTAL NUMBER OF OBSERVATIONS: 70 * 2 * 4 * 3 = 1,680 X 7 = 11,760  (3,902 images)
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Phase 1: Microtitre plate design and 
distribution ranges of H37Rv over time

H37Rv ATCC 27294

Concentrate on clinically relevant and available drugs
Missing is STM, CM, ETO, CS, AMX, IPM, CLR
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Reproducibility testing highlighted training 
needs and advantages of image capture 

All sites at day 21 – by drug (H37Rv)

Vizion is the most reproducible 
method in all sites

11

Sites

Standard deviation of Log2 MIC for pooled 
strains and drugs on Day 21 using Vizion

Consistency in reading across 
centers is good with one exception



Phase 2: Log2 MIC for each drug on day 21  
using Vizion and stratified by MGIT results
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Correlation with WGS dataGood separation between S and R



Phase 3: MIC from drug resistant Pakistan 
clinical isolates read on Day 14 using Vizion
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Microtiter plate conclusions

 The Thermofisher VizionTM image capture
• More concordant readings amongst the three interpretation  methods  
• Days 14 and 21 give more reproducible results
• Automatic reading promising and planned for future

 Despite good reproducibility in phase I, the EQA panel identified training issues 
in phase II  even when using the Thermofisher VizionTM reader

 More “in site” training is needed to address variation across sites
o For highly trained sites:

• agreement was excellent for all drugs and by any interpretation method
• inter-operator variability is very low both for H37Rv and all the 

validation strains

 The overall performance of the plates is good at first analysis using both 
phenotypic (MGIT CC, agar and REMA MICs) and genotypic comparators

 Additional analysis on going 
14



1. CRyPTIC and the need to capture MIC data for NGS

2. Microdilution-based MIC detection for old and new anti-TB 
drugs
• Plate and study design 
• Validation study
• Preliminary data analysis

3. Next generation sequencing
• ReSeqTB data sharing platform

• Standardized and curated drug resistance database 
• Sequencing in clinical trials

• Heteroresistance
• Pharmacogenomics

Outline

15



What are the pros and cons between whole 
genome and targeted NGS?
Whole Genome Sequencing
 Strengths

o Full genome
o Comprehensive

 Weakness
o Slow
o Culture dependent
o Expensive
o Bioinformatics

Targeted Next Gen Sequencing
 Strengths

o Sequence direct from sputum
o Simpler and faster
o Deeper sequencing
o Up to several hundred loci 

 Weakness
o Less information
o Prior knowledge of targets
o Optimization 

Need for a comprehensive database to provide a 
priori information regarding Mtb drug loci and 
mutations associated with drug resistance 
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Who Built ReSeqTB?
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What is ReSeqTB?

1. A curated database of 
standardized global genotypic, 
phenotypic and clinical data 
regarding TB drug resistance

2. A “regulatory-grade” variant 
detection pipeline standardized 
and validated for the TB genome

3. A cloud-based data analysis, 
clinical interpretation and data
sharing platform designed for 
controlled global access by 
expert and non-expert users

WGS FASTQ

Variant Report

Clinical trial
data

DST Surveillance
data

SNPs
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ReSeqTB statistical interpretation with 
inclusion of homoplasy and “expert” rules

http:/platform.reseqtb.org 
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ReSeqTB statistical interpretation: a 
systematic review of literature (Sanger)

Miotto et al. Lancet Respir Med submitted 20



PLOS One 2015. 10(5) e0126626 

Sequencing clinical trials

• Relapse vs re-infection • Heteroresistance• Transmission
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Single Molecule Over-lapping Reads 
(SMOR): Getting past sequencing error

• Standard baseline error for Illumina ~1X10-2

• SMOR Error = error on both reads: Product rule

1X10-2 1X10-2 x 1X10-2 = 1X10-4

Colman et al. 2015. PLoS One 10(5):e0126626
Colman et al. 2016. J Clin Microbiol 54(8):2058-67 22



Potential for SMOR to be more sensitive 
than culture

Detecting resistance 

LOD for
Sanger

LOD for
culture

LOD for
WGS?
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Monitoring heteroresistance (SMOR)

AMK DST

Sample Date Resistance Phenotypic Genotypic rrs SNP (% R Allele)

10/1/2008 MDR S S none

11/19/2008 MDR S S none

10/15/2009 unclassified S S none

1/19/2010 MDR S S none

7/20/2011 MDR S S 1401G (0.94%)

9/27/2011 pre-XDR S S none

4/30/2012 pre-XDR S S 1401G (3.4%)

12/21/2012 XDR R R 1401G (29.6%)

12/21/2012

29.6%

7/20/2011

0.94%

4/30/2012

3.4%

Engelthaler, Metcalfe, Warren. Unpublished data

• Serial sputa from Moldova (Crudu)
• DNA extracted from decontaminated sediments
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Can NGS be used to assess host 
pharmacogenetics?

…our meta-analysis indicates that CYP2E1, 
NAT2 and GSTM1 genetic variation is 
significantly associated with anti-tuberculosis 
drug-induced liver injury. (PLoS One. 2012; 
7(10): e47769.)

We observed the slow phenotype of 
NAT1*14 and NAT1*3 alleles was 
associated with greater PAS exposure. 
(Antimicrob Agents Chemother. 2015; 
59(7): 4129-38)
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Human genes associated with anti-TB 
drug-induced adverse reactions

Drug Adverse Drug Reaction Gene Gene class # SNPs *
RIF Thrombocytopenia GPIX Receptor 2
INH Hepatotoxicity NAT2 DME-1 11

CYP2E1 DME-1 10
GSTM1 DME-2 3
GSTT1 DME-2 2

PZA Hepatotoxicity XDH DME 8
Nephrotoxicity SLC22A12 Transporter 10

EMB Optic neuritis OPA1 GTPase 12
AG Nephrotoxicity LRP2 Receptor 12

Ototoxicity MYO7a Transporter 5
* SNP frequencies are population dependent

Plasma levels of drug -> influence therapeutic window
1. If levels increase -> approach MTD and accumulation of toxic metabolites
2. If levels decrease -> reduce treatment efficacy 

o Incomplete eradication of bacilli -> prolonged treatment and relapse
o Increase chance of developing DR

Adapted from Sahu et al. 2015. Curr Drug Metabol. 16(7): 538-52 26



Targeted NGS technology to optimize 
treatment efficacy and reduce AE
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