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Background: To comprehend the results of diagnostic accuracy
studies, readers must understand the design, conduct, analysis,
and results of such studies. That goal can be achieved only
through complete transparency from authors.

Objective: To improve the accuracy and completeness of report-
ing of studies of diagnostic accuracy in order to allow readers to
assess the potential for bias in the study and to evaluate its
generalizability.

Methods: The Standards for Reporting of Diagnostic Accuracy
(STARD) steering committee searched the literature to identify
publications on the appropriate conduct and reporting of diagnos-
tic studies and extracted potential items into an extensive list.
Researchers, editors, methodologists and statisticians, and mem-
bers of professional organizations shortened this list during a
2-day consensus meeting with the goal of developing a checklist
and a generic flow diagram for studies of diagnostic accuracy.

Results: The search for published guidelines on diagnostic re-
search yielded 33 previously published checklists, from which we
extracted a list of 75 potential items. The consensus meeting
shortened the list to 25 items, using evidence on bias whenever
available. A prototypical flow diagram provides information about
the method of patient recruitment, the order of test execution, and
the numbers of patients undergoing the test under evaluation, the
reference standard, or both.

Conclusions: Evaluation of research depends on complete and
accurate reporting. If medical journals adopt the checklist and the
flow diagram, the quality of reporting of studies of diagnostic
accuracy should improve to the advantage of the clinicians, re-
searchers, reviewers, journals, and the public.

Ann Intern Med. 2003;138:40-44. www.annals.org
For author affiliations, see end of text.
*For members of the STARD Group, see Appendix.
See related article, available only at www.annals.org.

The world of diagnostic tests is highly dynamic. New
tests are developed at a fast rate and the technology of

existing tests is continuously being improved. Exaggerated
and biased results from poorly designed and reported diag-
nostic studies can trigger their premature dissemination
and lead physicians into making incorrect treatment deci-
sions. A rigorous evaluation process of diagnostic tests be-
fore introduction into clinical practice could not only re-
duce the number of unwanted clinical consequences
related to misleading estimates of test accuracy, but also
limit health care costs by preventing unnecessary testing.
Studies to determine the diagnostic accuracy of a test are a
vital part in this evaluation process (1–3).

In studies of diagnostic accuracy, the outcomes from
one or more tests under evaluation are compared with out-
comes from the reference standard, both measured in sub-
jects who are suspected of having the condition of interest.
The term test refers to any method for obtaining additional
information on a patient’s health status. It includes infor-
mation from history and physical examination, laboratory
tests, imaging tests, function tests, and histopathology. The
condition of interest or target condition can refer to a par-
ticular disease or to any other identifiable condition that
may prompt clinical actions, such as further diagnostic
testing, or the initiation, modification, or termination of
treatment. In this framework, the reference standard is con-
sidered to be the best available method for establishing the
presence or absence of the condition of interest. The ref-
erence standard can be a single method, or a combination
of methods, to establish the presence of the target condi-
tion. It can include laboratory tests, imaging tests, and

pathology, but also dedicated clinical follow-up of subjects.
The term accuracy refers to the amount of agreement be-
tween the information from the test under evaluation, re-
ferred to as the index test, and the reference standard. Di-
agnostic accuracy can be expressed in many ways,
including sensitivity and specificity, likelihood ratios, diag-
nostic odds ratio, and the area under a receiver-operator
characteristic (ROC) curve (4–6).

There are several potential threats to the internal and
external validity of a study of diagnostic accuracy. A survey
of studies of diagnostic accuracy published in four major
medical journals between 1978 and 1993 revealed that the
methodological quality was mediocre at best (7). However,
evaluations were hampered because many reports lacked
information on key elements of design, conduct, and anal-
ysis of diagnostic studies (7). The absence of critical infor-
mation about the design and conduct of diagnostic studies
has been confirmed by authors of meta-analyses (8, 9). As
in any other type of research, flaws in study design can lead
to biased results. One report showed that diagnostic studies
with specific design features are associated with biased, op-
timistic estimates of diagnostic accuracy compared to stud-
ies without such deficiencies (10).

At the 1999 Cochrane Colloquium meeting in Rome,
the Cochrane Diagnostic and Screening Test Methods
Working Group discussed the low methodological quality
and substandard reporting of diagnostic test evaluations.
The Working Group felt that the first step to correct these
problems was to improve the quality of reporting of diag-
nostic studies. Following the successful CONSORT (Con-
solidated Standards of Reporting Trials) initiative (11–13),
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Evaluation of diagnostic tests for infectious diseases: 
general principles
The TDR Diagnostics Evaluation Expert Panel

I. INTRODUCTION
A diagnostic test for an infectious agent 
can be used to demonstrate the pres-
ence or absence of infection, or to detect 
evidence of a previous infection (for 
example, the presence of antibodies). 
Demonstrating the presence of the infect-
ing organism, or a surrogate marker of 
infection, is often crucial for effective 
clinical management and for selecting 
other appropriate disease control activi-
ties such as contact tracing. To be useful, 
diagnostic methods must be accurate, 
simple and affordable for the population 
for which they are intended. They must 
also provide a result in time to institute 
effective control measures, particularly 
treatment. For some infections, early diag-
nosis and treatment can have an important 
role in preventing the development of 
long-term complications or in interrupt-
ing transmission of the infectious agent. 
In a broader context, diagnostic tests can 
have multiple uses, including: patient 
management, especially when clinical 
symptoms are not specific for a particular 
infection (as is often the case); screening 
for asymptomatic infections; surveillance; 
epidemiological studies (for example, 
rapid assessments of disease burden or 
outbreak investigations); evaluating the 
effectiveness of interventions, including 
verification of elimination; and detecting 
infections with markers of drug resistance.

Recent technological developments 
have led to the proliferation of new, rapid 
diagnostic tests that hold promise for the 
improved management and control of 
infectious diseases. Whether these tests are 
useful in a given setting and, if so, which 
test is most appropriate are questions that 
can be answered only through evaluations 
in the appropriate laboratory, clinical or 
field settings. 

Many variables can influence the 
performance of tests in different settings. 
These include differences in the character-
istics of the population or the infectious 
agent, including the infection prevalence 
and genetic variation of the pathogen or 
host, as well as the test methodology — for 
example, the use of recombinant or native 
antigen or antibody, whether the test is 
manual or automatic, the physical format 
of the test and local diagnostic practice and 
skills. Therefore, wherever possible, test 
evaluations should be performed under the 
range of conditions in which they are likely 
to be used in practice. In some situations, 
such evaluations can be facilitated through 
multi-centre trials.

Lack of resources and expertise limit 
the ability of many developing countries to 
perform adequate evaluations of diagnostic 
tests, and many new tests are marketed 
directly to end-users who lack the ability 
to assess their performance. The onus 
is therefore on those who perform the 
evaluations to ensure that the quality of 
the methods and the documentation used 
is such that the findings add usefully to 
the pool of knowledge on which others 
can draw. The Standards for Reporting of 
Diagnostic Accuracy (STARD) initiative 
has developed a sequenced checklist to 
help to ensure that all relevant information 
is included when the results of studies 
on diagnostic accuracy are reported1–4 
(APPENDIX 1). 

Evaluations of diagnostic tests must 
be planned with respect to their use for 
a clearly defined purpose, carefully and 
systematically executed, and must be 
reported in a way that allows the reader 
to understand the study methods and the 
limitations involved and to interpret the 
results correctly. This will help to avoid the 
financial and human costs associated with 

incorrect diagnoses, which can include 
poor patient care, unnecessary complica-
tions, suffering and, in some circumstances, 
even death.

This document is concerned with gen-
eral principles in the design and conduct of 
trials to evaluate diagnostic tests. It is not 
a detailed operational manual and should 
be used alongside detailed descriptions 
of statistical methods, clinical trial guides 
and other reference materials given in the 
reference list. 

The goals of this document are to facili-
tate the setting of appropriate standards 
for test evaluation; to provide best-practice 
guidelines for assessing the performance 
and operational characteristics of diag-
nostic tests for infectious diseases in popu-
lations in which the tests are intended to be 
used; to help those designing evaluations 
at all levels, from test manufacturers to 
end-users; and to facilitate critical review 
of published and unpublished evaluations, 
with a view to selecting or approving tests 
that have been appropriately evaluated and 
shown to meet defined performance tar-
gets. The target audience for this document 
includes institutions and research groups 
that are planning trials of diagnostic tests; 
organizations that fund or conduct trials 
of diagnostic tests; agencies responsible for 
the procurement of diagnostic tests; diag-
nostic test manufacturers; and regulatory 
authorities.

II. CHARACTERISTICS ASSESSED 
IN EVALUATIONS OF DIAGNOSTIC 
ACCURACY
1. Performance characteristics
The basic performance characteristics of a 
test designed to distinguish infected from 
uninfected individuals are sensitivity, that 
is, the probability that a truly infected indi-
vidual will test positive, and specificity, that 
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QUADAS-2: A Revised Tool for the Quality Assessment of Diagnostic
Accuracy Studies
Penny F. Whiting, PhD; Anne W.S. Rutjes, PhD; Marie E. Westwood, PhD; Susan Mallett, PhD; Jonathan J. Deeks, PhD;
Johannes B. Reitsma, MD, PhD; Mariska M.G. Leeflang, PhD; Jonathan A.C. Sterne, PhD; Patrick M.M. Bossuyt, PhD;
and the QUADAS-2 Group*

In 2003, the QUADAS tool for systematic reviews of diagnostic
accuracy studies was developed. Experience, anecdotal re-
ports, and feedback suggested areas for improvement; there-
fore, QUADAS-2 was developed. This tool comprises 4 do-
mains: patient selection, index test, reference standard, and
flow and timing. Each domain is assessed in terms of risk of
bias, and the first 3 domains are also assessed in terms of
concerns regarding applicability. Signalling questions are in-
cluded to help judge risk of bias.

The QUADAS-2 tool is applied in 4 phases: summarize the
review question, tailor the tool and produce review-specific guid-
ance, construct a flow diagram for the primary study, and judge
bias and applicability. This tool will allow for more transparent
rating of bias and applicability of primary diagnostic accuracy studies.

Ann Intern Med. 2011;155:529-536. www.annals.org
For author affiliations, see end of text.
* For members of the QUADAS-2 Group, see the Appendix (available at
www.annals.org).

Systematic reviews of diagnostic accuracy studies are of-
ten characterized by markedly heterogeneous results

originating from differences in the design and conduct of
included studies. Careful assessment of the quality of in-
cluded studies is therefore essential. Since its publication in
2003, the QUADAS (Quality Assessment of Diagnostic
Accuracy Studies) tool has been widely used (1, 2). More
than 200 review abstracts in the Database of Abstracts of
Reviews of Effects mention this tool, and it has been cited
more than 500 times. The QUADAS tool is recommended
for use in systematic reviews of diagnostic accuracy by the
Agency for Healthcare Research and Quality, Cochrane
Collaboration (3), and the U.K. National Institute for
Health and Clinical Excellence.

The original QUADAS tool includes 14 items as-
sessing risk of bias, sources of variation (applicability),
and reporting quality; each item is rated “yes,” “no,” or
“unclear” (1). Our experience, reports from users, and
feedback from the Cochrane Collaboration suggested
the potential for improvements. Users reported prob-
lems rating certain items (particularly those on patient
spectrum, uninterpretable or intermediate test results,
and withdrawals), possible overlap among items (for exam-
ple, partial verification bias and withdrawals), and situations
in which QUADAS is difficult to use (for example, topics
for which the reference standard involves follow-up). Here
we describe QUADAS-2, an improved, redesigned tool
that is based on both experience using the original tool and
new evidence about sources of bias and variation in diag-
nostic accuracy studies.

METHODS

Development of QUADAS-2 was based on the 4-stage
approach proposed by Moher and colleagues (4): define the
scope, review the evidence base, hold a face-to-face consen-
sus meeting, and refine the tool through piloting.

Define the Scope
We established a steering group of 9 experts in the area

of diagnostic research, most of whom participated in de-
veloping the original QUADAS tool. This group agreed on
key features of the desired scope of QUADAS-2. The main
decision was to separate “quality” into “risk of bias” and
“concerns regarding applicability.” We defined quality as
“both the risk of bias and applicability of a study; 1) the
degree to which estimates of diagnostic accuracy avoided
risk of bias, and 2) the extent to which primary studies are
applicable to the review’s research question.” Bias occurs if
systematic flaws or limitations in the design or conduct of
a study distort the results. Evidence from a primary study
may have limited applicability to the review if, compared
with the review question, the study was conducted in a
patient group with different demographic or clinical fea-
tures, the index test was applied or interpreted differently,
or the definition of the target condition differed.

Other decisions included limiting QUADAS-2 to a
small number of key domains with minimal overlap and
aiming to extend QUADAS-2 to assess studies comparing
multiple index tests and those involving reference stan-
dards based on follow-up, but not studies addressing prog-
nostic questions. We also proposed changing the rating of
“yes,” “no,” or “unclear” used in the original QUADAS
tool to “low risk of bias” or “high risk of bias” used to
assess risk of bias in Cochrane reviews of interventions (5).
An explicit judgment on the risk of bias was thought to be
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What are the challenges? 
Outcomes, context, designs

1. “A major obstacle to conducting impact assessments is a lack of 
consensus on what ‘impact’ really means, and what patient-, 
population-, health systems-, and epidemiology-important 
outcomes should be measured to decide on impact.” 

2. “There is also a lack of guidance on the methods (i.e. study 
designs) to be used to measure them, which methods will be 
most rapid and cost-effective” 

3. “[…] the impact of a new, more accurate diagnostic tool on 
tuberculosis epidemiology [is] substantially affected by 
contextual factors unrelated to tool performance.”

4 Ramsay 2010, Cobelens 2012,  Lin 2012

INT J TUBERC LUNG DIS 14(12):1506–1507
©   2010 The Union

EDITORIAL

[A version in French of this article is available from the Editorial Offi ce in Paris and from the Union website www.theunion.org]

Assessing the impact of new diagnostics on 
tuberculosis control

THE LAST FEW YEARS have seen an unprecedented 
effort to develop new diagnostics for tuberculosis 
(TB), and a number of signifi cant achievements in 
e vidence-based TB diagnosis and translation of evi-
dence into policy.1–3 The World Health Organization 
(WHO) has endorsed more than 10 new or improved 
tools for the diagnosis of TB since 2007, and four ad-
ditional tools are currently under review.1,2 

The WHO process for policy formulation related 
to TB is a fi ve-step process, consisting of: 1) identify-
ing the need for a policy change; 2) reviewing the evi-
dence; 3) convening an expert panel; 4) assessing 
draft policies and guidelines; and 5) formulating and 
disseminating policy.4

Central to this policy-making process is the synthe-
sis of the available evidence on a diagnostic through 
systematic reviews and the application of the GRADE 
(grading of recommendations assessment, develop-
ment and evaluation) approach to guideline develop-
ment.5 The GRADE approach often rates diagnostic 
studies reporting only test accuracy (e.g., sensitivity, 
specifi city) as low-quality evidence for policy develop-
ment because the link between diagnostic accuracy and 
patient-important outcomes is indirect.5 A large propor-
tion (>80%) of all TB diagnostic research publications 
are focused on test accuracy, and there is little pub-
lished evidence on the impact of TB tests on patient-
important outcomes.2,6 To fi ll this gap, expert opinion 
is sought, through WHO Expert Group Meetings, on 
the likely effect of diagnostic accuracy on p atient-
important outcomes for a given diagnostic. As a result, 
strong recommendations (positive or negative) have 
been made on the basis of moderate or low-quality 
evidence,7 and the GRADE approach permits this.5

There is a need to conduct diagnostics evaluations 
that assess the impact of new diagnostics on patient-
important outcomes, including time to diagnosis, time 
to treatment, incremental value of new diagnostics, im-
pact of new tests on clinician decision making, appro-
priateness of the treatment regimen offered on the ba-
sis of the diagnostic test result and impact of testing on 
treatment outcomes. While the methodologies for evi-
dence synthesis and policy recommendation have im-
proved greatly over recent years and the value of these 
activities is being recognised, most of the original re-
search being synthesised reports only diagnostic accu-
racy, and policy recommendations continue to be made 
on the basis of moderate/low-quality evidence.2,3

There are recognised challenges in assessing a 
number of major patient-important outcomes through 
a diagnostic trial.2 Foremost among these are the 
ethical considerations that would prevent patient-

management decisions being based upon the result of 
the trial diagnostic. It is also recognised that most TB 
diagnostics will not be used alone, but in combina-
tion with clinical decisions to test, and with other di-
agnostics such as smear microscopy and/or culture 
and drug susceptibility testing. This complexity is 
likely to infl uence the patient-important outcomes. It 
is thus the patient-important outcomes associated 
with use of a particular diagnostic-intervention pack-
age that are the outcomes of interest.

The Stop TB Partnership’s New Diagnostics Work-
ing Group (NDWG) has recently published a scien-
tifi c blueprint for TB diagnostics development and 
evaluation.8 This blueprint presents an overview of 
what evidence is required for the comprehensive as-
sessment of a diagnostic. This document makes it clear 
that it is not only patient-important outcomes that 
need to be measured, but also population-important 
outcomes (e.g., gender equity in access to the diagnos-
tic) and health systems-important outcomes (e.g., de-
mands of new diagnostics on human resources). Most 
diagnostic accuracy studies, as well as the so-called 
‘demonstration studies’, are conducted in controlled 
settings with technical and fi nancial inputs far in ex-
cess of the resources available in routine programme 
conditions. Valid measures of some population- and 
health systems-important outcomes will be diffi cult 
to obtain until the tool has been introduced into rou-
tine National Tuberculosis Programme (NTP) activi-
ties. Beyond populations and health systems, it is nec-
essary to conduct research on the public health and 
epidemiological impact of introducing new diagnos-
tics to ensure that the intervention is associated with 
improved case detection and cure rates and reduced 
TB transmission and incidence. The term ‘impact’ 
thus has different interpretations, ranging from the 
impact of a test on an individual patient’s outcome to 
the epidemiological impact of widespread scale-up of 
a new diagnostic test in a population.

In a perfect world, we would want all the evidence 
available before making policy recommendations. 
However, collecting such a body of evidence will be 
time-consuming and expensive. Waiting for all the evi-
dence could delay, by several years, the uptake of a new 
tool with the potential to dramatically improve TB 
control. The NDWG’s scientifi c blueprint recognises 
that research is needed both before and after WHO en-
dorsement and introduction of a new tool into NTP 
activities. Despite the WHO endorsement of several 
new diagnostic tools in recent years, we are unaware 
of any peer-reviewed publications describing the im-
pact of new TB diagnostics on patient-, population- or 
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Public Health impact
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Phases of Diagnostic Research 
Going beyond diagnostic accuracy
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~95% of TB diagnostic research1

1Pai M, Brunet L, Minion J, Steingart K, Ramsay ARC, Lienhardt C. Mapping the landscape and quality of TB diagnostic 
research. Report to Stop TB Partnership. 2009 Nov 12;:1–24. 
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Figure 2–1. Application of USPSTF analytic framework to test evaluation* 

 
*Adapted from Harris et al., 20017 

In summarizing evidence, studies for each linkage might vary in strength of design, 
limitations of conduct, and adequacy of reporting. The linkages leading from changes in patient 
management decisions to health outcomes are often of particular importance. The implication 
here is that the value of a test usually derives from its influence on some action taken in patient 
management. Although this is usually the case, sometimes the information alone from a test may 
have value independent of any action it may prompt. For example, information about prognosis 
that does not necessarily trigger any actions may have a meaningful psychological impact on 
patients and caregivers. 

Principle 3: Consider using decision trees. 
An analytic framework is helpful when direct evidence is lacking, showing relevant key 

questions along indirect pathways between the test and important clinical outcomes. Analytic 
frameworks are, however, not well suited to depicting multiple alternative uses of the particular 
test (or its comparators) and are limited in their ability to represent the impact of test results on 
clinical decisions, and the specific potential outcome consequences of altered decisions. 
Reviewers can use simple decision trees or flow diagrams alongside the analytic framework to 
illustrate details of the potential impact of test results on management decisions and outcomes. 
Along with PICOTS specifications and analytic frameworks, these graphical tools represent 
systematic reviewers’ understanding of the clinical context of the topic. Constructing decision 
trees may help to clarify key questions by identifying which indices of diagnostic accuracy and 
other statistics are relevant to the clinical problem and which range of possible pathways and 
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limitations of conduct, and adequacy of reporting. The linkages leading from changes in patient 
management decisions to health outcomes are often of particular importance. The implication 
here is that the value of a test usually derives from its influence on some action taken in patient 
management. Although this is usually the case, sometimes the information alone from a test may 
have value independent of any action it may prompt. For example, information about prognosis 
that does not necessarily trigger any actions may have a meaningful psychological impact on 
patients and caregivers. 

Principle 3: Consider using decision trees. 
An analytic framework is helpful when direct evidence is lacking, showing relevant key 

questions along indirect pathways between the test and important clinical outcomes. Analytic 
frameworks are, however, not well suited to depicting multiple alternative uses of the particular 
test (or its comparators) and are limited in their ability to represent the impact of test results on 
clinical decisions, and the specific potential outcome consequences of altered decisions. 
Reviewers can use simple decision trees or flow diagrams alongside the analytic framework to 
illustrate details of the potential impact of test results on management decisions and outcomes. 
Along with PICOTS specifications and analytic frameworks, these graphical tools represent 
systematic reviewers’ understanding of the clinical context of the topic. Constructing decision 
trees may help to clarify key questions by identifying which indices of diagnostic accuracy and 
other statistics are relevant to the clinical problem and which range of possible pathways and 



Epidemiologists 
Causal Inference

Causal diagrams 
‣ tool to express and communicate beliefs about 

causal pathways  

Causal inference
‣ counterfactuals as formal language & conceptual 

framework to understand bias 

Methodology
‣ statistical methods for causal inference from 

observational data
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Health Technology Assessment 
Frameworks for evaluation & policy decision-making
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Surrogate outcomes
‣ how to link evidence from various sources on 

intermediate outcomes 

Big picture view
‣ cost-effectiveness, budget impact, societal 

consequences, organizational implications etc. 

Policy decision-making
‣ pathway for decision about adopting new tests



Economists 
Impact Evaluation
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Evaluation of country-wide programs
‣ guidance specifically for this perspective 

Methodology
‣ focus on RCTs and quasi-experimental designs 

Mixed methods
‣ recognition of importance of qualitative methods



2. How to consider 
context?
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Contextual factors affect impact 
…beyond their effects on accuracy

� epidemiological context
• HIV 
• paucibacillary TB 
• MDR-TB 

� quality of baseline
• quality of smear microscopy 
• empiric Rx 

� operational context
• “send the patient” vs “send the sample” model 
• follow-up procedures, pre-Rx LTFU

17
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3. How to study it / 
which designs?
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Study Designs

1. RCTs 

2. Quasi-experimental studies 

3. Diagnostic before-after studies 

4. Hypothetical trials (uncontrolled / model-based)

20



RCTs 
Types & Features

• allocation to intervention or no intervention 
assigned at random 

• randomization leads to equal distribution of 
measured and unmeasured covariates  

• units of randomization can be individuals or 
clusters (e.g. geographical, time) 

• explanatory (efficacy) or pragmatic 
(effectiveness)

21



RCTs 
Study Design Examples
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Impact of Xpert MTB/RIF for TB Diagnosis in a Primary
Care Clinic with High TB and HIV Prevalence in South
Africa: A Pragmatic Randomised Trial
Helen S. Cox1,2*, Slindile Mbhele3, Neisha Mohess3, Andrew Whitelaw3,4, Odelia Muller2,

Widaad Zemanay3, Francesca Little5, Virginia Azevedo6, John Simpson4, Catharina C. Boehme7,

Mark P Nicol1

1 Division of Medical Microbiology and Institute for Infectious Diseases and Molecular Medicine, University of Cape Town, Cape Town, South Africa, 2 Médecins Sans

Frontières, Khayelitsha, South Africa, 3 Division of Medical Microbiology, University of Cape Town, Cape Town, South Africa, 4 National Health Laboratory Service,

Johannesburg, South Africa, 5 Department of Statistical Science, University of Cape Town, Cape Town, South Africa, 6 Khayelitsha Health, City of Cape Town, Cape Town,

South Africa, 7 Foundation for Innovative New Diagnostics, Geneva, Switzerland

Abstract

Background: Xpert MTB/RIF is approved for use in tuberculosis (TB) and rifampicin-resistance diagnosis. However, data are
limited on the impact of Xpert under routine conditions in settings with high TB burden.

Methods and Findings: A pragmatic prospective cluster-randomised trial of Xpert for all individuals with presumptive
(symptomatic) TB compared to the routine diagnostic algorithm of sputum microscopy and limited use of culture was
conducted in a large TB/HIV primary care clinic. The primary outcome was the proportion of bacteriologically confirmed TB
cases not initiating TB treatment by 3 mo after presentation. Secondary outcomes included time to TB treatment and
mortality. Unblinded randomisation occurred on a weekly basis. Xpert and smear microscopy were performed on site.
Analysis was both by intention to treat (ITT) and per protocol. Between 7 September 2010 and 28 October 2011, 1,985
participants were assigned to the Xpert (n = 982) and routine (n = 1,003) diagnostic algorithms (ITT analysis); 882 received
Xpert and 1,063 routine (per protocol analysis). 13% (32/257) of individuals with bacteriologically confirmed TB (smear,
culture, or Xpert) did not initiate treatment by 3 mo after presentation in the Xpert arm, compared to 25% (41/167) in the
routine arm (ITT analysis, risk ratio 0.51, 95% CI 0.33–0.77, p = 0.0052). The yield of bacteriologically confirmed TB cases
among patients with presumptive TB was 17% (167/1,003) with routine diagnosis and 26% (257/982) with Xpert diagnosis
(ITT analysis, risk ratio 1.57, 95% CI 1.32–1.87, p,0.001). This difference in diagnosis rates resulted in a higher rate of
treatment initiation in the Xpert arm: 23% (229/1,003) and 28% (277/982) in the routine and Xpert arms, respectively (ITT
analysis, risk ratio 1.24, 95% CI 1.06–1.44, p = 0.013). Time to treatment initiation was improved overall (ITT analysis, hazard
ratio 0.76, 95% CI 0.63–0.92, p = 0.005) and among HIV-infected participants (ITT analysis, hazard ratio 0.67, 95% CI 0.53–0.85,
p = 0.001). There was no difference in 6-mo mortality with Xpert versus routine diagnosis. Study limitations included
incorrect intervention allocation for a high proportion of participants and that the study was conducted in a single clinic.

Conclusions: These data suggest that in this routine primary care setting, use of Xpert to diagnose TB increased the number
of individuals with bacteriologically confirmed TB who were treated by 3 mo and reduced time to treatment initiation,
particularly among HIV-infected participants.

Trial registration: Pan African Clinical Trials Registry PACTR201010000255244

Please see later in the article for the Editors’ Summary.
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Improvement of tuberculosis case detection and reduction 
of discrepancies between men and women by simple 
sputum-submission instructions: a pragmatic randomised 
controlled trial 
Mishal Sameer Khan, Osman Dar, Charalambos Sismanidis, Karam Shah, Peter Godfrey-Faussett

Summary 
Background In several settings, women with suspected tuberculosis are less likely to test smear positive than are men. 
Submission of poor-quality sputum specimens by women might be one reason for the diff erence between the sexes. 
We did a pragmatic randomised controlled trial to assess the eff ect of sputum-submission instructions on female 
patients.

Methods 1494 women and 1561 men with suspected tuberculosis attending the Federal Tuberculosis Centre in 
Rawalpindi, Pakistan, were randomly assigned between May and July, 2005 either to receive sputum-submission 
guidance before specimen submission or to submit specimens without specifi c guidance, according to prevailing 
practice. Of enrolled patients, 133 (4%) declined to participate. The primary outcome measure was the proportion 
of instructed and non-instructed women testing smear positive. Intention-to-treat analysis was undertaken on the 
basis of treatment allocation. This study is registered with the International Standard Randomised Controlled Trial 
number 34123170. 

Findings Instructed women were more likely to test smear positive than were controls (Risk ratio 1∙63 [95% CI 
1∙19–2∙22]). Instructions were associated with a higher rate of smear-positive case detection (58 [8%] in controls vs 
95 [13%] in the intervention group; p=0∙002), a decrease in spot-saliva submission (p=0∙003), and an increase in the 
number of women returning with an early-morning specimen (p=0∙02). In men, instructions did not have a signifi cant 
eff ect on the proportion testing smear positive or specimen quality.

Interpretation In the Federal Tuberculosis Centre in Rawalpindi, lower smear positivity in women than in men was 
mainly a function of poor-quality specimen submission. Smear positivity in women was increased substantially by 
provision of brief instructions. Sputum-submission guidance might be a highly cost-eff ective intervention to improve 
smear-positive case detection and reduce the disparity between the sexes in tuberculosis control in low-income 
countries.

Introduction 
In 2004, there were 8∙9 million new cases of tuberculosis 
and 1∙7 million deaths. Tuberculosis control remains a 
public health priority, as indicated by the Millennium 
Development Goals and by the World Health Assembly, 
whose targets included detection of 70% of new 
smear-positive cases by 2005. Although there has been 
progress in the geographical expansion of WHO’s directly 
observed treatment short-course (DOTS) programme, 
estimates are that only 53% of the predicted smear-positive 
cases were notifi ed under DOTS in 2004.1,2 This low 
percentage shows that a great proportion of smear-positive 
cases are undetected within DOTS areas, and recent 
studies indicated that women, in particular, are at risk of 
underdetection. In developing countries, more men than 
women are diagnosed with tubercolosis.3 Studies in 
several settings, including Malawi, South Africa, and 
Bangladesh have shown that women attending 
tuberculosis diagnostic centres are less likely to test 
smear positive than are men.4–7 In a recent study in 
Pakistan, we showed that, although there was little 

discrepancy in hospital attendance and specimen 
submission between the sexes, the rates of smear 
positivity of specimens submitted by men and women 
were 12% versus 6%.8 Whether sex diff erences in 
smear-positive detection occur because women have 
paucibacillary disease or because they face more barriers 
to diagnosis is unclear. Previous studies have suggested 
that cultural inhibitions about producing deep sputum, 
particularly in public places, and lack of knowledge about 
tuberculosis diagnosis in low-income countries might 
aff ect the quality of specimens submitted by women.9 
However, provision of specifi c sputum-submission 
guidance is often not emphasised, and most diagnostic 
facilities do not provide such guidance. In Pakistan, 
which ranks seventh among the high-burden countries, 
about 26% of avoidable adult deaths are caused by 
tuberculosis.10 Pakistan faces many of the same hurdles 
in the control of this disease as other low-income 
countries. Although DOTS coverage increased rapidly 
from 9% in 2000 to 79% in 2004, only 27% of estimated 
smear-positive cases were detected with DOTS, which is 
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Impact of Xpert MTB/RIF on Antiretroviral
Therapy-Associated Tuberculosis and Mortality:
A Pragmatic Randomized Controlled Trial

L. Mupfumi,1,2 B. Makamure,1,2 M. Chirehwa,2 T. Sagonda,2 S. Zinyowera,3 P. Mason,1,2 J. Z. Metcalfe,4,a and R. Mutetwa2,a
1University of Zimbabwe College of Health Sciences, Harare, Zimbabwe; 2Biomedical Research and Training Institute, Zimbabwe; 3National Microbiology
Reference Laboratory, Harare, Zimbabwe; and 4Division of Pulmonary and Critical Care Medicine, San Francisco General Hospital, and Francis J. Curry
International Tuberculosis Center, University of California, San Francisco, California

Introduction. GeneXpert® MTB/RIF (Xpert) is now widely distributed in high human immunodeficiency virus
(HIV)/tuberculosis (TB)-burden countries. Yet, whether the test improves patient-important outcomes within HIV
treatment programs in limited resource settings is unknown.
Methods. To investigate whether use of Xpert for TB screening prior to initiation of antiretroviral treatment

(ART) improves patient-important outcomes, in a pragmatic randomized controlled trial we assigned 424 patients
to Xpert or fluorescence sputum smear microscopy (FM) at ART initiation. The primary endpoint was a composite
of 3-month mortality and ART-associated TB.
Results. There was no difference in overall TB diagnosis at ART initiation (20% [n = 43] Xpert vs 21% [n = 45]

FM; P = .80), with most patients in both groups treated empirically. There was no difference in time to TB treatment
initiation {5 days (interquartile range [IQR], 3–13) vs 8 days [IQR, 3–23; P = .26]} or loss to follow-up (32 [15%] vs
38 [18%]; P = 0.38). Although a nonsignificant reduction in mortality occurred in the Xpert group (11 [6%] vs 17
[10%]; 95% CI, −9% to 2%; P = .19), there was no difference in the composite outcome (9% [n = 17] Xpert vs 12%
[n = 21] FM; difference −3%; 95% CI, −9% to 4%).
Conclusions. Among HIV-infected initiating ART, centralized TB screening with Xpert did not reduce the rate

of ART-associated TB and mortality, compared with fluorescence microscopy.

Keywords. ART-associated TB; GeneXpert MTB/RIF; HIV; screening; tuberculosis.

Ninety-five percent of the estimated 34 million adults
infected with human immunodeficiency virus (HIV)
live in low- and middle-income countries [1]. Although
antiretroviral treatment (ART) has dramatically re-
duced morbidity and mortality in these settings, the
risk of death in the early post-ART period remains
high [2]. From 4% to 25% of individuals initiating

ART in high HIV/tuberculosis (TB)-burden settings
have unrecognized active TB [3], and TB is likely a sig-
nificant contributor to early mortality.
The World Health Organization (WHO) recom-

mends intensified case finding among individuals
infected with HIV. Symptom-based screening is non-
specific and has poor predictive value for identification
of individuals with TB. Direct sputum smear microsco-
py is fast, inexpensive, and specific, but it is poorly
sensitive compared with Mycobacterium tuberculosis
culture, particularly among persons infected with
HIV. Compared with direct microscopy, fluorescence
microscopy (FM) has higher sensitivity and simi-
lar specificity among patients infected with HIV, it is
associated with reduced laboratory technician burden,
and it has been facilitated by the roll-out of light-
emitting diode technology in low- and middle-income
countries [4].

Received 21 March 2014; accepted 27 May 2014.
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Xpert MTB/RIF vs microscopy as the first 
line TB test in South Africa: mortality, 

yield, initial loss to follow up and 
proportion treated.!!!!The XTEND study

GJ Churchyard 
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RCTs 
Strengths & Weaknesses

Strengths
• avoids confounding, therefore analysis and 

causal inference straightforward 

Weaknesses
• ethics  
• cost, complexity, speed 
• generalizability
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 Quasi-experimental studies 
Types & Features

1. pre-post implementation studies
• without control group 
• with control group (difference in differences) 
• interrupted time-series 

2. instrumental-variable estimation
• exploit natural experiment 

3. regression-discontinuity
• exploit discontinuity
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 Quasi-experimental studies 
Types & Features

1. pre-post implementation studies
• without control group 
• with control group (difference in differences) 
• interrupted time-series 

2. instrumental-variable estimation
• exploit natural experiment 

3. regression-discontinuity
• exploit discontinuity
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Quasi-experimental studies 
Study Design Examples
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Feasibility, diagnostic accuracy, and eff ectiveness of 
decentralised use of the Xpert MTB/RIF test for diagnosis 
of tuberculosis and multidrug resistance: a multicentre 
implementation study
Catharina C Boehme, Mark P Nicol, Pamela Nabeta, Joy S Michael, Eduardo Gotuzzo, Rasim Tahirli, Ma Tarcela Gler, Robert Blakemore, 
William Worodria, Christen Gray, Laurence Huang, Tatiana Caceres, Rafail Mehdiyev, Lawrence Raymond, Andrew Whitelaw, 
Kalaiselvan Sagadevan, Heather Alexander, Heidi Albert, Frank Cobelens, Helen Cox, David Alland, Mark D Perkins

Summary
Background The Xpert MTB/RIF test (Cepheid, Sunnyvale, CA, USA) can detect tuberculosis and its multidrug-
resistant form with very high sensitivity and specifi city in controlled studies, but no performance data exist from 
district and subdistrict health facilities in tuberculosis-endemic countries. We aimed to assess operational feasibility, 
accuracy, and eff ectiveness of implementation in such settings.

Methods We assessed adults (≥18 years) with suspected tuberculosis or multidrug-resistant tuberculosis consecutively 
presenting with cough lasting at least 2 weeks to urban health centres in South Africa, Peru, and India, drug-resistance 
screening facilities in Azerbaijan and the Philippines, and an emergency room in Uganda. Patients were excluded 
from the main analyses if their second sputum sample was collected more than 1 week after the fi rst sample, or if no 
valid reference standard or MTB/RIF test was available. We compared one-off  direct MTB/RIF testing in nine 
microscopy laboratories adjacent to study sites with 2–3 sputum smears and 1–3 cultures, dependent on site, and drug-
susceptibility testing. We assessed indicators of robustness including indeterminate rate and between-site performance, 
and compared time to detection, reporting, and treatment, and patient dropouts for the techniques used.

Findings We enrolled 6648 participants between Aug 11, 2009, and June 26, 2010. One-off  MTB/RIF testing detected 933 
(90·3%) of 1033 culture-confi rmed cases of tuberculosis, compared with 699 (67·1%) of 1041 for microscopy. MTB/RIF 
test sensitivity was 76·9% in smear-negative, culture-positive patients (296 of 385 samples), and 99·0% specifi c 
(2846 of 2876 non-tuberculosis samples). MTB/RIF test sensitivity for rifampicin resistance was 94·4% (236 of 250) 
and specifi city was 98·3% (796 of 810). Unlike microscopy, MTB/RIF test sensitivity was not signifi cantly lower in 
patients with HIV co-infection. Median time to detection of tuberculosis for the MTB/RIF test was 0 days (IQR 0–1), 
compared with 1 day (0–1) for microscopy, 30 days (23–43) for solid culture, and 16 days (13–21) for liquid culture. 
Median time to detection of resistance was 20 days (10–26) for line-probe assay and 106 days (30–124) for conventional 
drug-susceptibility testing. Use of the MTB/RIF test reduced median time to treatment for smear-negative tuberculosis 
from 56 days (39–81) to 5 days (2–8). The indeterminate rate of MTB/RIF testing was 2·4% (126 of 5321 samples) 
compared with 4·6% (441 of 9690) for cultures.

Interpretation The MTB/RIF test can eff ectively be used in low-resource settings to simplify patients’ access to early 
and accurate diagnosis, thereby potentially decreasing morbidity associated with diagnostic delay, dropout and 
mistreatment.

Funding Foundation for Innovative New Diagnostics, Bill & Melinda Gates Foundation, European and Developing 
Countries Clinical Trials Partnership (TA2007.40200.009), Wellcome Trust (085251/B/08/Z), and UK Department for 
International Development.

Introduction
Two of the three key infectious diseases of man, HIV and 
malaria, can be diagnosed in primary-care settings with 
straightforward rapid tests. No such technology has been 
available to accurately detect tuberculosis and its drug-
resistant forms, and this absence has been a major 
obstacle to improvement of tuberculosis care and 
reduction of the global burden of disease. Microscopy 
alone, although inexpensive, misses many patients and 
detects only those with relatively advanced disease.1–3 

Presently, only 28% of expected incident cases of 
tuberculosis are detected and reported as smear positive.4 
Undetected cases of disease increase morbidity, mortality, 
and disease transmission.5–7 In many countries, epidemic 
HIV infection has further reduced the sensitivity of 
microscopy and increased the necessity of rapid diagnosis 
of tuberculosis. The mortality of untreated or mistreated 
tuberculosis in people with advanced HIV is high.8–10 
Autopsy studies in various countries have shown that 
30–60% of people with HIV infection may die with 

LED-Fluorescence Microscopy for Diagnosis of
Pulmonary Tuberculosis under Programmatic Conditions
in India
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Abstract

Background: Light-emitting diode fluorescence microscopy (LED-FM) has been shown to be more sensitive than
conventional bright field microscopy using Ziehl-Neelsen (ZN) stain in detecting sputum smear positive tuberculosis in
controlled laboratory conditions. In 2012, Auramine O staining based LED-FM replaced conventional ZN microscopy in 200
designated microscopy centres (DMC) of medical colleges operating in collaboration with India’s Revised National
Tuberculosis Control Programme. We aimed to assess the impact of introduction of LED-FM services on sputum smear
positive case detection under program conditions.

Methods: This was a before and after comparison study. In 15 randomly selected medical college DMCs, all presumptive TB
patients who underwent sputum smear examination in the years 2011 (before LED-FM) and 2012 (after LED-FM) were
compared. An additional 15 comparable DMCs that implemented conventional ZN sputum smear microscopy were also
selected for comparison between 2011 and 2012.

Results: The proportion of presumptive TB patients (PTP)found sputum smear positive increased by 30%- from 13.6% (3432/
25159) in 2011 to 17.8% (4706/26426) in 2012 (P value ,0.01) in the sites that implemented LED-FM microscopy, whereas in
DMCs where the ZN staining procedure is followed the proportion of sputum smear positive had remained unchanged
(13.0%versus 12.6%;P value0.31).

Conclusion: Use of LED-FM significantly increased the proportion of smear positive cases among presumptive TB patients
under routine program conditions in high workload laboratories. The study provides operational evidence needed to scale-
up the use of LED-FM in similar settings in India and beyond.

Citation: Reza LW, Satyanarayna S, Enarson DA, Kumar AMV, Sagili K, et al. (2013) LED-Fluorescence Microscopy for Diagnosis of Pulmonary Tuberculosis under
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Introduction

Light-Emitting Diode Fluorescence Microscopy (LED-FM) for
sputum smear examination is recommended by the World Health
Organization (WHO) for detection of acid-fast bacilli in high
tuberculosis (TB) burden countries [1]. LED-FM has higher
sensitivity (,8–10%) [2,3]and similar specificity [4]as compared
with Ziehl-Neelsen staining based bright field sputum smear
microscopy(ZN SSM) in detecting sputum smear positive TB cases
and is more efficient [4,5].

In India (high TB burden country), [6] medical colleges have
tertiary care hospitals functioning in close collaboration with
Revised National Tuberculosis Control Programme (RNTCP) for

TB care and control. These hospitals have RNTCPs designated
microscopy centre (DMC) for the diagnosis of sputum smear
positive pulmonary TB using ZN stain based bright field
microscopy. In the year 2009/10 and 2010/11, 611683 and
689342 presumptive TB patients (PTP)were examined, out of
which 92071 (15.1%) and 95272 (13.8%) were sputum smear
positive respectively in 291 out of 321 medical colleges RNTCP
DMC’s [7]. However, one has to admit due to high volume of
cases for sputum examination at the DMC and inadequate staffing
there is often delay in examination of slides and so the diagnosis.
In 2012, the South-East Asia office of International Union Against
TB and Lung Disease (USEA) in partnership with RNTCP and
National Task Force (NTF) took initiation in implementing project
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 Quasi-experimental studies 
Strengths & Weaknesses

Strengths
• possible to conduct as new tests are being 

implemented 
• may be conducted rapidly using available routine data 
• may reflect “real-life” use and practice 

Weaknesses
• greater risk of bias (confounding, selection bias) 
• therefore more complex analysis and greater difficulty 

in making strong inference 
• temporal trends

27



Diagnostic Before-after Studies 
Types & Features

28

• each patient is his own control 

• outcome: clinical decision-making
1. pre-test management plan 
2. post-test management plan 
3. actual management 

• prospective: ask directly 
• retrospective: look at what was done
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Diagnostic Before-after Studies 
Study Design Examples
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Does solid culture for tuberculosis infl uence clinical 
decision making in India?

N. Stall,* T. Rubin,† J. S. Michael,‡ D. Mathai,§ O. C. Abraham,§ P. Mathews,§ K. Thomas,§ 
M. John,* P. Daley§
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S E T T I N G :  Medical units at an academic tertiary referral 
hospital in Southern India.
O B J E C T I V E :  To investigate the impact of solid culture on 
Löwenstein-Jensen medium on clinical decision making.
D E S I G N :  In a retrospective review of 150 culture-positive 
and 150 culture-negative consecutively sampled tuber-
culosis (TB) suspects, treatment decisions were analysed 
at presentation, after the availability of culture detection 
results and after the availability of drug susceptibility 
testing (DST) culture results. 
R E S U LT S :  A total of 124 (82.7%) culture-positive pa-
tients and 35 (23.3%) culture-negative patients started 
anti-tuberculosis treatment prior to receiving their cul-
ture results; 101 patients (33.7%) returned for their re-

sults; two (1.3%) initiated treatment based on positive 
culture and no culture-negative patients discontinued 
treatment. DST was performed on 119 (79.3%) positive 
cultures: 30 (25.2%) showed any resistance, eight (6.7%) 
showed multidrug resistance and one (0.84%) showed 
extensively drug-resistant TB. Twenty-eight patients 
(23.5%) returned for their DST results. Based on DST, 
treatment was modi � ed in four patients (3.4%). 
C O N C L U S I O N :  Using solid culture, 150 cultures need 
to be tested for one treatment modi � cation and 30 for 
DST. The cost of the widespread application of culture 
will need to be balanced against its impact on treatment 
decisions in India.
K E Y  W O R D S :  tuberculosis; culture; decision making

THE FAILURE of accurate and timely diagnosis of 
active tuberculosis (TB) and drug-resistant TB is one 
of the main limitations of TB control globally.1 Only 
64% of estimated cases are currently detected.2 In 
the light of these shortcomings, the World Health Or-
ganization (WHO) established intensifi ed TB case 
detection for establishing a diagnosis of TB as a key 
research priority in 2005.3 This is of particular im-
portance to India, which has the highest TB burden 
in the world (1.9 million TB cases annually, one fi fth 
of the global TB incidence).3,4

The Revised National TB Control Programme 
(RNTCP) in India relies on the detection of acid-fast 
bacilli (AFB) by Ziehl-Neelsen staining of sputum for 
active TB diagnosis. Although rapid, the test is lim-
ited by poor sensitivity, especially among paucibacil-
lary samples, typically produced by human immuno-
defi ciency virus (HIV) positive patients.5 It is estimated 
that AFB smear microscopy misses half of all cases of 
active TB.6 The reference standard for TB diagnosis is 
culture, which requires 6–8 weeks of incubation for 
solid media1 and 2–3 weeks for automated liquid-
based culture systems.5

WHO policy recommends the widespread applica-
tion of liquid culture for TB diagnosis in low-income 
settings.7 This recommendation is based on large-
scale demonstration projects in many countries.8 In-
dia is establishing a network of 27 accredited culture 
facilities to provide wider access to TB culture.4 The 
impact of culture scale-up on TB control in India is 
not yet known. 

Given the delay in obtaining culture results, it is 
unclear whether culture will infl uence clinical deci-
sion making in India, as patients are generally treated 
based on smear results alone. We sought to retrospec-
tively evaluate the impact of culture results on clinical 
decision making in a large hospital in India, with the 
hypothesis that widespread availability of culture will 
not signifi cantly change patient management in India. 

METHODS

Setting
The study was conducted at the Christian Medical 
College Hospital (CMC), a 2234-bed tertiary referral 
academic centre in Vellore, India. Vellore District has 

S U M M A R Y

Effect of Nucleic Acid Amplification for
Mycobacterium tuberculosis on Clinical
Decision Making in Suspected
Extrapulmonary Tuberculosis*
Renda Soylemez Wiener, MD; Phyllis Della-Latta, PhD; and
Neil W. Schluger, MD, FCCP

Background: Laboratory-based studies have suggested the nucleic acid amplification test (NAAT)
for Mycobacterium tuberculosis may be useful in diagnosing extrapulmonary tuberculosis. We
sought to determine how clinicians in one hospital used results of the NAAT in clinical decision
making in cases of suspected extrapulmonary tuberculosis.
Methods: We performed a retrospective analysis of all patients who underwent the NAAT on at
least one nonsputum sample, excluding cerebrospinal fluid, from 1999 to 2001 in one large urban
hospital. For these patients, we reviewed the hospital course, with particular attention to date of
the NAAT and its influence on days treated with antituberculous medications and days to final
diagnosis.
Results: Thirty-five patients with suspected tuberculosis who had undergone the NAAT on
extrapulmonary specimens were identified. From three patients, NAAT results were nondiagnos-
tic because of inhibitors, and they were excluded from the analysis, leaving 32 patients.
Tuberculosis was ultimately diagnosed in 14 of these 32 patients. NAAT findings were positive in
specimens from 12 of 14 patients with extrapulmonary tuberculosis and in 0 of 18 cases in which
tuberculosis was excluded (sensitivity, 86%; specificity, 100%; positive predictive value, 100%;
negative predictive value, 90%). In only 2 of 19 patients treated with antituberculous medications
was the NAAT result used to determine the onset or discontinuation of therapy. In no instance
was a negative NAAT result used by clinicians as definitive evidence that a patient did not have
extrapulmonary tuberculosis; in all but one case, patients were continued on antituberculous
therapy until final culture results were available.
Conclusions: The NAAT proved to be a sensitive and specific test for detection of M tuberculosis
in extrapulmonary specimens but did not weigh heavily in clinical decision making at our hospital.
Judicious use of these tests may improve the accuracy and speed of diagnosis of extrapulmonary
tuberculosis, while helping to eliminate unnecessary antituberculous treatment in patients
without tuberculosis. (CHEST 2005; 128:102–107)

Key words: decision making; extrapulmonary tuberculosis; Mycobacterium tuberculosis; nucleic acid amplification
testing

Abbreviations: AFB ! acid-fast bacilli; AMTD ! Amplified MTD; CI ! confidence interval; MAC ! Mycobacterium
avium complex; NAAT ! nucleic acid amplification testing

E xtrapulmonary tuberculosis remains a diagnosis
that is often difficult to establish immediately

and conclusively.1 In many cases, it is not until

culture results are available, up to 8 weeks after
clinical presentation, that a diagnosis of extrapulmo-
nary tuberculosis is definitely established or ex-
cluded. In addition, obtaining material for culture in
extrapulmonary cases often requires invasive proce-
dures. Finally, cases of extrapulmonary tuberculosis
are more often culture negative than are pulmonary
tuberculosis cases. At times, in order to avoid an
invasive procedure, patients may be treated pre-
sumptively for extrapulmonary tuberculosis; if they
appear initially to respond, efforts to confirm tuber-
culosis or exclude other diagnoses may be inappro-
priately deferred. As a result of these diagnostic
challenges, the institution of appropriate antituber-

*From the Departments of Medicine (Drs. Soylemez Wiener and
Schluger) and Pathology (Dr. Della-Latta), Columbia University
College of Physicians and Surgeons, New York, NY.
Manuscript received September 13, 2004; revision accepted
November 22, 2004.
Reproduction of this article is prohibited without written permission
from the American College of Chest Physicians (www.chestjournal.
org/misc/reprints.shtml).
Correspondence to: Neil W. Schluger, MD, FCCP, Division of
Pulmonary, Allergy, and Critical Care Medicine, Columbia Pres-
byterian Medical Center, 630 West 168th St, New York, NY
10032; e-mail: ns311@columbia.edu

102 Clinical Investigations

Downloaded From: http://journal.publications.chestnet.org/ by a McGill University User  on 01/04/2014

INT J TUBERC LUNG DIS 15(3):405–407
©   2011 The Union

SHORT COMMUNICATION

Implementation of liquid culture for tuberculosis diagnosis 
in a remote setting: lessons learned 
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Although sputum smear microscopy is the primary 
method for tuberculosis (TB) diagnosis in low-resource 
settings, it has low sensitivity. The World Health Organ-
ization recommends the use of liquid culture techniques 
for TB diagnosis and drug susceptibility testing in low- 
and middle-income countries. An evaluation of samples 
from southern Sudan found that culture was able to detect 
cases of active pulmonary TB and extra-pulmonary TB 
missed by conventional smear microscopy. However, the 

long delays involved in obtaining culture results meant 
that they were usually not clinically useful, and high 
rates of non-tuberculous mycobacteria isolation made 
interpretation of results diffi cult. Improvements in diag-
nostic capacity and rapid speciation facilities, either on-
site or through a local reference laboratory, are crucial.
K E Y  W O R D S :  tuberculosis; non-tuberculous mycobac-
teria; microscopy; liquid culture

DIAGNOSIS of pulmonary tuberculosis (PTB) in 
r esource-poor settings has traditionally relied on spu-
tum smear microscopy using the Ziehl-Neelsen (ZN) 
staining technique, which is inexpensive and not 
technically demanding. However, compared with cul-
ture, the method has low sensitivity,1 particularly in 
patients co-infected with the human immunodefi ciency 
virus (HIV).2 ZN also has low sensitivity for diagnos-
ing extra-pulmonary tuberculosis (EPTB).3

In 2007, the World Health Organization (WHO) 
recommended the implementation of liquid culture 
techniques for diagnosis and drug susceptibility test-
ing of tuberculosis (TB) suspects in low- and middle-
income countries.4 The WHO observed that increased 
frequency of isolation of non-tuberculous mycobac-
teria (NTM) was a likely result of the highly sensitive 
culture system, and stated that a rapid method for 
differentiation of mycobacteria was essential. 

Médecins Sans Frontières (MSF) has worked in 
Sudan since 1979. Southern Sudan is affected by high 
levels of poverty, along with a lack of basic infra-
structure and services. The lack of roads and trans-
portation prevents access to health care services and 
can result in loss to follow-up of patients with chronic 
conditions such as TB. HIV prevalence varies be-
tween 0.4% and 4.4%.5 In 2008, 507 TB cases were 
admitted to MSF’s southern Sudan TB programme: 
30% of new cases were smear-positive, 5% were 
smear-negative and 65% were EPTB. 

In March 2007, MSF opened a TB culture labora-
tory in Lokichoggio, Kenya, with the support of the 
Borstel Supranational Reference Laboratory, Borstel, 
Germany, to serve basic health care projects in four 
locations in southern Sudan: Lankien and Pieri in 
Jonglei State, Nasir in Upper Nile State and Leer in 
Unity State. The aim was to enable diagnosis of EPTB 
and smear-negative PTB, improve TB treatment man-
agement decisions, and investigate suspected Myco-
bacterium bovis infection as a potential explanation 
for the high EPTB prevalence.

In the present study, we describe our experience, 
outcomes, and lessons learned to help to guide others 
with implementing TB culture in remote and resource-
poor settings.

METHODS 

From March 2007 to April 2009, TB culture was per-
formed on sputum samples from patients attend-
ing four MSF clinics in southern Sudan with clinical 
symptoms of smear-negative PTB or EPTB or with sus-
pected treatment failure. Positive cultures were sent to 
Borstel Reference Laboratory for speciation and qual-
ity control.

Two sputum samples were processed per PTB sus-
pect, and one extra-pulmonary sample (ascites or pleu-
ral fl uid) was processed per EPTB suspect. Samples 
were collected at the clinics and refrigerated before 
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for Management of Drug-Resistant 
Tuberculosis, Thailand, 2004–2008
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ORIGINAL STUDIES

Background: Interferon-gamma release assays are increasingly being used 
in low-incidence settings, but there is little information on whether test 
results influence clinical decisions in children.
Methods: In June 2009, the Montreal Children’s Hospital began imple-
menting the QuantiFERON-TB Gold In-Tube (QFT) as a follow-up test to 
the tuberculin skin test (TST). Pediatric respirologists were asked to docu-
ment how the QFT result changed their initial clinical management based 
on the TST.
Results: During a 2-year period, 399 children with TST and QFT results 
were recruited prospectively. The median age was 13 years. In the 
cohort, 83% were foreign-born and 82% were Bacille Calmette–Guérin 
vaccinated. The QFT was negative in 5 of 11 (45.5%) children diag-
nosed with active tuberculosis (TB). Among 55 TST+/QFT− children 
evaluated as TB contacts, the negative QFT changed the treatment deci-
sion in only 3 (5.5%), and isoniazid was prescribed to the remainder. In 
201 TST+/QFT− children from targeted school and immigrant screen-
ing programs, a negative QFT result was used to withhold isoniazid in 
145 (72.1%) children. These children were followed for 1 year, during 
which no TB cases occurred. In a multivariable analysis, history of TB 
contact and TST induration ≥20 mm were associated with fewer changes 
in clinical decisions.
Conclusions: Our cohort study showed that pediatric respirologists used 
negative QFT results to withhold isoniazid in most low-risk children 
who were referred for a positive TST found through targeted screen-
ing programs. In contrast, in almost all TST-positive children who were 
evaluated as TB contacts, negative QFT results did not change clinical 
management.

Key Words: children, diagnostics, interferon-gamma release assay, latent 
tuberculosis infection, tuberculosis

(Pediatr Infect Dis J 2012;31: 1258–1262)

Interferon-gamma release assays (IGRAs) are blood-based tests 
that have been developed to replace the tuberculin skin test (TST) 

for the diagnosis of latent tuberculosis infection (LTBI). Meta-
analyses of IGRA performance in children show that they have 
increased specificity and similar sensitivity compared to the TST, 
although the IGRA sensitivity may be lower in high-incidence 
versus low-incidence settings.1,2 Many national guidelines in low-
incidence countries recommend the use of IGRAs in conjunction 
with the TST in children.3

In Canada, the Canadian tuberculosis (TB) Committee has 
published an advisory statement on the use of IGRAs in children, 
allowing for their use as an adjunct diagnostic tool for ruling in sus-
pected active TB, investigating contacts of TB cases, confirming a 
positive TST in children with low probability of LTBI, confirming a 
negative TST in immunocompromised children, and targeted screen-
ing of recent immigrants.4–6 Although the use of IGRAs is stead-
ily expanding, there is little evidence on how exactly IGRA results 
impact clinical management, especially in children. In children, the 
high specificity of IGRAs may prove to be useful in immigrant chil-
dren from TB endemic settings, where the TST specificity is compro-
mised by Bacille Calmette–Guérin (BCG) vaccination after infancy, 
multiple BCG vaccinations or boosting by multiple TSTs.

In 2009, the Montreal Children’s Hospital (MCH), a tertiary-
care university teaching hospital, began implementing the QuantiF-
ERON-TB Gold In-Tube (QFT; Cellestis Ltd., Victoria, Australia) as 
a routine clinical test for children with specific indications. The TB 
Clinic at the MCH sees a substantial number of immigrant children 
and a majority of them are BCG vaccinated. Using a more specific 
test in these children may potentially help avoid unnecessary treat-
ment, risks and costs. In contrast, in cases where the diagnosis of TB 
is difficult (eg, active disease in an immuncompromised child), an 
additional test may help as part of the diagnostic workup. Our aims 
were to prospectively determine the concordance between the TST 
and QFT in children, stratified by clinical subgroups, as well as to 
measure how the QFT was used to change diagnostic and treatment 
decisions made by pediatric respirologists in routine practice.

METHODS

Study Setting
Since June 2009, the TB Clinic at the MCH has implemented 

the QFT as a clinical test (covered by Quebec government health 
insurance), based largely on the Canadian IGRA guidelines.4,5 At 
the MCH, the QFT is used as a follow-up test to the TST for the 
following indications:

1. Children (<18 years) with suspected active TB (in combination 
with other microbiological tests, chest radiography and clinical 
history);

2. Children in contact with a case of active infectious TB and who 
have a positive TST;

3. Immunocompromised children defined as receiving prednisone 
(2 mg/kg/d) for ≥14 days, currently on chemotherapy or have 
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Strengths
• avoids confounding since comparisons are within-person 
• may allow straight-forward inference if link between 

management decision and patient outcome is clear  

Weaknesses
• prospective: often difficult to carry out in practice 
• retrospective: pre-test management decision may not be 

available 
• reported pre-test management plans may not match 

what truly would have been done

Diagnostic Before-after Studies 
Strengths & Weaknesses



Hypothetical Trials 
Types & Features
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• each patient is his own control 
• accuracy study + assumptions 
• “formal extrapolation”

• Analytic methods 
• simple hand-calculations 
• decision-analytic modelling
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Hypothetical Trials 
Study Design Examples



Hypothetical Trials 
Strengths & Weaknesses
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Strengths
• quick and low cost (no follow up required) 
• flexible in assessing different scenarios/

algorithms 
• can be used to extrapolate findings to diverse 

settings (contextualize evidence) 

Weaknesses
• strong reliance on modelling assumptions



Concluding Remarks
• important to look beyond accuracy

• epidemiologists, HTA units and economists provide 
important insights on methodology 

• use causal diagrams to inform choice of outcomes, 
design and consideration of contextual factors 

• context matters and should be carefully considered from 
the outset 

• a range of designs can be used, depending on the 
research question
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