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The	  WHO	  End	  TB	  Strategy	  



%	  of	  new	  TB	  cases	  which	  are	  MDR/RR	  



%	  of	  previously	  treated	  TB	  cases	  which	  are	  MDR/RR	  

The	  most	  important	  risk	  factor	  for	  MDRTB	  



MDR	  cases:	  importance	  of	  cases	  as	  well	  as	  rates	  

Different	  numbers	  as	  important	  as	  rates	  eg	  Estonia	  vs	  Russia	  



Know	  MDRTB	  infec1on	  rate	  

In	  2016,	  global	  coverage	  for	  rifampicin	  
resistance	  tes1ng=	  33%	  for	  new	  TB	  pa1ents	  and	  
60%	  for	  previously	  treated	  TB	  pa1ents,	  	  
So	  41%	  overall	  (up	  from	  31%	  in	  2015).	  
Why?	  	  Surveillance	  
Public	  Health	  
Clinical	  
Argument	  10	  years	  ago	  eg	  Paul	  Farmer	  
	  



	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  

The	  top	  20	  by	  es-mated	  absolute	  number:	  
Bangladesh	  
China	  
DPR	  Korea	  
DR	  Congo	  
Ethiopia	  
India	  
Indonesia	  
Kazakhstan	  
Kenya	  
Mozambique	  
Myanmar	  
Nigeria	  
Pakistan	  
Philippines	  
Russian	  Federa1on	  
South	  Africa	  
Thailand	  
Ukraine	  
Uzbekistan	  
Viet	  Nam	  

	  
Addi-onal	  10	  by	  es-mated	  rate	  per	  
100	  000	  popula-on	  and	  minimum	  number	  of	  
1000	  cases	  per	  year	  (in	  alphabe-cal	  order):	  
Angola	  
Azerbaijan	  
Belarus	  
Kyrgyzstan	  
Papua	  New	  Guinea	  
Peru	  
Republic	  of	  Moldova	  
Somalia	  
Tajikistan	  
Zimbabwe	  
(	  

WHO	  High	  MDRTB	  Burden	  countries	  (n=30)	  



Euro:	  %	  No1fied	  Pulmonary	  TB	  cases	  
proven	  to	  have	  MDRTB	  (lab	  tes1ng)	  



MDRTB	  in	  E	  Europe	  

•  9	  of	  30	  of	  world’s	  highest	  MDRTB	  burden	  
countries	  are	  in	  Eastern	  Europe/Central	  Asia:	  

•  In	  2015,	  an	  es1mated	  16%	  of	  people	  newly	  
diagnosed	  TB	  and	  48%	  of	  people	  previously	  
treated	  for	  TB	  had	  mul1-‐drug	  resistant	  TB	  
(MDR-‐TB),	  accoun1ng	  for	  an	  es1mated	  74,000	  
cases.	  	  



WHO	  Target	  Product	  Profiles	  and	  molecular	  
tes1ng	  

WHO	  target	  product	  profiles	  for	  new	  
molecular	  assays	  for	  M.	  tuberculosis	  
require	  more	  than	  90%	  sensi1vity	  and	  95%	  
specificity.	  
	  
(High-‐priority	  target	  product	  profiles	  for	  new	  tuberculosis	  diagnos1cs:	  	  
report	  of	  a	  consensus	  mee1ng.	  Geneva:	  	  World	  Health	  Organiza1on,	  
2014	  (hip://www	  .who	  .int/	  tb/	  publica1ons/	  tpp_report/	  en/	  ))	  	  



New approach: international organisations, 
NGOs, Industry 

•  Global	  need:	  	  about	  ac1ve	  TB,	  not	  latent	  TB	  
•  Molecular	  tests	  endorsed	  by	  WHO:	  
•  Have	  tools	  that	  rapidly	  (within	  1	  day):	  

•  Line	  probe	  assays	  (TB,	  RIF,	  INH	  from	  sputum	  eg	  	  
•  Genotype	  MTBDRplus	  
•  GenXpert	  (TB,	  RIF	  from	  sputum)	  
•  LAMP,	  WGS	  
•  DIAGNOSTIC	  TARGET	  PRODUCT	  PROFILES	  

•  …and	  other	  samples	  
•  …UK	  and	  most	  of	  the	  EU/EEA	  >90%	  MTB	  is	  drug	  
suscep1ble…	  
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UNITAID	  ESTIMATES	  OVER	  50	  COMPANIES	  
MAKING	  NEW	  DIAGNOSTICS	  

UNITAID	  ESTIMATES	  OVER	  50	  
COMPANIES	  MAKING	  
	  NEW	  TB	  DIAGNOSTICS	  



MTB susceptibility testing on LJ  



MDR 

SUSCEPTIBLE 

Glance at plate 
2-3x/week  

for 3-4 weeks 
then discard 

1: Add 2: Transfer 3: Inspect 

Add disinfectant 
to sputum pot & 

wait ~20-60 
minutes 

Detec1on	  
+Rifampicin	  

Use disposable pipette to apply directly 
to selective thin layer agar plate. 

Permanently seal & incubate in air 

Detection Detec1on	  
+Isoniazid	  	  

Detec1on	  
+Quinolone	  

4:	  Confirm-‐	  if	  colour	  change	  occurs,	  magnified	  examinaRon	  of	  sealed	  plate	  for	  cording	  





Different molecular methods 

•  Cobas	  Amplicor	  TB	  Roche-‐	  	  PCR	  16sRNA	  
•  	  MTD	  Gen-‐Probe	  	  TMA	  of	  rRNA	  
•  BD	  ProbeTec	  	  SDA	  	  IS6110,	  16sRNA	  
•  Eiken	  LAMP	  Isothermal	  amplifica1on	  +uv	  fluorescence	  
•  Artus	  Realart	  	  Real	  1me	  PCR	  
•  +DST	  

•  Innolipa	  RifTB	  
•  Hain	  Lifesciences	  MTBDRPlus	  
•  Cepheid	  GeneXpert	  
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 Rapid diagnosis of resistance to RIF and 
INH: molecular line-probe assays 

•  DNA	  extrac1on	  from	  
cultures	  and	  clinical	  
specimens	  (sputum);	  

•  PCR	  amplifica1on	  of	  
fragments	  of	  genes	  
associated	  with	  drug	  
resistance;	  

•  Hybridiza1on	  with	  the	  DNA	  
probes	  on	  membranes;	  

•  Development,	  reading	  and	  
interpreta1on	  of	  results	  





Cepheid  GeneExpert NEJM 

2/3	  samples	  randomly	  processed	  with	  NALC	  and	  
NaOH	  before	  microscopy,	  solid	  and	  liquid	  culture,	  
and	  the	  MTB/RIF	  test,	  and	  one	  specimen	  used	  for	  
direct	  tes1ng	  with	  microscopy	  and	  the	  MTB/RIF	  
test.	  
Among	  culture-‐posi1ve	  pa1ents,	  single,	  direct	  
MTB/RIF	  test	  iden1fied	  551/561	  pa1ents	  with	  
smear-‐posi1ve	  TB	  (98.2%)	  and	  124/171	  with	  
smear-‐nega1ve	  TB	  (72.5%).	  	  
	  
Boehme	  C	  et	  al	  New	  Eng	  J	  Medicine	  1	  Sept	  2010	  
	  



21 

XDR 

Have	  LPA	  for	  diagnosing	  XDRTB	  (aminoglycosides	  
and	  FQs	  from	  cultures	  and	  heavily	  smear	  posi1ve	  

specimens).	  WHO	  recommends	  for	  primary	  
speceimens	  and	  cultures	  now	  

Mul1center	  valida1on	  studies:	  	  
	  



Metanalysis	  Hain	  Sl	  (Feng	  et	  al	  Plos	  One	  2013)	  

•  14	  independent	  studies	  from	  11	  ar1cles	  Among	  these	  14	  
studies,	  3	  tested	  clinical	  specimens,	  rest	  used	  clinical	  
isolates.	  

•  Summarized	  sensi1vity	  was	  0.87,	  0.83,	  0.82,	  0.44,	  and	  
0.68	  for	  FQs,	  amikacin,	  capreomycin,	  kanamycin,	  and	  
ethambutol,	  respec1vely.	  	  

•  Specificity	  was	  0.97,	  1.00,	  0.97,	  0.99,	  and	  0.80,	  
respec1vely.	  	  

•  Concluded	  that	  MTBDRsl	  showed	  good	  accuracy	  for	  
detec1ng	  drug	  resistance	  to	  fluoroquinolones,	  amikacin	  
and	  capreomycin,	  but	  it	  may	  not	  be	  an	  appropriate	  
choice	  for	  kanamycin	  and	  ethambutol.	  
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Single	  Tube	  Point-‐of-‐Care	  	  
MulRdrug-‐Resistant	  Tuberculosis	  Test	  

Single	  Tube	  Point-‐of-‐Care	  	  
MulRdrug-‐Resistant	  Tuberculosis	  Test	  

Single Point-of-care Multidrug Resistant Tuberculosis Test  

Technology	  	  

Fluorescent	   probes	   that	   bind	   to	   specific	   gene	   sequences	   in	   a	   temperature	   dependent	   order.	   The	   shape	   of	   this	  

fluorescence	  response	  is	  characteris1c	  of	  the	  par1cular	  gene	  sequence.	  

Sample	  preparaRon	  

Advanced	  sample	  prepara1on	  chemistries	  based	  on	  Microsens's	  proprietary	  magne1c	  bead	  extrac1on	  technology	  

integrated	  into	  single	  use	  cartridge.	  	  

Instrument	  

The	   Enigma®	   MiniLab	   is	   designed	   for	   direct	   processing	   of	   clinical	   samples	   operated	   by	   non-‐laboratory	   trained	  

personnel	  in	  a	  range	  of	  resource	  poor	  clinical	  sewngs	  including	  field	  hospitals,	  local	  clinics	  and	  outreach/screening	  

centres.	  

Introduction and Purpose 



UNITAID-‐Biomarkers	  

•  Lot	  interest	  for	  POC	  tests	  but	  s1ll	  challenges	  
to	  success	  

•  Alere	  LAM-‐very	  limited	  use	  in	  severe	  HIV	  pos,	  
low	  CD4	  count,	  	  

•  Vola1le	  component	  tests	  progressing	  but	  
limited	  evalua1ons	  of	  performance	  





For	  low,	  middle	  and	  high	  income	  countries	  
For	  low,	  middle	  and	  high	  TB	  prevalence	  countries	  
For	  low,	  middle	  and	  high	  MDRTB	  prevalence	  countries	  
	  



Key	  message	  
The	  emphasis	  is	  on	  the	  ra1onal	  use	  of	  rapid	  tests	  from	  pa1ent	  
specimens,	  as	  close	  to	  the	  pa1ent	  as	  technically	  possible,	  
Rapid	  molecular	  diagnosis	  as	  an	  ini1al	  method	  for	  all	  cases	  
with	  clinical	  suspicion	  of	  TB,	  to	  be	  applied	  in	  all	  countries	  of	  
the	  Region.	  One	  specimen,	  second	  for	  culture.	  
With	  high	  MDR-‐TB	  rates	  being	  present	  in	  Eastern	  Europe,	  
every	  presump1ve	  TB	  case	  could	  also	  be	  an	  MDR-‐TB	  case	  
	  most	  appropriate	  therapeu1c	  and	  infec1on	  control	  strategies	  
can	  be	  ins1tuted	  
	  GenXpert,	  LPA,	  (LAMP)	  ..	  
Less	  exclusion	  re	  labs	  doing	  PCR	  and	  insistence	  on	  NRL	  and	  
regional	  tests	  
Role	  for	  culture	  and	  phenotypic	  DST	  (and	  limited	  microscopy)	  



Pharmacokine1cs/Pharmacodyamics	  (Pk/Pd)	  
•  Underpinning	  some	  of	  the	  WHO	  treatment	  changes	  
•  PK	  describes	  the	  behaviour	  of	  a	  drug	  in	  a	  body.	  	  	  Drug	  is	  absorbed	  

(A)	  into	  systemic	  circula1on,	  distributed	  (D)	  throughout	  body	  
including	  1ssues	  and	  site	  of	  infec1on;	  	  metabolised	  (m)	  usually	  in	  
the	  liver	  and	  excreted	  (E)	  by	  the	  	  kidneys	  into	  the	  urine.	  	  
Parameters	  form	  the	  PK	  model	  

•  PD	  describes	  the	  pharmacological	  effect	  ie	  efficacy	  of	  drug	  	  on	  
pathogen	  	  and	  on	  pa1ent	  as	  toxicity.	  Desire	  the	  max	  effect	  (Emax)	  

•  Correla1on	  of	  drug	  concentra1on	  and	  	  efficacy:	  (1)	  area	  under	  
curve	  related	  to	  MIC	  	  (AUC/MIC)	  (2)	  max	  concentra1on	  during	  
dosing	  interval	  in	  rela1on	  to	  MIC	  (Cmax/MIC)	  (3)	  1me	  
concentra1on	  exceeds	  MIC	  during	  the	  dosing	  interval	  (%T.MIC)	  

•  Need	  to	  know	  Cri1cal	  Concentra1ons	  for	  any	  an1bio1c	  
•  Hollow	  fiber	  and	  other	  models	  eg	  bioelectrospray	  



3-‐D	  bioelectrospray	  cell	  culture	  
model	  	  

•  ex	  vivo	  model	  
incorpora1ng	  
extracellular	  
matrix	  

•  More	  
“physiological”	  

•  Mul1ple	  uses	  
•  Microfluidics:	  

pharmacokine1c
s,	  drugs	  with	  
specific	  kine1cs	  



•  Isola1on	  of	  PMBCs	  
•  Infec1ng	  with	  MTB	  Lux+	  
• Mixing	  with	  alginate-‐	  
	  	  collagen	  matrix	  	  
•  Bioelectrosta1c	  system	  
•  Bioluminescence	  measurement	  	  

3-‐D	  bioelectrospray	  cell	  culture	  
model	  	  



Modified	  WHO	  MDRTB	  Regimens	  



Modified	  WHO	  MDRTB	  Regimens	  

Emphasis	  on	  oral	  regimens.	  	  Kanamycin	  out.	  	  Streptomycin	  
in,	  	  Greater	  role	  for	  clofazamine,	  cycloserine,	  delamanid,	  

bedaquiline,	  levofloxacin	  equal	  to	  moxifloxacin	  



Star1ng	  point	  

•  WGS	  is	  vital	  for	  research	  
•  WGS	  excellent	  for	  understanding	  phylogeny	  and	  
evolu1on—not	  considered	  further	  

•  WGS	  is	  useful	  for	  	  providing	  data	  to	  set	  policy	  
•  WGS	  is	  useful	  for	  ID	  and	  DST	  



NGS  for  WGS

• No cloning of template DNA into vectors. 
• De novo assembling initially-more complex and expensive 

than re-sequencing 
• Relatively short reads (approx 400bps) sequenced and 

stitched together by complex bioinformatics 
• Genome sequencing of more than 100 pathogen genomes 

within 2 days (but from the culture=time) 
• Most applicable/straightforward where reference genome 

completed and re-sequencing and comparing against this 
template 

 
 

AACCGGTTTGGGCC	  	  	  	  	  	  	  	  	  	  CCGGTTACGTACGTTT	  

AAGGCCGCGCGCGCGC	  AAGGGCGCGCGCGCGGC	  

GGCGCGCGCGCGAAAAAAA	  



Strategies 

•  Early	  diagnosis	  
•  New	  drugs	  
•  New	  drug	  regimens	  ie	  novel	  combina>ons	  
•  Systems	  crea1ng	  MDRTB,	  XDRTB	  need	  fixing	  	  
or	  new	  drugs	  will	  be	  lost	  

•  MDRTB	  is	  endemic	  in	  some	  areas	  	  eg	  25-‐50%	  
of	  cases—strategy	  must	  be	  different	  







Lancet	  Infec1ous	  Diseases	  2015	  

Nature	  Gene1cs	  2014	  







1	  

ID	  London	   RIF	   rpoB	   INH	   katG	   mabA	   PZA	   pncA	   EMB	   embA	   embB	   STR	   rpsL	   rrs	   CAP	   KAN	   rrs	   eis	   MOX	   OFL	   gyrA	  

08-‐14471	   R	   S450L	   R	   S315T	   -‐	   S	   I6L	   S	   -‐	   D354A	   R	   -‐	   517	   S	   R	   -‐	   -‐37	   S	   S	   -‐	  

08-‐14559	   R	   S450L	   R	   S315T	   -‐	   ND	   I6L	   R	   -‐	   D354A	   R	   -‐	   517	   S	   R	   -‐	   -‐37	   S	   S	   -‐	  

08-‐14558	   R	   S450L	   R	   S315T	   -‐	   S	   I6L	   R	   -‐	   D354A	   R	   -‐	   517	   S	   R	   -‐	   -‐37	   S	   S	   -‐	  

08-‐14543	   R	   S450L	   R	   S315T	   -‐	   ND	   I6L	   R	   -‐	   D354A	   R	   -‐	   517	   S	   R	   -‐	   -‐37	   S	   S	   -‐	  

08-‐14304	   R	   S450L	   R	   S315T	   -‐	   ND	   I6L	   R	   -‐	   D354A	   R	   -‐	   517	   S	   R	   -‐	   -‐37	   R	   R	   -‐	  

08-‐14370	   R	   S450L	   R	   S315T	   -‐	   S	   I6L	   R	   -‐	   D354A	   R	   -‐	   517	   S	   R	   -‐	   -‐37	   S	   S	   -‐	  

08-‐14487	   R	   S450L	   R	   S315T	   -‐	   R	   A3E	   R	   -‐	   D354A	   R	   -‐	   517	   S	   R	   -‐	   -‐37	   R	   R	   D94A	  

08-‐14391	   R	   S450L	   R	   S315T	   -‐	   R	   W119R	   R	   -‐	   D354A	   R	   -‐	   517	   S	   R	   -‐	   -‐37	   S	   S	   -‐	  

08-‐14300	   R	   S450L	   R	   S315T	   -‐	   ND	   -‐	   R	   -‐12	   D354A	   R	   -‐	   517	   S	   R	   -‐	   -‐37	   R	   R	   D94N	  

08-‐14546	   R	   S450L	   R	   S315T	   -‐17	   S	   V44G	   R	   -‐	   M306V	   R	   -‐	   517	   S	   S	   -‐	   -‐12	   R	   R	   D94G	  

08-‐14514	   R	   S450L	   R	   S315T	   -‐	   S	   F58L	   R	   -‐	   M306V	   R	   K43R	   517	   S	   S	   -‐	   -‐14	   S	   S	   -‐	  

08-‐14477	   S	   -‐	   S	   -‐	   -‐	   S	   -‐	   S	   -‐	   -‐	   R	   K43R	   -‐	   ND	   ND	   -‐	   -‐	   ND	   ND	   -‐	  

08-‐14357	   S	   -‐	   S	   -‐	   -‐	   ND	   -‐	   S	   -‐	   -‐	   S	   -‐	   -‐	   ND	   ND	   -‐	   -‐	   ND	   ND	   -‐	  

08-‐14569	   S	   -‐	   R	   S315T	   -‐	   ND	   -‐	   S	   -‐	   E504D	   R	   K88M	   -‐	   ND	   ND	   -‐	   -‐	   ND	   ND	   -‐	  

08-‐14443	   S	   -‐	   S	   -‐	   -‐	   S	   -‐	   S	   -‐	   -‐	   S	   -‐	   -‐	   ND	   ND	   -‐	   -‐	   ND	   ND	   -‐	  

08-‐14567	   S	   -‐	   R	   S315T	   -‐	   S	   -‐	   R	   -‐12	   M306V	   R	   K43R	   -‐	   S	   S	   -‐	   -‐	   S	   S	   -‐	  

08-‐14310	   R	   L430P/H445N	   R	   S315T	   -‐15	   ND	   V139A	   R	   -‐	   M306V	   R	   K88R	   -‐	   R	   R	   1401	   -‐	   R	   R	   D94G	  

08-‐14493	   R	   S450L	   R	   S315T	   -‐	   R	   -‐11	   R	   -‐	   M306V	   R	   K43R	   -‐	   R	   R	   -‐	   -‐37	   R	   R	   -‐	  

05-‐08961	   S	   -‐	   S	   -‐	   -‐	   S	   -‐	   S	   -‐	   -‐	   S	   -‐	   -‐	   ND	   ND	   -‐	   -‐	   ND	   ND	   -‐	  

08-‐14358	   S	   -‐	   S	   -‐	   -‐	   ND	   -‐	   S	   -‐	   -‐	   S	   -‐	   -‐	   ND	   ND	   -‐	   -‐	   ND	   ND	   -‐	  

08-‐14329	   R	   S450L	   R	   S315T	   -‐	   ND	   S59P	   R	   -‐	   H1002R	   R	   K43R	   -‐	   S	   R	   1401	   -‐	   S	   S	   -‐	  

08-‐14354	   R	   S450L	   R	   S315T	   -‐	   S	   -‐	   S	   -‐	   -‐	   R	   K88R	   -‐	   R	   S	   -‐	   -‐	   ND	   S	   -‐	  

08-‐14556	   R	   L430P/S431G/
H445Q	   R	   S315T	   -‐	   R	   -‐	   R	   -‐	   M306V	   S	   K43R	   -‐	   S	   R	   -‐	   -‐37	   R	   R	   A90V	  

08-‐14377	   R	   S450L	   R	   S315T	   -‐	   S	   -‐	   R	   -‐	   M306V	   R	   K43R	   -‐	   S	   R	   -‐	   -‐10	   R	   R	   -‐	  

08-‐14521	   R	   S450L	   R	   S315T	   -‐	   R	   V128G	   R	   -‐	   M306V	   R	   K43R	   -‐	   S	   R	   -‐	   -‐	   S	   S	   -‐	  

08-‐14350	   R	   S450L	   R	   S315T	   -‐	   ND	   -‐11	   R	   -‐	   M306V	   R	   K43R	   -‐	   R	   R	   -‐	   -‐10	   R	   R	   D94A	  

08-‐14337	   R	   S450L	   R	   S315T	   -‐	   ND	   -‐	   R	   -‐	   M306V	   R	   K43R	   -‐	   S	   S	   -‐	   -‐10	   S	   S	   -‐	  

08-‐14303	   R	   S450L	   R	   S315T	   -‐	   ND	   -‐11	   R	   -‐	   M306I	   R	   K43R	   -‐	   R	   R	   1401	   -‐	   R	   R	   -‐	  

08-‐14306	   R	   S450L	   R	   S315T	   -‐	   ND	   D136Y	   R	   -‐	   M306I/Q497R	   R	   K43R	   -‐	   R	   R	   -‐	   -‐12	   R	   R	   D94G	  

08-‐00483	   R	   S450L	   R	   S315T	   -‐	   R	   -‐	   R	   -‐	   M306V	   R	   K43R	   -‐	   S	   R	   -‐	   -‐10	   S	   S	   -‐	  

08-‐14361	   R	   S450L	   R	   S315T	   -‐	   S	   T47A	   S	   -‐	   N296H	   R	   K43R	   -‐	   S	   R	   -‐	   -‐10	   R	   R	   -‐	  

08-‐14486	   R	   S450L	   R	   S315T	   -‐	   S	   A102V	   R	   -‐16	   -‐	   R	   K43R	   -‐	   S	   R	   1401	   -‐	   R	   R	   -‐	  

08-‐14365	   S	   -‐	   R	   S315T	   -‐	   S	   -‐	   S	   -‐16	   -‐	   R	   K43R	   -‐	   S	   S	   -‐	   -‐	   S	   S	   -‐	  

05-‐03798	   S	   -‐	   S	   -‐	   -‐	   S	   -‐	   S	   -‐	   -‐	   S	   -‐	   -‐	   ND	   ND	   -‐	   -‐	   ND	   ND	   -‐	  

05-‐10261	   S	   -‐	   S	   -‐	   -‐	   S	   -‐	   S	   -‐	   -‐	   R	   K43R	   -‐	   ND	   ND	   -‐	   -‐	   ND	   ND	   -‐	  

05-‐06899	   R	   D435V	   R	   S315T	   -‐	   R	   -‐11	   R	   -‐	   P404S	   R	   K43R	   -‐	   S	   S	   -‐	   -‐	   S	   S	   -‐	  

05-‐03633	   S	   -‐	   S	   -‐	   -‐	   S	   -‐	   S	   -‐	   -‐	   S	   -‐	   -‐	   ND	   ND	   -‐	   -‐	   ND	   ND	   -‐	  

05-‐12611	   S	   -‐	   S	   -‐	   -‐	   S	   -‐	   S	   -‐	   -‐	   S	   -‐	   -‐	   ND	   ND	   -‐	   -‐	   ND	   ND	   -‐	  

05-‐09310	   S	   -‐	   S	   -‐	   -‐	   S	   -‐	   S	   -‐	   -‐	   S	   -‐	   -‐	   ND	   ND	   -‐	   -‐	   ND	   ND	   -‐	  

05-‐03802	   S	   -‐	   S	   -‐	   -‐	   S	   -‐	   S	   -‐	   -‐	   S	   -‐	   -‐	   ND	   ND	   -‐	   -‐	   ND	   ND	   -‐	  

06-‐01971	   S	   -‐	   S	   -‐	   -‐	   S	   -‐	   S	   -‐	   -‐	   S	   -‐	   -‐	   ND	   ND	   -‐	   -‐	   ND	   ND	   -‐	  

08-‐14389	   R	   S450L	   R	   S315T	   -‐	   R	   T135P	   R	   -‐	   Q497R	   R	   K43R	   -‐	   R	   R	   -‐	   -‐	   R	   R	   D94G	  

Drug resistance phenotypes and genotypes 
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Compensa1on	  

N=10strains+invitro	  

N=1000strains	  



•  2010-‐	  2013,	  WGS	  of	  2099	  MTB	  strains,	  examined	  23	  	  
gene	  muta1ons	  associated	  with	  	  drug-‐resistance	  	  	  
•  predict	  phenotypic	  DST	  result	  for	  a	  valida1on	  set	  of	  1552	  
MTB	  genomes.	  	  

•  predicted	  89·∙2%	  of	  the	  valida1on-‐set	  phenotypes	  with	  a	  
mean	  92·∙3%	  Sensi1vity	  	  and	  98·∙4%	  specificity.	  	  

•  10·∙8%	  of	  valida1on-‐set	  phenotypes	  could	  not	  be	  predicted	  	  
	  	  	  as	  uncharacterised	  muta1ons	  present.	  	  
•  As	  in-‐silico	  comparison,	  	  resistance	  muta1ons	  had	  	  
higher	  sensi1vity	  than	  3	  line-‐probe	  assays	  (85·∙1%	  vs	  81·∙6%).	  	  
	  





Cryp1c	  10	  000	  Genomes	  project	  
(NEJM	  2018)	  

•  10,209	  isolates	  analysed	  by	  WGS.	  	  
•  23	  collec1ons	  16	  countries	  
•  Resistance	  to	  isoniazid,	  rifampicin,	  	  
ethambutol,	  and	  pyrazinamide	  	  
correctly	  predicted	  with	  97.1%,	  97.5%,	  	  
94.6%,	  and	  91.3%	  sensi1vity,	  respec1vely,	  
•  Suscep1bility	  to	  same	  drugs	  correctly	  predicted	  with	  99.0%,	  98.8%,	  

93.6%,	  and	  96.8%	  specificity.	  	  
•  Of	  7516	  isolates	  with	  complete	  phenotypic	  DST	  profiles,	  5865	  

(78.0%)	  had	  complete	  genotypic	  predic1ons,	  among	  which	  5250	  
profiles	  (89.5%)	  were	  correctly	  predicted.	  	  

•  Among	  	  4037	  phenotypic	  profiles	  that	  were	  predicted	  to	  be	  
pansuscep1ble,	  3952	  (97.9%)	  were	  correctly	  predicted.	  



WHO	  Target	  Product	  Profiles	  and	  10000	  
genomes	  

• WHO	  target	  product	  profiles	  for	  new	  molecular	  assays	  for	  M.	  
tuberculosis	  require	  more	  than	  90%	  sensi1vity	  and	  95%	  specificity.	  

(High-‐priority	  target	  product	  profiles	  for	  new	  tuberculosis	  diagnos1cs:	  	  
report	  of	  a	  consensus	  mee1ng.	  Geneva:	  	  World	  Health	  Organiza1on,	  
2014	  (hip://www	  .who	  .int/	  tb/	  publica1ons/	  tpp_report/	  en/	  ))	  	  
• Overall,	  both	  these	  targets	  were	  met	  for	  all	  drugs	  with	  the	  excep1on	  
of	  specificity	  for	  ethambutol	  (93.6%)-‐-‐phenotyping	  is	  an	  imperfect	  
standard,	  par1cularly	  for	  isolates	  with	  embB	  muta1ons.	  



Mioio	  et	  al	  ERJ	  2017	  



Several	  systema1c	  reviews	  have	  looked	  at	  drug	  
suscep1bility	  tes1ng	  by	  WGS	  and	  molecular	  

epidemiology/transmission	  by	  WGS.	  
	  



Using	  WGS	  to	  define	  resistance	  genes	  
(Italy-‐LZD-‐Courtesy	  D	  Cirillo)	  



How	  good	  are	  any	  tests:	  Mislabelling	  
(10000	  genomes	  study	  NEJM	  2018)	  

Mislabeling	  of	  laboratory	  samples	  contributed	  to	  
discrepant	  results.	  	  
Possibility	  was	  assessed	  for	  each	  collec1on	  on	  the	  
basis	  of	  the	  propor1on	  of	  isolates	  that	  were	  excluded	  
because	  of	  katG	  S315T	  or	  rpoB	  S450L	  muta1ons	  
being	  classified	  as	  SENSITIVE	  rather	  than	  RESISTANT,	  
the	  discrepancy	  rate	  within	  the	  collec1on,	  and	  the	  
prevalence	  of	  an1microbial	  resistance.	  
	  Overall,	  approximately	  43%	  of	  discrepancies	  for	  
isoniazid	  and	  12%	  of	  discrepancies	  for	  rifampicin	  
were	  thereby	  judged	  to	  be	  aiributable	  to	  
mislabeling.	  



WGS	  from	  sputum	  (Doughty	  et	  al	  2015)	  

•  Proof-‐of-‐concept	  study	  in	  2015	  
•  2015,	  Doughty	  et	  al.	  extracted	  M.	  tuberculosis	  
•  DNA	  directly	  from	  clinical	  samples	  
•  Sequenced	  it	  with	  Illumina	  MiSeq	  	  
•  However,	  while	  TB	  could	  be	  diagnosed,	  the	  
DNA	  obtained	  was	  insufficient	  for	  DST	  
because	  of	  contamina1on	  with	  human	  DNA	  	  



WGS from sputum directly  
(Brown	  et	  al	  JCM	  2015)	  

•  WGS	  data	  on	  resistance	  muta1ons	  and	  strain	  typing	  for	  
transmission,	  but	  previously	  only	  from	  cultured	  M.	  tb.	  	  

•  U1lising	  bio1nylated	  RNA	  baits,	  designed	  for	  MTB	  DNA	  
to	  capture	  full	  genomes	  directly	  from	  sputum	  samples,	  
allowing	  WGS.	  	  

•  24	  smear-‐posi1ve	  sputum	  samples,	  	  from	  UK	  and	  
Lithuania	  with	  matched	  culture	  sample	  

•  TB	  sequencing	  data	  obtained	  directly	  from	  all	  24	  sputa:	  
20	  were	  high	  quality	  (>20x	  depth	  and	  >98%	  	  genome	  
covered).	  	  

•  Turnaround	  1me	  about	  50	  hours	  



WGS	  from	  sputum	  (Vo1ntseva	  et	  al	  2017)	  
•  Extract	  DNA	  from	  sputum	  without	  enrichment.	  	  
•  Sequencing	  using	  MiSeq	  sequencing	  
•  Turnaround	  1me	  44	  hours	  
•  Cheaper	  than	  Brown	  et	  al	  –(£100	  vs	  203	  )	  
•  95%	  were	  iden1fied	  as	  M.	  tuberculosis	  
•  overall	  quality	  metrics	  were	  lower	  than	  in	  Brown	  
et	  al	  2015	  

•  depth	  of	  coverage	  of	  12	  x	  	  with	  90%	  genome	  
coverage	  for	  21/37	  (57%)	  of	  the	  smear-‐posi1ve,	  
culture-‐posi1ve	  samples.	  



Courtesy	  P	  Supply	  



Courtesy	  of	  P	  Supply	  



Conclusion-WGS and Diagnostics 3 

•  No	  EQA	  for	  NGS;	  lot	  operator	  sewngs	  for	  
analysis	  	  ie	  “home-‐brew”	  system	  

•  Replace	  bioinfoma1cs	  ie	  completely	  
automated	  process	  

•  Need	  improvements	  for	  low	  DNA	  conc	  in	  
clinical	  specimens—star1ng	  to	  happen	  

•  Databases/storage	  handling	  solu1ons	  
•  20-‐40%	  of	  treated	  TB	  cases	  have	  no	  culture	  or	  
any	  laboratory	  result	  



Sputum	  
No	  rifampicin	  
or	  isoniazid	  
resistance	  

Treat	  6	  month	  
standard	  
regime	  

	  rifampicin	  or	  
isoniazid	  
resistance	  

	  WGS	  or	  
targe\ed	  Culture	  	  

Results	  to	  
clinician	  

Phenotypic	  
DST	  Culture	  

MDRTB	  
Treat	  

UK	  



Sputum	  
•  Xpert,	  Line	  probe	  
assays	  

No	  rifampicin	  
or	  isoniazid	  
resistance	  

Treat	  6	  month	  
standard	  
regime	  

WGS	  or	  
targe\ed	  	  Culture	  	  Rifampicin	  

resistance	  

Results	  to	  
clinician	  

Phenotypic	  
DST	  Culture	  

MDRTB	  
Treat	  

GLOBAL	  



But…UNITAID-‐2015	  
•  So	  most	  high	  burdens	  are	  s1ll	  
using	  microscopy	  for	  diagnosis:	  
22	  HBC=77.6	  m	  sputum	  smears=
$137m	  cost=performed	  43,000	  
centers	  

•  POC	  or	  “big	  lab”	  
•  Need	  for	  “big	  lab”	  reduced	  as	  cat	  
3	  reduced	  	  

•  NGS	  requires	  “big	  lab”	  due	  to	  
infrastructure	  



Audience:	  	  “Health	  economics”	  

•  Test	  with	  100%	  sensi1vity,	  100%	  specificity	  
•  Excellent	  pa1ent	  trial,	  10,	  000	  TB	  suspects,	  
pa1ent	  sputum;	  “perfect	  test”	  

•  TB	  is	  a	  significant	  problem	  in	  your	  country	  

•  What	  are	  you	  going	  to	  recommend	  about	  
introducing	  it	  to	  your	  Minister/WHO?	  

•  What	  else	  would	  you	  like	  to	  know?	  



Audience:	  	  “Health	  economics”	  

•  Test	  with	  100%	  sensi1vity,	  100%	  specificity	  
•  Excellent	  pa1ent	  trial,	  10,	  000	  TB	  suspects,	  
pa1ent	  sputum;“perfect	  test”	  

•  TB	  is	  a	  significant	  problem	  in	  your	  country	  

•  Costs	  $100,000	  per	  test	  



Audience:	  	  “Health	  economics”	  

•  Test	  with	  100%	  sensi1vity,	  100%	  specificity	  
•  Excellent	  pa1ent	  trial,	  10,	  000	  TB	  suspects,	  
pa1ent	  sputum;“perfect	  test”	  

•  TB	  is	  a	  significant	  problem	  in	  your	  country	  

•  Costs	  $10	  per	  test	  



Audience:	  	  “Health	  economics”	  

•  Test	  with	  100%	  sensi1vity,	  100%	  specificity	  
•  Excellent	  pa1ent	  trial,	  10,	  000	  TB	  suspects,	  
pa1ent	  sputum;	  “perfect	  test”	  

•  TB	  is	  a	  significant	  problem	  in	  your	  country	  

•  Costs	  $50	  per	  test	  



Cost-‐effec1veness	  of	  Xpert	  (Choi	  et	  al	  2013)	  

•  What	  is	  the	  the	  cost-‐effec1veness	  of	  
implemen1ng	  Xpert	  in	  low	  TB	  prevalence	  
countries	  eg	  USA?	  

•  Evaluated	  the	  cost-‐effec1veness	  of	  incorpora1ng	  
Xpert	  into	  TB	  diagnos1c	  algorithms	  in	  the	  USA	  
compared	  to	  exis1ng	  diagnos1cs.	  

•  A	  decision-‐analysis	  model	  compared	  current	  TB	  
diagnos1c	  algorithms	  in	  the	  United	  States	  to	  
algorithms	  incorpora1ng	  Xpert.	  	  



Choi	  et	  al	  2013	  



Cost-‐effec1veness	  of	  Xpert	  (Choi	  et	  al	  2013)	  
•  Despite	  exis1ng	  mycobacterial	  culture	  as	  the	  reference	  in	  USA	  

diagnos1c	  algorithms,	  adding	  Xpert	  leads	  to	  a	  gain	  in	  QALYs	  
•  QALYS	  in	  pa1ents	  a	  result	  of	  more	  rapid	  diagnosis	  and	  treatment	  

of	  ac1ve	  TB,	  and	  less	  unnecessary	  treatment	  in	  cases	  of	  false-‐
posi1ve	  smear	  microscopy	  

•  TB	  diagnos1c	  algorithms	  incorpora1ng	  Xpert	  in	  the	  United	  States	  
are	  highly	  cost-‐effec1ve	  and	  based	  on	  real	  not	  discounted	  cost	  

•  Laboratory	  costs	  increase	  by	  over	  60%	  per	  pa1ent	  compared	  to	  
no	  molecular	  tes1ng.	  	  

•  But	  Xpert	  into	  diagnos1c	  algorithms	  in	  the	  USA	  would	  be	  cost-‐
saving	  from	  a	  health	  systems	  perspec1ve	  



Cost	  per	  pa1ent	  for	  
drug-‐suscep1ble	  TB	  
in2014	  ranged	  from	  
US$	  100−500	  in	  
most	  countries	  with	  
high	  burden	  of	  TB.	  	  
Cost	  per	  pa1ent	  	  for	  
MDRTB	  was	  
typically	  US$	  5000	  
−10000	  
	  
(WHO	  Global	  TB	  Report	  2015)	  
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