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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.

Keywords

diagnostics, evidence, impact, policy, tuberculosis

Curr Opin Pulm Med 16:271–284
� 2010 Wolters Kluwer Health | Lippincott Williams & Wilkins
1070-5287
Introduction
In 2010, poor diagnosis remains a major obstacle to global

tuberculosis (TB) 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 TB 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.

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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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

TB diagnostics, on topics ranging from smear microscopy

to molecular diagnostics and in-vitro assays for latent TB

infection (LTBI). All of these systematic reviews have

been made available on a new website ‘Evidence-based

Tuberculosis Diagnosis’ (www.tbevidence.org) compiled

by the Stop TB 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 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.e. sensitivity and specificity). This is in part
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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 TB 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 TB diagnostics [42��]. This

publication provides a comprehensive, well referenced

plan to guide researchers, clinicians, industry partners,

academics, and TB controllers in all sectors in all aspects

of TB 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
opyright © Lippincott Williams & Wilkins. Unautho

Figure 1 Level of evidence required for policy process

Adapted from [42��].
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,
rized reproduction of this article is prohibited.
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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 TB 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

TB. 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 TB diagnostics and could have a tremen-

dous impact on global TB control [45,46�].

Another area still lacking in adequate diagnostic options

is smear-negative TB, 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 TB control.

Childhood TB 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 TB remains an insensitive

and inadequate standard. Similar to patients with HIV

and smear-negative TB, 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.
opyright © Lippincott Williams & Wilkins. Unauth
The control of drug-resistant TB 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 TB (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 LTBI 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

is 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 TB 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
orized reproduction of this article is prohibited.
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1
� ]

.

all new and revised WHO policies and guidelines, includ-

ing policies on diagnostics [61]. For example, recent

WHO policies on TB infection control [62] and the

revised TB treatment guidelines [63] used the GRADE

approach.
Grading of Recommendations Assessment,
Development, and Evaluation for diagnostic
tests: strengths and limitations
The GRADE approach provides a clear separation of

quality of evidence and strength of recommendations

[58��]. In judgments about quality of evidence, GRADE

considers six factors: study design, methodological qua-

lity, directness of evidence (patient-important outcomes

and generalizability), inconsistency of results, impreci-

sion of results (imprecise or sparse data), and publication

bias [58��]. Thus, quality of evidence reflects our confi-

dence that estimates of benefits and downsides from a

diagnostic test or strategy generated from research are

correct. Quality of evidence is graded as follows:
(1) H
or
igh quality: further research is very unlikely to

change our confidence in the estimate of effect.
(2) M
oderate quality: further research is likely to have an

important impact on our confidence in the estimate of

effect and may change the estimate.
(3) L
ow quality: further research is very likely to have an

important impact on our confidence in the estimate of

effect and is likely to change the estimate.
(4) V
ery low quality: any estimate of effect is very

uncertain.
In the GRADE approach, well designed studies of diag-

nostic accuracy (cross-sectional or cohort studies on

patients with diagnostic uncertainty and use of appro-

priate reference standard) can provide high-quality evi-

dence on test accuracy. However, these studies may

provide only low-quality evidence for guideline devel-

opment because of uncertainty about the link between

test accuracy and outcomes important to patients (dis-

cussed below).

The strength of a recommendation refers to the extent to

which one can be confident that adherence to the recom-

mendation will do more good than harm [58��]. There are

four factors to consider: balance between desirable and

undesirable effects; quality of evidence; values and pre-

ferences; and costs (resource allocation). GRADE classi-

fies recommendations as strong (most informed patients

would choose this option) or weak (patients’ choices will

vary according to their values and preferences and not all

patients would choose this option).

The GRADE process was initially developed for treat-

ment interventions and, therefore, tends to be focused on
ized reproduction of this article is prohibited.
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randomized controlled trials (RCTs). 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 TB 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, TB 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
opyright © Lippincott Williams & Wilkins. Unauth
and products are involved. There is some evidence that

industry involvement is fairly common with TB diagnos-

tic research, with about 40–50% of TB 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

COI. 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 RCTs, 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
orized reproduction of this article is prohibited.
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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 TB 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 RCTs are almost nonexistent in TB. Even if

they were feasible, there are concerns about their design,

interpretation, and ethics [69]. Diagnostic RCTs 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 easy 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 RCTs

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,
opyright © Lippincott Williams & Wilkins. Unauth
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 TB, 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

TB, 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
orized reproduction of this article is prohibited.
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the Stop TB 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 TB

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 TB 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 TB

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 TB

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

TB 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
opyright © Lippincott Williams & Wilkins. Unautho
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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