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Number of TB notifications and rates by place of birth,  

England, 2000-2017 

 

  2 Tuberculosis in England: 2018 report 
Source: Enhanced Tuberculosis Surveillance system (ETS), Labour Force Survey (LFS) 

Data extracted: April 2018 

Prepared by: TB Unit, National Infection Service, Public Health England  

Please note: confidence intervals around the UK born population are small and therefore not visible. 

In 2016, 26.4% 
of cases were 
UK born and 

73.6% non-UK 
born 

5,102 
people 

9.2 people per 

100,000 

population 
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  3 Tuberculosis in England: 2018 report 
Source: Enhanced Tuberculosis Surveillance system (ETS), Office for National Statistics 

(ONS) 

Data extracted: April 2018 

Prepared by: TB Unit, National Infection Service, Public Health England  

London 

Contains Ordnance Survey data © Crown copyright and database right 2018 

Contains National Statistics data © Crown copyright and database right 2018 

10 CCGs had a 3-

year average rate 

of 30 per 100,000   



Modernising diagnostics 
 

• A2 Provide universal access 
to high-quality diagnostics 

• A6 Reduce drug-resistant TB 

• A9 Strengthen surveillance  
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WGS 
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Identification 

 

Sensitivity 

prediction 

 

Relatedness 

(clustering)- the 

SNP type 



Why WGS? 
 

Quality, speed and cost 



PHE WGS for mycobacteria:  

 the how 
• NMRS: National Mycobacterial 

Reference Service 

• Receive cultures from NHS labs in 

England 

• Distributed hub model: London and 

Birmingham  

          -  Resilience 

   -  Distributed  and diffusing    

 expertise 

   -  Different models for WGS  

 delivery:  

Birmingham locally run MiSeq 

London PHE  CSU HiSeq & NextSeq 

 

• All first positive mycobacterial 

cultures 

• All positives with previous TB and 

previous isolate >= 2 months 

previously 

• NTM : pathway still being 

discussed, but likely no repeat if 

previous isolate 3-6 months 
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Getting the results flowing 

Proof of 
principle 

Pilot 
Pre-

production 

Early 
production- 

staged 
introduction 

Full 
production: 
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2006 2015 2016 2017 2018 

Oxford Uni PHE Birmingham    PHE   

       B’ham and London

   

Selected isolates  All W Mids isolates All Mids isolates   All Mids and North       All English isolates  

PHE Bham 

 archive       
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 DNA Extraction 
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MGIT culture positive 
Vortex, 

1.7ml 

sonicate 

Heat kill 

100C +/- 5C for 30 mins 
 Saline Wash  

( removing human 

DNA)  

FastPrep Lysing Matrix B tubes 

FastPrep 

24 Bead 

Beater 
AMPure XP beads clean up 

+ 80% alcohol 

DNA Conc by Qubit 



Sequencing 

• Base-calling, reference alignment, variant calls 

• Quality control 

Speciation 

•TB complex 
•Non-tuberculous mycobacteria (NTM)- no further pipeline processing 

 

Resistance 
prediction 

• Custom resistance catalogue: “Walker 2” , upgrading to Walker 3 

SNP-based 
relatedness 

• Elephant walk 

Mycobacterial Computational Pipeline 

NTM 
result 
reported 

TB report with resistance prediction- sent to user labs 
TB report with resistance prediction and relatedness- imported into PH pilot 
database system 



The story so far… 

 
300-350 isolates/ week 

30-40% are MTB complex 

TAT 5-7 working days (from 

isolate to WGS result) met 

(monitored weekly) 

2 days in 18m when LPA used 

as backup 

2 instances of use of 

contingency pipeline 

Continued though loss of CL3 

for 6 weeks (Bham) 

Conventional vs WGS: 

real-life “head to head” 

Days to result from 

specimen collection 
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2014 2018 

BAL 44.2 (11.8) 23.1 (3.8) 

Sputum 66.1 (41.9) 30.7 (21.8) 

Lymph 

node 

74.9 (37.5) 40.3 (10.9) 



49M smear positive, 
cavitatory  MDR TB, no 

known risk factors 

Where from? 

How to treat?  

Who to contact 

trace? 

Raises significant clinical  
and public health issues 

Patient A 

Patient B 

0 

Cluster 

AA609 
Typing shows Patient A 

has same strain as a 
known patient B 

A knew B previously, 

but had not identified 

him as contact 

No need to hunt for 

further source 

MDR-TB  

Amikacin, moxifloxacin, 

prothionamide, linezolid, 

cycloserine 

Month 0: Started  

treatment 

Month 3: Smear and 

culture negative 

Month 4: discharged 

from inpatient care 

Month 9: Half way 

through 18 month 

therapy 



WGS reports: identification 
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• Mapping based- works 

extremely well for MTB 

• Very well for well-

described species of 

NTM 

• Less well for minority 

species, heavily 

dependent on quality 

of the reference 

genome (often single) 



WGS reports: resistotype 
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• R = predicted resistant: previously described mutation in 

defined position of known gene associated with resistance to 

that antibiotic 

• S = predicted susceptible: no mutation in defined position of 

known gene associated with resistance to that antibiotic 

• U = mutation, not previously described, detected in known 

gene associated with resistance to that antibiotic 

• F = unable to make a genotypic prediction based on sequence 

data 



Resistotype 
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• Isoniazid, rifampicin, ethambutol and pyrazinamide resistance 

correctly predicted , meeting the WHO target profiles for new 

molecular assays of over 90% specificity and 95% sensitivity overall.  

• Targets met for individual drugs except ethambutol specificity-93.6% 

• Targets met for collections not enriched for drug resistance 

(consecutively sampled isolates from UK, Italy, the Netherlands and 

Germany ) 

• Targets met for predicted pan-susceptibility in all collections 

• Targets met in simulated drug profiles 

     with drug resistance rates up to 47%  
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Analysis of 10,000 isolates 

WGS and phenotypic DST  

16 countries in 6 continents 



Imagined work-flow after introduction of 

updated resistance catalogue 

Predicted ‘S’ to 

HREZ 

Predicted ‘R’,’F’ or 

‘U’ to any of HREZ 

Report as ‘S’ to HREZ, 

without DST 

Clinical failure 

Perform DST for all drugs 
Clinician request 

Background 

sampling 



 Changes to Resistance Reporting 
 Why Change ? 

• Feedback from clinical users- requesting more information on resistance 

mutations and implications for management. 

• Confusion in interpretation of ‘U’ and ‘F’- both may be interpreted as 

Resistance 

• Variable reporting by laboratories-waiting until phenotypic results available 

before reporting to clinicians- failing to report genotypic results predicting 

drug resistance or susceptibility 

• 70% of reports  for TB complex will be ‘final’ with genomic prediction of  ‘S’ 

to INH, RIF, ETB and PZA  
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Scenario 1 – Isoniazid Sensitive but 

one first line drug fail (Ethambutol) 

   

Mycobacterium tuberculosis              Identified by WGS                    

                                                                    WGS RESISTANCE                       PHENOTYPIC DST 

      

| Isoniazid                                  Sensitive                         NOT TESTED                     

| Rifampicin           Sensitive                            NOT TESTED                     

| Ethambutol           see comment      to follow     

| Pyrazinamide         Sensitive                                  NOT TESTED                    

                    

| Quinolone Group      Sensitive                                             

| Streptomycin         Sensitive                                                    

| Aminoglycosides      Sensitive                                                       

|                                 

  

Ethambutol - Poor quality sequence, unable to make predictions. WGS will be 

repeated 

If there is a clinical concern, please discuss with NMRS clinician 

 



Scenario 2 – Isoniazid Resistant, Rifampicin Fail, 

Ethambutol and Pyrazinamide Unknown 
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Mycobacterium tuberculosis              Identified by WGS                                                                                               

|                      WGS RESISTANCE      Phenotypic DST                        

| Isoniazid            Resistant                                 To Follow                     

                          

| Rifampicin           see comment ( F)                   To Follow                                                           

                          

| Ethambutol           No prediction (U)                    To Follow                                       

                          

| Pyrazinamide         No prediction  (U)                  To Follow                   

                    

| Quinolone Group     Sensitive                                   To Follow                       

| Streptomycin         Sensitive 

| Aminoglycosides     Sensitive                                   To Follow                                          

  Isoniazid mutation is KATG/INH 

     



Scenario 2 – Isoniazid Resistant, Rifampicin Fail, 

Ethambutol and Pyrazinamide Unknown 
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|         Rifampicin – Depending on what has caused the FAIL, one of three 

comments can be used: 

• Poor quality sequence in Rifampicin gene – unable to make 

prediction. X work will follow  (if there are lots of ‘junk’ within the 

sequence) 

• WGS has detected the possible presence of both sensitive and 

resistant strains. Please contact NMRS clinicians to discuss. 

(Potential minority variant comment – First comment if this is 

present) 

• Poor quality sequence, unable to make predictions. WGS will be 

repeated (if there is a poor quality sequence) 

 Ethambutol & Pyrazinamide – Mutation of uncertain significance 

detected in Ethambutol (XXX) and Pyrazinamide (XXX) genes. 

XX% of such mutations do not cause resistance 

If there is a clinical concern, please discuss with NMRS 

 



Scenario 3 – Isoniazid Sensitive, 

RIF / EMB / PZA unknown  

 

 
Mycobacterium tuberculosis              Identified by WGS                    

                                                                            

                                        WGS RESISTANCE       Phenotypic DST                        

Isoniazid             Sensitive                                                  

Rifampicin                         No prediction                           

                         

Ethambutol                         No prediction                          

Pyrazinamide         No prediction                                 

                    

Quinolone Group      Sensitive                                             

Streptomycin                        Sensitive                                                    

Aminoglycosides      Sensitive                                                       

|                                 
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Scenario 3 – Isoniazid Sensitive, 

RIF / EMB / PZA unknown  

 

 
 

Mutation not present in current catalogue detected in Rifampicin (XXX), 

Ethambutol (XXX) and Pyrazinamide (XXX) genes. 

 

There is xxx% probability that this isolate is fully sensitive   

 

No phenotypic sensitivity testing will be performed  unless there is a 

clinical concern, and discussion with NMRS clinician 

 

Please see supplementary appendix of (Link to Tim Walkers 

supplementary appendix) and (Link to slidecast / TB handbook) for 

further information 
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        Microtitreplate Testing for Phenotypic Drug 

Susceptibility- ‘TREK Plate’ 

-Measures MIC for multiple drugs         



Improving resistance prediction 
Comprehensive Resistance Prediction for Tuberculosis: an International 

Consortium  
(CRyPTIC) 

Creating a catalogue of ‘all’ 

determinants conferring 

antituberculosis drug resistance. 

 

Will investigate a very large number of 

isolates over-sampled for resistance 

 

Potential total 100,000  

42,000 with extensive DST  to 15 

drugs, including bedaquiline and 

delaminid: 
Gates Foundation funded 21,000 isolates 

(5,000 with extensive DST) 

Wellcome Funding 80,000 isolates (37,000 

with extensive DST) 



WGS for public health 
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WGS relatedness 
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•0-5 SNPs difference between strains, 

most probably linked  

•5-12 SNPs may be linked  

•>12 SNPs less likely to be linked 



Walker et al 2015 

Epidemiologically 

linked cases tend 

to have small 

numbers of SNPs 

Epidemiologically 

unlinked cases 

tend to have large 

numbers of SNPs 

One can 

set cut 

offs 

          



   

Depictions include phylogenetic trees 

Cases shown 

are 0 SNPs 

apart  



   

Simplified versions-responding 

to user feedback 

Cases in 

circles are 0 

SNPs apart 



MIRU to WGS: transition 
•“Birmingham footprint” (E and W 

Mids, part of Y&H): parallel 

sequencing since 2015, extensive 

back-catalogue 

•The North (prev sent to Newcastle): 

key isolates from active MIRU clusters 

of PH importance identified and 

sequenced late 2016 

•The South: back catalogue Jan-May 

2017 

33 Presentation title - edit in Header and Footer 



TB contact tracing and cluster investigation 

• Identify PH actions/ 

intervention points 

• WGS data deluge and 

complexity threaten to 

overwhelm already 

stretched services 



Clustering and naming 
• 12 SNP cut off 

• i.e any patient who is within 12 

SNP of any other patient will 

be put into cluster together 

• Cluster names: 2 letters, 3 

numbers,  

• Followed by arbitrary string of 

letters/ numbers 

• Number for TB lineage 

• Clusters have much higher 

likelihood of epi linkage than 

MIRU-VNTR 

• Substructure within clusters 

… 

AA107-3 AC224

-3 

14 

AC22

4-3 

AA107-3 

7 7 



Unsuspected within-UK transmission 
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2016 : 2 cases NE England. Same strain 

type (MIRU-VNTR). No epi links; pts both 

recent entrants from same E African 

country. Presumed transmission prior to UK 

entry 

2017: 3 further cases, all now SNP typed: 0-

3 SNP distance 

More detailed contact tracing- find common 

social link for screening and latent TB 

treatment 



2018  Case 5 

HCW 

2017  Case 2 

2016 Case 1 

2017 Case 4 

2018 Case 6 

2017 Case 3  

Multiple  TB transmissions and uncontrolled exposures in 

healthcare settings 

AA375 



Making sense of clusters and guiding further intervention 
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Index case- 

2004 

Numbers on branches 

are SNP distances 

Circles represent 

cases- larger circle = 

more cases at 0 SNV 

distance 

 2006-7 

2010-3 

2015-6 

2007-

10 

2017 
2017 



AA090-“chaotic 
lifestyle” 

Newcastle 

Coventry 

New cases 
2017/8 

Birmingham 

Nottingham 

Lincoln 

Staffordshire 

Derbyshire 

Black 
country 

By Wikishire, CC BY-SA 
4.0, 
https://commons.wiki
media.org/w/index.ph
p?curid=36830415 



 Reporting TB Clusters-information for action 

           Clinical TB Teams-TB Nurses and Physicians 

Check for lab cross 

contamination 

 NMRS Report- 

 lists neighbours 

within 12 SNPs 

Report to TB 

teams- Public 

Health and NHS 

Investigate. 

Internal or 

External? 

Repeat. 

Report. 

0 

0-12 

National TB Cluster Review  Group  

All new clusters-monthly MDT PHEC 

EM E of E  NW NE/YH WM LON South 

   Health Protection Teams – TB “Patch Leads”  

-Local cluster investigation groups, incident response planning 

Urgent Results 



Shining a light in dark places: 

• Case 1: HCW in clinic 

• Case 2: Patients in GP WR 

• Case 3: bronchoscopy list 

• Case 4: lab cross-

contamination 

• Getting the basics right! 

• Changing the transmission 

paradigm 

• Studies investigating SNPs 

associated with increased 

transmissibility 

• Individualising infection control 

responses 

• Rapid detection of laboratory 

cross-contamination highlights 

systematic issues- important for 

consolidation and commissioning 
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Deliverables  

and progress: 

TB WGS 

Laboratory 

Clinical 
Public  

Health 

UKAS accreditation 

preparation 

(ISO15189 

standards) 

Reports to TB 

National 

Surveillance 

System 

Reports to 

clinicians, MDTs 

Validation study (PHL and parallel 

study)- report for UKAS and 

publication SLA 

Staff training and competencies 

SOPs 

Quality, health 

and safety, risk 

assessment 

activities  

Transition plan from MIRU 

Report format, 

interpretation, evaluation, 

management of discordant 

results 

Audits on PHL and analytical 

pipeline 

IT requirements 

Resourcing and costings 



What we’ve learned and where 

we go next 

• Translation into routine practice 

is hard! 

• Successful early implementation 

requires gathering, enthusing and 

educating a group of clinical and 

public health leaders 

• Empowering local ownership 

• Listening and support 

• Pay attention to feedback and 

understand how your reports are 

viewed and understood 

• Ongoing collaboration with 

involved academics is vital 

 

• Communicating relatedness to clinicians 

• Validating relatedness database, 

integrating into pan-PHE, pan-organism 

system 

• Sequencing from sample 

• Academic evaluation of public health and 

cost-effectiveness of WGS for TB (HPRU) 

• Integrating into developing international 

systems- governance and security 
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New adventures in sequencing 

• Direct from sample 

• Near-patient? 

Challenges 

Selecting patient and 

setting 

Sufficient DNA, getting it 

out 

Data analysis and 

reporting 
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Investigating the possibility of further improvements to speed, cost and read 

length using the Nanopore MinION R9.4/R9.4.1 platform. 
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    BCG cells  

 /ml sputum  

 0   

 101   

 102   

 103    

 104   

 105    

 106   

  

    

10 to 100 bacilli needed for a positive 

culture  

5,000 to 10,000 bacilli per ml allow 

detection of bacteria in stained smears 

. 

Limit of detection for nanopore 

sequencing using published 

methodology 

Improved 

extraction, hDNA 

depletion and up 

to date pore 

chemistry 
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