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Tuberculosis: Drug Resistance & Global Health 



Overview of talk 

Outline of definitions 

 

Global distribution of disease burden 

 

Brief case presentation and discussion 

 

Tools to control MDR-TB 

 

 



Key messages 

Tuberculosis is heterogenous – there are very different 

epidemiological settings with different challenges  

 

MDR emerging in both HIV negative and HIV positive 

populations (probably increased in HIV positive populations) 

 

Diagnostics are improving but still limited by costs and need 

for lab infrastructure 

 

Treatment availability slowing expanding 

 

XDR remains an increasing challenge 

 

 

 

 



Tuberculosis 

The disease The organism: MTB 

Infection with MTB  



Some basics 

First line medications 

 

  Rifampicin  (R) 

  Isoniazid  (H) 

  Pyrazinamide (Z) 

  Ethambutol  (E) 

 

 

MDR-TB 



Some basics 

First line medications 

 

Rifampicin  (R) 

Isoniazid  (H) 

Pyrazinamide  (Z) 

Ethambutol  (E) 

 

 

MDR-TB+ 

Second line medications 

 

Quinolones 

Injectables (kana, ami) 

Ethionamide/Prothionamide 

Cycloserine 

PAS 

Linezolid 

Clofazamine 

 

 

 

 

XDR-TB 



2008  Best estimates 

9.4 million cases incident TB  

11.1 million cases prevalent TB 

 

1.8 million TB deaths 

 1.3 million without HIV 

 0.52 million with HIV 

 

Approximately 61% cases notified and on treatment  

87% successfully completed treatment 

 

Global budget for TB control $4.1bn 

 



Incidence of All New TB (WHO, 2008) 

TB incidence increasing 1.8% pa 



Proportion of TB with drug resistance 

Median Prevalence MDR approx 5% 

 

Median Prevalence of resistance to any drug 11.1% 

(IQR 7.0- 22.3) 

 



Proportion of new TB cases with any drug resistance 1994-2007 (WHO, 2008) 



Proportion of new TB cases with any MDR-TB 1994-2007 (WHO, 2008) 



MDR is predicted to become more common: notifications 

WHO (2009)  



And will (probably) continue to increase 

WHO (2009)  



XDR-TB 

Prevalence of XDR amongst MDR (WHO 2009) 



 



A Need for Better Information: Accredited Labs 



A Need for Better Information: Surveillance  



Regions of difference 

 

Global figures have limited applicability to 

interventions 

 

  

 - Different challenges in different regions 

 - Different tools in different regions 

 - Political and economic setting crucial 



No.cases  

TB 

% 

MDR 

Est total 

MDR 

Russia 150,898 13% 19,616 

India 

 

1,982,628 3% 59,478 

South 

Africa 

476,732 4% 19,069 

Three case examples 



M/XDR-TB in Eastern Europe  



Keshavjee, Lancet 08 

Case Study: Tomsk, Russia 

2000-2004 

636 patients  



Keshavjee, Lancet 08 

Tomsk, Russia 



Outcomes in Tomsk 

Favourable 

 Completion 

 Cure  (completion with micro support) 

    

Unfavourable 

 Default 

 Failure 

 Death 

 

Time to culture conversion 

   

Time from treatment to date of first of two consecutive 

negative cultures 

    



Outcomes in Tomsk 



Baseline resistance to 1st and 2nd line agents in M/XDR isolates 



2nd line drugs are toxic and adverse events common 



MDR-TB in South East Asia 









India 

Low HIV prevalence 

 

Very high rates of TB notification 

 

MDR prevalence relatively low 

 

Very active private sector, probably contributing to 

 resistance burden 

 



M/XDR-TB in Sub-Saharan Africa 



HIV 



A recap 

Incidence of New TB (WHO, 2008) 









Tugela Ferry Experience 

Extensive outbreak of XDR-TB almost exclusively in 

HIV positive individuals, a lot of HCWs 

 

Came to light through an evaluation programme to 

integrate HIV/TB programmes 

 

Brought international attention to problem of XDR-TB 

 

 



The bigger problem is MDR/HIV in South Africa  

Tugela 

Ferry 

KwaZulu 

Natal 

South 

Africa 

  MDR 269 4,701 17,615 

  XDR 350   656 

 

    996 

 

Total 619 5,357 28,611 

Courtesy Gerry Friedland 

2005-2007 



Despite the apparent data, still great 

deficiencies in current surveillance systems 

  



Part 2 

 



Case presentation 

 



Case presentation 

Presents with 1/12 of cough, weight loss, SOBOE 

 

Oral thrush 

 

Previous shingles scar 

 

4cm R supraclavicular LN 

 

 



Case presentation 

HIV positive,  CD4 0 

Lymph node aspirate AFB +++ 

 

Culture sent 

 

Standard TB treatment started (RHZE) 



Molecular testing consistent with MDR-TB 

 

 

 

*D516V, H526Y, H26D, S531L  

 

D516G, L533P, I1106T [KZN] 



Case presentation 

2nd line TB drugs added 

HIV treatment added 

Further deterioration (26/9/8) 

Needed negative pressure ventilated room 

SMH nearest available – accepted for transfer 

 

 



Case presentation 



Case presentation 



A stormy course 

-Hepatitis  

- TB Rx changed (Cycloserine replacing Pyr, Mox, Etham) 

- HAART changed (Efavirenz to Kaletra) 

- levoflox and prothionamide introduced 

 

-Pleural effusion (likely IRIS) 

-  Chest drain, subsequently removed 

 

-Confusion (from cycloserine) 

 

-Slowly weaned and tracheostomy inserted, woken and began  

to communicate  

 

 

 



Further history 

-Letter board  

 

-Church of Scotland Hospital, Tugela Ferry until 2002 

 

 

 

 

 

http://upload.wikimedia.org/wikipedia/commons/b/b6/Map_of_South_Africa_with_KwaZulu-Natal_highlighted.svg


Drugs 

 

 

 

Date Treatment Started Stopped Event 

16/9 R.H,Z,E R,H,Z,E TB diagnosis 

24/9 R,H,Z,E,Lfx,

Am 

Lfx,Am INNO-

LIPA.rif 

26/9 Z,E,Cm,Mfx,

Pto 

Cm,Mfx,Pto R,H,Lfx,Am ITU  

EFV/FTC/TV

F 

2/10 E,Cm,Cs Cs Z,Mfx,Pto Hepatitis 

EFV>Kaletra 

10/10 E,Cm,Cs,Lfx,

Pto 

Pto LFT’s normal 

15/10 Cm,Cs,Lfx,P

AS 

PAS E,Pto H,E,Pto 

resistance 

18/10 Cm,Cs,Lfx,L

zd 

Lzd PAS Unable to 

pass PAS 

down NGT 

2/11 Cm,Cs,Mfx Mfx Lfx,Lzd Lfx>Mfx 

Pancytopenic 

12/11 Mfx,PAS,Lzd PAS,Lzd Cm,Cs ARF/conf 

TVF stopped 



Progress 

- Discharged to the ward 

 

- Much improved – planning transfer to Bristol 

 

- However ….. 

 

- Began to deteriorate  

- Sepsis 

- Readmitted to ITU 

- Died soon after, likely of fungal septicaemia 

 

 



Molecular evidence that infection acquired in Tugela Ferry 

Cooke et al EID 2011 



Molecular evidence that infection acquired in Tugela Ferry 

Cooke et al EID 2011 



How could we have prevented this death? 



How could we have prevented this death? 

- Better medical management in UK? 

 

- Better occupational health in UK? 

 

- Improved implementation of HIV testing policies? 

 

- Improved screening programmes for migrants? 

 

- Improved infection control in SA hospitals? 

 

- Improved public health control in SSA? 

 

- Biomedical advances in vaccine and treatment? 

 

- Better diagnostics? 

 

- Greater advocacy and activism around above issues? 

 

 



Part 3 



Some new developments 

New Vaccines 

New Diagnostics 

New Treatment Strategies 

New Treatments 

New Political will 



Some new developments 

New Vaccines 

New Diagnostics 

New Treatment Strategies 

New Treatments 

New Political will 



New Diagnostics 



Some models predict the impact of an ideal new diagnostic for 

TB could prevent 625,000 deaths annually and have a greater 

impact on ID than any other single intervention 

 

Similar impact to new vaccine or shortened course of TB 

therapy 



Molecular diagnostics 

Rif.INNO.LiPa MDR Genotyper Plus 



New molecular diagnostics 

Current interest in applicability of new  

Molecular technologies to bring diagnosis 

closer to point of care 

Substantial increase in sensitivity within smear negative  

(Boehme, NEJM 2010) 



New molecular diagnostics 

Current interest in applicability of new  
Molecular technologies to bring diagnosis closer to point of care 
 
Substantial increase in sensitivity within smear negative  (Boehme, 
NEJM 2010) 
 

Source : Cepheid 



New molecular diagnostics 

Source: Cepheid 





EXPAND-TB  Initiative for laboratory infrastructure 



New Drugs 



Drug Pipeline 

 

Young JCI 08 



Drug Development  

 

TMC 207 

 

Imipenem / clavulanic acid 



Phase 2 Trial of TMC207 (Diacon,09) 

 
8 week, multi-centre, placebo controlled trial 

 

1 week lead in (TB treatment stopped) 

 

Stratified by centre and extent of lung disease 

 

Arm 1: TMC207 400mg od weeks 1 and 2, then 200mg 3/week 

Arm 2: Placebo 

 

Preferred background: kanamycin, ofloxacin, ethionamide,  

pyrazinamide and cycloserine or terizidone modified by DST 

 



Phase 2 Trial of TMC207 (Diacon,09) 

 



New Treatment Strategies 



Kgv.jpg
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MDR Treatment Initiations Hlabisa 2001-8 

Source: Heller et al (2010) 

 



Decentralised MDR programme 

Patient characteristic 
Jan 2001 – Mar 2008 

(n=77) 
Mar 2008 – Dec 2008 

(n=57) 

Age (mean, yrs) - 36.7 

Female (%) 56% 53% 

Weight (mean, kg) 51kg 51kg 

BMI (mean, kg/m2) 19.4 19.0 

Positive 41.7% 81.8% 

Negative 23.6% 16.4% HIV status 

Unknown 34.7% 1.8% 

<50 cells/mm3 - 11.1% 

<200 
cells/mm3 

- 55.6% CD4 count  

<350 
cells/mm3 

- 83.3% 

RH 15 (19.5%) 21 (36.8%) 

RHE 6 (7.8%) 1 (1.8%) 

RHS 26 (33.8%) 31 (54.4%) 

RHES 10 (13.0%) - 

XDR - 1 (1.8%) 

Other 4 (5.2%)* 3 (5.3%)# 

 
Resistance 
pattern 

Missing 16 (20.8%) - 

 



Decentralised MDR programme 

Source: Heller et al (in press) 



Barriers to eliminating MDR-TB 

Financing control and care 

Improve financing systems to reduce costs 

Improve integration with other services to implement best practice 

Improve case detection and treatment 

Improve TB diagnostics 

Strengthen lab support for diagnosis 

Restrict availability of TB drugs 

Give priority to infection control, particularly in healthcare settings 

Improve surveillance systems 

Strengthen global health workforce 

 

 

 

 
 
 

Source Nathanson et al NEJM (2010) 



Renewing Political Will  

High level political meeting in Beijing (2009) 

  - WHO, BMGF and Chinese government 

  - Resolution 62.15 at WHA 2009 

  - 20/29 of the highest burden countries were 
 beginning to implement new national 
 guidelines as a result 

 

 

 
 
 

Source Nathanson et al NEJM (2010) 



Conclusions 

Tuberculosis is heterogenous – there are very different 

epidemiological settings  

 

MDR emerging in both HIV negative and HIV positive 

populations (probably increased in HIV positive populations) 

 

Diagnostics are improving but availability still limited by costs 

 

Treatment availability slowing expanding 

 

XDR remains an increasing challenge 

 

Tackling the epidemic will require new tools, more money and 

political motivation 

 

 

 



Need a break?  



Thank you  

 


