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• Population 
impact/transmission 
models 
 

• Health system 
models 
 

• Cost-effectiveness 
models 
 

• 36 modelling 
studies  

(active TB disease) 
…many more now! 

 



  
uOttawa.ca 

3 

What Have Transmission Models Taught Us 
About TB Diagnostics? 
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Ability of DOTS to Control TB… 
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Dye et al, Lancet 1998 
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What is the starting point? 
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Dye et al, Lancet 1998 

 If TB is already 
on the decline, 
the same case 
detection and 
cure rates have 
smaller impact 
on incidence 
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Importance of Case Detection 
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Dye et al, Lancet 1998 

 Key 
Assumption: 

Improved case 
detection, reduces 
ongoing 
transmission 
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Improved case detection, 
reduces ongoing 
transmission 
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Importance 
of Cure 
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Infectiousness of  
treatment failures also key! 

Dye et al, Lancet 1998 
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Novel Diagnostics 
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1 vs. 3 vs. 4 months’ shortening 
of infectious duration 
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24 M 

Abu-Raddad et al, PNAS 2009 

23 M 
21 M 
20 M 

1 to 3 months 

3 to 4 months 
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Case study in Tanzania 

11 Lin et al, BWHO 2012 
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• Simple improvement in diagnostic 
accuracy may not be sufficient to impact 
TB incidence 
 

• Combination of interventions that target 
at multiple mechanisms in the 
diagnostic pathway will be more 
effective 
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Sensitivity Analysis: Tornado diagram 

12 

Lin et al, BWHO 2012 
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If existing Dx are good, new Dx will have 
less impact 

13 

Lin et al, BWHO 2012 
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Operational context matters… 

14 

Lin et al, BWHO 2012 
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What can we learn from these studies? 

• Complicated natural history of disease 
 

• Many unknowns about TB 
 

• Other elements of cascade of case also affect impact 
of TB diagnostics 
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MOVING FROM 
INDIVIDUAL TO 
POPULATION-LEVEL 
EFFECTIVENESS. 
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What did we know about the impact 
of Xpert in 2011? 

• Xpert showed improved sensitivity especially among smear 
negatives  
 

• The introduction of Xpert was expected to improve TB case 
finding compared with sputum smear microscopy 

 
• Implementation of Xpert in addition to, or instead of, 

sputum smear microscopy will be cost-effective in low- and 
middle-income countries. (Vassall et al Plos Medicine 2011) 
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What have we learned? 
• Findings suggest that Xpert implementation in southern 

Africa could substantially reduce TB illness and death 
through improved case- finding and treatment 
 

• But that the impact of Xpert on long- term transmission 
dynamics may be more limited  
 

• Indirect cost consequences associated with improved 
case-finding over- shadow the direct costs of diagnosis.  
– 1st lineTB treatment to additional TB patients 
– Providing additional HIV treatment to coinfected 

individuals who will live longer as a result of better 
TB care 

– Providing 2nd line TB treatment to individuals 
diagnosed with drug-resistant TB.  
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Understanding model limitations: 

• More empirical treatment happening than expected 
 

• Incorporation of downstream costs (ie: ART) 
 
 

 
• Try to be conservative when uncertainty exists 

 
• Understand how uncertainty will impact your results! 
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Switching the focus from 
diagnostic “tool” to diagnostic 
“pathway” 

• Diagnostic accuracy is only 
one (important) step in the 
whole diagnostic pathway 
 

• In order to understand the 
impact of a new tool, we 
have to understand the 
operational context where it 
is implemented  
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Dowdy et al, PLoS Med 2011 
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The expanded transmission 
model using the pathway 
approach 
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Lin et al, BWHO 2012 
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Summary of Lessons Learned from 
transmission models 
• Two key elements to the population-level effectiveness of 

diagnostics: 
– Time to diagnosis 
– Proportion successfully treated 

 
• Impact depends not only on where you end up, but where you 

start. Important operational contexts include: 
– Sensitivity of existing diagnostics 
– Duration of patient delay 
– % with access to TB care 
– % initial default after diagnosis 
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MODELLING TO 
UNDERSTAND TB 
DIAGNOSTICS 
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Study Aim  
 

• To construct a simulation model that incorporates known sources of 
variability in serial QFT results to project outcomes over 10 years in a 
typical population of North American HCWs. 
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Markov model of serial QFT testing 

•Measured QFT 
result was 
calculated at each 
year t for each 
simulated HCW 
 

•This result reflects 
the “baseline” QFT 
stratum, within-
person variability 
and four additional 
sources of 
variability  
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Modeling Approach 
• Each HCW is assigned to an “underlying” QFT value based on distribution 

of initial QFT results from the literature. 
 

• This value is modified each year by: 
TST boosting (assume 2% of all blood draws) 
Variation in blood volume by +/- 0.2 mL (5% in each direction) 
Pre-analytical delay of 6 or 12 hours (5% each) 
True TB infection (assume very high risk of 1% ARTI at baseline) 
Random intra-individual variation 

 
• Evaluate 10-year outcomes under different strategies: 

Different cutoffs for QFT conversion: ≥0.35, ≥0.5, ≥0.75, ≥1 IU/mL 
Confirmatory testing with (Pearson) correlation of 0, 0.5, 0.9 
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Results 
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Proportion of Cohort Testing False 
Positive Over 10 Years 

• 33% tested 
positive after 10 
years 
 

• Only 8% truly 
infected 
 

• 3 to 1 false 
positive for every 
true positive 
 

• 8.2% of true 
infections missed 
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Role of Confirmatory Testing  
 Independent 

confirmatory test: 
• Reduces false 

positives from 
25% to 4% 

• Increases missed 
infections from 
8% to 33% 
 

 If correlation is 0.9: 
• Reduces false 

positives from 
25% to 14% 

• Increases missed 
infections from 
8% to 20% 
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Role of Higher Cutoff 

 
 
 

 Increasing the cutoff from 0.35 to 1.0 IU/mL reduced false positives from 25% 
to 2% but at the expense of increasing missed infections from 8% to 44%.  
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Limitations 

• Hypothetical simulated population 
 

• “Underlying” QFT result may not accurately capture dynamics of 
serial testing. 
 

• True correlation between initial and confirmatory test unknown. 
 

• No accounting for different algorithms in different risk groups 
(e.g., contacts of active TB cases, high-risk foreign-born) 
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Conclusion 

• Indiscriminate use of QFT for annual screening in low incidence 
settings may result in tremendous overdiagnosis. 
 

• Higher cutoffs and confirmatory tests can reduce false-positives, 
but at the risk of missing more true infections. 
 

• Evaluating the correlation between initial and confirmatory 
results in this setting is an important research priority. 
 

• No algorithm for serial IGRA testing is perfect. These results 
may inform more appropriate use of serial LTBI testing. 
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Summary: Modelling Case Studies 

• Models are limited by quality and accuracy of data and model stricture 
assumptions 
 

• Choice of model structure and model parameters may limit 
generalizability 
 

• Operational context matters! 
 

 
“All models are wrong, but some are useful”  

George Box, statistician 
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Reproduced from xkcd.com 
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