Use of alternative interferon-
gamma release assays for
the diagnosis of TB infection

WHO POLICY STATEMENT

,;\\ World Health
Y Y Organization







Use of alternative interferon-
gamma release assays for
the diagnosis of TB infection

WHO POLICY STATEMENT

orld Health
rganization

=

2022




Use of alternative interferon-gamma release assays for the diagnosis of TB infection: WHO policy statement

ISBN 978-92-4-004234-6 (electronic version)
ISBN 978-92-4-004235-3 (print version)

© World Health Organization 2022

Some rights reserved. This work is available under the Creative Commons Attribution-NonCommercial-
ShareAlike 3.0 IGO licence (CC BY-NC-SA 3.0 IGO; https://creativecommons.org/licenses/by-nc-sa/3.0/igo).

Under the terms of this licence, you may copy, redistribute and adapt the work for non-commercial purposes,
provided the work is appropriately cited, as indicated below. In any use of this work, there should be no
suggestion that WHO endorses any specific organization, products or services. The use of the WHO logo is not
permitted. If you adapt the work, then you must license your work under the same or equivalent Creative
Commons licence. If you create a translation of this work, you should add the following disclaimer along with
the suggested citation: “This translation was not created by the World Health Organization (WHO). WHO is not
responsible for the content or accuracy of this translation. The original English edition shall be the binding and
authentic edition”.

Any mediation relating to disputes arising under the licence shall be conducted in accordance with the mediation
rules of the World Intellectual Property Organization (http://www.wipo.int/amc/en/mediation/rules/).

Suggested citation. Use of alternative interferon-gamma release assays for the diagnosis of TB infection: WHO
policy statement. Geneva: World Health Organization; 2022. Licence: CC BY-NC-SA 3.0 IGO.

Cataloguing-in-Publication (CIP) data. CIP data are available at http://apps.who.int/iris.

Sales, rights and licensing. To purchase WHO publications, see http://apps.who.int/bookorders. To submit
requests for commercial use and queries on rights and licensing, see https://www.who.int/copyright.

Third-party materials. If you wish to reuse material from this work that is attributed to a third party, such as
tables, figures or images, it is your responsibility to determine whether permission is needed for that reuse and
to obtain permission from the copyright holder. The risk of claims resulting from infringement of any third-
party-owned component in the work rests solely with the user.

General disclaimers. The designations employed and the presentation of the material in this publication do not
imply the expression of any opinion whatsoever on the part of WHO concerning the legal status of any country,
territory, city or area or of its authorities, or concerning the delimitation of its frontiers or boundaries. Dotted
and dashed lines on maps represent approximate border lines for which there may not yet be full agreement.

The mention of specific companies or of certain manufacturers’ products does not imply that they are endorsed
or recommended by WHO in preference to others of a similar nature that are not mentioned. Errors and
omissions excepted, the names of proprietary products are distinguished by initial capital letters.

All reasonable precautions have been taken by WHO to verify the information contained in this publication.
However, the published material is being distributed without warranty of any kind, either expressed or implied.
The responsibility for the interpretation and use of the material lies with the reader. In no event shall WHO be
liable for damages arising from its use.


https://creativecommons.org/licenses/by-nc-sa/3.0/igo
http://www.wipo.int/amc/en/mediation/rules/
https://creativecommons.org/licenses/by-nc-sa/3.0/igo/
http://apps.who.int/iris/
http://apps.who.int/bookorders
https://www.who.int/copyright

Contents

ACKNOWIEAZEMENTS .eiiiiiiiiiie e e e e e e st e e e e e s s bteeeeeeesabbeeeeeessnnsseeeeseesnnsreeens iv
Abbreviations anNd CrONYMS ....cceiiii i e e e e e e e e e e e e e e e e e e s s e s st e s ananaestessaraeereereeeeaaeaes vi
TV O o Yo [ Tot Yy 7= [ =T 1 =Y o} USRI vii
2 F 1ol 4={ o1 U o Vo U PPPRRRE 1
TB infection blood-Dased IGRA ........coo ittt et e st e e s e e e s sabe e e e sabeeeseanees 1
SUMMArY OFf MELROAS ... e e e s e s e e e e e s s abbee e e e e e s nsreeeas 3
SUMMIAIY OF FESUITS .eeiiieiiiieee ettt et e e e e et e e e e e e e et br e e e e e eeasbaaeeaeeeasstaeeeeeeannseaeeaeeennsrenens 4
WANTAT ceiiiiiiiiiiii et e e s a e e e e 4
QUFT-PIUS .ttt ettt et s bt e bt e bt e e s bt e e b et e b e e e sat e e sa bt e s bt e sat e e nab e e s ar e e sareennree e 5
QUATEACK <.ttt et et e st e e e ettt e s s bbeeesabae e e s bt e e s b bt e e e bbe e e s bt e e e e bteeeanbaeeeeabaeeeeanees 6
L= T S PP PTUPROUSTOUP 6
L0 = LI =T o T PP PRSP PTOTPIOPPOP 7
TAG MEETING OULCOME .. iiiiiiiiiiiiiiieee et ettt ettt ress s e e e e e eeeeeteatba e eeeeeeeeeteeerassasaassseseeeeeesenssssssssnnsssseeeenees 7
REIMAIKS ettt ettt ettt ettt e s bttt e st e e s bb e e e s bbe e e sabbe e e sabbeeesabbeeesabbeeesnbeeesnbeeesnbeeesnbeeesaareeenn 7
Implementation CONSIAEIAtIONS ... ..uuiiiiiiiiiieiec e e e e e e e e e e e e e e e e e e s e e e e s e asenneesneanes 8
FUPTNEE FESEAICH .. e e s e e s e e sne e e e snreeesneeee s 8
RETEIEINCES ...ttt ettt st e s bt e st e e sab e s ae e e s b e e sat e e s a b e e s b e e st e e sabe e e b e e ereeeares 9
ANNEX 1: List Of PartiCiPants....cccccciiiiiie et e e e et e e e s s e b e e e e e e e s s nbraeeeeeeeannees 10
Annex 2: Declaration Of INTErESES. .....ouuii i e 13
F AN ] o[ V==Y o Vo - T PRSEPRRR 17
V] I L T G {0 Lo AV Yo Yo o PSRRIt 20



Acknowledgements

The development of these policy statements on the use of alternative interferon-gamma release
assays for the diagnosis of tuberculosis (TB) infection was led by Nazir Ahmed Ismail, Alexei
Korobitsyn and Carl-Michael Nathanson, with support from Matteo Zignol, and under the overall
direction of Tereza Kasaeva, Director of the World Health Organization (WHO) Global TB Programme
(WHO/GTB). The WHO/GTB gratefully acknowledges the support and contributions of the individuals
listed below.

Technical Advisory Group

Patricia Hall — Chair, Centers for Disease Control and Prevention (CDC), United States of America
(USA); Heidi Albert, Foundation for Innovative New Diagnostics (FIND), South Africa; Khalide Azam,
Southern Africa TB and Health System Support Project, East, Central and Southern Africa Health
Community, United Republic of Tanzania; Lucia Barrera, Consultant, Argentina; Daniela Cirillo, San
Raffaele Supranational TB Reference Laboratory (SRL), Italy; Christopher Coulter, Queensland
Health, Australia; Valeriu Crudu, National TB Reference Laboratory, Phthisiopneumology Institute,
Republic of Moldova; Claudia Maria Denkinger, Division of Infectious Diseases and Tropical
Medicine, Heidelberg University Hospital, Germany; Nguyen Van Hung, Department of
Microbiology, National Tuberculosis Reference Laboratory, Viet Nam; Farzana Ismail, Centre for
Tuberculosis, National Institute for Communicable Diseases (NICD)/ National Health Laboratory
Service (NHLS), and WHO SRL, South Africa; Irina Lyadova, Laboratory of Cellular and Molecular
Basis of Histogenesis, Koltzov Institute of Developmental Biology of the Russian Academy of
Sciences, Russian Federation; Florian Maurer, Borstel SRL, Germany; Sandeep Meharwal, FHI 360,
Thailand; Vithal Prasad Myneedu, South Asian Association for Regional Cooperation (SAARC) TB and
HIV/AIDS Centre, Nepal; Mark Nicol, University of Western Australia, Australia; Alaine Umubyeyi
Nyaruhirira, Management Sciences for Health, South Africa; Madhukar Pai, McGill International TB
Centre, McGill University, Canada; Paulo Redner, National Reference Laboratory for Tuberculosis,
Oswaldo Cruz Foundation, Brazil; Sadia Shakoor, Departments of Pathology and Pediatrics, Aga Khan
University Hospital Karachi, Pakistan; Siva Kumar Shanmugam, Department of Bacteriology,
National Institute for Research in Tuberculosis, Indian Council of Medical Research, India; Xin Shen,
Division of Tuberculosis and HIV/AIDS Prevention, Shanghai Municipal Center for Disease Control
and Prevention, China; Thomas Shinnick, Independent Consultant, USA; Sabira Tahseen, National
Tuberculosis Control Programme, Ministry of National Health Services, Regulations and
Coordination, Government of Pakistan, Pakistan; and Yanlin Zhao, National Tuberculosis Control and
Prevention Center, Chinese Centers for Disease Control and Prevention, China.

Technical review team

Richard Menzies, Research Institute of McGill University Health Centre, Canada; Edgar Ortiz-
Brizuela, Research Institute of McGill University Health Centre, Canada; Lika Apriani, Faculty of
Medicine, Universitas Padjadjaran, Indonesia; Michele Midy, Research Institute of McGill University
Health Centre, Canada; and Tanya Mukherjee, University of Sydney, Australia.



Observers

Draurio Cravo Neto Barreira, UNITAID, Switzerland; Fatim Cham-Jallow, The Global Fund to Fight
AIDS, Tuberculosis and Malaria, Switzerland; Brian Kaiser, Global Drug Facility, Stop TB Partnership,
Switzerland; Morten Ruhwald, FIND, Switzerland; Kaiser Shen, United States Agency for
International Development (USAID), USA; and Wayne van Gemert, Stop TB Partnership, Switzerland.

Funding

This product was developed with support from United States Agency for International Development
(USAID) and the Russian Federation.



Abbreviations and acronyms

AIDS

cl

ELISA
ELISPOT
FIND

GRADE
Evaluation

HIV
IGRA
Mtb
PLHIV
PPD

PQ
QFT-G
QFT-GIT
QFT-Plus
QlAreach
SRL

TAG

B

TBF
T-Cell Select
T-Spot
TST

USA
USAID
Wantai
WHO

WHO/GTB

acquired immunodeficiency syndrome
confidence interval

enzyme-linked immunosorbent assay
enzyme-linked immunospot

Foundation for Innovative New Diagnostics

Grading of Recommendations Assessment, Development and

human immunodeficiency virus
interferon-gamma release assay
Mycobacterium tuberculosis

people living with HIV

purified protein derivative
prequalification

QIAGEN QuantiFERON-Gold

QIAGEN QuantiFERON-TB Gold In-Tube
QIAGEN QuantiFERON-TB Gold Plus
QIAGEN QlAreach QuantiFERON-TB
supranational TB reference laboratory
Technical Advisory Group

tuberculosis

SD Biosensor Standard E TB-Feron ELISA
Oxford Immunotec T-SPOT.TB 8 with T-Cell Select
Oxford Immunotec T-SPOT.TB
tuberculin skin test

United States of America

United States Agency for International Development
Beijing Wantai’s TB-IGRA

World Health Organization

World Health Organization Global TB Programme

Vi



WHO policy statement

Tuberculosis (TB) infection is a state that is characterized by persistent immune response to
stimulation by Mycobacterium tuberculosis (Mtb) antigens with no evidence of clinically manifest TB
disease.! It is estimated that about a quarter of the world’s population is infected with Mtb. Testing
for TB infection increases the probability that individuals who are the target for preventive
treatment will benefit from such treatment. However, there is no gold standard test to diagnose TB
infection. The two currently available classes of tests — tuberculin skin test (TST) and interferon-
gamma release assay (IGRA) —are indirect and require a competent immune response to identify
people infected with TB. A positive test result by either method is not, by itself, a reliable indicator of
the risk of progression to active disease.

In 2011, the World Health Organization (WHOQ) issued recommendations on the use of IGRAs for the
diagnosis of TB infection, including the blood-based Qiagen QuantiFERON-Gold (QFT-G),
QuantiFERON-TB Gold In-Tube (QFT-GIT) and Oxford Immunotec T-SPOT.TB (T-Spot) assays. In
recent years, new and updated versions of blood-based IGRAs have been marketed, and WHO has
solicited information on these tests directly from manufacturers and from a public call for
information. The following products had sufficient independent evidence for consideration:
QuantiFERON-TB Gold Plus (QFT-Plus), QlAreach QuantiFERON-TB (QlAreach), Beijing Wantai’s TB-
IGRA (Wantai), the Standard E TB-Feron enzyme-linked immunosorbent assay (ELISA) (TBF) and T-
SPOT.TB 8 with T-Cell Select (T-Cell Select).

To evaluate these technologies and determine whether one or more of them could be included
under the existing WHO recommendations for IGRA testing, WHO convened a Technical Advisory
Group (TAG) on TB Diagnostics and Laboratory Strengthening, which met virtually on 27—

29 October 2021. This document provides background information, available evidence and
subsequent deliberations by the TAG.

Following the TAG's review of the evidence and provision of advice, WHO makes the following policy
statement:

1. Based on available data, Beijing Wantai’s TB-IGRA and Qiagen QuantiFERON-TB Gold Plus
performance is comparable to that of WHO-recommended IGRAs for the detection of TB
infection.

2. Based on available data, Qiagen QlAreach QuantiFERON-TB, SD Biosensor Standard E TB-
Feron ELISA and Oxford Immunotec T-SPOT.TB 8 with T-Cell Select could not be adequately
compared with WHO-recommended IGRAs for detection of TB infection.

3. Current WHO recommendations for the use of IGRAs are also valid for Beijing Wantai’s TB-
IGRA and Qiagen QuantiFERON-TB Gold Plus.

The guidance provided should facilitate the procurement and uptake of the recommended
technologies and improve patient care. The policy statements should be read in the context of the
remarks and implementation considerations detailed in this report, which also provides proposed
research questions that seek to address data gaps and inform models of effective test

1 WHO consolidated guidelines on tuberculosis, Module 1: Prevention — tuberculosis preventive
treatment. Geneva: World Health Organization; 2020
(https://www.who.int/publications/i/item/who-consolidated-guidelines-on-tuberculosis-module-1-
prevention-tuberculosis-preventive-treatment).
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implementation. The current WHO recommendations on the use of TST and IGRAs (including T-Spot)
are unchanged and remain valid. All products recommended by WHO are automatically eligible to be
included in the WHO essential diagnostic list.

The WHO recommendations on diagnostics are based on clinical research evidence; they do not
include quality assessments of the products or the manufacturing process involved. Before
introducing any new products, countries should ensure that those products fulfil local or
internationally recognized regulatory requirements.

Finally, this policy document will be incorporated into updates of existing WHO consolidated
guidance.
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Background

There is an urgent need for accelerated global efforts to end tuberculosis (TB), as outlined in the
2015-2035 End TB Strategy (1) and the 2018 Political Declaration of the United Nations General
Assembly High-Level Meeting on the Fight against TB (2). Such efforts are even more urgent given
the impact of the coronavirus disease (COVID-19) pandemic, which has reversed some of the recent
successes in TB. The introduction of improved, rapid and more accurate diagnostic tools is critical for
achieving the global targets towards ending the TB epidemic and addressing the shortfalls in the
targets. An estimated 2 billion people globally are infected with Mycobacterium tuberculosis (Mtb)
and are at risk for progression to TB disease.

New diagnostic tools to detect TB infection, active TB disease and related drug resistance are
emerging; hence, national TB programmes require clear guidance on implementing and using these
new tools. World Health Organization (WHO) evaluations of classes of TB diagnostic technologies are
conducted by the WHO Global TB Programme (WHO/GTB). Following the initial, class-based review
of technologies, many new within-class products are emerging, necessitating an additional pathway
for review. Hence, there are two pathways for evaluating diagnostic technologies within the WHO
framework, both managed through WHO/GTB (3):

- Pathway A: for all first-in-class technologies. This evaluation will follow the existing WHO
guideline development process, which is based on the Grading of Recommendations
Assessment, Development and Evaluation (GRADE) approach. All products included in this
assessment will automatically be eligible for the WHO prequalification (PQ) assessment (2).

- Pathway B: for all products that are not first-in-class technologies and have not already been
assessed through Pathway A. Pathway B starts with a rapid assessment to determine
whether a product belongs to a class of diagnostics already endorsed by WHO/GTB. If so, the
product could then be referred to PQ for assessment, and if not, an assessment as a first-in-
class technology through Pathway A may be performed.

The current report covers a formal Pathway B evaluation undertaken by WHO/GTB and overseen by
the Technical Advisory Group (TAG) on Diagnostics and Laboratory Strengthening, which was
established in 2021. The scope of the TAG includes undertaking Pathway B assessments and
addressing knowledge gaps that hinder the adoption and scale-up of WHO recommendations. The
TAG comprises 24 independent experts who serve in their personal capacities; they cover a
spectrum of technical expertise, and there is geographical representation and gender balance
(Annex 1). The terms of reference and brief biographies are available on the WHO website (4).

TB infection blood-based IGRA

A quarter of the world’s population is estimated to be infected with Mtb. Testing for TB infection
increases the probability that individuals who are the target for preventive treatment will benefit
from such treatment. The tuberculin skin test (TST) and interferon-gamma release assay (IGRA) are
both recommended by WHO for the diagnosis of TB infection. TST can be performed outside a
laboratory; however, this test requires storage of the purified protein derivative (PPD) at 2—8 °C and
a person’s return visit 2—3 days later to read the diameter of induration. In contrast, IGRAs are
blood-based in vitro tests that use Mtb-specific antigens but require a laboratory for testing and are
more costly than TST.

In 2011, WHO issued recommendations on the use of IGRAs for the diagnosis of TB infection, which
included the Qiagen QuantiFERON®-Gold (QFT-G), QuantiFERON-TB Gold In-Tube (QFT-GIT) and



Oxford Immunotec T-SPOT®.TB (T-Spot) assays. The earliest version of the commercially available
Qiagen in vitro tests used to detect TB infection was QuantiFERON (QFT), which measured the
response to PPD (i.e. to the same antigens as are used in TST); QFT was superseded by QFT-G, which
used two TB-specific antigens (ESAT-6 and CFP-10). In 2008, QFT-GIT was introduced; it simplified
test procedures and included an additional antigen, TB7.7.

WHO also recommended an additional IGRA with a slightly more complex test procedure: T-Spot.
The test uses enzyme-linked immunospot (ELISPOT) methodology, in which spots identified on visual
reading provide a measure of the abundance of Mtb-specific lymphocytes in the peripheral blood.

The sensitivity of T-Spot was slightly higher — albeit with wider confidence intervals (Cls) — in patients
with immunocompromising conditions, possibly because of the standardization step for the number
of lymphocytes. In all populations tested, the specificities of T-Spot, QFT-G and QFT-GIT were high,
including in those who had received bacille Calmette-Guérin (BCG) vaccination. In longitudinal
studies, many of which have been published in the past decade (using T-Spot, QFT-G or QFT-GIT), the
predictive ability for active TB was at least as good as and sometimes better than TST; however, the
proportion of people with a positive test who developed the disease during follow-up was less than
10% (this is a noted limitation of current tests).

In recent years, new or updated versions of blood-based IGRAs based on the same test principles
have been introduced. A systematic review and the subsequent TAG meeting focused on the
following five new tests (hereafter referred to as “index tests”):

- Beijing Wantai’s TB-IGRA (Wantai) is manufactured by Beijing Wantai Biological Pharmacy
Enterprise Co. Ltd., Beijing, China. This test was launched in 2011 and has been approved in
China by the State Food and Drug Administration of China (CFDA). The test kit comprises
three tubes: a positive control, a negative control and TB-specific recombinant fusion
proteins of the antigens ESAT-6 and CFP-10.

- QuantiFERON-TB Gold Plus (QFT-Plus) test is manufactured by QIAGEN, Carnegie, Australia.
This test was launched in 2015 and approved by the United States Food and Drug
Administration (US FDA) in 2017. It has also been approved in Europe (via the European In
Vitro Diagnostic Devices Directive) and in Japan (by the Pharmaceuticals and Medical
Devices Agency). The test is a modification and replacement of QFT-GIT. The major changes
from its predecessor (QFT-GIT) are the addition of a TB antigen tube (TB2) that is designed to
stimulate CD8+ T lymphocytes, and the alteration of the peptide mix of TB antigens (ESAT-6,
CFP-10 and short peptide CFP-10 with TB7.7 removed).

QlAreach QuantiFERON-TB (QlAreach) test is manufactured by QIAGEN, Carnegie, Australia. It uses
principally the same antigens as the QFT-Plus TB2 tube (5), but in a single tube (i.e. no mitogen or nil
tubes). Also, the enzyme-linked immunosorbent assay (ELISA) has been replaced by a lateral flow
immunofluorescence device with nanoparticle technology, which is read with an electronic tool, the
eStick. This test received a Conformité Européenne (CE) mark in 2021.

- Standard E TB-Feron ELISA (TBF) is manufactured by SD Biosensor, Gyeonggi-do, Republic of
Korea. This test, which is similar to QFT-GIT, was launched in 2018 and received approval
from the Ministry of Food and Drug Safety of the Republic of Korea in 2019. The test kit
comprises three tubes: a positive control, a negative control and TB-specific antigens
(recombinant whole proteins of ESAT-6, CFP-10 and TB7.7).



- T-SPOT.TB 8 with T-Cell Select (T-Cell Select) is a modification of the T-SPOT.TB test,
manufactured by Oxford Immunotec, Abingdon, United Kingdom of Great Britain and
Northern Ireland (United Kingdom). The novel T-Cell Select method uses a simplified
procedure to automatically isolate mononuclear cells from whole blood. It is currently
approved in Chile, Iraq, Israel, Japan, Kuwait, Lebanon, Oman, Pakistan and Turkey. For this
test, the only evidence assessed was the performance of the T-Cell Select modification to
the existing T-Spot test.

The detailed test descriptions, procedures, equipment and staff requirements are presented in the
Web annex.

Summary of methods

A systematic review and a meta-analysis were performed to compare the index tests with the tests
currently recommended by WHO. A description of manufacturers’ unit costs and practical
implementation considerations were also provided.

Research questions

- Sensitivity: In people with active TB, what is the sensitivity of the index tests compared with
QFT-G, QFT-GIT or T-Spot (hereafter referred to as “reference tests”) or TST?

- Specificity: In people at very low risk of TB infection, what is the specificity of the index tests
relative to the reference tests or TST?

- Agreement (concordance): In patients with active TB, people at very low risk of TB infection
or those tested for TB infection, what is the agreement (for both positive and negative
results) between the index and reference tests or TST? This is expressed in terms of the
Cohen’s kappa test, which is a measure of agreement corrected for chance agreement.

- Reproducibility: What is the within-person, short-term reproducibility of the index tests in
patients tested on repeated occasions (i.e. the same samples, tested at either the same time
or different times, or both) in patients without TB disease and at low risk of a new TB
infection?

Search strategy: The search was performed on 18 August 2021, with the initial date set as 1 January
2007 (2 years before the first known published article reporting the diagnostic performance of any
of the index tests). The search included articles in any language on well recognized international
databases — MEDLINE (via Ovid); Embase; Web of Science (via Ovid); Cochrane Database of
Systematic Reviews; and International Clinical Trials Registry Platform — and additional data sources.
WHO made a public call for data on 23 August 2021, requesting suitable evidence of the
performance of the index tests. To be eligible for inclusion, a study must have fulfilled the inclusion
criteria common to all research outcomes, in addition to criteria specific for each outcome.

Analysis: The pooled sensitivity and specificity of the index and reference tests were estimated by
conducting a random-effects meta-analysis using generalized linear mixed models (R package meta,
version 4.10.0). All parameter estimates were displayed using forest plots and estimated I*and its
corresponding 95% Cls. To obtain the paired differences (and 95% Cl) comparing the sensitivity and
specificity of the index and reference tests, the Wilson test in the R package Mkinfer (version 0.6)
was used. To obtain the pooled difference in sensitivity and specificity and the 1 statistic, a random-
effects meta-analysis of the point estimates and standard errors was performed using the inverse



variance method, specifying the estimation of heterogeneity using the Sidik-Jonkman estimator with
a Knapp-Hartung adjustment (R package metafor, version 3.0.2).

A detailed description of the methods for the systematic review, including inclusion and exclusion
criteria, is presented in the Web annex.

In the primary analysis (paired comparisons) of the diagnostic accuracy of these tests, the
differences in sensitivity and specificity using published studies that provided results as direct
pairwise comparisons were calculated. Subsequently, if sufficient studies were available, three
secondary analyses for the diagnostic accuracy outcome were performed:

1. The differences in sensitivity and specificity in all published and unpublished studies
(including the manufacturer evaluation of the test) that provided results as direct pairwise
comparisons were calculated.

2. The differences in sensitivity and specificity in published studies only (irrespective of
whether they presented enough information to compute 95% Cl for differences in sensitivity
and specificity as pairwise comparisons) were calculated.

3. The previous secondary analysis (2) was repeated but was modified to include unpublished
studies and studies conducted by the manufacturers.

The Web annex provides further details.

Summary of results

The assessment was intended to guide the decision for each technology; hence, the results for each
technology are presented separately.

Wantai

A large number of studies evaluating this test have been published, most of them in Chinese journals
not indexed in PubMed but available through China/Asia On Demand (CAOD)/Asia Document
Delivery. With the help of the manufacturer, 84 published studies and three unpublished reports
were identified. Moreover, the manufacturer provided its own evaluation of the test. Five published
reports were identified through the search of non-Chinese indexes and database registries.

Twenty-two reports assessing Wantai were included in the analysis, of which 20 estimated
sensitivity, seven specificity and eight agreement with a reference test or TST. No published or
unpublished studies assessing reproducibility were identified and included in the review.

Sensitivity

In a primary analysis that included one study that allowed paired comparison, the sensitivity of
Wantai was compared with TST and T-Spot using patients with bacteriologically confirmed or clinical
TB. The sensitivity for both Wantai and T-Spot was 97.1% (paired difference in sensitivity, 0; 95% Cl:
—0.07, 0.07), whereas for TST sensitivity was only 66.2% (paired difference in sensitivity, —0.31; 95%
Cl: -0.43,-0.19). When including unpaired comparisons of published studies, the sensitivity of
Wantai was comparable to both QFT-GIT and T-Spot, with differences being not statistically
significant (86.4% vs 83.2% and 87.7% vs 88.7%, respectively).

Specificity

All estimates of specificity of Wantai, QFT-GIT or T-Spot based on studies conducted in China were
lower than other published estimates from settings outside China. The studies estimating specificity
were conducted in “low-risk” populations, but all participants were lifelong residents of China,



where the prevalence of TB infection is expected to be higher than in many other settings classified
as being low risk. In this context, the difference between Wantai and other tests was considered
more relevant than the absolute specificity. Wantai was 2.6% (95% Cl: —4.2, —0.9) less specific than
QFT-GIT, and 10.3% (95% Cl: —17.2, —3.4) less specific than T-Spot, with both differences being
statistically significant. Wantai was non-significantly more specific than TST (difference in specificity,
29.4%; 95% Cl: —45.5, 104.3), although in the case of TST, specificity varied widely between studies.

Agreement

In two published studies, agreement between Wantai and QFT-GIT was good (kappa statistic, 0.79;
95% Cl: 0.60, 0.99). Similar results were found when the manufacturer’s evaluation of the test was
excluded (one study), with substantial agreement between the tests (kappa statistic, 0.73; 95% Cl:
0.59, 0.88). The agreement with T-Spot was good (kappa statistic, 0.87; 95% Cl: 0.81, 0.93) in three
published studies and moderate with TST (kappa statistic, 0.43; 95% Cl: 0.21, 0.65) in two studies.

QFT-Plus

Forty reports assessing QFT-Plus were included in this systematic review, of which 11 estimated
sensitivity, three specificity, 34 agreement with a reference test or TST, and three reproducibility.

Sensitivity

In the primary analysis of published studies only, there was no significant difference in sensitivity
between QFT-Plus at 90.8% (95% Cl: 80.0, 96.1) and QFT-GIT at 90.3% (95% Cl: 79.9, 95.6). When the
manufacturer’s studies were included, the sensitivity of QFT-Plus was 0.4 percentage points lower
(95% Cl: —1.9, 1.0) than that of QFT-GIT. The estimates of sensitivity corresponding to the index and
reference tests varied widely between studies for each test, contributing to high heterogeneity for
the pooled estimates of sensitivity (12 about 90%); however, the I for the pooled difference between
QFT-Plus and QFT-GIT was 7-10%, suggesting that the estimates of differences in sensitivity between
the two tests were less affected by the study population and therefore were more robust. When all
published and unpublished studies were included, results were similar. The difference in sensitivity
between the two tests was within 1%, and the Cl overlapped zero. Results were similar in unpaired
comparisons of sensitivity across all studies.

When comparing QFT-Plus and T-Spot, no significant difference in sensitivity was seen. However,
results showed a greater heterogeneity between studies and wider Cls, largely because of one study
that found very low sensitivity of T-Spot.

Specificity

When compared with QFT-GIT, the specificity of QFT-Plus was about 1% lower (-0.8; 95% Cl: -2.1,
0.4). The results were consistent in all three unpaired published or unpublished comparison studies,
resulting in a small but significant pooled difference (-0.9; 95% Cl: —1, —0.7). There was no significant
difference in specificity of QFT-Plus compared with T-Spot (0; 95% Cl: —4.9, 4.9).

Agreement

Agreement of QFT-Plus with QFT-GIT was almost identical, both in the single published study
(manufacturer evaluation) and with the inclusion of unpublished independent studies, with kappa
values of 0.82 (95% Cl: 0.78, 0.85) and 0.82 (95% Cl: 0.78, 0.86), respectively. Agreement was also
high between QFT-Plus and T-Spot (kappa statistic, 0.74; 95% Cl: 0.60, 0.88), but was substantially
lower with TST (kappa statistic, 0.33; 95% Cl: 0.22, 0.45).

Reproducibility
Three studies were included that assessed the reproducibility of QFT-Plus. One study that assessed
reproducibility with or without a 48-hour refrigeration step found almost perfect agreement (kappa



statistic, 0.90). In the other two studies with serial testing — one in students and the otherin
residents in long-term care facilities — the conversion rates between QFT-GIT and QFT-Plus were
similar (2.2% vs 4.3% and 33.3% vs 31.3%, respectively). The reversion rates were also similar (3.2%
vs 6.9% and 22.7% vs 21.6%, respectively).

QIAreach

Only three reports assessing QlAreach were included in this systematic review (one study was
excluded because it was not blinded). One independent report assessed sensitivity and specificity.
Although this study included fewer than 50 participants for the sensitivity outcome and fewer than
100 for specificity, it was not excluded given the paucity of information about this test. Three reports
assessed agreement with a reference test. No published or unpublished studies assessing
reproducibility were identified and included in the review.

Sensitivity

One study with pairwise comparisons of 41 participants estimated the sensitivity of QlAreach
compared with QFT-Plus. There was no difference in sensitivity between the tests (paired difference
in sensitivity, 0%; 95% Cl: —8.6, 8.6).

Specificity

One study with pairwise comparisons of 42 participants estimated the specificity of QlAreach
compared with QFT-Plus. The estimated specificity of QlAreach was 2.4% lower than that of QFT-
Plus (95% Cl: —12.3, 6.2); however, this estimate was imprecise because of the small sample size.

Agreement

Two studies were identified that measured agreement of QlAreach with QFT-Plus, although only one
of the studies was published. The overall agreement in the two studies was high (kappa statistic,
0.96; 95% Cl: 0.92, 0.99). Only one study assessed the agreement of QlAreach with TST —in this
study, agreement was moderate (kappa statistic, 0.42; 95% Cl: 0.29, 0.55).

TBF

Nine published and unpublished reports assessing TBF were included in this systematic review, of
which three assessed sensitivity (two included fewer than 50 participants but were nevertheless
included, given the paucity of information from this test), one specificity, nine agreement with a
reference test or TST. No published or unpublished studies assessing reproducibility were identified
and included in the review.

Sensitivity

Sensitivity was assessed in three studies, two of which were published (reference test QFT-Plus) and
one unpublished (reference test QFT-Gold). In the two published studies, the pooled estimate of
sensitivity for TBF was 97.6% (95% Cl: 52.4, 99.9) versus 87.5 (95% Cl: 78.8, 92.9) for QFT-Plus,
although Cls were wide. In the unpublished study, no difference was found between TBF and QFT-
Gold (0%; 95% Cl: =7.7, 7.7). The pooled estimate of sensitivity for TBF within these three studies
(published and unpublished) was 4% (95% Cl: —18.5, 26.5) higher than QFT-Plus or QFT-Gold,
although Cls were wide.

Specificity
Specificity was estimated in a single study of 150 participants, with the specificity of TBF found to be
significantly lower than that of QFT-Plus (—4.7%; 95% Cl: -9, —-1).



Agreement

Agreement of TBF with QFT-Plus was estimated in nine studies, of which only three were published.
Agreement between the two tests, whether considering only published or all studies, was good
(kappa statistic, 0.87; 95% Cl: 0.82, 0.91). Agreement between TBF and QFT-G was very good (kappa
statistic, 0.97; 95% Cl: 0.92, 1.0) and between TBF and QFT-GIT was good (kappa statistic, 0.79; 95%
Cl: 0.7, 0.88), but with TST it was lower (kappa statistic, 0.42; 95% Cl: 0.21, 0.64).

T-Cell Select

No published or unpublished studies assessing sensitivity, specificity or reproducibility were
identified and included in the review. One study assessing agreement was included in the review.

Agreement

One unpublished study conducted by the manufacturer assessed the agreement with T-Spot when
samples were processed with T-Cell Select 0-58 hours after blood collection, compared with the
absence of T-Cell Select. The pooled kappa for agreement between the two methods across all times
was 0.92 (95% Cl: 0.89, 0.94).

TAG meeting outcome

The TAG deliberated on the presented results comparing the performance of each test; made
specific remarks on the study findings, implementation considerations and areas for further
research; and provided the following concluding statements to WHO:

1. Based on available data, Beijing Wantai’s TB-IGRA and QIAGEN QuantiFERON-TB Gold Plus
performance is comparable to that of WHO-recommended IGRAs for the detection of TB
infection.

2. Based on available data, QIAGEN QlAreach QuantiFERON-TB, SD Biosensor Standard E TB-
Feron ELISA and Oxford Immunotec T-SPOT.TB 8 with T-Cell Select could not be adequately
compared with WHO-recommended IGRAs for detection of TB infection.

3. Current WHO recommendations for the use of IGRAs are also valid for Beijing Wantai’s TB-
IGRA and QIAGEN QuantiFERON-TB Gold Plus.

Remarks

The primary analysis was of paired results of the index test with a reference test; it included a
difference in sensitivity and specificity that was considered helpful for this comparative evaluation,
particularly when the prevalence of TB infection varied by study population.

The comparative evaluations did not specifically assess subgroups (e.g. people living with HIV
[PLHIV], children and other immunocompromised populations); however, data from these groups
were included where available.

The studies for QFT-Plus were primarily from multiple low-burden TB settings, whereas those for
Wantai were from a single, large, high-burden country (China).

No data on predictive accuracy for development of active TB were available for any index test except
QFT-Plus, and for that test the data were limited and were similar to published results for WHO-
recommended IGRAs. A lower predictive accuracy for QFT-Plus was observed in PLHIV in one study —
this finding needs to be tested in additional studies.

A high risk of bias was observed for all studies, irrespective of the index test evaluated.



For those tests that could not be adequately compared with WHO-recommended tests for TB
infection, this does not imply any concerns with the tests themselves but rather a lack of sufficient
independent data to make a recommendation.

The advantages and disadvantages of blood-based IGRAs compared with skin-based TB infection
tests apply to all index tests.

Indeterminate result rates need to be considered because these have cost implications and apply to
all index tests. Indeterminate rates were only available for QFT-Plus compared with QFT-GIT (2.4% vs
2.2%) and for T-Cell Select compared with T-Spot without T-Cell Select (high nil: 1% vs 1% and low
mitogen: 0.2% vs 0.3%).

Current WHO recommendations for IGRAs still apply for T-Spot without T-Cell Select use.

Implementation considerations

Infrastructure, equipment, staff, training and time-to-result are expected to be similar for QFT-Plus
and Wantai compared with QFT-GIT. However, the procedure for undertaking Wantai is slightly
more complex.

Product assessments by national or international regulatory agencies including quality of the
product, batch-to-batch variation and manufacturing process are important before country
implementation.

Processes for implementation of a new test still apply; for example, registration of the product,

supply chain, training, diagnostic algorithms, standard operating procedures, quality assurance,

service and maintenance, monitoring and evaluation, results reporting, and laboratory or health
management information systems.

The cost varied by test and setting. Negotiation through the Global Drug Facility is needed to provide
standardized pricing and catalogue listing for each index test.

WHO recommendations on diagnostics are based on clinical research evidence — they do not include
quality assessments of the products or the manufacturing process involved. Before introducing
products, countries should ensure that the products fulfil local or internationally recognized
regulatory requirements (e.g. WHO prequalification).

Further research
Evaluation of the recommended tests in more diverse geographical and epidemiological settings,
and specific subpopulations (e.g. PLHIV, children and other immunocompromised individuals).

Evaluation of the reproducibility and predictive accuracy for progression to active TB for Wantai,
QlAreach, T-Cell Select and TBF.

More accurate quantification of direct and indirect costs for all index tests, using time and motion
studies.

Evaluation of cost and cost—effectiveness for all index tests.

Evaluation of feasibility, applicability, equity, end-user values and preferences for all index tests.
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Background

The Qiagen QuantiFERON®-TB Gold In-Tube (QFT-GIT) and Oxford Immunotec T-SPOT®.TB (T-Spot)
assays are commercial in vitro tests used for detection of tuberculosis (TB) infection. QFT-GIT is a
whole-blood-based enzyme-linked immunosorbent assay (ELISA) measuring the amount of
interferon-gamma (IFN-y) produced in response to two or three Mycobacterium tuberculosis
antigens (QFT-G: ESAT-6 and CFP-10; QFT-GIT: ESAT-6, CFP-10 and TB7.7). In contrast, the enzyme-
linked immunospot (ELISPOT)-based assay T-SPOT.TB measures the number of peripheral
mononuclear cells that produce INF-y after stimulation with ESAT-6 and CFP-10. Earlier versions of
the Qiagen TB infection test included QuantiFERON (QFT), which measured host response to purified
protein derivative (PPD), and QuantiFERON-Gold (QFT-G), which measured response to two TB-
specific antigens (ESAT-6 and CFP-10).

In 2011, the World Health Organization (WHO) issued recommendation on use of interferon-gamma
release assays (IGRAs), which currently cover QFT-G, QFT-GIT and T-Spot tests.

In recent years, new and updated versions of blood-based IGRAs have been marketed worldwide;
they include QuantiFERON-TB Gold Plus (QFT-Plus), QlAreach™ QuantiFERON-TB (QlAreach), Beijing
Wantai’s TB-IGRA, the Standard E TB-Feron ELISA (TBF) and T-SPOT.TB 8 with T-Cell Select.

There is a need to evaluate these technologies to determine whether one or more of the reviewed
assays may be included under current WHO recommendations for IGRA testing.

Objectives

1) To review evidence on diagnostic accuracy and practical considerations of other IGRAs as
compared with the current WHO-recommended QFT-G, QFT-GIT and T-SPOT.TB tests.

2) To use the outcomes of the IGRA evidence review to determine whether one or more of the
reviewed assays may be included under current WHO recommendations for IGRA testing.

Day 1 - Wednesday 27 October 2021 Chair: P. Hall

12:30-13:00 Registration

13:00-13:10 Welcome and introductions Matteo Zignol
13:10-13:20 Technical Advisory Group (TAG) overview, objectives Patricia Hall
and plans

13:20-13:40 Meeting background, objectives and working methods Nazir Ismail




13:40-13:55 Summary of declarations of interest Alexei Korobitsyn

13:55-14:15 WHO Global TB Programme (WHO/GTB) policy work: Nazir Ismail
Pathways “A” and “B”

14:15-14:35 Principles of diagnostic tests comparative evaluation: Dick Menzies
(non-inferiority; equivalence; superiority). Pre-set
criteria versus wholistic structured evaluation

14:35 - 14:40 Q&A

14:40 - 14:55 Discussion

14:55-15:00 Pause

15:00 - 15:15 Methods of the systematic review of commercial blood- | Edgar Ortiz-Brizuela

based in vitro interferon-gamma release assays used for

TB infection

Day 2 — Thursday 28 October 2021

Chair: P. Hall

13:00-13:05 Recap from Day 1 Alexei Korobitsyn

13:05-13:20 Wantai TB-IGRA: description, diagnostic accuracy, Dick Menzies
reproducibility, commodity costs, implementation
considerations

13:20-13:25 Q&A

13:25-13:45 Discussion

13:45-14:15 Formulation of the draft policy statement on Wantai

14:15-14:20 Pause

14:20 - 15:00 QuantiFERON-TB Gold Plus (QFT-Plus): description, Edgar Ortiz-Brizuela
diagnostic accuracy, reproducibility, cost,
implementation considerations

15:00 - 15:05 Q&A

15:05-15:25 Discussion




15:25-16:00

Formulation of the draft policy statement on QFT-Plus

Day 3 - Friday 29 November 2021

Chair: P. Hall

13:00-13:15 QlAreach™ QuantiFERON-TB (QlAreach QFT): Edgar Ortiz-Brizuela
description, diagnostic accuracy, reproducibility, cost,
implementation considerations

13:15-13:20 Q&A

13:20-13:40 Discussion

13:40-13:55 Formulation of the draft policy statement on QlAreach
QFT

13:55-14:15 Standard E TB-Feron ELISA (TBF): description, diagnostic | Lika Apriani
accuracy, reproducibility, commodity costs,
implementation considerations

14:15-14:20 Q&A

14:20-14:30 Discussion
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14:40 - 14:55 T-SPOT®.TB 8 with T-Cell Select: description, diagnostic Edgar Ortiz-Brizuela
accuracy, reproducibility, commodity costs,
implementation considerations
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15:00 - 15:10 Discussion
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15:45 - 15:55 Formulating the final policy statements

15:55-16:00 Meeting closure and next steps

Web annex: Study report

https://apps.who.int/iris/bitstream/handle/10665/351180/9789240042360-eng.pdf
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