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Design is often decided by: what is the real 
or intended purpose of the test?

Bossuyt, BMJ, 2006



The diagnostic process is probabilistic, 
multivariable and sequential

Moons KGM. In: Grobbee & Hoes. Clinical Epidemiology. 2009



Incremental value (added value)

What does the new test add to the 
diagnostic process, over and above 
already existing information?

Can be answered using a multivariable 
approach
 Will also need patient impact studies

Sensitivity/specificity: each test is treated 
in isolation (which is not reflective of 
normal practice)



TB examples

What is the added value of IGRAs, after initial screening with 
TST is done, for evaluating patients on TNF-a blockers?

What is the added value of Xpert MTB/RIF in sputum smear-
negative patients with HIV infection?

What is the added value of the 3rd smear, once two sputum 
smears are done?



Multivariable process

 Relate disease probability to test results

 Outcome = occurrence of disease (yes/no)

 Determinants = diagnostic tests --> dichotomous, 
continuous, ordinal, nominal

 Diagnostic function: P (D+) = f (X1, X2…. Xn)
 Where X1, X2, etc are various tests



Multivariable process

Logistic regression model:
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Multivariable example: does D-dimer 
add value to ruling out DVT?



Multivariable approach (example)

Oudega et al. Thromb Haemost 2005



Methods

In a large cross sectional study, 1295 consecutive adult patients 
(over 18 years) who visited one of the primary care physicians 
adherent to three non-academic hospitals in The Netherlands, 
and in whom DVT was suspected by the physician on clinical 
grounds. 
In accordance with earlier studies, the suspicion of DVT was 
based on the presence of at least one of the following 
symptoms or signs of the lower extremities: swelling, redness, 
and/or pain in the legs

Oudega et al. Thromb Haemost 2005



History and physical
After informed consent, the primary care physician 
systematically documented information on the patient’s history 
and physical examination. 
Following history findings were recorded as potential diagnostic 
determinants: presence of previous DVT, family history of DVT, 
history of any malignancy (active cancer in the last 6 months), 
immobilization for more than 3 days, recent surgery (within past 
4 weeks), leg trauma (within past 4 weeks), pain when walking, 
and the presence of duration of the three main symptoms (i.e. a 
painful, red or swollen leg). 
Physical examination items included the presence of tenderness 
along the deep vein system in calf or thigh, distension of 
collateral veins in the symptomatic leg, pitting edema in the 
symptomatic leg of the calf and thigh, and ≥ 3 cm difference in 
circumference of the calves. 

Oudega et al. Thromb Haemost 2005



Lab tests and reference standard

After the standardized history taking and physical 
examination, all patients were referred to the hospital 
to undergo D-dimer testing.
After venous blood was drawn, each patient directly 
underwent real time B-mode compression 
ultrasonography (CUS) of the lower extremities 
[Reference standard]

Oudega et al. Thromb Haemost 2005



Data analysis
After univariate analysis, the authors first quantified 
which of the 16 history and physical findings 
independently contributed to the presence or 
absence of proximal DVT using multivariable logistic 
regression analysis. 
Starting with the overall model including all history 
and physical findings, model reduction (stepwise 
backwards) was performed by excluding variables 
from the model with a p-value > 0.10 based on the 
log likelihood ratio test. 

Oudega et al. Thromb Haemost 2005



Data analysis
Subsequently, they added the D-dimer test to this reduced 
model to quantify its added value, which resulted in the final 
model.
The ability of a model to discriminate between patients with and 
without DVT was estimated using the area under the ROC 
curve.
The reliability or calibration of each model was evaluated by 
comparing the predicted and observed probabilities for deciles 
of calculated patient risks and tested using the Hosmer-
Lemeshow test.

Oudega et al. Thromb Haemost 2005



Results: 
bivariate 
analyses

N = 1295 patients

22% had DVT



Results: 
multivariable 
analyses

Oudega et al. Thromb Haemost 2005



Multivariable approach

Moons KGM. In: Grobbee & Hoes. Clinical Epidemiology. 2009



Results: scoring system

Oudega et al. Thromb Haemost 2005



TB EXAMPLES







AJRCCM 2010





Strengths and limitations of this approach

Avoids the common problem of sens/spec of single tests in isolation 
when reality is quite different
Requires the same data that are collected in a standard test accuracy 
study, but will require data to be collected in a sequential way, starting 
from simple to complex
Multivariable analyses and model building – gives us the ability to 
account for multiple tests in a natural clinical context
 Can look at both rule-in and rule-out values at the same time

Some drawbacks:
 Blinding is hard to ensure if the same person is collecting all the clinical data in a 

sequential manner – so, covariates are not necessarily independent
 Outcomes are not clinically intuitive: e.g. AUC 

 A significantly different AUC might not mean much from a clinical perspective

 Will require conversion of multivariable model output into scoring systems
 Scoring systems are not necessarily easy to apply in clinical contexts – will require 

further knowledge translation work



Newer approaches to assessing added value



Net Reclassification Improvement (NRI) 
Summary Index

[P(up|D=1)−P(down|D=1)]−[P(up|D=0)−P(down|D=0)]

Correct classification   +          Correct classification
of cases of non-cases

Pencina Stat Med 2007

GOOD GOODBAD BAD



Case study #1

Courtesy: Lele Rangaka



Does QuantiFERON Gold In tube add 
to current clinical algorithms to 

detect smear negative TB 
in HIV-infected patients screened for 

preventive therapy?

The Question



Eligible participants (Nov 07- Sept 09) 
N=1686

Failed sputum induction=111
Sputum culture unavailable=92
Contaminated=70
Non-tuberculous mycobacteria (NTM)= 8

Reference standard available (Sputum culture)
N=1405

Missing both IGRA and TST results= 373
Missing TST alone; did not return for reading=193
Missing IGRA alone; sample not processed/not received=55

Smear negative with both TST and QFT-IT available 
N=779

Smear positives=19

Flow into the study (STARD-standards for reporting diagnostic accuracy studies) 
Study Design: Cross-sectional evaluation of QFT-IT amongst HIV-infected
Eligibility: No exclusions except-should return to TST read 

Baseline Screening

Individual Symptoms and Signs (S+S): cough, 
fever, N/S, LoW
1 X Culture (Spp. ID)=reference standard
QuantiFERON Gold-IT and TST
(Tests done regardless of TB S +S) 



Clinical: Age, Gender, Weight, ART status, Prior TB, TB 
Symptoms and signs (any one TB symptom or sign positive), 
CD4+ count 

Simple test of TB infection: TST (5mm cutoff)

More complex: QFT-IT (Standard Manufacturer’s cutoffs used)

Multivariable logistic regression

Fit all clinical a priori determined predictors; sequentially in the 
manner collected at the first clinical visit 

Stepwise selection  & clinical judgement

Add TST (5mm cutoff)

Add QFT-IT (Standard 
Manufacturer’s cutoffs used)

Assessing discriminatory value: Model Steps 

Potential Predictors 

(pre-determined)

Model Step 1

Identify best clinical model

Model Step 2

Add simple test

Model Step 3

Add complex test

Add TST & QFT-IT
Model Step 4

Both  tests added
Discriminatory Ability



Reference test
Test under 

assessment

Reference test: Culture

(D+) (D-)

(T+) True Positive False Positive

(T-) False Negative True Negative

AUC (c-statistic):
-Interpreted for all diseased and non-diseased pairs: Overall probability  that diseased 
individuals will score higher than non-diseased*

- AUC comparison of model with and without new test is of interest (added value) 

- Main criticism: New predictor or marker has to be strongly associated with disease 
outcome to add value over and beyond existing tools

Interpretation:
Overall probability (averaged for all pairs) 
AUC ~ 0.50= not better than chance

The Area Under the Curve

Chance ----

Good ----

Excellent ----



Description of cohort by M.tb culture status: Clinical Observations

Total N=779 
(Prevalence of smear negative TB= 6%)



Description of cohort by M.tb culture status: TB symptoms and signs

*Anyone symptom or sign positive: Cough for >=2 weeks vs. Cough for any duration



Description of cohort by M.tb culture status: Tests of TB infection



Univariable predictors of culture-positive TB disease

Clinical Observations

*Age>=35y.o, Weight less than 60kg 

*



Univariate predictors of culture-positive TB disease

*Anyone symptom or sign positive: Includes Nodes and Cough for >=2 weeks

Sensitivity Specificity Post-test 
Pr (Neg)

AUC

10 96 5.7 53

10 98 5.7 54

2 100 5.7 51

18 95 5.7 57

26 92 4.8 59

*

TB Symptoms and Signs

*

Test Accuracy

a

b

c

d

e

a

b

c

d

e

Pre-test probability 
(Prevalence): 6%



Univariable predictors of culture-positive TB disease

Sensitivity Specificity Post-test 
Pr (Neg)

AUC

68 59 3 63

66 63 3 64

54 74 4 64

68 56 4 62

83 41 3 62

a

b

c

d

e

Test for TB Infection

a

b

c

d

e

Test Accuracy

Pre-test probability 
(Prevalence): 6%



Discriminatory ability of  TB tests (Multivariable Analyses)

Final clinical model
1. Weight less than 60kg, OR=2
2. No prior TB, OR=3
3. Any one TB S/S positive, OR=3
4. CD4+ less than 250 cells/mm3 OR=2
5. Not on ART at screening OR=1.2

AUC=72%



Discriminatory ability of  TB tests (Multivariable Analyses)

Clinical (blue, AUC=72%) AND TST at 5mm (red, 
AUC=77%)

Comparison p-value=0.03

Clinical (blue, AUC=72%) AND QFT (red, AUC=74%)
Comparison p-value=0.41 

Clinical (blue, AUC=72%) and both TST & QFT (red, 
AUC=78%)

Comparison p-value=0.01 



Summary

• High prevalence of  smear negative culture-positive TB in HIV- infected 

patients on or starting ART screened for IPT

• Asymptomatic culture-positive TB a concern

• As stand-alone tests, current TB screening tools perform poorly against 

culture. Best to combine in clinical prediction rule

• QuantiFERON Gold In Tube, measuring interferon-gamma, adds little to 

TB screening tools for evaluating HIV-infected adults for IPT 



Case study #2



Derivation of an algorithm to rule 
out smear negative active TB in 
HIV patients 

Gonzalo G. Alvarez MD, MPH, FRCPC 
Assistant Professor at The University of Ottawa at  

Associate Scientist at The Ottawa Hospital Research Institute  
Divisions of Respirology and Infectious Diseases 

Department of Medicine, The Ottawa Hospital 
 
 



Smear microscopy 

 The cornerstone of TB diagnosis is 
smear microscopy in developing 
countries 
 

• Method is cheap and can be done in the 
field however many cases of TB can be 
smear negative and culture positive 



TB culture 

 Culture is the gold standard test for the 
diagnosis of TB  
 
 however in most high burden TB 

countries it is only used in a fraction of 
the cases due to associated costs 



HIV and SNTB 

• HIV positive patients commonly present 
with smear negative culture positive TB 
(SNTB) thus making the diagnosis of TB 
using microscopy difficult  
 

• Smear microscopy in HIV patients has 
an estimated sensitivity of 35% for 
active TB  
 
Samb et al1999 IJTLD, Corbett EL 2003 Arch Intern Med  



HIV patients & TB 

HIV positive patients when compared to 
HIV negative patients have a higher 
likelihood of : 

1) contracting TB,  
2) reactivate latent TB more frequently  
3) progress to fulminant disease faster 

Corbett et al Lancet 2003 



Failure of SNTB diagnosis 

• Consequently, many patients are not 
diagnosed with TB in the community 

 
• Delay in TB diagnosis results in delays 

in treatment and subsequent morbidity 
and mortality along with ongoing 
transmission of TB to the rest of the 
community 
 

Alvarez GG 2004 IJTLD, Hargreaves NJ 2001 IJTLD, Behr et al 1999 Lancet 



KwaZulu-Natal, South Africa TB stats 

109,556 cases of TB 

55,922 SNTB cases  

HST 2008, South African Health Review, DOH   



Large burden of TB disease 

• infrastructure to screen all SNTB suspects with the 
gold standard TB culture is not economically 
feasible 
 

• outpatient clinics (upstream) empowerment of 
front line health care workers (simple clinical data) 
 

• determine pretest probability of SNTB suspects to 
reduce the need for further work up  
 
 



C reactive protein (CRP) & TB 
• Non specific marker of inflammation 
 
• Poor accuracy in diagnosing TB in past studies* 
 
• D-dimer was also not effective in diagnosing PE in 

all comers 
 
• But when the test was applied to low risk patients =  
 Wells Criteria for PE 

 
 * Schleicher et al 2005 ERJ, Breen et al 2008 IJTLD  



Building on WHO algorithm 

 Derivation of a model to rule out SNTB 
and therefore reduce unnecessary tests 
in a resource poor region 
 

• Determination of the pre test probability 
of TB disease in SNTB patients (low, 
mid and high) to determine the 
appropriate diagnostic pathway 



Probability of 
TB  

Clinical decision 

Low Follow up with community nurse,  
No CXR or TB culture needed,  
No further TB investigations ordered 

Moderate CXR and TB Culture should be done  
High PTB treatment  

Clinical decision based on pre test probability 



 



Edendale Hospital, Pietermaritzburg, South Africa 



Edendale Hospital catchment area 



Methods 
• Data from a prospective cohort study was 

used to derive the model 
 

• SNTB suspects were enrolled in an 
outpatient primary care clinic 
 

• Present study based only on data 
collected at the time of study entry 
 
 



Inclusion criteria  

• any symptoms compatible with TB for  
 > 2 weeks,  
 
• ≥ 2 sputum smears negative for acid-

fast bacilli (AFB) or unable to produce 
sputum,  

 
• ≥ 18 years, and gave informed consent  



Exclusion criteria 

• Karnofsky Performance Score was <40 
• Suspicion of TB meningitis or PJP 

pneumonia   
• ≥ 1 week of TB treatment or  
• ≤ 3 months of antiretroviral therapy or   
• Use of a fluoroquinolone within the past 

6 months 



Outcomes  

• TB present if 1) Culture positive OR 2) 
acid fast bacilli positive OR 3) histology 
positive 

 
• TB not present if 1 and 2 and 3 were 

negative 



Results 



 



Approach to variable inclusion 
in the final model 

• Initial set of variables were chosen using the 
literature and clinical experience of our group 

 
• We chose 8 variables to maintain power of 

the model  
 

• (88 cases of confirmed TB, 1:10 ratio) 
 



 

Median CD4 count of 137 cells per uL in a sample of 150 patients from the cohort 



Bayesian Information Criterion 
• Several logistic regression models were 

fitted with variables selected according to 
the BIC 

• The top 5 models with the highest posterior 
probabilities were used to pick the 
variables in the final model  

• Any variable that appeared at least once 
was used in the final model (5 out of 8 
variables were retained in final model) 
 



 



 



Net reclassification tables 
• Quantifies the net movement of patients 

between pre-specified risk categories 
 

• Net reclassification index is the net 
proportion of patients that were reclassified 
correctly by the addition of CRP 
 

• It predicts how well CRP, when added to the 
model, will shift the patients to lower risk 
categories for patients who did not have TB  
 Pencina et al 2007 Statistical Med 



 

 Incorporation of CRP to the model resulted in: 
 
 56 patients reclassified to lower risk categories 
 52 patients had no change in risk categories 
 28 patients reclassified to higher risk categories 
  
The reclassification improvement among patients with 
NO TB was 20.6% (p=0.0023) when adding CRP to the 
clinical model (correctly reclassified into a lower risk category) 



Limitations 

• Retrospective  
 

• Model was derived not validated 
 

• Arbitrary choice of risk categories used in 
previous paper* that have not been clinically 
validated 

*Metcalf et al 2010 AJCCM 



Summary of findings 
• CRP may play an important role in 

ruling out SNTB in an outpatient high 
HIV prevalence setting 

 
• CRP is now a point of care test, easily 

done in the field by non lab staff 
 

• Validation of model is required, ultimate 
goal of developing a clinical decision 
rule 

 
 



Implications  

• Reducing the number of patients that 
require the costly and labor intensive 
work up associated with SNTB cases 
would allow for more efficient allocation 
of resources 

• A decrease in diagnostic delays leading 
to reduced morbidity and mortality 
related to HIV TB 



Thank you  

• Doug Wilson 
• Elham Sabri 
• Steve Doucette 
• Daphne Ling 
• Bill Cameron 
• Gary Maartens 
• Nurses Zanele Mcabo, MJ Khumalo 
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