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• Served for a time on Oxford Immunotec advisoryServed for a time on Oxford Immunotec advisory 
board > 3 years ago

• Support from Cellestis for participation in Dubrovnik 

IGRA meeting, 3 yrs ago, and for this meeting. 



Focus
• Impact of the force of transmission on testing 

and treatment of LTBIand treatment of LTBI
– Nardell & Churchyard. What is thwarting 

tuberculosis control in high-burden settings?  
NEJM 2011; 365:79-81. 

• Commentary on articles by Madhi, et. al., and Martinson, 
et. al.

Will t b di i t t f• Will not be discussing test performance, 
implementation, or cost issues in resource-
limited vs. resource-rich settings. 

Madhi, et. al. 
NEJM 2011; 365:21-31 

• Methods: 548 HIV-infected and 804 –uninfected 
South African infants were randomized at 91-120 
days of age to daily isoniazid (10-20mg/kg/day) or 
matching placebo for 96 weeks. 

– All patients received BCG within 30 days of birth. Infants also received oral 
cotrimoxazole per WHO guidelines and HIV-infected children had access to 
antiretroviral therapy. 

• The primary outcome measures:
– TB disease and death in HIV-infected children; ;
– TB infection, TB disease and death in HIV-uninfected 

children 
• Within 96-108 weeks post-randomization



Results (Madhi, et. al.)
• Antiretroviral therapy  initiated on 98.9% of HIV-infected 

children  
• Among HIV-infected children, protocol-defined TB or 

d th d i 52 (19 0%) i th INH d 53death occurred in 52 (19.0%) in the INH group and 53 
(19.3%) in the placebo group (P=0.93). 

• Among HIV-uninfected children, there was no difference in 
the incidence of TB-infection free survival between the 
INH (n=39; 10%) and placebo (n=45; 11%; p=0.44) 
groups. 

• The burden of tuberculosis was 121 (95% CI 95-153) perThe burden of tuberculosis was 121 (95% CI 95 153) per 
1000 child-years in HIV-infected children compared to 41 
(95% CI: 31-52) per 1000 child-years in HIV-uninfected 
children. There was no difference in clinical or severe 
laboratory toxicities by treatment groups

Conclusions (Madhi, et. al.): 

• Primary INH prophylaxis was not efficacious inPrimary INH prophylaxis was not efficacious in 
improving TB-disease free survival in HIV-infected 
and TB-infection free survival in HIV–uninfected 
children immunized with Bacillus Calmette-Guérin 
vaccine. 

• Despite access to antiretroviral therapy, the burden of 
tuberculosis remained high in HIV-infected children.tuberculosis remained high in HIV infected children.



Madhi, et. al.:

• Further analysis (on-line supplement):• Further analysis (on-line supplement): 
– Difficulty in diagnosing TB in children, i.e., over-

diagnosis could confound INH effect. 
– But no difference in presumed and 

bacteriologically proven cases
– All cases resulted from recent transmission, not 

reactivation, i.e, force of transmission. 

Martinson, et. al., 
NEJM 2011; 365: 11-20.

• Methods: HIV-infected tuberculin skin test positiveMethods: HIV infected, tuberculin skin test positive 
South African adults not taking antiretroviral therapy 
were randomized to:
1) rifapentine 900 mg/isoniazid 900 mg weekly for 12 weeks
2) rifampin 600 mg/isoniazid 900 mg twice weekly for 12 

weeks; 
3) isoniazid 300 mg for up to 6 years,
4) isoniazid 300 mg daily for 6 months daily continuously 

(control arm). 

• The primary endpoint was tuberculosis-free survival



Results:
Martinson, et. al. 

• There were 1148 participants with a median age of 
30 d di CD4 t f 485/ 330 years and a median CD4 count of 485/mm3. 

• Rates of active tuberculosis or death were:
– 3.12/100 person-years (PY) in the rifapentine/isoniazid arm
– 2.87/100 PY in the rifampin/isoniazid arm
– 2.67/100 PY in the isoniazid-continuous arm
– 3.58 /100 PY in the control arm (all p >0.05)

• Serious adverse reactions were more common in the isoniazid-continuous arm (18.4/100 
PY) than in the other treatment arms (8.7-15.4/100 PY). 

• Two of 59 isolates of Mycobacterium tuberculosis (3%) were found to have multidrug 
resistance and one each was resistant to isoniazid and to rifampin.

Conclusions:
Martinson, et. al. 

• Based on expected rates of tuberculosis in• Based on expected rates of tuberculosis in 
this population, all secondary prophylaxis 
regimens were effective. 

• Three-month courses of intermittent 
rifapentine or rifampin with isoniazid and 
continuous isoniazid were not superior to sixcontinuous isoniazid were not superior to six 
months of isoniazid in this population of HIV-
infected adults.



Martinson, et. al. 
Further analysis:

• Patients in the continuous INH group had a• Patients in the continuous INH group had a 
58% lower rate of TB or death than those 
receiving the 6 month control regimen, 
but……..

• TB rates in the continuous group rapidly 
increased when INH was discontinued - dueincreased when INH was discontinued due 
to side effects, etc. (consistent with the 
Botswana trial of continuous prophylaxis). 

What is thwarting TB control in 
high burden settings?

• Among several other factors, ongoing 
transmission and reinfection, i.e., the 
“force of transmission”

• Implications for LTBI testing and 
treatment. 



Latent TB Infection

Stead’s “Unitary Theory” of tuberculosis pathogenesis

Latent TB
Infection

Upper lobe cavitary disease
due to reactivation of 
hematogenous foci

Pine Street Inn 1984 TB Outbreak

INH & SM resINH & SM res

Shelter
Transmission

Exogenous 
Reinfection

UVGI Air
Disinfection

Reinfection
(Nardell, et al. 
NEJM 1986; 
315:1570-5)



Upper Lobe Cavitation due to Reinfection –
High Prevalence Conditions

Exogenous reinfection with g
tuberculosis in a shelter for the 
homeless. Nardell et al., Engl J 
Med. 1986; 315:1570-5

7 of 22 contemporaneous, shelter-
related INH and SM resistant TB 
cases with the same phage type 
had past histories of previous TBhad past histories of previous TB, 
infection or disease strongly 
suggesting exogenous reinfection. 

Outbreaks: Church of Scotland Hospital, KZN



Importance of Transmission in 
Tomsk

Glemanova, et al., Bull WHO, 2007; 85:703-711.

• Retrospective study
– role of non-adherence and default and the acquisition of 

multidrug resistance

• Substance abuse
– strong predictor of non-adherence (OR 7.3 (2.89-18.46)
– but non-adherence NOT associated with MDR-TB

• MDR-TB occurred 
– among adherent patients who had been hospitalized in 

the course of therapy compared to those treated as out-
patients

• OR 6.34 (1.34 – 29.72) – began treatment in hospital
• OR 6.26 (1.02 – 38.35) – hospitalized later during 

treatment
Anton Chekhov, MD

Exogenous Reinfection
Proven by Genotyping

• South African (Sonnenberg et al )• South African (Sonnenberg et. al.)
– high HIV setting
– 52% reinfection

• Shanghai, China (Gao et. al.)
– low HIV setting
– 62% reinfection– 62% reinfection

• Underestimates – require strain change –
cannot detect reinfection by dominant strain. 



High TB Exposure Low TB Exposure (USA)

Possible evidence for importance of 
continued exposure and reinfection

Young (new infection)

Old (reactivation of 
remote infection)

Decreased 
TB in all age
groups

Incident tuberculosis among recent US immigrants and exogenous reinfection.
Cohen T, Murray M.  Emerg Infect Dis. 2005 May;11(5):725-8.

The AIR Facility
Witbank, Mpumalanga Provence, RSA



Pilot Study:
362 GPs exposed to
26 MDR-TB patients 

over 4 months
GP TST ≥ 6 mm 
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Why guinea pigs?

• Exquisitely susceptible to human M.Exquisitely susceptible to human M. 
tuberculosis.
– More so than mice, rabbits, etc.
– Perhaps as susceptible as immunocompromised 

humans
– Immunological response ‘similar’ to humans

• Earlier work:
– 1 colony forming unit = 1 focus of infection in a 

GP lung. 
– Generally considered more sensitive than culture 

(Mtb adapted as intercellular pathogen)

Pathogenesis of TB in GPs
Madison Chamber – 15-30 cfu – higher dose

Adapted from work by D. McMurray



Host survival after infection

Palanisamy GS. et.al. Tuberculosis (2008). Our GPs were sacrificed at
approximately 280 days

Observations from
Pilot Study

1. Many guinea pigs reverted their skin test back to 0 mm. 
2 Guinea pigs did not show signs of TB
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Pilot Study Design

Immuno-
i

Organ 
di i

Modified to allow continued exposure, repeat testing, and 
immunosuppression of half the GPs before necropsy. 
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CATEGORY #  OF GPS # OF GPS THAT 
REVERTED

# OF GPS THAT 
REVERTED AND 
THEN REACTED 

AGAIN

% OF 
REVERTERS

Reacting < 6 mm on 
TST 2, 3, 4, and 5 

91 N/A N/A N/A

Max. reaction 6 – 13 
mm on TST 2, 3, or 4

163 53 33 32.5

Max. reaction ≥ 14 
mm on TST 2, 3, or 4

64 0 0 0

Max. reaction ≥ 14 
mm on TST 5

13 N/A N/A N/A



Pathology – only 15% had pathological lesions

Histology Results

Guinea Pig Category based on TST Size n (with evaluable 
pathology)

Mean (st. dev.) 
Total Disease Score

Non reactor 88 0.14 (0.91)

Small reactor (persistently positive) 62 0.55 (3.03)

Small reactor (reverted) 51 0.10 (0.70)

Large reactor (overall) 66 8.35 (10.82)

Large reactor (received steroids) 32 9.09 (10.89)

Large reactor (no steroids) 34 7.65 (10.87)

»Disease burden varied substantially between and within
TST subgroups



Was this really infection?

• In Riley’s studies N b f GP i f t dIn Riley s studies 
and our own all 
TST reactivity can 
be suppressed by 
irradiating the air  

• TST response is 

Numbers of GPs infected 
breathing air with or without 

UVGI disinfection

UVGI          Control
TST-1 0 1
TST-2 0 3
TST-3 0 5p

due to living
organisms only

TST-4 0 0
TOTAL 0 9

TST reaction guinea pigs
autopsied

confirmed
TB

% 
confirmed

Riley: First Experiment – counted 71 infections
(135 infections if 6 – 13 mm reactions included)

autopsied
total

TB confirmed 
TB

0 – 5 mm 39/238 0 0

6 – 13 mm - no necrosis 24/64 6 25

6 – 13 mm – necrosis 16/16 13 81

14+ mm – necrosis 55/55 52 95



Summary:
MDR patients in our pilot experiment were much more infectious

than Riley’s patients 60 years ago
• But, many infections failed to progress to active TB
• Many had transient infection and some were re-infected

What’s going on?  
• Speculations:

1. Very low (clinical) doses 
1 or 2 cfu, unlike Madision chamber studies
Similar dose effect in Cynomolgus monkey TB model

2. Some attenuated drug resistant strains result in transient* 
or aborted infections (like BCG)

Immunosuppression had little or no effect on bacteriological 
yield or pathologyyield or pathology

3. Infection by low virulence strains somewhat protective 
against subsequent reinfection with more virulent strains 
(BCG-like effect)

*Nardell & Wallis, “Here Today – Gone Tomorrow – The Case for Transient TB 
Infection”, AJRCCM 2006;174:734-5. 

Don Smith Alterative Pathway 
to Cavitary TB

Smith DW, et al. Rev Infect Dis 11: S385-S393 (1989)

Stead Theory



Upper Lobe Cavitation due to Reinfection –
High Prevalence Conditions

Exogenous reinfection with g
tuberculosis in a shelter for the 
homeless. Nardell et al., Engl J 
Med. 1986; 315:1570-5

7 of 22 contemporaneous, shelter-
related INH and SM resistant TB 
cases with the same phage type 
had past histories of previous TBhad past histories of previous TB, 
infection or disease strongly 
suggesting exogenous reinfection. 

Spectrum of Responses to Mtb 
Infection (Young. Trends in Microbiology 2009; 17:183-8)

• Infection eliminated without • Innate Immune
priming ag specific T cells

• Infection eliminated in with T 
cell priming

• Infection controlled with 
some bacteria persisting in 
non-replicating form

• Bacteria replication

• Acquired immune 

• Quiescent Infection

Bacteria replication 
maintained at a subclinical 
level by immune response

• Clinical disease
• Active Infection

• Disease
Bacterial Load ?



Some Implications 
for High Burden Settings

• New diagnostics
– TB transmission common in high burden settings
– Reinfection is not detectible by current tests, but may be more 

important than infection per se in terms of risk of TB disease.
• If IGRA measures effector rather than memory T cells, may be useful

• Treatment of LTBI
– May not be effective in settings where re-infection is common. 

• May need to be life-long – logistically difficult

• Immunization 
– may have limited benefit if previous natural infection cannot prevent 

reinfection

• To reduce the force of transmission:
– refocus on “F-A-S-T” approach: 

• Find cases Actively –
• Separate safely –
• Treat effectively based on rapid DST.


