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Objectives

• Describe systematic reviews of diagnostic test accuracy, 

example, “Xpert MTB/RIF and Xpert Ultra for pulmonary 

TB and rifampicin resistance in adults”

• Describe the GRADE (Grading of Recommendations, 

Assessment) approach to grading certainty of evidence 

and strength of recommendations

- Evidence to decision framework      

• Discuss opportunities and challenges to implementing 

diagnostic tools and policies 

- Trust

- Stigma



Egg slide adapted from Madhu Pai

..start with a clearly formulated question, use systematic

and explicit methods to identify, select, and critically 

appraise relevant research, and to collect and analyse

data from the studies that are included in the review

Overview of reviews

What is systematic review?



A meta-analysis is the use of statistical techniques in a 

systematic review to integrate results of included studies

and analyse data from the studies that are included in the 

review 

Not all systematic reviews include a meta-analysis

What is a meta-analysis? 



Why undertake a  systematic review? 

• Summarize all available evidence

• Transparent and reproducible 

• Minimize bias

• Studies can be formally compared 

• Heterogeneity can be identified and 

investigated



What do we mean by evidence?

• Evidence is the available body of facts or information 

indicating whether a belief or proposition is true or valid 

(Oxford Dictionary)

• Historically, medical training and common sense were 

considered sufficient for evaluating new tests and treatments

• The first randomized controlled trial in the health sciences 

was carried out in 1946; demonstrated the efficacy of 

streptomycin for TB treatment

• “Understanding certain rules of evidence is necessary to 

correctly interpret literature on causation, prognosis, 

diagnostic tests, and treatment strategy….” Evidence Based 

Medicine Working Group 1992



Hierarchy of Evidence

Murad. Evidence Based Med. 2016



Types of systematic reviews

• Intervention reviews assess the benefits and harms of 
interventions used in healthcare and health policy

• Diagnostic test accuracy reviews assess how well a 
diagnostic test performs in detecting a particular disease

• Methodology reviews address issues relevant to how 
systematic reviews and clinical trials are conducted and 
reported

• Qualitative reviews synthesize qualitative evidence to address 
questions on aspects of interventions other than effectiveness

• Prognosis reviews address the probable course or future 
outcome(s) of people with a health problem

• And more….

Munn. BMC Med.Res Methodol 2017; cochranelibrary.com/about/about-cochrane-reviews



What do we mean by diagnostic test accuracy?

• Diagnosis answers the question, “Does this 

person have this disease (target condition) at 

this point in time?”

• Diagnostic test accuracy is the ability of a test 

to distinguish between patients with the disease 

(target condition) and those without the disease 

(target condition)



PICO for systematic review of diagnostic 

test accuracy

• Population or patients

• Intervention (index test)

• Comparison

• (Target condition)

• (Reference standard)

• Outcome (sensitivity and specificity) 



Diagnostic accuracy cross-sectional 

study design

Series of patients

Index test

Reference standard

Blinded cross-classification



Diagnostic test accuracy, 2 x 2 table

Target condition 

(Reference standard)

+ -

Index

test

+ True 

Positive

False 

Positive

- False 

Negative 

True 

Negative

TP+FN FP+TN
TP+FP+ 

FN+TN

Sensitivity

TP/(TP+FN)

Specificity

TN/(TN+FP)



Limitations of diagnostic test accuracy

• Do not directly assess effect of the tests on 

patient outcomes

• Do not answer whether testing does more good 

than harm

• Only possible with adequate reference standard



Ten steps in performing a systematic review of 

diagnostic test accuracy studies

1. Define the review question 

2. Define objectives and eligibility criteria

3. Develop protocol

4. Search for studies 

5. Collect data 

6. Assess methodological quality

7. Analyze data and present results

8. Interpret results 

9. Draw conclusions

10. Improve and update the review





Background

• Xpert MTB/RIF and Xpert Ultra, the newest 
version, are the only WHO-recommended tests 
that simultaneously detect TB and rifampicin 
resistance in persons with TB symptoms, and 
are suitable for use at lower health system levels

• We published a Cochrane Review on Xpert 
MTB/RIF in 2014 

• We performed a systematic review update for an 
upcoming WHO policy review



Background - Xpert Ultra

• To improve on Xpert MTB/RIF sensitivity, Cepheid 

developed Xpert Ultra, that uses a newly developed 

cartridge, but may be run on the same device after a 

software upgrade

• The limit of detection using Xpert Ultra improved to 

15.6 CFU/mL of sputum compared to 112.6 CFU/mL 

of sputum for Xpert MTB/RIF

• Xpert Ultra has a new result category, 'trace call', that 

corresponds to the lowest bacillary burden for M 

tuberculosis detection

• A trace positive result is sufficient to initiate anti-TB 

therapy in children or HIV-positive people



Background - WHO guidelines

• 2010, WHO recommended Xpert MTB/RIF as the 

preferred initial diagnostic test for people with presumed 

MDR-TB or HIV-associated TB (strong recommendation, 

moderate-certainty evidence)

• 2013, WHO expanded the recommendations…Xpert 

MTB/RIF may be used as the initial diagnostic test in all 

adults suspected of having TB (conditional 

recommendation acknowledging resource implications, 

high-quality evidence)

• 2017, 



Objectives

Primary objectives

• To determine diagnostic accuracy of Xpert MTB/RIF 
and Xpert Ultra 

- for TB in adults with presumptive pulmonary TB  
- for rifampicin resistance in adults with 
presumptive rifampicin-resistant TB or MDR-TB

Secondary objectives

• To compare the diagnostic accuracy of Xpert 
MTB/RIF and Xpert Ultra

• To investigate potential sources of heterogeneity in 
test accuracy



Methods: selection criteria

• Types of studies: Diagnostic accuracy

– Cross-sectional and cohort; excluded case-control

– Published manuscripts

• Participants: adults (15 years and older); presumptive 
pulmonary TB, rifampicin-resistant TB, or MDR-TB

• Index tests: Xpert MTB/RIF and Xpert Ultra

• Target conditions:  Pulmonary TB  and rifampicin resistance

• Reference standard: 

– Pulmonary TB - culture

– Rifampicin resistance  - phenotypic DST, MTBDRplus



Methods: analyses

• Electronic searches 

- Searched multiple databases without language restriction 

up to 18 January 2018

- On 11 October 2018, we performed an additional search, 

specifically for studies that evaluated Xpert Ultra

• Assessed methodological quality (risk of bias and 

applicability), using QUADAS-2 tailored to this review

- patient selection

- index test

- reference standard

- flow and timing



What do we mean by bias?

• Bias is any process at any stage of inference 

tending to produce results that differ 

systematically from the true values. Murphy 

EA. The Logic of Medicine 1976

• This is the tendency of some (poor) study 

designs systematically to produce results that 

are better (rarely if ever worse) than those 

with a robust design. Bandolier



Murad BMJ 2018

What do we mean by applicability? 



Methods: analyses

• Performed meta-analyses using bivariate random-effects 

model

• Investigated potential sources of heterogeneity

– Pulmonary TB detection: smear, HIV, history of TB, 

setting that ran test; TB and TB/HIV burden, TB 

prevalence in the studies

– Rifampicin resistance detection: MDR-TB burden, 

prevalence of rifampicin resistance in the studies 

• Performed sensitivity analyses

– Untreated participants

– Single specimen per participant

– Methodological quality (consecutive selection, 

blinding)

– Liquid culture

– Fresh specimen



RESULTS



Main results

• We identified in total 95 studies 

- 77 new studies since the previous review

• 86 studies (42,091 participants) evaluated Xpert 

MTB/RIF for pulmonary tuberculosis 

• 57 studies (8287 participants) for rifampicin 

resistance

• One study compared Xpert MTB/RIF and Xpert 

Ultra on the same participant specimen



PRISMA

Total 95 studies 



Risk of bias and applicability concerns 

Xpert MTB/RIF for detection of pulmonary TB 



Forest plots of Xpert MTB/RIF sensitivity and specificity for 

detection of pulmonary tuberculosis



TP = True Positive; FP = False Positive; FN = False Negative; TN = True Negative

Horne and Kohli. Cochrane 2019

How to read a forest plot



Type of analysis 

(Number of studies; 

participants)

Median pooled 

sensitivity 

(95% credible 

interval)

Median pooled 

specificity

(95% credible 

interval)

Detection of pulmonary 

TB, studies with 

unselected participants 

(70; 37,237)

85% (82 to 88) 98% (97 to 98)

Detection of rifampicin 

resistance (48; 8020)

96% (94 to 97) 98% (98 to 99)

Xpert MTB/RIF sensitivity and specificity 

2014 Cochrane Review

- Pulmonary TB: sensitivity 89% (85 to 92) ; specificity 99% (95 to 99)

- Rifampicin resistance:  95% (90 to 97); specificity 98% (97 to 99)



Accuracy of Xpert MTB/RIF versus Xpert Ultra

by smear status, direct comparison



Summary of main results

• For pulmonary TB, Xpert MTB/RIF sensitivity and 

specificity were 85% and 98%

• Xpert MTB/RIF sensitivity was 98% for smear-positive, 

culture-positive TB, and 67% for smear-negative, 

culture-positive TB

• Xpert MTB/RIF sensitivity for pulmonary TB was 88% in 

HIV-negative people and 81% in HIV-positive people

• For detection of rifampicin resistance, Xpert MTB/RIF 

sensitivity and specificity were 96% and 98%

• In the one study that directly compared Xpert Ultra and 

Xpert MTB/RIF, Xpert Ultra yielded a higher sensitivity 

(88%) than Xpert MTB/RIF (83%), and a lower specificity 

(96%) than Xpert MTB/RIF (98%)



Number of people who would be correctly diagnosed with Xpert MTB/RIF

Sensitivity 85%; Specificity 98%



The GRADE approach: from evidence to 

recommendations



• GRADE = “Grading of Recommendations, 

Assessment, Development and Evaluations”

• Separates judging certainty of the evidence and 

rating strength of recommendations

• Involves a transparent process from evidence to 

recommendations

• Provides a clear interpretation of strong versus 

weak recommendations for clinicians, patients, 

and policy makers

The GRADE Approach



GRADE levels of certainty of evidence

Level DEFINITION

High  We are very confident that the true effect lies 

close to that of the estimate of the effect

Moderate 



We are moderately confident in the effect 

estimate: The true effect is likely to be close 

to the estimate of the effect, but there is a 

possibility that it is substantially different

Low  Our confidence in the effect estimate is 

limited: The true effect may be substantially 

different from the estimate of the effect

Very low 



We have very little confidence in the effect 

estimate: The true effect is likely to be 

substantially different from the estimate of 

effect



Certainty of the evidence 

Do you have confidence in the results?

• Study design

• Risk of bias

• Indirectness (applicability)

• Inconsistency

• Imprecision

• Publication bias



Five domains for downgrading 

certainty of the evidence  

• Risk of bias - Do the studies have risk of bias for the PICO 

question?

• Indirectness - Do the studies directly address the PICO 

question?

• Inconsistency - Are study results consistent? If not, can we 

explain the inconsistency? 

• Imprecision  - Is the number of participants sufficient? Are 

the confidence intervals wide?

• Publication bias – Undetected? Detected? 

• *PICO – population, intervention, comparison, outcome



• Risk of bias

• Indirectness

• Inconsistency

• Imprecision 

• Publication bias

Certainty of Evidence = HIGH



• Risk of bias                                 No serious risk of bias

Serious risk of bias (-1)

Very serious risk of bias (-2)

• Indirectness 

• Inconsistency

• Imprecision 

• Publication bias

Certainty of Evidence = HIGH



• Risk of bias  No serious risk of bias

• Indirectness                        No serious indirectness

Serious indirectness (-1)

Very serious indirectness (-2)

• Inconsistency 

• Imprecision 

• Publication bias

Footnotes

1 We downgraded one level for serious indirectness because…….

Certainty of Evidence = MODERATE



TB diagnostic development and assessment for WHO 

recommendations

who.int/tb/publications/implementing_TB_diagnostics/en/

“The Guideline Group uses the 

GRADE process… to evaluate the 

diagnostic accuracy of new tools 

and their effect on patients and 

public health.”



What do we mean by guideline?

• A WHO guideline is any document 

developed by the World Health Organization 

containing recommendations for clinical 

practice or public health policy

• Tells the user what she can or should do in 

specific situations to achieve the best health 

outcomes possible, individually or 

collectively 

• The process of developing guidelines is 

multidisciplinary and includes all relevant 

expertise and perspectives, including input 

from stakeholders



Selected WHO policy statements on TB 

diagnostics 

• Reduction of number of smears for diagnosis of pulmonary TB 
(2007)

• Commercial serodiagnostic tests (2011)

• Interferon-gamma release assays in low- and middle-income 
countries (2011)

• Xpert MTB/RIF update (2013)

• Molecular line probe assay for the detection of resistance to second-
line anti-TB drugs (2016)

• The use of molecular line probe assays for the detection of 
resistance to isoniazid and rifampicin (2016)

• The use of loop-mediated isothermal amplification (TB-LAMP) for 
the diagnosis of pulmonary tuberculosis (2016)

• WHO Meeting Report of a Technical Expert Consultation: Non-
inferiority analysis of Xpert MTB/RIF Ultra compared to Xpert 
MTB/RIF (2017)

• Urine lateral flow lipoarabinomannan assay for TB in people living 
with HIV (2015, 2019)

who.int/tb/areas-of-work/laboratory/policy_statements/en/



Cochrane Special Collection

https://www.cochranelibrary.com/collections/doi/SC000034/full



GRADE evidence to decision framework





GRADE evidence to decision steps

1. Is the problem a priority?

2. How accurate is the test?

3. How substantial are the desirable anticipated effects?

4. How substantial are the undesirable anticipated effects?

5. What is the overall certainty of the evidence of test 

accuracy?

6. What is the overall certainty of the evidence for any 

critical or important direct benefits, adverse effects or 

burden of the test?

7. What is the overall certainty of the evidence of effects 

of the management that is guided by the test results?

8. How certain is the link between test results and 

management decisions?



GRADE evidence to decision steps - cont

9. What is the overall certainty of the evidence of effects of 

the test?

10. Is there important uncertainty about or variability in 

how much people value the main outcomes?

11. Does the balance between desirable and undesirable 

effects favor the intervention or the comparison?

12. How large are the resource requirements (costs)?

13. What is the certainty of the evidence of resource 

requirements (costs)?

14. Does the cost-effectiveness of the intervention favor 

the intervention or the comparison?

15. What would be the impact on health equity?

16. Is the intervention acceptable to key stakeholders?

17. Is the intervention feasible to implement?



Strength of a recommendation

• Yes
– recommend for use

- strong or weak (conditional)

• No

– recommend against use

- strong or weak (conditional)



Strong recommendation

• A strong recommendation is one for which 

- the desirable effects of an intervention outweigh 
its undesirable effects (strong recommendation for an 
intervention) or 

- the undesirable effects of an intervention outweigh 
its desirable effects (strong recommendation against 
an intervention)

• A strong recommendation implies that most or all 
individuals will be best served by the recommended 
course of action



Weak (conditional) recommendation

• A weak recommendation is one for which 

- the desirable effects probably outweigh the 

undesirable effects (weak recommendation for an 

intervention) or 

- undesirable effects probably outweigh the desirable 

effects (weak recommendation against an intervention) but 

appreciable uncertainty exists

• A weak recommendation implies that not all individuals 

will be best served by the recommendation. There is a 

need to consider more carefully the individual patient’s 

circumstances, preferences, and values and allow more 

time to shared decision making



Strong Weak

For 

patients

Most individuals in this situation 

would want the recommended 

course of action and only a 

small proportion would not

The majority of individuals 

in this situation would want 

the suggested course of 

action, but many would not 

For 

clinicians

Most individuals should receive 

the recommended course of 

action

Different choices will be 

appropriate for different 

patients…consistent with 

values/ preferences

For policy 

makers

Can be adopted as policy in 

most situations

Policy making will require 

debate and involvement of 

many stakeholders

Implications of strong and weak 

recommendations 



Systematic review

Guideline development

P
I
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Outcome

Outcome

Outcome

Outcome

Critical

Important

Critical

Not

Summary of findings 
& estimate of effect 
for each outcome

Rate  
overall  quality  of  evidence 
across outcomes based on 

lowest quality 
of critical outcomes

RCT start high, 
obs. data start low

1. Risk of bias
2. Inconsistency
3. Indirectness
4. Imprecision
5. Publication 

bias
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1. Large effect
2. Dose  

response
3. Confounders

Very low

Low

Moderate

High

Formulate  recommendations:

• For or against (direction)

• Strong or weak (strength)

By considering:

 Quality of evidence

 Balance 

benefits/harms

 Values and 

preferences

Revise if necessary by 

considering:

 Resource use (cost)

• “We recommend using…”
• “We suggest using…”
• “We recommend against using…”
• “We suggest against using…”



Getty Image: The President's Committee on the Arts and the Humanities, May 2014 





Let’s implement diagnostic tools and 

policies and end TB!



Activists stormed Melton Pharm

Paris, 1990’s
Excerpt from120 battements par minute, 2017



Activists stormed the 44th Union World 
Conference on Lung Health

Paris, 30 October 2013



World Health Assembly adopts resolution approving 
the new post-2015 Global TB Strategy

Geneva, May 2014



Implementing guidelines - key steps

• Convene a multidisciplinary working group to analyze 
local needs and priorities (look for additional local data)

• Identify potential barriers and facilitating factors

• Determine resources and political support 

• Inform relevant partners 

• Design an implementation strategy 

• Undertake operational research

• Strong recommendations are uncommon because the 
balance between the benefits and harms of implementing a 
recommendation is rarely certain. Hence, WHO 
recommendations are often conditional recommendations



• In a qualitative study, respondents…

- expressed general skepticism with respect to WHO 

conditional recommendations and a reluctance to issue 

them 

- blamed funding and feared an unfavorable response 

from ministries of health 

- were concerned that WHO conditional 

recommendations would be ignored, particularly in 

resource poor-settings

- feared that WHO conditional recommendations would 

send confusing signals and be misinterpreted by health 

practitioners and policy-makers

Alexander J Clin Epidemiol. 2016 

Conditional recommendations



Adapt, implement, evaluate

• Adaptation, implementation, and evaluation are the steps 

that complete the guideline development process

• Implementation gives rise to new evidence of impact and 

new research questions

• Practice needs to be continually re-evaluated and 

guidance updated in light of new evidence

Norris and Ford. Lancet. 2017; 

WHO Handbook for Guideline 

Development, 2nd edition



To implement diagnostic tools and policies and 

end TB, we must change by...

- Placing affected people and 

communities at the center

- Building trust

- Addressing stigma



Declaration of the Rights of People Affected by TB

14 May 2019



What is trust?

• Trust is the decision to rely on another party (i.e. 

person, group, or organization) under a 

condition of risk (Handbook of Trust Research, 

Bachman and Zaheer, 2006)

• Firm belief in the reliability, truth, or ability of 

someone or something (Oxford Dictionary)



We can build trust



What is stigma?

• Stigma is an attribute that is deeply discrediting 

(Goffman 1963)

• TB is often associated with factors that create 

stigma: HIV, poverty, drug and alcohol misuse, 

homelessness, and refugee status

Goffman, Erving. 1963. Stigma: Notes on the Management of Spoiled Identity; 

Daftary. BMJ. 2017



We can address stigma

• The HIV community has had success addressing the 

stigmatization of people living with HIV by collective, 

grassroots actions that have led to shifts in attitudes and 

policies

• The TB community should study the strategies and 

actions that underpinned success for the HIV community 

and develop their own form of activism 

• We should support affected people in sharing their 

stories and experiences to help connect communities 

and humanize TB

Daftary. BMJ. 2017



We can see the end of TB



References and other resources

• Cochrane Diagnostic Test Accuracy 
methods.cochrane.org/sdt/welcome

• Leeflang MM. Systematic reviews and meta-analyses of 
diagnostic test accuracy. Clin Microbiol Infect. 2014 
Feb;20(2):105-13

• Murad MH. New evidence pyramid. Evid Based Med. 2016 
Aug;21(4):125-7

• Mustafa RA. Decision making about healthcare-related tests 
and diagnostic test strategies. Paper 2: a review of 
methodological and practical challenges. J Clin Epidemiol. 
2017 Dec;92:18-28

• Whiting PF. QUADAS-2: a revised tool for the quality 
assessment of diagnostic accuracy studies. Ann Intern Med. 
2011 Oct 18;155(8):529-36

• Schünemann HJ; GRADE Working Group. Grading quality 
of evidence and strength of recommendations for diagnostic 
tests and strategies. BMJ. 2008 May 17;336(7653):1106-10

http://methods.cochrane.org/sdt/welcome

