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Huang Di Nei Jing  

The Yellow Emperor’s inner cannon,  

the first written medical text in China 

 around 2700 BC  

described as Xulao Bing  

– weak consumptive disease 



Aristotle	
  (384-­‐322	
  BC)	
  –	
  “He	
  who	
  comes	
  into	
  
contact	
  with	
  the	
  [ph#sis]	
  sufferer	
  inhales	
  his	
  
corrupted	
  breath	
  and	
  so	
  himself	
  becomes	
  ill”	
  
	
  
Delphi	
  Classics,	
  2013	
  



TB	
  has	
  been	
  with	
  us	
  for	
  a	
  very	
  long	
  Kme	
  



Robert	
  Koch	
  (1843-­‐1910)	
  –	
  “one	
  seventh	
  
of	
  all	
  human	
  beings	
  die	
  of	
  tuberculosis”	
  
	
  
Nobel	
  Lecture,	
  1905	
  



Most	
  of	
  the	
  Decline	
  in	
  Tuberculosis	
  Mortality	
  in	
  the	
  England	
  and	
  Wales	
  
Occurred	
  Before	
  An=bio=cs	
  were	
  Discovered	
  



Post-­‐industrializaKon	
  decline	
  in	
  TB	
  
(England	
  and	
  Wales)	
  

TB mortality 

TB incidence 

-3%/year 

Chemotherapy 



Worsening	
  of	
  the	
  TB	
  epidemic	
  during	
  the	
  	
  
industrial	
  revoluKon	
  in	
  Japan	
  

+5.5%/year 

TB mortality 
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Chemotherapy 
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Global	
  TB	
  infecKon	
  and	
  disease,	
  2015	
  

Suscep=ble	
  

Infected	
  

TB	
  disease	
  

23% 

77% of the  
world population 

<0.2% 

Plos	
  Med	
  2016;DOI:10.1371	
  

LifeKme	
  risk	
  	
  
5-­‐	
  15%	
  
Am	
  J	
  Epidemiol	
  2000,152,3	
  



The	
  risk	
  of	
  TB	
  disease	
  is	
  not	
  the	
  same	
  for	
  everyone	
  

^Lancet 2010;375(9728):1814-29;    HIV: WHO Global TB Report 2018 

Risk	
  factor	
   Rela=ve	
  
risk^	
  

Exposed	
  	
  	
  
(million	
  in	
  2017)	
  

AMributable	
  TB	
  cases	
  
(2017)	
  

Under-­‐nutri=on	
   3	
   734	
   1,900,000	
  

HIV	
  infec=on	
   20	
   36	
   880,000	
  

CigareMe	
  smoking	
   2	
   1,047	
   830,000	
  

Diabetes	
   3	
   460	
   790,000	
  

Alcohol	
  abuse	
   3	
   407	
   490,000	
  



TB	
  incidence	
  rate	
  worldwide	
  (2017)	
  
10	
  million	
  new	
  TB	
  cases,	
  1.4%	
  M.	
  bovis	
  



Distribution of TB Cases by Region 



Global Distribution of estimated incident cases (black lines) 
Shaded portions are the number of cases officially reported to the WHO in 2016 

Blue (men) and Red (women) 

Age Distribution of TB Patients - 2016 



TB	
  is	
  associated	
  with	
  poverty	
  



The	
  risk	
  of	
  TB	
  is	
  greater	
  in	
  malnourished	
  people	
  



Exposure	
  to	
  SO2	
  increases	
  risk	
  of	
  TB	
  
(Korean	
  J	
  Intern	
  Med	
  2014;	
  29:	
  183–90.)	
  





Impact	
  of	
  the	
  HIV	
  epidemic	
  on	
  TB	
  

Case notification rate 

Incidence rate 

7-year lag time 



0.92 million HIV+ TB cases in 2017 
9% of TB cases 



0.92	
  million	
  new	
  TB	
  cases	
  HIV+	
  	
  
36.9	
  million	
  HIV+	
  people	
  
Incidence	
  of	
  TB	
  =	
  0.92/36.9	
  =	
  2.5%	
  person-­‐yr	
  
	
  
	
   	
   	
   	
  	
  
9.1	
  million	
  new	
  TB	
  cases	
  HIV-­‐	
  	
  
7.49	
  billion	
  HIV-­‐	
  people	
  
Incidence	
  of	
  TB	
  =	
  9.1/7.49/10	
  =	
  0.12%	
  person-­‐yr	
  
	
  

Global	
  TB	
  and	
  HIV,	
  2017	
  

TB incidence rate ratio = 2.5 / 0.12 = 20.4 



TB	
  mortality	
  (2017)	
  

HIV-­‐	
   HIV+	
  

Incident	
  cases	
   9.1m	
   0.92m	
  

TB	
  deaths	
   1.27m	
   0.3m	
  

Case	
  Fatality	
  
Ra=o	
  (CFR)	
  

1.27	
  /	
  9.1	
  =	
  14%	
   0.3	
  /	
  0.92	
  =	
  33%	
  



Estimates of the TB case fatality ratio, including HIV-negative and HIV-positive patients, 2016 



Top causes of death, 2016 

In grey: TB/HIV deaths 

TB and HIV Mortality, 2017 

TB	
  first	
  cause	
  of	
  death	
  among	
  infecKous	
  diseases	
  

Funding and Research 
HIV >>> TB 



TB	
  incidence	
  rate	
  declining	
  2%/year	
  
	
  

Why	
  is	
  the	
  decline	
  so	
  slow?	
  	
  

1.  Global	
  aging,	
  large	
  infecKon	
  pool	
  (1.7	
  billion	
  people)	
  
2.  Rise	
  of	
  diabetes,	
  polluKon,	
  crowding,	
  urban	
  populaKon	
  in	
  

slums,	
  poverty	
  
3.  Low	
  case	
  detecKon	
  and	
  cure,	
  drug	
  resistance,	
  HIV	
  



Global	
  trends	
  in	
  TB	
  burden	
  
1.6 million TB deaths (2017) 10 million new cases (2017) 



6.4	
  million	
  noKfied/treated	
  cases,	
  but	
  
10	
  million	
  incident	
  cases	
  esKmated	
  



Slow	
  death	
  of	
  the	
  TB	
  epidemic	
  
in	
  Japan	
  

1 case per 100,000 children 
transmission nearly stopped 

1 case per 1000 elderly people 
= 100/100,000 

2 orders of 
magnitude 

The Large Reservoir of Latent TB 



Worsening	
  of	
  the	
  TB	
  epidemic	
  during	
  the	
  	
  
industrial	
  revoluKon	
  in	
  Japan	
  

+5.5%/year 

TB mortality 

TB incidence 

Chemotherapy 



High prevalence of 
infection in nearly 

all age groups 

High prevalence 
of infection in 30+ 

year old 

High incidence of 
disease in  

60+ year old 

Demographic	
  transiKon	
  in	
  Japan	
  



MDR/RR-TB: 558,000 new 
cases per year (82% MDR) 
 
 
8.5% of people reported with 
MDR/RR-TB have XDR-TB 

TB	
  drug	
  resistance	
  (2017)	
  



RR-­‐TB	
  in	
  new	
  cases	
  
(2017)	
  

	
  
3.5	
  (2.5	
  -­‐	
  4.7)%	
  

	
  

RR-­‐TB	
  in	
  retreatment	
  
cases	
  (2017)	
  

	
  
18	
  (6.3	
  -­‐	
  34)%	
  	
  

	
  



RR-­‐TB	
  care	
  cascade	
  

55%	
  cured	
  

87%	
  treated	
  

29%	
  detected	
  and	
  reported	
  

Incident	
  RR-­‐TB	
  	
  



TB/HIV: Anti-retroviral coverage gap 

Estimated HIV+ incident TB cases        

Notified HIV+ TB patients                        

HIV+TB patients on ART                



Principles	
  of	
  TB	
  control	
  

Suscep=ble	
  

Infected	
  

TB	
  disease	
  
Isolation,  

infection control 

Detect, treat and cure 

Prophylactic treatment, 
Post-exposure vaccine, 
Action on determinants 

BCG (limited efficacy) 



Ending	
  the	
  global	
  TB	
  epidemic	
  

Business as usual 

Universal access 
to care 

Post-exposure vaccine 
± safe PT 

"End the global TB epidemic" 


