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Purpose of review

The aim is to summarize the evidence base for tuberculosis (TB) diagnostics, review
recent policies on TB diagnostics, and discuss issues such as how evidence is
translated into policy, limitations of the existing evidence base, and challenges involved
in translating policies into impact.

Recent findings

Case detection continues to be a major obstacle to global TB control. Fortunately,
due to an unprecedented level of interest, funding, and activity, the new diagnostics
pipeline for TB has rapidly expanded. There have been several new policies and
guidelines on TB diagnostics. However, there are major gaps in the existing pipeline
(e.g. lack of a point-of-care test) and the evidence base is predominantly made up of
research studies of test accuracy.

Summary

With the availability of new diagnostics and supporting policies, the next major step
is translation of policy into practice. The impact of new tests will depend largely on the
extent of their introduction and acceptance into the global public sector. This will
itself depend in part on policy decisions by international technical agencies and national
TB programs. With the engagement of all key stakeholders, we will need to translate

evidence-based policies into epidemiological and public health impact.
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Introduction

In 2010, poor diagnosis remains a major obstacle to global
tuberculosis ('T'B) control. In most high-burden countries,
TB is still diagnosed using tools such as direct sputum
microscopy and chest radiographs. Fortunately, the past
few years have seen an unprecedented level of interest,
funding support, and activity focused on the development
of new tools for TB diagnosis, and the new diagnostics
pipeline for T'B is rapidly expanding. In parallel, there
have been several new policy recommendations on TB
diagnostics by the WHO. Because recent publications
[1°,2,3° 4] have exhaustively reviewed the current pipeline
of new diagnostics and the expanding evidence base for
their use, we focus our attention on how evidence is
translated into policy, limitations of the existing evidence
base, deficiencies in the current diagnostics pipeline, and
challenges involved in translating policies into practice
and impact.

individual studies are seldom sufficient to inform policy
and guideline development, the totality of available
evidence must be synthesized. Thus, systematic reviews
and meta-analyses are often necessary to summarize the
evidence on a given diagnostic test. In the past decade,
there have been over 35 systematic reviews published on
"T'B diagnostics, on topics ranging from smear microscopy
to molecular diagnostics and in-vitro assays for latent 'T'B
infection (L'TBI). All of these systematic reviews have
been made available on a new website ‘Evidence-based
Tuberculosis Diagnosis’ (www.tbevidence.org) compiled
by the Stop T'B Partnership’s New Diagnostics Working
Group, in collaboration with several agencies [5°]. While
the key findings of published systematic reviews and
meta-analyses on TB diagnostics have been reviewed
elsewhere [6°], Table 1 provides a brief overview of the
evidence base for TB diagnosis, essentially synthesizing
the evidence from several systematic reviews [7-37].

What is the evidence base for tuberculosis
diagnostics?

The evidence base for TB diagnostics is ultimately
derived from a large body of original research. Because
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What is lacking in current evidence base?

Although a large number of systematic reviews have been
published on TB diagnostics, almost all focus on test
accuracy (i.c. sensitivity and specificity). This is in part
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4 Infectious diseases

because a large proportion of TB diagnostic research
studies are focused on measuring test accuracy. Findings
from systematic reviews suggest that even relatively
straightforward studies of test accuracy are often poorly
designed and reported [38,39]. Both researchers of
primary T'B diagnostic studies and authors of systematic
reviews and meta-analyses need to make efforts to follow
published guidelines for conducting and reporting their
work [40,41], to make the most of their contribution to a
useful and unbiased literature base.

Although the quality of diagnostic studies measuring test
accuracy is important, evidence about test accuracy is
only one link in a long chain of activities that make up the
pathway to developing and implementing a new TB
diagnostic. In 2009, the Stop TB Partnership’s New
Diagnostics Working Group published a scientific blue-
print for development of new T'B diagnostics [42°°]. This
publication provides a comprehensive, well referenced
plan to guide researchers, clinicians, industry partners,
academics, and T'B controllers in all sectors in all aspects
of T'B diagnostics development [42°°], starting from
needs’ assessment, concept, feasibility, proof-of-concept,
to test development, validation, and, ultimately, delivery,
scale-up, access, and epidemiological and public health
impact.

As shown in Fig. 1, evidence on test accuracy is essential,
but policy development requires more than estimation of
test accuracy. Along with data on test accuracy, we need
to consider user-important as well as patient-important
outcomes. Patient-important outcomes require more
sophisticated and often more resource-intensive research
[43,44], wherein a study shows that implementing a
diagnostic test in a given situation results in clinically
relevant improvements in patient care and/or patient
outcomes. For TB diagnostics, this might mean an

Figure 1 Level of evidence required for policy process

increased number of patients detected and receiving
appropriate treatment, fewer patients defaulting from
the diagnostic pathway due to reduced number of patient
visits, or more patients cured due to accurate detection of
drug resistance. Studies may also investigate the values
and preferences patients have when choosing one diag-
nostic test compared to another. Although the challenges
and costs of demonstrating these types of outcomes
make them unattractive for many researchers and fund-
ing agencies, it is no less important than proving a
therapeutic intervention actually changes the course of
a disease and not just the level of a biomarker or surrogate
endpoint.

User-important outcomes consist of practical concerns for
the usability of a test in real-world situations. Although
these generally do not require fundamentally different
strategies to evaluate, it is important that they are
assessed under implementation or real-world settings.
These include the ease of use of a technology, the
hands-on time of performing the test, the expertise or
training required, and the infrastructure needed. It is
important to consider biosafety, robustness of any equip-
ment involved, as well as pragmatic issues such as the
shelf-life of reagents, the need for special shipping or
storage of materials, the availability and reliability of
supply chains, and of course cost.

These types of evidence must be taken into account,
along with test accuracy and reliability, when policy
makers or programs are evaluating a diagnostic for recom-
mendation or widespread use. Systematic reviews of
diagnostics should make an effort to summarize data
on these outcomes in addition to accuracy, appraise
the quality of available evidence, and explore the uncer-
tainty regarding the often assumed values and prefer-
ences of patients associated with these tests. However,
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an obstacle here is a lack of methodology for collecting
and analyzing such evidence even if the data were
reported in primary research. In other words, currently
used systematic review methods are mainly aimed at test
accuracy.

Where is the current diagnostics pipeline
deficient?

Although there are many more TB diagnostics in the
pipeline today than in the past, the existing T'B diag-
nostics pipeline itself has limitations and neglects some
important aspects of the TB epidemic. Table 2 sum-
marizes the major research priorities for TB diagnostics.

The biggest concern continues to be the lack of a rapid,
simple, inexpensive, point-of-care (POC) test for active
T'B. As yet nothing has emerged from the pipeline or
looks likely to emerge from the pipeline in the near
future that could supplant smear microscopy. An easy-
to-use, inexpensive diagnostic that can perform as well or
better than smear microscopy and can deliver results
within minutes without sophisticated equipment or
highly-trained laboratory personnel would be a major
step forward in T'B diagnostics and could have a tremen-
dous impact on global T'B control [45,46°].

Another area still lacking in adequate diagnostic options
is smear-negative T'B, especially in HIV-infected persons
[47]. Undiagnosed TB is very common in persons
infected with HIV; therefore, intensive active case find-
ing is required as strategies that rely on passive detection,
or screening with smear microscopy alone, will miss a
large number of coinfected patients [47]. Considering the
proven benefit of TB preventive therapy using isoniazid
in HIV-infected persons, ruling out active TB before
initiation of single drug treatment is important not only
for the care of the individual patient, but also to prevent
the inadvertent selection for drug resistance. The devel-
opment and validation of an algorithm, taking advantage
of newly available tests, to aggressively target this high-
risk population remains a priority for T'B control.

Childhood T'B presents similar challenges [48]. By virtue
of the pathophysiology of TB in pediatrics and the
inability to obtain adequate sputum samples, microbio-
logic confirmation of active 'T'B remains an insensitive
and inadequate standard. Similar to patients with HIV
and smear-negative T'B, the development and improve-
ment in diagnostic algorithms that take advantage of
available new diagnostics is needed. As good quality
sputum specimens are difficult to collect, novel diag-
nostics that can be used on urine, saliva, breath con-
densate, and so on could have a greater impact in
these populations, especially if a POC format could be
developed.

New and improved tuberculosis diagnostics Pai et al. 5

The control of drug-resistant 'T'B requires accurate and
rapid diagnostics for the detection of critical patterns of
drug resistance. The need to identify cases of multidrug-
resistant TB (MDR-TB) through detecting resistance to
rifampicin and isoniazid is now well recognized. The next
step is to accurately and rapidly identify cases of exten-
sively drug-resistant 'T'B (XDR-TB) through the detec-

tion of resistance to key second-line drugs.

Although new tests [such as interferon-gamma release
assays (IGRAs)] have emerged for L'TBI diagnosis, these
tests cannot resolve the various phases of the latent TB
spectrum [49,50]. This means existing tests cannot be
used to target preventive therapy at the subgroup that is
most likely to benefit from treatment. Thus, there is a
need for a highly predictive biomarker or combination of
biomarkers, which will allow accurate prediction of the
subgroup of latently infected individuals who are at
highest risk of progression to disease.

How is evidence translated into policy?

The WHO has taken the lead on developing policies and
guidelines on TB diagnostics. The WHO policy process
i1s summarized in a recent statement entitled ‘Moving
research findings into new WHO policies [51°].” The key
steps in the WHO policy process are given in Table 3
[51°]. This process takes into account the importance of
not only identifying areas in need of policy guidance, but
also ensuring that policies are evidence-based and then
followed up with dissemination and promotion of new
recommendations. For step 2, reviewing the evidence,
WHO may commission a systematic review and meta-
analysis of available data (published and unpublished)
using standard methods appropriate for diagnostic accu-
racy studies [52°].

Table 4 provides an overview of all the recent WHO
policies on T'B diagnostics [51°,53-57]. Since 2007,
the WHO has endorsed several diagnostic tests and
strategies, including liquid cultures, optimized smear
microscopy, line probe assays, and noncommercial
culture systems for drug-susceptibility testing.

The foundation of the WHO policy process is now the
Grading of Recommendations Assessment, Develop-
ment, and Evaluation (GRADE) approach [58°°]. This
is in part a response to the criticism that systematic
reviews are rarely used for developing WHO recommen-
dations and that WHO policy processes usually rely
heavily on expert opinion [59]. The GRADE approach
provides a system for rating the quality of evidence
and the strength of recommendations that is explicit,
comprehensive, transparent, and pragmatic and is
being adopted increasingly by organizations worldwide
[58°°,60]. The WHO now requires the use of GRADE for
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Table 2 Major priorities for research and development and implementation of tuberculosis diagnostics

Research priority

Research methods

Expected outcome

Justification

Development of a rapid, accurate point-of-care (POC) test
for pulmonary TB.

Development and validation of tools for rapid detection of
drug resistance, including for XDR-TB and standardization
of DST for second-line drugs.

Intensified, active case detection strategies for early
detection of active TB in HIV-infected persons (at the
clinic level and in the community).

Improving current diagnostic algorithms to shorten the time
required for establishing a diagnosis of smear-negative
pulmonary TB and extrapulmonary TB in HIV-infected
persons and children.

Development of a test or algorithm that can accurately rule
out active TB disease in HIV-infected persons [to allow
initiation of preventive therapy (IPT)]

Which biomarkers or combinations of markers will help
distinguish the various stages of the spectrum of latent
TB infection (from sterilizing immunity to subclinical active
disease) and will allow accurate prediction of the subgroup
of latently infected individuals who are at highest risk of
progression to disease.

Development of a rapid test for childhood TB that will not
depend on sputum specimen testing.

Define different ways of operationalizing and implementing
existing policies on HIV testing of TB patients and TB
screening of HIV-infected persons.

Once new diagnostics are approved and available, what
factors can enhance their actual delivery and implementation
at the programmatic level in high-burden countries?

What is the likely epidemiological impact of widespread LTBI
diagnosis and treatment in high-burden countries, and what
contribution will LTBI diagnosis and treatment make toward
the attainment of the Stop TB Partnership's target for TB
elimination?

Biomarker discovery, followed by incorporation in a
highly sensitive POC platform and then clinical
validation.

Identification and characterization of mutations
associated with second-line drug resistance;
development of newer generation molecular
assays for MDR/XDR-TB; improved
standardization of existing tests for second-line
DST.

Development and validation of an algorithm
(including new tests) for rapid detection of TB
in HIV-infected persons.

Development and validation of an algorithm
(including new tests) for rapid detection of
smear-negative and extrapulmonary TB in
HIV-infected persons and children.

Development and validation of an algorithm
(including new tests) for rapidly ruling out active
TB (including smear-negative and extrapulmonary
TB) in HIV-infected persons.

Biomarker discovery, followed by validation in
clinical and longitudinal (cohort) studies for
markers that can predict risk of progression to
active TB.

Development and validation of a test or an algorithm
(including new tests) for rapid detection of TB in
children, without requiring sputum specimens.

Operational research on different ways of
implementing existing policies on HIV testing of
TB patients and TB screening of HIV-infected
persons.

Operational research on different ways of
implementing new diagnostics in national TB
programs in high-burden settings.

Mathematical modeling study.

A POC test for pulmonary TB that will meet the
user-defined specifications (such as those
proposed by MSF).

Rapid molecular (genotypic) assays for
MDR/XDR-TB that will allow rapid
identification of drug-resistant TB.

A validated algorithm that will enable detection
of TB in a large proportion of HIV-infected
persons with TB disease.

A validated algorithm that will rapidly enable
detection of smear-negative and
extrapulmonary TB in a large proportion of
HIV-infected persons and children.

A validated algorithm that will enable exclusion
of TB in a large proportion of HIV-infected
persons prior to IPT.

Identification of a biomarker or combination
of biomarkers that will allow accurate
prediction of the subgroup of latently
infected individuals who are at highest risk
of progression to disease.

A test (preferably POC) that can use
nonsputum specimens (e.g. urine or breath
condensate or saliva) for rapid detection of
TB in children.

Identification of at least one feasible approach
that might work best and therefore can be
scaled-up.

Identification of at least one feasible
implementation approach that might work
best and therefore can be scaled-up.

The modeling study will inform the debate on
when high-burden countries should begin to
focus attention on LTBI diagnosis and
treatment.

Currently, there is no POC test for TB that can be used at
the health clinic level. Diagnostic delays, therefore, are
common.

Although line-probe assays are highly accurate for rifampicin

resistance, accuracy is lower for isoniazid and other drugs.

Second-line DST continues to be a challenge; mutations
are not well defined and standardization is a problem with
phenotypic methods.

Passive case detection methods do not work well in areas
with high HIV prevalence; undiagnosed TB is frequent in
HIV-infected persons and can cause enormous morbidity
and mortality. Aggressive case detection approaches
are needed to enhance case detection, reduce mortality,
and reduce transmission.

Smear-negative TB, extrapulmonary TB, and childhood TB
are diagnostic challenges and available tests perform
poorly in these cases of paucibacillary TB. Newer
algorithms and tests are needed to get around the
limitations of current methods.

In HIV-infected persons, undiagnosed active TB is common.
Before IPT, it is necessary to rule out active
TB. However, there is no easy and accurate method to do
this in high-burden countries.

Existing tests for latent TB (TST and IGRAs) cannot resolve
the various phases of the latent TB spectrum. This means
existing tests cannot be used to target IPT at the
subgroup that is most likely to benefit from treatment. This
results in overtreatment of a large number of latently
infected persons.

Childhood TB is a diagnostic challenge and available tests
perform poorly in these cases of paucibacillary TB. Also,
as young children are unable to produce sputum, it will be
helpful to use alternative specimens such as urine, saliva,
or breath condensate.

Existing policies on HIV testing of TB patients and TB

screening of HIV-infected persons are poorly implemented.

A large proportion of TB patients are not tested for HIV,
and HIV-infected persons are not screened for TB. This
results in undiagnosed co-infection morbidity/mortality and
continued transmission in the community.

Availability of new tools does not necessarily ensure their
adoption and implementation. Translation of policy into
practice requires better understanding of barriers to
implementation and methods to overcome such barriers.

LTBI diagnosis and treatment is currently not a priority in
high-burden countries. However, as TB incidence falls,
it can become a priority. Also, some recent modeling
studies suggest that TB elimination will require strategies
aimed at LTBI management.

DST, drug susceptibility testing; LTBI, latent tuberculosis infection; MDR, multidrug-resistant; MSF, Médecins Sans Frontiéres; XDR, extensively drug-resistant.
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Table 3 World Health Organization policy process for tuberculosis

Major steps Description of the process

Identifying the need for a policy change The need to formulate new or revised policies may arise from WHO's ongoing monitoring of technical developments or from interested parties submitting requests and
supporting documentation for policy or guideline development. WHO receives information about a new technology or approach via many channels, with the most direct
lines coming from national TB programs and researchers themselves. To consider a global policy change, WHO must have solid evidence, including clinical trials or
field evaluations in high-TB prevalence settings.

Reviewing the evidence (including systematic reviews) WHO may carry out or commission a review of the documentation of technology'’s clinical or programmatic performance, including newly published and ‘grey’ research or
reviews, ‘proof-of-principle’ reports, large-scale field trials, and demonstration projects in different resource settings. Standardized evaluation criteria have been and are
being developed by the New Diagnostics, New Drugs, and New Vaccines Working Groups of the Stop TB Partnership.

Convening an expert panel If the evidence base is compelling, WHO will convene an external panel of experts, excluding all original principal investigators from the studies. The panel will review the
evidence (using the GRADE approach) and make a recommendation or propose draft policies or guidelines to WHQO's Strategic and Technical Advisory Group for
Tuberculosis (STAG-TB).

Assessing draft policies and guidelines STAG-TB provides objective, ongoing technical, and strategic advice to WHO related to TB care and control. STAG-TB's objectives are to provide the Director-General,

through the Stop TB Department, an independent evaluation of the strategic, scientific, and technical aspects of WHO's TB activities, review progress and challenges in

WHQ's TB-related core functions, review and make recommendations on committees and working groups, and make recommendations on WHQO's TB activity priorities.

STAG-TB reviews the policy drafts and supporting documentation during its annual meeting. STAG-TB may endorse the policy recommendation with or without revisions,

request additional information and re-review the evidence in subsequent years, or reject the recommendation.

Formulating and disseminating policy New WHO policies and guidelines will be disseminated through different channels to Member States, including through the World Health Assembly, WHO website, list serves,

and journal publications. WHO also disseminates its recommendations to other agencies and donors engaged in TB control activities.

GRADE, Grading of Recommendations Assessment, Development and Evaluation; TB, tuberculosis. World Health Organization: moving research findings into new WHO policies [51°].
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Table 4 Highlights of recent WHO policies and statements on tuberculosis diagnostics

Year policy
was made

Purpose of testing

Diagnostic test or approach

WHO recommendations

2007

2007

2007

2008

2009

2009

Case detection and
drug-susceptibility
testing (DST)

Case detection

Case detection

DST

Case detection

DST

Liquid media for culture
and DST

Definition of a new sputum
smear-positive TB case

Reduction of number of
smears for the diagnosis
of pulmonary TB

Molecular line probe assays
for rapid screening of
patients at risk of MDR-TB

LED-based microscopy

Noncommercial culture
and DST methods

WHO recommends, as a step-wise approach:
The use of liquid medium for culture and DST in middle-income and low-income countries.
The rapid species identification to address the needs for culture and DST.
Taking into consideration that liquid systems will be implemented in a phased manner, integrated into a country-specific comprehensive plan for laboratory
capacity strengthening.
The revised definition of a new sputum smear-positive pulmonary TB case is based on the presence of at least one acid fast bacilli (AFB+) in at least one
sputum sample in countries with a well functioning external quality assurance (EQA) system.
WHO recommends the number of specimens to be examined for screening of TB cases can be reduced from three to two, in places where a well functioning
EQA system exists, where the workload is very high and human resources are limited.

The use of line probe assays is recommended by WHO, with the following guiding principles:

Adoption of line probe assays for rapid detection of MDR-TB should be decided by Ministries of Health within the context of country plans for appropriate
management of MDR-TB patients, including the development of country-specific screening algorithms and timely access to quality-assured second-line
anti-TB drugs.

Line probe assay performance characteristics have been adequately validated in direct testing of sputum smear-positive specimens and on isolates of
Mpycobacterium tuberculosis complex grown from smear-negative and smear-positive specimens. Direct use of line probe assays on smear-negative
clinical specimens is not recommended.

The use of commercial line probe assays, rather than in-house assays, is recommended to ensure reliability and reproducibility of results, as in-house
assays have not been adequately validated or used outside limited research settings.

Adoption of line probe assays does not eliminate the need for conventional culture and DST capability; culture remains necessary for definitive diagnosis
of TB in smear-negative patients, whereas conventional DST is required to diagnose extensively drug-resistant TB (XDR-TB).

As current line probe assays only detect resistance to rifampicin and/or isoniazid, countries with documented or suspected cases of XDR-TB should
establish or expand conventional culture and DST capacity for quality-assured susceptibility testing of second-line drugs, based on current WHO policy
guidance.

WHO recommends that conventional fluorescence microscopy be replaced by LED microscopy in all settings and that LED microscopy be phased in as
an alternative for conventional ZN microscopy in both high-volume and low-volume laboratories.

The switch to LED microscopy should be carried out through a carefully phased implementation plan, using LED technologies that meet WHO
specifications.

WHO recommends that selected noncommercial culture and DST methods be used as an interim solution in resource-constrained settings, in reference
laboratories, or those with sufficient culture capacity, while capacity for genotypic and/or automated liquid culture and DST are being developed. With due
consideration of the above issues, WHO endorses the selective use of one or more of the following noncommercial culture and DST methods:
Microscopically observed drug susceptibility (MODS), for rapid screening of patients suspected of having MDR-TB, under clearly defined programmatic and

operation conditions, and once speciation concerns have been adequately addressed without compromising bio-safety;

The nitrate reductase assay (NRA), for screening of patients suspected of having MDR-TB, under clearly defined programmatic and operation conditions, and
acknowledging that time to detection of MDR in indirect application would not be faster (but less expensive) than conventional DST methods using
commercial liquid culture or line probe assays;

Colorimetric redox indicator (CRI) methods, as indirect tests on M. tuberculosis isolates from patients suspected of having MDR-TB, under clearly defined
programmatic and operation conditions, and acknowledging that time to detection of MDR would not be faster (but less expensive) than conventional
DST methods using commercial liquid culture or line probe assays.

LED, light-emitting diode; MDR-TB, multidrug-resistant tuberculosis. From the World Health Organization [51°,53-56].
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randomized controlled trials (RCT's). It has been adapted
for diagnostic tests and strategies [64°°,65], though this
area is a work in progress and can be improved based
on user’s feedback. The first time the GRADE approach
was applied to TB diagnostics by the WHO was in
September 2009 for use in developing guidelines for
improving sputum smear microscopy and using noncom-
mercial culture methods for rapid detection of TB drug
resistance. From these experiences, we have found the
GRADE approach to have several strengths as well as
some limitations.

On the positive side, GRADE offers a systematic, objec-
tive, and transparent process and requires the explicit use
of systematic reviews and evidence summaries. GRADE
forces us to consider several elements, including quality
of evidence, cost, values and preferences, and trade-offs
between good and bad consequences. One challenge in
using GRADE is learning the process itself, as systematic
reviewers, policy makers, and T'B experts are not necess-
arily trained in the GRADE approach. We expect this
challenge to be overcome as more people receive training
and use GRADE. Another challenge recognizes situ-
ations in which patient outcomes may not reflect the
accuracy or benefit of a diagnostic test/approach because
treatment is unavailable (e.g. improved microscopy in
facilities where stock-outs of anti-TB drugs occur fre-
quently). Additional limitations and challenges for diag-
nostic policies are summarized in Table 5. A recent
review by Kavanagh [66] provides an interesting pers-
pective on GRADE, especially on the issue of whether
GRADE itself is reliable and has been proven to be valid.

By the nature of the GRADE process being based on
evidence, it is intrinsically reliant on the availability and
quality of the evidence base itself. As we have discussed
above, challenges remain to ensure both the quality of
primary diagnostic evaluations and the availability of the
necessary types of data in systematic reviews. This is
brought into clear focus when using the GRADE process,
as a lack of objective studies on a topic opens the door to
the substitution of expert opinion for evidence. Although
expert experiences cannot be discounted, they may often
not be generalizable and are subject to being influenced
by personal agendas and anecdotal experiences. Experts
in TB often rate the same evidence inconsistently,
depending on their prior experience with a test, and this
can result in poor interrater agreement on GRADE
elements. For example, T'B researchers who work exten-
sively in resource-poor settings are often skeptical of high-
tech tools and tend to undervalue them because of the
perceived limited applicability in developing countries.

Conflicts of interest (COI) among guideline panel mem-
bers and industry involvement in guideline processes are
other issues of concern, especially when commercial tests
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and products are involved. There is some evidence that
industry involvement is fairly common with T'B diagnos-
tic research, with about 40-50% of 'T'B diagnostic studies
reporting some degree of industry involvement or sup-
port [26,39]. A recent survey of IGRA guidelines and
statements from various countries found that only a small
minority had explicit COI disclosures [67]. Some organ-
izations have recognized the need to address the issue of
COlLl. For example, the American Thoracic Society (ATS)
published its COI policy for guideline development in
2009 [68]. This policy now recommends procedures such
as self-declaration of COI; review of potential parti-
cipants’ COI; disclosure of COI to project participants;
refusal or excusal from certain decisions or recommen-
dations when appropriate; and disclosure of COI to users
of documents or attendees of conferences. All agencies
and bodies involved in guideline development should
follow this example.

COI, however, are not restricted to commercial products.
Diagnostic tests developers can be academics with no
industry involvement. Because of their heavy intellectual
investment in new test development and better under-
standing of the test, they tend to have strong opinions on
how policies should be formulated and this can pose
conflicts during the guideline development process.
Should test developers be included in guideline panels,
but excused from voting on recommendations? Some-
times, test developers publish systematic and narrative
reviews on their own tests (which invariably tend to be
positive) and it is unclear whether such reviews should be
included or excluded in the GRADE process. Publication
bias is an added concern, especially if industry-supported
diagnostic studies are more likely to be published when
they report positive findings. Unlike RCT's, inclusion of
unpublished diagnostic studies is difficult because of the
lack of a diagnostic trials registry.

The involvement of public—private partnerships for pro-
duct development perhaps increases the complexity.
These are often characterized by a partnership between
a nonprofit organization and a for-profit diagnostics com-
pany with confidential agreements on intellectual prop-
erty related to a co-developed diagnostic. Test devel-
opers from the nonprofit organization may have the same
intellectual investment COI as test developers in acade-
mia, but may in addition have a COI related to their
partnership with a for-profit company. These issues point
out a fundamental problem with all guidelines, a problem
that GRADE can never address — the fate of a guideline
or policy can heavily rest on the group of experts and
stakeholders included in the guideline development
committee or panel.

The application of the GRADE approach to evidence on
diagnostics is relatively new and as a result there are some
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Table 5 Challenges and limitations in formulating tuberculosis diagnostic policies

Challenge or limitation

Description and examples

Limitations of the existing evidence base

Evidence vs. expert opinion

Difficulties in learning and using
the GRADE system

Conflicts of interest and involvement
of test developers

Patient-important outcomes

Systematic review methods

Majority of TB diagnostic studies are focused on test accuracy (sensitivity and specificity); therefore, systematic reviews are also focused on accuracy

Test accuracy studies are often poorly designed, executed, and reported.

Impact of tests on patient-important outcomes is rarely available.

Accuracy studies are downgraded by GRADE for ‘directness’ and can never receive a rating of ‘high-quality’ evidence.

Ease of implementation, resources required, cost-effectiveness, biosafety, and programmatic issues are critical for policy, but systematic reviews may not provide such data.

Existing evidence does not meet the needs of policy makers.

Outcomes that experts want and GRADE requires are often not available.

In such situations, expert opinion tends to dominate and experts do not always agree; expert opinions are often based on their own unique experiences and anecdotes, which may not
necessarily be generalizable or valid.

Systematic reviewers, policy makers, and TB experts are not necessarily trained in GRADE.

Grading may be done inconsistently across tests by different systematic reviewers; same evidence can be interpreted and rated differently; GRADE ratings may be revised posthoc,
depending on which tests the experts want to recommend.

Some tests are actively ‘championed’, whereas others are not and this can result in uneven decisions

Participation of test developers and industry representatives in the policy process introduces conflicts of interest.

There is no consensus on whether test developers and those invested in specific technologies be allowed to do systematic reviews and participate in guideline panel meetings.

There can be tension between commercial and noncommercial tests; type and quality of evidence might differ for commercial vs. noncommercial tests, and commercial products might be
more actively championed by those with industry involvement.

Patient outcomes may not reflect the accuracy or benefit of a diagnostic test/approach in settings with weak overall health infrastructure (e.g. rapid or improved microscopy in facilities
where stock-outs of anti-TB drugs occur frequently).

The possible tension (for TB diagnosis and control) between the importance of individual patient outcomes and public health outcomes (e.g. the notion that false-negative sputum smear
results may pose a greater public health risk than false-positive results).

For tests used at the central/reference laboratory level, patient-outcome data may not be a good index of a test's impact; the test's impact is confounded by several other factors such as
specimen transport, time to get results back to the clinicians, weak healthcare systems, etc.

Impact on patient outcomes is affected not just by the test, but the whole package, including treatment, healthcare system efficiency, etc. It can be difficult to separate out the test's impact,
and hard/expensive to study the whole package or strategy (which can be time-consuming and expensive).

Diagnostic RCTs are rarely available and very hard to do (ethics, cost, etc.)

In addition to patient values and preferences, need to acknowledge preferences and values of laboratory technologists and test users.

If RCTs and patient-important outcomes are required for noncommercial tests, this will be severely limited by access to funds required to perform these large-scale evaluations.

No standardized methodology to search for and objectively synthesize evidence on operational implementation issues, costs to health services, costs to patients, and patient perspectives
on new diagnostic tests and approaches.

Narrative evidence on the above issues may be excluded from search strategies during systematic reviews of studies on diagnostic accuracy.

Results from qualitative and socio-economic studies may not have been captured in the systematic reviews on diagnostic accuracy of the different approaches.

Systematic reviews can make an effort to look for, include, and describe outcomes other than sensitivity and specificity, but often do not because they choose to focus instead on easily
meta-analyzable outcomes.

Policy makers should have a thorough understanding of all the important outcomes (including outcomes that are important to patients) they hope to include in their policy deliberations
before commissioning systematic reviews. By explicitly outlining the test characteristics that will influence their decisions in advance, guideline panels can ensure evidence is as complete
and objective as possible. This approach will minimize evidence gaps, making the process less susceptible to expert opinion. Weighting the importance of test characteristics in advance
can also help to avoid redefining and reinterpreting evidence posthoc to suit individual desires to recommend or not recommend.

GRADE, Grading of Recommendations Assessment, Development and Evaluation; RCT, randomized controlled trial; TB, tuberculosis.
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difficulties specific to diagnostics, which may be alle-
viated in time. For example, forcing diagnostic evidence
into the RCT framework can be nonintuitive to labora-
tory researchers who typically conduct diagnostic evalu-
ations. Certainly, the lack of experience using GRADE
on the part of systematic reviewers and policy makers
currently can lead to inconsistent interpretation of criteria
and the revision of ratings posthoc in order to create
GRADE profiles consistent with predetermined opinions
regarding diagnostics that should be recommended. The
transition from traditional policy making, which was
made primarily based on expert opinion, to the use of
more standardized, objective methods is likely to be
a struggle for all organizations whether it is clearly
acknowledged and dealt with or not.

The absence of diagnostic RCTs and data regarding
patient-important outcomes and preferences in the field
of T'B diagnostics is a major hindrance to their assess-
ments using GRADE, which currently places much
weight on these aspects of patient care. As noted above,
studies providing estimates of accuracy alone are down-
graded for their lack of ‘direct’ evidence and thus cannot
achieve a rating of ‘high-quality’ evidence. Although it
can be agreed that higher levels of evidence need to be
encouraged when assessing diagnostics, there are many
practical barriers to extrapolating between the use of a
diagnostic and the clinical outcomes of patients. Any
number of deficiencies in the health system can impact
a patient outcome, some of which may prevent the full
recognition of benefits clearly provided by a diagnostic.
At the same time, many user-important outcomes (as
described above), which are of great importance to the
feasibility of implementing diagnostics, are not easily
captured in the GRADE process.

Diagnostic RC'T's are almost nonexistent in TB. Even if
they were feasible, there are concerns about their design,
interpretation, and ethics [69]. Diagnostic RC'T's do not
just evaluate a test; they evaluate a strategy or package
that includes testing followed by some intervention as
a follow-up to the test result [44]. In this context, it is
not casy to disentangle the efficacy of the test from
the efficacy of the follow-up treatment or intervention.
Furthermore, it is not easy to capture patient-important
outcomes when ethical considerations prevent clinical
decision-making on the basis of a trial product. Evidence
from RCTs in highly controlled trial settings may not
reflect the real-world conditions in which diagnostics
have to be ultimately deployed. Lastly, diagnostic RC'T's
can take much longer than conventional diagnostic accu-
racy studies and this can delay the introduction of new
policies.

The lack of stringent regulation and licensing of diag-
nostics certainly contributes to the lack of standardized,
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high-quality evidence available for the use of decision
and policy makers. Additionally, this leads to the need for
diagnostic policy processes to not only assess ‘added
benefit’ of one test over another, but often to make
the first objective assessment of a test’s performance.
The imposition of well defined, high standards at the
stage of regulatory approval would help guide devel-
opers and researchers in their assessments of new
diagnostics and provide impetus for the publication of
appropriate and needed evidence. Compared to the
therapeutics arena wherein strict regulation is imposed
before a product is licensed for use, diagnostics require
very limited data before they can be used to make patient
care decisions. For example, despite a large body of
evidence showing poor accuracy of commercial serologi-
cal, antibody detection tests for T'B, several commercial
serological tests are on the market and used frequently
in developing countries with weak regulatory systems
[16,17,70,71]. Poorly performing diagnostics continue to
remain on the market despite poor performance in the
published literature and there are no mechanisms to
‘withdraw’ or ‘ban’ a bad diagnostic.

It needs to be recognized that by the nature of systematic
reviews (upon which the GRADE process is reliant), the
questions which are asked are of paramount importance
[72]. Search criteria, selection processes, and presentation
of evidence will all depend on the exact questions posed.
If policy makers have a clear understanding of the issues
that are important for implementation of a given diag-
nostic in advance, then evidence can be objectively
collected to inform decisions and assessments on both
quantitative and qualitative aspects. However, if only
issues of test accuracy and technical performance are
covered by systematic reviews, then gaps pertaining to
other aspects of performance may need to be filled
through less objective expert opinion.

All things considered, policy making is a big challenge in
'I'B, as it is in other areas of medicine. Although GRADE
has its limitations and can definitely be improved and
adapted for TB diagnostics, we believe it is a major
advance over the conventional policy making process.

Challenges in translating policies into impact
Availability of new tools does not necessarily ensure their
adoption and implementation. Translation of policy into
practice requires better understanding of barriers to
implementation and methods to overcome such barriers.
The impact of new tests will depend largely on the extent
of their introduction and acceptance into the global
public sector. This will itself depend in part on policy
decisions made by international technical agencies such
as WHO, by donors, and ultimately by national TB
programs. This area has been extensively reviewed by
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the Stop T'B Partnership’s Task Force on Retooling and
has led to the creation of a roadmap to guide global,
regional, and country-based activities as well as guide-
lines for engaging stakeholders in retooling and the
introduction of specific TB diagnostics [73-75]. The
work of the time-limited and now disbanded Task Force
on Retooling has been mainstreamed into routine T'B
control activities led by the DOTS Expansion Working
Group and its Subgroup on Introducing New Tools and
Approaches (INAT).

The major obstacles to diagnostic retooling for T'B con-
trol are undoubtedly the poor laboratory infrastructure
and weak healthcare delivery systems present in many
disease-endemic countries [76]. This has been recog-
nized for many years. Although vastly increased funds
are being invested in diagnostics retooling through
national investments and funding agencies, there is still
little guidance available to countries on what new diag-
nostic tools, or combinations of these tools, should be
implemented in their particular epidemiological/health
systems settings, what laboratory capability or capacity
should be built to support this implementation, or how
this should be done. A roadmap for strengthening T'B
laboratories that is abreast with recent developments and
addresses these issues is urgently needed [77]. Beyond
introducing new diagnostics and strengthening labora-
tories, challenges will remain in the development of
accessible, equitable, and high-quality diagnostic ser-
vices based on them and ensuring that healthcare deliv-
ery systems are strengthened so that better diagnostic
services translate into better care [78]. In many countries,
the private healthcare sector is the dominant source of
healthcare. Lack of private sector involvement in T'B
control is a major weakness in existing programs.

Conclusion

After decades of neglect and poor progress, there is now
great excitement about the development and introduc-
tion of new diagnostics for TB. The diagnostics pipeline
has rapidly expanded and several new tools and strategies
have received WHO endorsement for implementation at
the country level. There are major gaps in the existing
pipeline and the evidence base is predominantly made up
of research studies of test accuracy. Future TB diagnostic
research needs to focus on clinically meaningful out-
comes and also consider obstacles to implementation.
The GRADE system has brought greater transparency
and evidence-based approaches to policy making, though
GRADE for diagnostics is still a work in progress. Future
T'B policies and guidelines will need to be transparent,
evidence-based, and free of COI. Today, despite many
years of intensive effort to remedy the situation, weak
laboratories remain the major immediate obstacle to
translating policy into practice in low-income and

middle-income countries. With the engagement of all
key stakeholders, these challenges can be addressed to
translate all the scientific progress into public health
impact.
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