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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 (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 T'B
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

1070-5287 © 2010 Wolters Kluwer Health | Lippincott Williams & Wilkins

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 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 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

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,

Policy
Concept, Evaluation Demonstration Evidence
Needs feasibility De‘?bpmtem’ studies of studies for scale- a?h%iiﬁ)‘hﬂ%ﬂacm
optimization i ] raingd puibl
assessment and proof- P accuracy and including up, delivery

(design-lock) reliability patient and access i impact

-of principle, outcome

| D D D |:| I Downstream

< Upstream

Adapted from [42°°].
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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
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 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.
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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
1s 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
i1s 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

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.
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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) High quality: further research is very unlikely to
change our confidence in the estimate of effect.

(2) Moderate quality: further research is likely to have an
important impact on our confidence in the estimate of
effect and may change the estimate.

(3) Low 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) Very 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).

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

lines coming from national TB programs and researchers themselves. To consider a global policy change, WHO must have solid evidence, including clinical trials 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.

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 WHO's Strategic and Technical Advisory Group for
Tuberculosis (STAG-TB).

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.

field evaluations in high-TB prevalence settings.
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

supporting documentation for policy or guideline development. WHO receives information about a new technology or approach via many channels, with the most direct

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

Description of the process

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°°]. T'here 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

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

Table 3 World Health Organization policy process for tuberculosis

Reviewing the evidence (including systematic reviews)

Formulating and disseminating policy

Identifying the need for a policy change
Assessing draft policies and guidelines

Convening an expert panel

Major steps

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



Infectious diseases

278

'[9G-€g', 1G] uoneziueBiQ yieaH PHOAA @Y} Wol4 "sisojnosaqgny juessisal-Bnipiinw ‘g1 -4an ‘epolp Buniwae-ybl ‘g3

'skesse aqoid aul| 4o ain)no pinby| [e1osswwoo Buisn spoylsw | SQ
[eUoIUSAUOD UBY) (daIsUdXa SS9 INg) JBISk} 8q 10U PINOM YA JO UOND818P 01 awi Tey) BuiBpajmouyoe pue ‘suolipuod uoitesado pue onewwelBoid
paulep Aieajo Jepun ‘gl-4aW Buiey jo pajoadsns sjuaiyed woly sale|os! $1S0/N219qn) "y UO SISa] J0alIpul SB ‘SPOoYIaW (YD) J01BOIpUI XOPaJ OLIBWIIOI0D
‘sfesse agoid aul| 10 21N} nd pinbi| [eroIBWWOD
Buisn spoylew | S [eUOHUSAUOD Uey) (9AIsuadxa SS3| Ing) Jalse) 8 Jou pinom uoijesijdde Joauipul ul YW Jo uoioalep o) awi yeyy Buibpsimouyoe
pue ‘suoljipuod uoljesodo pue olewwelBoid pauyep Alesjo Jepun ‘gl -4aW Buirey jo pajoadsns sjuaied jo Buluealos Joj ‘(YyN) Aesse asejonpas ajesjiu oy
tf1oyes-olq Buisiwoidwoo noynm passaippe Ajojenbape usaq aAey SUIGOUOD UONEIDadS 9OUO PUE ‘SUOHIPUOD Uolelado
pue onewweiBoid paunep Ales|o Jepun ‘gl-yQIN Buirey jo peroadsns sjusied jo Buiussios pides Joy {(SAOIN) Avjigndeosns Brnup paniesqo Ajleaidoosololy
'spoylew |G PUe 8in}nd [Bl1oJaWWOooUoU Buimoj|o) 8y} JO 810U JO BUO JO SN BAIJOD|SS Y} SBSIOPUD OHAA ‘SeNSsI SAOGE U} JO UOIJeIdPISUOD
anp yup ‘padojensp Buleq ase | gQ pue ainyno pinbil pajewoine Jo/pue oidAjousb o) Anoedeo sjiym ‘Ayoeded a1nyno JUSIONS YIM 9SOY) JO ‘saliojeloqe|
9oualael Ul ‘'sBuiias paulel}sU0D-904N0Sal Ul UOIIN|OS WLISJUI Ue SB Pash g SPoylow | S PUe 84N} no [BI0J9WWOOUOU Pa}Oa[es Jey) SpUsWWo9al OHAA
‘suoljeoyyioads
OHM 108w jey; saiBojouyosy g3 Buisn ‘ueid uoiejusws|dwi paseyd Ajnjoseo e yBnoayy ino pauied aq pinoys Adoososoiw 37 03 Youms ay|
*S91I0JeI0CE| SWN|OA-MO| pue awn|oA-ybiy yioq ui Adoosouolw NZ [BUOIIUSAUOD IO} SAIfeUIS)E Ue
se ul paseyd aqg Adoosouoiw @37 reys pue sBuipes |je ur Adoososoiw g3 Aq paoejdes aq Adoosoioiw 90USISBION]} [BUOIFUSAUOD JBY} SPUSWWOOal OHA
*aouepIinb
Koljod QHM 1ua1ND uo paseq ‘sBrup sull-puooss jo Bunssy Ay n_ﬁwom:m painsse-Ayjenb 1oy Aoedes | g@ pue ainyno [euoiusauod puedxs 1o ysijgeise
pInoys g1-4ax Jo seseo pejoadsns 4O PajusWNOop Ylim SaLUNood ‘pizeluos! Jo/pue uoidwel o} aouelsisal 10919p Ajuo shesse agoid aul| a0 sy
(@L-9ax) g1 uessisal-Brup Ajanisuaixe asoubeip o} pasinbai si | SQ _mco_Ew>coo seasoym ‘sjualjed anieBou-iesws Ul g jo
sisouBelp aAniuep J0j A1essa0au surewas ainyno ! eded | gQ puUB 21NN [BUOIUSAUOD 0} PISU By} djeulw|d Jou saop sAesse agoid aul jo uondopy
‘sBumes yoseasas pajiwl| apisino pasn Jo pareplfea Ajorenbape usaq jou orey shesse
elj94 9INSUS O} PapuLWWO0al S| ‘sAesse asnoy-ul uey) Jaylel ‘skesse aqoid aul| [BIDIBWIWOD JO 8sn Y|
"POPUBIWIODA JOU S| SUBWIOAdS [BOIUI[D
anireBau-resws uo sfesse aqoid aul| Jo asn 10aiq 'suswioads aaiysod-resws pue aaleBau-resws woiy umolB xa|dwood sisojnoseqny wniie}BqoIAYY
JO sole|os] UO pue suswioads aalsod-resws wninds jo Bunsel 10a11p ul pajepiiea Ajarenbape usaq aaey sonsusloeleyo aouewlopad Aesse aqoid aur
'sBnup gj-nue
au||-puooas painsse-Ajenb o} sseooe Ajpwiy pue swyiioble Bulussios oyoads-L3unod jo uswdojersp ayi Buipnjour ‘syusired g1-yaW jo uswabeuew
oyendoidde 1oy sueld £13unod Jo 1x83U0D By} UIYIM YieaH Jo sauisiully Aq papiosap aq pinoys g1-ddW J0 uoioalep pidels 1oy shkesse aqoud auil jo uondopy
:so|diound BuipinB Buimojjo) ayr yum ‘OHM Aq pepuswwooas si skesse aqoid aul| Jo asn ay|

asnoy-ul se ‘synsai jo Ayjiqionpoidas pue Ay

‘pajiWI| d4e $90In0Sal Uewny pue yBiy A1aa si peoppiom ayy a1aym ‘sisixe walshs YOI
Buiuonouny |jom & a1oym saoe|d Ul ‘OM} O} 981y} WOI) PAONPAI 8q UBD Sased g Jo Bulusaios 1oy paulwexs ag 0} suswioads Jo Jaquinu 8y} SPUsWWOdas OHA
'weyshs (YO3) eoueinsse Ayenb [euseixe Buiuonouny |om e yum sauunoo ul sjdwes wninds
eq 1SEB} PIOR SUO }SE9| Je Jo douasald ay) uo paseq si aseo g) Areuowind aaijisod-ieaws wninds mau € Jo UOIIULEP PasiAl 8y]
‘Buiuayibuass Ayoedeo
0ods-A13unoo e ojul paresBajul teuuew paseyd e ul pajuswaidwl a4 ||Im swalsAs pinbi| eyl uolresspisuod ojul Buie|
1S PUE 8IN}NO 1o} SPadU By} SSaIppe O} UoNEeDusp! salvads pides ay)
"S9LIJUNOD SUWIODUI-MO| PUE SWODUI-J|PPIW Ul | S PUE 81} nd Joj wnipaw pinbi| jo asn ay)
:yoeoidde asim-dals e se ‘spuswiwiodal QHAN

QUO }se”| Je ul (+g4dvy)

Kioyesoqe| 1oy uejd ansusysidwioo

spoylew 1Sa pue
2N}NO [e10ISWWODUON

Adoosouoiw peseq-g37

g1-4aN Jo su 1e suaned
Jo Bujusaios pides Joy
shesse agoid aul| Jejnosjo
g1 Areuownd jo
sisouBelp ay} Joj sieaws
JO Jaquinu Jo uoloNPay
aseo g| oAljsod-reaws
wninds mau e jo uonuyeq

18Q pue
21n}jnd Jo} eipaw pinbi

1sa 600¢
uolj09}ep aseD 6000
1sa 8003
uoi09}ep ase) 1002
uoo9lep 8sed 4002

(1sQ) Bunsey
ndaosns-Brup

SUOITEPUBWIWO93S OHM

yoeoudde Jo }sa} onsoubeiq

pue uonoslep ase) 1002
Bunsey jo asoding opeW Sem
Koljod Jsea

sansoubelp sisojnaiagn} uo sjuswalels pue saijod OHM juadal Jo sIYBIYBIH + alqel

hibited.

is pro

rticle

IS a

ion of thi

d reproduct

Ize

. Unauthor

Ins

iams & Wilk

tt Will

ippinco

Copyright © L



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 TB 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
COL. 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.

COlI, 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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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 RCTSs 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 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
'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 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
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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