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Interferon-gamma release assay levels and
risk of progression to active tuberculosis: a
systematic review and dose-response meta-
regression analysis
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TUBERCULOSIS IS ONE OF THE TOP °
INFECTIOUS KILLERS IN THE WORLD

In 2020, an estimated 9.9
million people fell ill with

IN2020, ANESTIMATED TB Worlc Wide
1.5 MILLION* PEOPLE . o
DIEDFROMTB . tn«S.S million
nuoraes $3.3 million
?1.1 million

X i ™ Organization

{72 World Health
=~

. ,\80 thousand (8% of the

total)

World Health Organization (WHO). Advocacy package (who.int)
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https://www.who.int/teams/global-tuberculosis-programme/tb-reports/global-tuberculosis-report-2021/advocacy-package
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T-cell-based interferon gamma release assays
(IGRAS)

— QuantiFERON TB Gold in tube (QFT-GIT) s=«

QuantiFERON-TB Gold Plus (QFT-Plus) sm+«
— T-SPOT.TB

#1EBCGIEHE A EmERsE R
-_fﬁff—txﬁt
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W it :F ;E ? *% EQ I:Iit #4 (Interferon-gamma release assay, IGRA)

» BIRIGRA#EREAQuantiFERON-TB + B IGRAGRHR
5 BATLEF BR-FHUBEIALLBEAEME-BRRRAREE
FEHEFPXLERRS=RIIR
TR L #e#t : Blood kaam :
sivs: [N 2z Y : 5 &% ux
> #% % #y R ER MERG : RS
s i 5t [ ¥ EEEra iy

MEBM 111705712 16:18 Féca % - 111/06/27 13:40 ki a ® : 111/06/27 13:40
WmEBH 111/07/01 13:48

etk 2 44 R RE R 4] () B
IGRACCAR 8 48 ) @ &) 4 & S IR [CRA#AR ) (posi tive) [] LTBLGREE

Nil control() 0.05 1U/mL]

TB Antigen() . 1U/mL] ]

TB | Antigen(TBl1iL %) 0.46 1U/mL{ ]

TB 2 Antigen(TB2 #L %) 0.31 1U/mLf]

Mitogen control() >10 TU7mL] )

b= b ss - Bt Null Risiasss @ Aoty WRFR010359%

https://www.cdc.gov.tw/UpIoads/5eb26623-b179-4e8b-b860-98810501b821.pd1c6 —



thebmyj | BMJ2020;368:m549 | doi: 10.1136/bmj.m549

Absolute risk of tuberculosis among untreated populations with a positive tuberculin

skin test or interferon-gamma release assay result: systematic review and meta-
analysis

BMJ 2020 ;368 doi: https://doi.org/10.1136/bmj.m549 (Published 10 March 2020)
Cite thisas: BM/ 2020;368:m549

Table 1 Risk of tuberculosis (TB) among exposed populations

Among test positive participants
Population and

definition of TB rate per

Total (mean)

N f Actl T 1000
positive test result e No of participants person years SHVE TR pRraenl 2.
cohorts events (25)* years (9525
follow-up
cDt
General populationt
0.3.11t
TST=10 mm 3 33811 249 093 (7.4) 55 (0.2) 31( 1 2 96
Close and casual contacts (togethend
All age groups:
13.3(10.8+t
All IGRA positive ] 2199 6667 (3.0) 89 (4.0) 16.4) 2 O
8.4 (4.3 to
TST =5 mm <4 7861 32708 (4,2 227 (2.8) 16.5) @5
TST=10 mm s 5728 22561(3.9) 97 (2.6 9.42(14.;10 o3

A recent meta-analysis of cohort studies indicated that TB contacts with

a positive IGRA result have a 10.8-fold higher rate of progression to
active TB

Absolute risk of tuberculosis among untreated populatlons with a positive tuberculin skin test
el rgrnicriere meta-analysis | The BMJ
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https://www.bmj.com/content/368/bmj.m549
https://www.bmj.com/content/368/bmj.m549
https://www.bmj.com/content/368/bmj.m549
https://www.bmj.com/content/368/bmj.m549
https://www.bmj.com/content/368/bmj.m549
https://www.bmj.com/content/368/bmj.m549

> Am J Respir Crit Care Med. 2015 May 15;191(10):1176-84. doi: 10.1164/rccm.201502-02320C.

Risk Assessment of Tuberculosis in Contacts by IFN-
vy Release Assays. A Tuberculosis Network European
Tnals Group Study

L U L AV T Cegitnn, NALE v B lescle, “cirvvenrse EDaare, Bldescrs Aldtet, twlse e cm IMluarmyme g,
L K ||0 Ve sy l-v.\ll-\lvl'\ LA RY r'--y, COlarimtime Marthyes, Lanlggl Cesctomoc ovnoy, Patrisioy Coantey, Jesmes Eresrvvbimeanae
L .nn-cl Edvimy tan, Aavolysnwem Vlenes, l-..-l-.-ll-: Frssamrcl, Jeosmes - DAt Comyeim - Chmre i, Eraliom Chealsttl, MPatrm Pl

1 R A e R T R I R L N I R IR LIRS Lol Plenleam tlesybhemm  Licteniy, Limie Plenrmy, IKatmirsyriem Kovav rmks Tresives Lastaney
Chsrtvenwviidinves FPrave by, Bl Loty Farlim @ PRir v v ey, At Iy SSenrvbvvar e el Ivany Sealaawie,

PAMmECtm - Lattemm clen Ssontarmm Camivmes, Livrmualm N Wiclrvven et NAitte, CIvrimtengpaly Lmovgpms, TR0

Counllombaesrmtonrm, Artilimticinm b el

PRI 2N 7aAAatm PO 101104/ cam 201502 .08 320«

5]
Hazard ratio on log scale

~ 0 03507 1 2 3 4 5 6 7 8 9
IFN-y level (IU/ml)

In addition, recent individual studies have suggested a need to further examine
the entire distribution of IGRA values for risk analyses of subsequent active TB

https://doi.org/10.1164/rccm.201502-02320C
8
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Research | Open Access | Published: 28 January 2013

Screening for tuberculosis and the use of a borderline
zone for the interpretation of the interferon-y release
assay (IGRA) in Portuguese healthcare workers

Albert Nienhaus &= & José Torres Costa

Journal of Qccupational Medicine and Toxicology 8, Article number: 1 (2013) | Cite this article

First QFT Second QFT Total
<0.2 IU/mL 0.2~ <0.7 IU/mL 20.7 IU/mL
n % n % n % n %

<0.2 IU/ml 820 7 10.2 56 78

0.7 1U/ml 45 14 ¢ 46 149 218 70§ 309 258
Al 705 58 B 158 13.2 136 28( 1199 1000
Table 2 Conversion and reversion rates depending on the use of a borderline zone and the INF-y
concentration of the first QFT

Some researchers have called for a

First QFT Second QFT
Negative e need to report a borderline zone, an
= “ = , intermediate area between a
. = - _ = negative and positive IGRA test, to
e ” - - improve the diagnostic accuracy of

potential development of active TB

2 i 080 p

Table 3 Results of the first and second QFT (negative: <0.35 IU/mL, positive: 20.35 IU/mL)

Nienhaus A, Costa JT. Screening for tuberculosis and the use of a borderline zone for the interpretation of the interferon-y release assay (IGRA) in Portuguese healthcare workers. J Occug Med
Toxicol. 2013;8(1):1 Available
http://occup-med.biomedcentral.com/articles/10.1186/1745-6673-8-1
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e P(Patient/ProbIem)
INF-yE B EALTBIEEE SACTIVE TBEE EBHE M

* |(Intervention)

=Eawitllin

®* C(Comparison)
TS
®* O(Outcomes)
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* Literature search

e Study selection

* Data extraction

* Assessment of quality of included studies

(Newcastle-Ottawa quality assessment scale , NOS)

e Data analysis
(Bayesian meta-regression Method)

* Sensitivity analyses and subgroup analyses
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FAITH Z %t BR[Ol BRI R AT RE 37
TR 2 . RAFESRR
F - ﬁJ

O

0 A

EERYME N ?

mE ( FAITH)

=&, 3 (Find) FFARY4EES:

RENXBESEVEEE _EEXENERE

(40 : Medline, Cochrane ZRIEBHBEBEE R
&, EMBASE %) - W BN EX RIS AR ER(Z2%E
X RhPAHEAH FE - Web of Science, Scopus &k
Google Scholar) - FHBERERNE - XSS
FEARSPEAR S - I H BRI MeSH F &
K—mki8 &5 & (text words) -

815 ?

In this systematic review and meta-regression analysis
we followed the PRISMA and MOOSE checklists. We
searched PubMed and Embase from 1 January 2001 to
10 May 2020 for studies that reported the risk of pro-
gression from latent to active TB based on baseline

Study type<’ Search Terms«’

IGRA values. The full search strategy is available in the
supplementary material. In addition, we_made no restric-_

tions in study language, The reference lists of eligible full

texts and identified systematic reviews were reviewed for
additional relevant studies.

nnnnnnnnnn

Retrospective or
prospective cohort
studies<”

“IGRA™[tiab] OR ' mterferon-gamma release assay*” [tiab] OR
"Quantiferon*"[tiab] OR "QFT"[tiab] OR "Interferon-gamma release test*"[tiab])
AND ("reactivation“[tiab] OR "reactivity"[tiab] OR ”activation"[tiab] OR
"‘rubercu1031s"[ tiab]) AND ("prospechve [tiab] OR "cohort"[ V&by] OR "follow
up"[tiab]) (“2001/01/01”[PDAT] : "2020/05/10"[PDAT])<

o

Embase search terms: (‘Interferon-gamma Release Tests’/de OR ‘IGRA:ab,ti OR
‘interferon-gamma release assay*’:ab.ti OR ‘Quantiferon®’:ab.,ti OR ‘QFT:ab,t1
OR ‘Interferon-gamma release test*’:ab,ti) AND (‘reactivation’:ab.ti OR
‘reactivity’:ab,ti OR ‘activation’:ab,ti OR ‘predictive’:ab,t1 OR ‘risk’:ab,t1) AND
(“tuberculosis’/de OR ‘tuberculosis’:ab,t1) AND (‘prospective’:ab,t1 OR
‘cohort’:ab,t1 OR ‘follow up’:ab.ti) AND [1-1-2001]/sd NOT [5-10-2020]/sd¢’

BiLHIA

BiRMNELR




FAITH 24t X BBl B R R RE &

L8R 2 ZaptE S ENCIRERYmE YN ? ( FAITH)
F - I 25K Z (Find) BAIARYTEEIE IS ?

Study selection

Retrospective or prospective cohort studies and clinical
trials that assessed QuantiFERON-TB Gold in tube
(QFT-GIT) or QuantiFERON-TB Gold Plus (QFT-Plus)
results, defined as the difference of interferon-gamma
level between the TB antigen tube and negative control
tube, as the exposure variable and progression to active
tuberculosis_as an_outcome, were eligii)le for inclusion.

The study participants were adults or children who were
free_of active TB disease at baseline. We excluded stud-

ies that contained a sample with a confounding disease
(e.g. lung cancer. rheumatic diseases. inflammatory
bowel diseases), that did not test all individuals with
QuantiFERON-TB, or did_not follow-up all individuals

for_progression to active TB disease. We further ex-
cluded studies that only focused on QuantiFERON-TB

conversion or had participants with previous positive
QuantiFERON-TB tests. a7 22 4t .zE = Z:*sE *K

AT AR AR

Iitfﬁﬂl%‘ll’%
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Data extraction

Data were extracted using a standardized data extraction
form developed a priori. The following variables were
extracted from each study: study design, location,
follow-up duration, sample attrition rate, baseline age-
sex_distribution, TB preventive treatment use, sample
size by baseline QuantiFERON-TB results (IU/ml cat-
egories), number of cases progressing to active TB by
IU/ml categories, and method for diagnosing active TB.
Information on participant characteristics (e.g. general

2L X2 W 55 W PR

ERMREZARZNRAYNY

2= E S HIET

B/A - M5cEiB

population, TB contacts, healthcare workers, etc.) was

=\ =55 4=

AT AE M

also extracted. In studies that separately reported data
from participants who developed TB very early (under 2
months of the start of the study), they were considered
as prevalent TB cases and were excluded during extrac-
tion such that they did not contribute to the sample size
for baseline QuantiFERON-TB results nor for the num-
ber of incident TB cases. When available, extracted data
were stratified by TB preventive treatment use. For
person-year information, we used the study mean or me-
dian as follow-up time if follow-up time was not disag-
gregated for every QuantiFERON-TB category.

nE & ABE



Data extraction

Table S1. Characteristics of the studies included in the meta-analysis-

!

Time to B NOS
Time Sample | Follow-up incident TB Preventive Quality
Study* Study Tvpe« | Population-| Country period: Age © size " time~ case: Treatment: | TB diagnosis: Incident TB cases | Score
Abdulkarsem | Prospective Tuberculosis | Irnq- 2018 ~ 2018+ | Adults and children | 401~ 6 months - 3 to 6 Moaths- Unknown'- Bacteniologacally, | 0-0.35 IU/ml: 0/323- 4
(2020)(1) cohort” case contacty’ 1 to 90 years- radiologically” 0.35-20 IW/ml- 6'78+
Altst Prospective Tuberculosis | Spaine 2007 - 2013+ | Adults and children + | 937 4 Years 6 to 24 Months= | No: Climically 0-0.35 [U/ml: 0/531+ 5¢
||| (2015)(4) cohort* case contncts: 0 to 100 years* 0 % confinmed through | 0.35-5 IU/ml: 4/135¢
Aly TB Control 510 IU/ml: $/166+
(20 Program databasest | 10-20 [U/ml: 6105
Andrews - - : - T 7
(201754 Gin Retrospective | Healtheare United 2009 - 2013+ | Adults and cluldren | | 1258~ 1 Year- Not reported- Provided:~ Bactentologreally, | 0-0.35 IU/ml; 01162+
7 (2014 10y coliort+ workers+ Kingdom+ 0 to 100 years+ Yes — 4%~ clinscally- 0.35-20 IU/ml: 096+
(201 Completed:+
3 LI
Begot
(2012)(6¥ G(w“""mx 11y | Kevsaak Prospective High risk Poland: 2007 - 2012 | Adults and children || 785- 410 5 Years | 610 20 Months: | Nol Chmeally 0035 TU/
Alll (2013)16)" cohort population: 0 to 100 years-' 0 % confirmed through | 0.35-201C
(20| homeless, local pulmonary
contacts, clinset
((;‘gl‘: ¥7)|| Halda Negrbakhsh Prospective Tuberculosis | Tran 2006 ~ 2008+ | Chaldren: 49+ 1 Year 3+ Months* Unknownr Chinseally- 0-
_— (2013%12) (2011621 )y cohort* case contacts*’ 0to 19 years* 0.
An F
(20 Trou Prospective Elderly Taawan 2004 - 2009+ | Adults. 1394 S years: 4to § Years Unknowns | Clmically
(201527 cohort MsImg (Province 65 to 100 years:
- hotme of China)-
Diel (2011 | Harstad Rumgq residents
(2010X13) Tee (2014
(201 Verhagsn Prospective | Tuberculoss | Venezucls | 2010-2012< | Children 140+ I Year 6to 12Meaths~ | Not Clinacally
(2014)(28) cobort: case contacts | (Bolivarian Oto 1S years' 0% confinued throw
Republ pational TB
Doyle Jousson R,°“ of) N ‘eul'eiﬂmcc
(2014)0y| | O1TXHY T 40 progran-
Whitaker Prospective Healthcare Georgia 2009 - 2011+ | Adults: 319~ 2.2 Years- 2 Months+ Unknown+ Climically
(2013)(29)¢ cobort+ workers 18 to 100 years* confinmed throu,
18 Control
Joshe (Sﬂ Zellweger Prospective Tuberculosis | Europe- 2009 - 2013+ | Adults and cluldren ! | 3425+ Median: 2.5 | 84 to 968 Days* | Provided: Climcall
(2011X15) Mahd (2015)(33)- <cabort+ Case Contacts: 0 to 100 years- Yes — 19 % confirme
(201 W] . national
(201 Completed:: survealln
Unknown % | program
Schaly
Nl Gony| |
Yol [“Zenner Retrospective | Migrants- United 2009 - 2014~ | Adulfs and children || 1320~ | Median: 2.2+ | Medion: 1 year~ | No! Climical
QGO (2017)(34): cohort: Kmgdom- 0 to 35 years' 0% confirme
nau'.onnl
+ Shan] 19 | e
3L 7 X2 55 T | e e
RAREEARXBEANS vy Note: Assumed lower and upper age bound of 0 and 100 if study did not report the range of ages«
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Records identified through

Additional records identified

da through other sources
I (n=1,069)

(n=4)

Identification

{

)

Eligibility Screening

Included

—/

Fig. 1 Flow chart of study selection

Records after duplicates removed
(n = 884)

Records excluded

(n = 884) |

4

Full-text articles assessed

(n=82)

Studies included in

I (n=34) I

___foreligibility 48): necessary data unavailable (n
\ = 22), included active TB at

Studies included in
primary meta-analysis
(n=29);

HIV studies (n = 5)

(n = 802)

Full-text articles excluded (n =

baseline (n = 10), non-healthy
population (n = 6), baseline
results unavailable (n = 5),
duplicate publication (n = 5)

18 of which were conducted in Europe,
8 in Asia,

2 in North America,

2 in the Middle East,

2 in Sub-Saharan Africa,

1 in Latin America, and

1 in Australasia

\.
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FAITH 24t X BBl B R R RE &

R 2 . A EACIREBYm B 4N ? ( FAITH)
| - @ERMA (Included) ERIFAENNE ?

EETNRFATZAES - RFEMUE R R
AZDBE R RERZD/NMRERAOER -

Assessment of quality of included studies

We examined the quality of included studies using the
Newcastle-Ottawa quality assessment scale (NOS) [16].
Potential scores range from 0 to 9 points, with higher
scores representing higher quality studies. Study scores
were based on the following criteria: selection of the
study population, comparability between exposed and
non-exposed groups, and assessment of the outcome.
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Assessment of
quality of included studies

* Assessment of quality of included studies

— Newcastle-Ottawa quality assessment scale (NOS)

« Selection of cohorts fiff 35 %] 22 AU EE 1= (0-4*)

« Comparability of cohorts REAAMIEREH 7 EHY
=aBEAIERIERE(0-2*)

« Assessment of outcomefff 3% 45 £ (0-3%*)

« MWD - DRSS NIRRT mERY
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]

Records identified through Additional records identified
database searching through other sources
(n=1,069) (n=4)

Identification

Included

| N—

Fig. 1 Flow chart of study selection
N

Records after duplicates removed

(n = 884)
Records screened Records excluded
(n = 884) (n =802)
: | |
Full-text articles assessed ' Study NOS Qm.ality Tie
i oo SJ[Ahmed (2020)2) 6
= Aichelburg (2009)(3) 6
Altet (2015)(4) 5
Bergot (2012)(6) 6
Studies included in Gupta (2020)(11) 5
qualitative synthesis Haldar (2013)(12) 5
(n=34) Kruczak (2014)(16) 5
l Lee (2019)(17) 3
Lu (2020)(18) 5
Studies included in Mahomed (221 1(19) 3
primary meta-analysis TVSO“ (2015)27) 3
(n=29); Verhagen (2014)(28) 5
HIV studies (n = 5) Winje (2018)(30) ** 3
Zenner (2017)(34) 5

+ minuasumn

ELABZIMYAY DY




FAITH Z 4 1ESCRR Rl BR R IE R RE R

BB 2 . A ENCIRERYmEYN{D ? ( FAITH)
T- FEESRLREBINETR "4#45, (Total up) ilEB4ER ?

BZAZED 1 BRERESRMMANTRE | oo

Incidence rate ratios (referred to as relative risks in this

R BERMBO - o EERETHES DT paper) for each study were computed by using the total
\ T = number of cases that progressed to active TB and accu-
(meta-analysis) - ILX " #M0E , (forest plot) mulated person-time pinf;g)rmation for each IGRA cat-
ERMAER BN LELEEEDHT - egory. We then used a novel Bayesian meta-regression
method [17] to analyze data from included studies and
generate a continuous risk curve for the association be-
tween IGRA values and risk of progression to active TB.
This method allowed us to incorporate random-effects
across studies and include heterogeneous data with vari-
ous IGRA categories. The primary advantage of this
method is that it is able to take any IGRA range (e.g. 0—
0.35, 0.35-1, 4-10, 0.35-20, etc.) as input and use inte-
gration techniques to derive continuous risks over the
entire distribution of IGRA values. Detailed methods
and equations can be found in the supplementary mater-
ial. We separately analyzed studies where the study
population were people living with HIV (PLHIV).
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Data analysis

 Bayesian meta-regression method &2 = [O] £
 RERANE R B RS R

— AN 36 B9 2K LU F£ 20505 5T Rl B HY R

- EESERERBEERE  FIIEERBERKALBEYER
RN REEMtRBEZETF - G KL EMERYZEZE(IGRA
21E) - %%Eiﬂﬂib@ﬁ@bkmEzosoﬁ%i\ﬁﬂfb(active TB)
B =R

TRAAED > sR(EYT (2019) -
(AN ESAIE HIErBayesianidlim s & ¢« fEfSTaTamtr) - =16 7

29
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Data analysis

Bayesian meta-regression method & =, [Bl B8 72 4T

a

Quant®ERON IFN-gamma lavels (ILUmi) with input dats informing this analysis. Circie 82 represents tho inverse of the vanance
of 1he data with the 5haded ared VisUSAZINg uncaranty around the mean estimate. Some axtrame values ane not shown for clarty

Fig. 2 Dose-response curve for the association between interferon gamma levels and risk of developing active tuberculosis
.
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QuantiFERON IFN-gamma serum concentration (IU/ml)

* Abdulkareem (2020) + Bergot (2012) + Gupta (2020) + Kruczak (2014) * Ringshausen (2010) + Winje (2018) Zenner (2017)

* Ahmed (2020) + Coasta (2011) « Haldar (2013) + Lu(2020) + Schablon (2013} + Yoshiyama (2010)

+ Altet (2015) + Diel (2011) * Harstad (2010) +» Nienhaus (2013) + Tsou (2015) + Yoshivama (2015)

*  Andrews (2017) + Girl (2014) + Jonsson (2017) » Noorbakhsh (2011) » Whitaker (2013) Zelweger (2015)

The continouous dose-rosponse curve i g the risk of doveloping active tubercuioss in the logarthmic scale as a funclion of
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Dose-response relationship

Table 1 Risk of progression to active TB across IFN-gamma levels (IU/ml) by model

IFN-gamma  Relative Risk (95% Uncertainty interval)

levels (IU/ml)

Primary Analysis High Quality Received TPT No TPT Adults Children
Studies®
0.00 REF REF REF REF REF REF
0.10 1.18 (1.07 to 132) 4 ‘
ms5 e
[ 020 137 (1.15 1o 163) | b |
= )
030 155(1.23 10 1.93) 34 : e }
o e
035 e 80208 | |= 3 |
S3 . , —— |
0.40 1.74 (132 10 2.24) 2 - i
050 193 (142 10.254) g2 ! ° |
0.70 231 (1.63 10 3.09) 3
L e
1.00 250 (202 to 388 -1 " |
o] /
200 499 (36! to 6:65) e |
0 5 10 15 20
300 7.16 (5.07 to 9:65) QuantiFERON IFN-gamma serum concentration (1U/ml)
400 932 (585 10 1308 e e M e e e e
* Altet (2015) « Diel (2011)  + Harstad (2010) + Nienhaus (2013)  + Tsou (2015) Yoshiyama (2015)
I 5.00 1138 (664 10 1638| + Andrews (2017) « Gl (2014) (2017) + Noorbakhsh (2011) + Whitaker (2013) Zeliweger (2015)
6.00 ]3.3’ (737 10 1943) T(;':muFERON IFN-gamma ml::mnﬂ)wnhvlnp:a::aki:nrmm this :nc:v;:i&cuuaséei?:esenm meilmg;{:z:lzt:v:,:e:'
of tha data with the shaded area visuakzing uncartanty around the mean estimate. Some extrema values are not shown for clanty.
7.00 1507 (863 10 2207) Fig. 2 Dose-response curve for the association between interferon gamma levels and risk of developing active tuberculosis
800 1661 (103110 24.16) . o o o ey e e . e .
I 1000 1600 (13.08 to 26}1)] 15.16 (73810 3192) 19.10(1287 10 2937) 1874 (11.01to 3036) 985 (620t0 15.17) 1024 (296 to 33.54)
1200 2053 (141310 2862) 1674 (79010 3579) 2135(14.1] 10 3255) 2075(1204to 34.15) 1078 (6.79to 1666) 11.50 (347 to 3968)
1500 2182 (1465 10 32.57) 18.18(839104054) 2326 (1459510 3708) 2239 (12BBto 3879 11.75(7.141t0 1895) 1344 (403 10 45.99)
| 2000 2231 (1543 to 33.(b) 1874 (86510 4161) 2382(15261t03792) 2294 (1327 to 3956] 1222(7431t0 1948) 1404 (433 10 4661)

*Sensitivity analysis exduding studies with NOS score< §
NOTE: TPT (TB preventive treatment). In the TPT subgroup analyses, data inputs into the models were stratified by whether studies provided any TPT. The children
subgroup analysis included data for individuals below 18 years, while the adult subgroup analysis included data for those 18 years and older
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assessment scale (NOS)
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FAITH Z 4t X BBl B R R FTRE &

Sk 2 AU EREANmEYD ? ( FAITH)
H- S EENEREE T - EEE (Heterogeneity )
By EX £ (sensitivity analysis)
. BURMEDHT (sensitivity analysis ) : IS RLEAT BRI ( NOS
®) fRE  BEFNGFHXSHUREEZRUEN - #=Z ORI
A EMRIIBEE -

—

4 ; B
IFN-gamma  Ratio of Relative Risks
4\ levels (IU/m) (95% UI)
'u_s ; 0.00 1.00 (1.00 to 1.00)
® 0.10 1.04 (0.89 10 1.22)
% 0.20 1.07 (0.82 to 1.38)
@ 3 e 0,30 1.09 (0.77 10 1.50)
e 0.35 1.10 (0.75 to 1.56)
5 0.40 1.1 (0.74 to 1,60)
2 0.50 1.12(0.72t0 1.67)
gz 0.70 1.12(0.6910 172)
2] 1.00 1.12 (0.66 10 1.76)
Q- 200 1.05 (0.61 to 1,67)
o 3.00 0.99 (0.55 10 1.66)
.é’ 4,00 0.95 (0.46 to 1.76)
P 5,00 0.92 {0.40 to 1.95)
9 .00 0.90 (0.36 to 2.00)
0 7.00 0.88 (0,36 10 1.97)
8.00 0.88 (0.38 t0 1.91)
0 S 10 13 20 10.00 0.88 (0.36 to 1.82)
QuantiFERON IFN-gamma serum concentration (IU/ml) : i :
12.00 0.91{0.34 to 1.94)
== High quality studies only == Primary 1500 .04 (0.3510.2.58)
20.00 0,94 (0.36 to 2.08)
Note: The ratio of relative risks were computed by dividing the relative risks from the model including only high quality studies (N=11) by those from the Primary model
Fig. 3 Sensitivity analysis results (excluding studies with NOS quality score < 5)
\ J




SR 2 . 2RI mE YT ? ( FAITH)
H - S BHERESHE - EE M (Heterogeneity ) ?
B K 14 (sensitivity analysis)

REE48 73 T (subgroup analysis

a. comparing PLHIV with HIV-negative individuals
IFN-gamma Ratio of Relative Risks
6 levels (IU/mN) (95% UN
m 0.00 1.00 (1.00 to 1.00)
: 0.10 1.12 (0.78 to 2.00)
2 0.20 1.20 (0.65 to 2.78)
- 0.30 1.28 (0.56 to 3.36)
L4 0.35 1.31 (0.53 to 3.59)
s 0.40 1.33 (0.50 to 3.81)
@ 0.50 1.38 (0.45 t0 4.17)
g 0.70 1.45 (0.39 to 4.68)
o 1.00 1.51 (0.33 to 5.05)
oy 2.00 1.58 (0.22 to 5.40)
3 3.00 1.62 (0.19 t0 5.32)
0 4.00 1,68 (0.19 to 5.30)
né, 5.00 1.76 (0.21 t0 5.27)
S 6.00 1.84 (0.26 to 5.46)
0 7.00 1.94 (0.32 to 5.85)
; s g — = RS
QuantiFERON IFN-gamma serum concentration (IU/ml) : E— .

12.00 2.54 (0.54 to 8.14)
= PLHIV = Primary 15.00 2.73 (0.57 to 8.98)
20.00 2.70 (0.58 to 8.77)

Note: The ratio of relative risks were computed by dividing the relative risks from the PLHIV (N=5) model by those from the Primary model
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*ﬁm%’i 2: % ﬁ.ﬁ'fijllgf ClRERYm B 1T ? ( FAITH)

- NS REEHE - EE 1 (Heterogeneity ) ?
Eﬁ@'ﬁ(sensitivity analysis)
REE4H 73t (subgroup analysis

b: comparing TB case contacts with primary analysis

IFN-gamma Ratio of Relative Risks

4 levels (IU/ml) (95% UI)

m 0.00 1.00 (1.00 to 1.00)
: 0.10 1.07 (0.91 to 1.22)
% 0.20 1.12 (0.85 to 1.39)
@ 3 0.30 1.15 (0.81 to 1.53)
e 0.35 1.16 (0.79 to 1.59)
IS 0.40 117 (0.78 10 1.63)
? 0.50 1.19 (0.76 to0 1.70)
g 2 0.70 1,20 (0.74 to 1.78)
e) 1.00 1.18 (0.71 to 1.79)
2 2.00 1.06 (0.65 to 1.57)
g 1 3.00 0.94 (0.57 to 1.42)
) 4.00 0.85 (0.48 t0 1.37)
oé, 5.00 0.77 (0.41 to 1.38)
8 6.00 0.72 (0.36 to 1.38)
0 7.00 0.67 (0.33 to 1.26)
6 5 10 T 2 o0 GG T

QuantiFERON IFN-gamma serum concentration (IU/ml) , . i )
12.00 0.62 (0.36 to 1.04)
— Primary = TB case contacts A5 R 430
20.00 0.65 (0.36 o 1.11)

Note: The ratio of relative risks were computed by dividing the relative risks from the TB case contacts (N=14) model by those from the Primary model
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*ﬁmm 2. % f 4 M SRR BRI mE 911D ? ( FAITH)

- NS REEHE - EE 1 (Heterogeneity ) ?
Eﬁ'ﬁ’i'fi(sensitivity analysis)

48 73 1T (subgroup analysis

>':'

C. comparing migrants with primary analysis
IFN-gamma Ratio of Relative Risks
4 levels (IU/ml) (95% UI)
m 0.00 1.00 (1.00 to 1.00)
; 0.10 1.06 (0.90 to 1.24)
2 0.20 1.10 (0.84 to 1.42)
®3 0.30 1.13 (0.80 to 1.56)
e 0.35 1.14 (0.78 to 1.61)
5 0.40 1.15 (0.7 to 1.65)
[ 0.50 1.16 (0.74 0 1.71)
%2 0.70 1.17 (0.70 to 1.81)
o) 1.00 1.15 (0.66 to 1.83)
L 2.00 1.02 (0.60 to 1.61)
% 4 . 3.00 0.89 (0.51 to 1.45)
) 4.00 0.79 (0.42 to 1.35)
né) P rl m a ry 5.00 0.71 (0.35 to 1.31)
] 6.00 0.64 (0.31 to 1.25)
0 7.00 0.60 (0.30 to 1.13)
; ; ; ; i R
QuantiFERON IFN-gamma serum concentration (IU/ml) - —= .

12.00 0.55 (0.29 to 0.96)
— Migrants = Primary 15.00 0.57 (0.29 to 1.01)
20.00 0.57 (0.29 to 1.02)

Note: The ratio of relative risks were computed by dividing the relative risks from the migrants (N=4) model by those from the Primary model
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*ﬁm%’i 2: % ﬁ.ﬁ'fijllgf ClRERYm B 1T ? ( FAITH)

- NS REEHE - EE 1 (Heterogeneity ) ?
Eﬁ'ﬁ’i'fi(sensitivity analysis)

48 73 1T (subgroup analysis

>':'

d: comparing healthcare workers with primary analysis

IFN-gamma Ratio of Relative Risks

5 levels (IU/ml) (95% UI)

m 0.00 1.00 (1.00 to 1.00)
: 0.10 1.03 (0.79 to 1.54)
24 0.20 1.05 (0.66 to 1.95)
3 0.30 1.07 (0.57 to 2.29)
L 0.35 1.07 (0.54 to 2.42)
53 0.40 1.08 (0.51 to 2.51)
@2 0.50 1.09 (0.46 to 2.68)
% 0.70 1.10 (0.39 to 2.93)
<P 1.00 1.10 (0.31 t0 3.14)
£ 2.00 1.07 (0.20 t0 3.09)
3 3.00 1.05 (0.15 to 3.08)
2 4 o 4.00 1.04 (0.13 to 3.15)
ué) S = 5.00 1.05 (0.14 to 3.20)
S | H It h k 6.00 1.06 (0.14 t0 3.32)
o] S -- ealtncare workers o IS
6 5 0 5 2 T T

QuantiFERON IFN-gamma serum concentration (IU/ml) : o :
12.00 1.26 (0.26 10 3.79)
= Healthcare workers = Primary 15.00 1:93(0-20104.18)
20.00 1.33 (0.30 to 4.27)

Note: The ratio of relative risks were computed by dividing the relative risks from the healthcare workers (N=7) model by those from the Primary model

G TH I W55 W PR

ERMREABZNTAY NN



FAITH 24t X BBl B R R RE &

SR 2 . 2RI mE YT ? ( FAITH)
H - S BHERESHE - EE M (Heterogeneity ) ?
B K 14 (sensitivity analysis)

REE48 73 T (subgroup analysis

e. comparing studies providing preventive treatment with studies not providing preventive treatment

IFN-gamma Ratio of Relative Risks
levels (IU/ml) (95% UI)
[is) 0.00 1.00 (1.00 to 1.00)
'; 4 0.10 0.93 (0.73 to 1.15)
= 0.20 0.90 (0.60 to 1.27)
® 0.30 0.88 (0.53 t0 1.37)
=1} 0.35 0.87 (0.51 to 1.41)
5 0.40 0.86 (0.49 to 1.44)
2 0.50 0.86 (0.47 to 1.49)
95’, 5 0.70 0.85 (0.42 to 1.60)
<) 1.00 0.85 (0.40 to 1.67)
o 2.00 0.87 (0.43 t0 1.67)
o 3.00 0.91 (0.44 to 1.75)
24 Z . . 4.00 0.97 (0.42 t0 1.91)
né, Provide preventlve treatment 5.00 1.02 (0.39 to 2.23)
A 4 6.00 1.05 (0.37 to 2.41)
0 4 7.00 1.06 (0.39 to 2.29)
6 5 10 15 2 TR
QuantiFERON IFN-gamma serum concentration (IU/ml) : e .
12.00 1.03 (0.49 to 1.92)
= Exclude preventive treatment = Provide preventive treatment .00 183045 10 2.04)
20.00 1.02 (0.47 to 1.95)

Note: The ratio of relative risks were computed by dividing the relative risks from the non—preventive treatment (N=14) model by those from the preventive treaiiieni (iN=0) iiodei
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404a] ? ( FAITH)

- FILAE E’Jn\n%TEE*E - 2B (Heterogeneity ) ?
Eﬁﬁ'ﬁ(sensitivity analysis)

48 73 1T (subgroup analysis

>':'

f: comparing adults with children

IFN-gamma Ratio of Relative Risks

levels (IU/ml) (95% UI)

m 0.00 1.00 (1.00 to 1.00)
':1_) 1 T 1 0 = . aaieeee e 0.10 1.10 (0.85 to 1.30)
= Ad It P e 0.20 1.19 (0.77 to 1.59)
® u S o s 0.30 1.27 (0.72 to 1.85)
= T T e o | — — 0.35 1.30 (0.71 to 1.98)
S| | | Lefl o 0.40 1,33 (0.69 to 2.09)
2 0.50 1.39 (0.67 t0 2.31)
g) ) / _____________ 0.70 1.49 (0.64 t0 2.71)
Ol 1 | Ll i i e e e 1.00 1.60 (0.61 to 3.26)
11| ooy L L L e 2.00 1.77 (0.56 to 4.63)
g e acaal 3.00 1.82 (0.49 to 5.28)
g 1 o = 4,00 1.80 (0.42 to 5.49)
= ° 5.00 1.71 (0.36 t0 5.41)
g Children S B
01 7.00 1.45 (0.28 to0 4.16)
; — G — — ——

QuantiFERON IFN-gamma serum concentration (IU/ml) ; i '
12.00 1.15 (0.25 to 3.47)
== Adults == Children 15.00 1.11 (0.23 to0 3.18)
20.00 1.09 (0.24 to 3.20)

Note: The ratio of relative risks were computed by dividing the relative risks from the adult (N=7) model by those from the children (N=4) model
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Discussion 1

Our continuous dose-response curve indicates that the risk of incident TB
sharply increases between IFN-gamma levels of 0 and 5 IU/ml after
which the risk continued to increase moderately but at a slower pace
until reaching 15 IU/ml where the risk levels off.

~\

The continoucus dose-respanse curve dlustrating the risk of deseloping active tuberculosis in the kegarithmic scale as a function of
QuantiFERON IFN-gamma levels (ILVmi} with input data Informing this analysis. Circle size reprasents the inverse of the vanance
of tha data with the shaded area visuakzing uncartanty around the mean estimate. Some axtrama values are not shown for clanty.

Fig. 2 Dose-response curve for the association between interferon gamma levels and risk of developing active tuberculosis
.
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ﬁ 1
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—0

0 5 10 15 20
QuantiFERON IFN-gamma serum concentration (1U/ml)
* Abdulkareem (2020) « Bergot(2012) + Gupta {2020) + Kruczak (2014) * Ringshausen (2010) Winje (2018) Zenner (2017)
+  Ahmed (2020) + Coasta (2011) + Haldar (2013) + Lu(2020) +  Schablon (2013) Yoshiyama (2010)
+ Altet (2015) Diel (2011) « Harstad (2010) + Nienhaus (2013) Tsou (2015) Yoshiyama (2015)
Andrews (2017) « Girl (2014) + Jonsson (2017) + Noorbakhsh {2011) Whitaker (2013) Zelliweger (2015)
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Discussion 2

Sensitivity analyses revealed that our findings are robust to the quality
of the studies as the results did not differ significantly by the quality of

Zenner (2017)(34)

studies.
IFN-gamma Ratio of Relative Risks
4 levels (IU/mi) (95% UI)

< 2 | (O Y R == i S P RS e e 0.00 1.00 (1.00 to 1.00)
'; o memmm e e e e 0.10 1.04 (0.89 t0 1.22)
% _ __,'—_‘ ------ 0.20 1.07 (0.82 to 1.38)
®3 - 0,30 1.08 (077 t0 1.50)
.g ------------------------ 0.35 1.10 {0.75 to 1.56)
S - = 0.40 1.1 (0.74 0 1,60)
@ Prlmaw A oy, e e L B 0.50 112(0.7210 1.67)
® 2 L e B 070 1.12(0.6910 1.72)
g o e e 4 1.00 1.12 (0.66 0 1.76)
a o 1 1 1 . ~ 200 1.05 (0.61 to 1.67)
5 High quality studies : NOS 5~6 A0 I A1
§ 4,00 0.95 (0.46 to 1.76)
Py 5,00 0.92 (0.40 to 1.95)
S 6.00 0.90 (0.36 to 2.00)
0 7.00 0.88 (0.36 10 1.97)
5 z o - Study NOS( 890 0.88(0.36 to 1.91)
QuantiFERON IFN-gamma serum concentration (IU/ml)  Ahmed (2020)2) 6 e e
{Aichelburg (2000)(3) 6 1200 el
== High quality studies only == Primary | Altet (2015)(4) 5 I :04:40.35 0. 208
~ 20.00 0,94 (0.36 to 2.08)

[Bergot (2012)(6) 6

Note: The ratio of relative risks were computed by dividing the ralative risks from the model including onty hi Gupta (2020)(11) § | Primary model
ol
Fig. 3 Sensitivity analysis results (excluding studies with NOS quality score < 5) |:é:uk$i-(02:;1):;21)6) :
h Lee (2019X17) 5 -

Lu (2020)(18) 5

Mahomed (2011)(19) 5

[ Tsou (2015)(27) 5

Verhagen (2014)28) 5

Winje (2018)(30) ** 5

5




Discussion 3

Our findings show that the risk for incident TB is 2.90-fold higher at 1 IU/ml,
10.38-fold higher at 5 IU/ml, 19.00-fold higher at 10 IU/ml, 21.82-fold higher
at 15 IU/ml, and 22.31-fold higher at 20 IU/ml

Table 1 Risk of progression to active TB across IFN-gamma levels (IU/ml) by model

IFN-gamma  Relative Risk (95% Uncertainty interval)
levels (IU/ml)

Primary Analysis High Quality Received TPT No TPT Adults Children
Studies®

0.00 REF REF REF REF REF REF

0.10 1.18 (1.07 1o 1.32) 1.23 (1.09 to 1.39) 1.26 (l.—1.24 (1.1¢ to 1.39) 1.13 (1.00 to 141)
020 1.37 (1.15 10 1.63) 145 (1.19 to 1.77) 1.50 (1. 146 (1.27] to 1.76) 126 (1.00 to 1.81)
030 1.55 (123 10 193) 167 (1.29 to 2.14) 1.74 (1.16 to 2.50) 148 (1.10 to 1.94) 169 (13310 2.12) 137 (1.01 t0 2.19)
035 1.64 (128 to 2.08) 1.78 (1.34 10 2.32) 1.86 (1.15 to 2.74) 1.56 (1.12 to 2.09) 1.80 (134 to 2.30) 143 (1.01 to 2.38)
040 1.74 (132 t0 224) 1.88 (1.39 to 2.50) 198 (1 90 (141 10 247) 149 (1.01 to 2.57)
050 193 (142 to 2.54) 2.10 (1.50 to 2.84) 222 (1_.11 (153 t0 2.81) 1.60 (1.01 to 295)
0.70 231 (163 10 3.09) 252 (1.71 to 353) 268 (147 to 4.33) 2.15 (138 t0 3.09) 252 (1.74 to 345) 181 (1.02 to 3.67)

I 1.00 290 (2.02 to 3.88) I 3.14 {210 to 445) 337 (1.81 to 5.64) 267 (1.68 to 3.93) 309 (21010 432) 213(1.03t0473)
2,00 499 (3.61 to 6:65) 508 (32910 7.50) 559 (3.01 to 941) 456 (3.03 to 6.52) 470 (3.1510666)  3.10 (1.06 to 7.67)
3.00 7.16 (5.07 to 9.65) 680 (4.27 10 1067) 7.65 (401 to 12.38) 6.54 (4.09 to 9.88) 589 (393 10 8.25) 395 (1.15t0 11.06)
4.00 9.32 (5.85 to 13.06) 831 (469 to 1430) 953 (475 to 15.19) 850 (462 to 1349) 6.73 (4.1€¢ 10 9.57) 472 (128 to 1453)

IS.OO 11.38 (664 10 16.38!' 963 (48710 1800) 1126 (55210 18.08) 1042 (48510 1751) 733(431101081) 548 (14510 18.14)
6.00 1331 (737 to 1943) 1083 (5.17 to 2146) 1290 (63310 2097) 1228(531102143) 780 (45¢t0 12.19) 630 (1.72t0 21.91)
7.00 1507 (863 t0 2207) 1199 (567 to 2460) 1454 (761 t0 23.07) 14.11 (63810 2460) 827 (50710 13.19) 723 (203 t0 25.37)
8.00 1661 (1031 t0 24.16) 13.13 (629 t0 2722) 16.17 (937 10 25.01) 1584 (80810 2698) 879 (561 to 14.14) 825 (246 10 27.55)

I 10.00 19.00 (13.08 to 26.9(' 15.16 (738 t0 31.92) 19.10 (1287 t0 29.37) 1874 (11.01 to 3036) 985 (620 to 15.17) 10.24 (296 to 33.94)
12.00 2053 (1413 t0 2962) 1674 (790 to 35.79) 21.35 (14.11 to 3255) 20.75 (12.04 to 34.15) 10.78 (6.19 to 1666) 11.90 (347 to 3968)
15.00 2182 (1465 to 3257) 18.18 (839 1o 4054) 23.26 (1495 10 37.08) 2239 (1288 t0 3879) 11.75 (7.74 to 1899) 1344 (4.03 to 45.99)

|20.00 2231 (1543 to 33.0(' 1874 (86910 4161) 2382 (1526 to 37.92) 2294 (1327 to 3956) 1222 (743 to 1948) 14.04 (433 t0 46.61)

*Sensitivity analysis excluding studies with NOS score < 5
NOTE: TPT (TB preventive treatment). In the TPT subgroup analyses, data inputs into the models were stratified by whether studies provided any TPT. The children

subgroup analysis included data for individuals below 18 years, while the adult subgroup analysis included data for those 18 years and older 44
i




Discussion 4

The dose-response relationship found in this meta-analysis can be used to
help guide clinical decisions to perform additional tests and treat latent
tuberculosis infection within the context of TB programs and local

epidemiology.

37313, eCollection 2017

> PLoS One. 2017 Nov 2;12(11):e0187313. doi: 10.1371/journal.pone.018

A borderline range for Quantiferon Gold In-Tube
results

2 . T 2 | P 2 > 5 5 - 12
Jerker Jonsson ¥ %, Anna Westman * 4, Judith Bruchfeld ¢ 3, Erik Sturegard ®, Hans Gaines

Thomas Schén © @

Table 1. Categorical distribution of follow-up QFT results when retesting those with initial result in the borderline range (0.20-0.99 IU/ml).
Result of follow-up QFT test (1U/ml)

Initial result (IU/ |Total |Percent-age |Mediandays |Indeter- |Negative Border-line Border-line Positive Total
ml) (n) retested (n) |toretest (IQR) |minate (<0.20) negative (0.2- | positive (0.35- (>0.99) retested
0.34) 0.99)
Borderline 1664 | 20.9% (348) 52 (25-112) 1.2% (4) |66.1% (230) | 13.2% (46) 12.9% (45) 6.6% (23) || 100.0%
negative (0.20- 19.5% (348)
0.34)
Borderline 1992 | 33.7% (671) |38 (20-84) 1.3%(9) |42.5% (285) | 12.2% (82) 26.7% (179) 17.3% 100.0%
positive (0.35— 54 7% (116) (671)
. (70
0.99) ] l

22.0% (224) 13.6% 100.0%

All borderline 3656 |27.9%(1019) |42(21-92) 1.3% (13)
(139) | (1019)

(0.20-0.99)

50.5% (515) | 12.6% (128)

Conclusions

We recommend retesting of subjects with QF T results in the range 0.20-0.99 1U/ml to
enhance reliability and validity of the test. Half of the subjects in the borderline range will be
negative at a level <0.20 IU/ml when retested and have a very low risk of developing incident
active TB. https://doi.org/10.1371/journal.pone.0187313




Discussion 5

Compared to our primary curve that excluded studies where the entire study
population is HIV positive, the dose-response relationship was substantially
higher in studies among HIV positive individuals.

a. comparing PLHIV with HIV-negative individuals

IFN-gamma Ratio of Relative Risks
61 levels (1U/ml) (95% UI)
m 0.00 1.00 (1.00 to 1.00)
Z 0.10 1.12 (0.78 to 2.00)
= 0.20 1.20 (0.65 to 2.78)
@ 0.30 1.28 (0.56 to 3.36)
2 4 0.35 1.31(0.53 to 3.59)
5 0.40 1.33 (0.50 to 3.81)
? 0.50 1.38 (0.45 to 4.17)
“5’) 0.70 1,45 (0.39 to 4.68)
o 1.00 1.51 (0.33 to 5.05)
Q) 2.00 1.58 (0.22 to 5.40)
= 3.00 1.62 (0.19 t0 5.32)
i) 4.00 1.68 (0.19 to 5.30)
%, 5.00 1.76 (0.21 to 5.27)
S 6.00 1.84 (0.26 to 5.46)
0- 7.00 1.94 (0.32 to 5.85)
; : R ; ol
QuantiFERON IFN-gamma serum concentration (IU/ml) . S .
12.00 2.54 (0.54 to 8.14)
— PLHIV = Primary 15.00 2.73 (0.57 to 8.98)
20.00 270 (0.58 10 8.77)

Note: The ratio of relative risks were computed by dividing the relative risks from the PLHIV (N=5) model by those from the Primary model
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Discussion 5
Compared to our primary curve that excluded studies where the entire study
population is HIV positive, the dose-response relationship was substantially
higher in studies among HIV positive individuals.

JOURNAL ARTICLE

Detection and Prediction of Active

Tuberculosis Disease by a Whole-Blood

Interferon-y Release Assay in HIV-1—Infected

Individuals @ -

Maximilian C. Aichelburg, Armin Rieger, Florian Breitenecker, IGRAs are sensitive tools
Katharina Pfistershammer, Julia Tittes, Stephanie Eltz, for predicting B

Alexander C. Aichelburg, Georg Stingl, Athanasios Makristathis, progression among PLHIV

Norbert Kohrgruber =
Clinical Infectious Diseases,Volume 48, Issue 7, 1 April 2009, Pages 954-962,

Characteristics of active tuberculosis. In this study, 11 individuals received a
diagnosis of active tuberculosis. Six patients had pulmonary tuberculosis,
1 had extrapulmonary tuberculosis, and 4 had miliary tuberculosis. The
QFT-GIT assay results were positive in 10 and negative in 1 individual.
Thus, for the diagnosis of active tuberculosis, the sensitivity of the QFT-
GIT assay was 90.9% (95% CI, 62.3%—98.4%).
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https://academic.oup.com/cid/article/48/7/954/327135
https://academic.oup.com/cid/article/48/7/954/327135
https://academic.oup.com/cid/article/48/7/954/327135
https://academic.oup.com/cid/article/48/7/954/327135
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Discussion 6

The relative risk of incident TB was lower for children compared to adults at the
lower end of the curve before converging at 7.5 IlU/ml.

f:  comparing adults with children

IFN-gamma Ratio of Relative Risks
levels (IU/ml) (95% U1
m 0.00 1.00 (1.00 to 1.00)
Z’ =T T 1T I = . aaaaeeee 0.10 1.10 (0.85 to 1.30)
= I 0.20 1.19 (0.77 to 1.59)
® AdUItS T 0.30 1.27 (0.72 10 1.85)
e T e M v— 0.35 1.30 (0.71 to 1.98)
S| | | et e 0.40 1.33 (0.69 to 2.09)
2 / 0.50 1.39 (0.67 to 2.31)
95’) of 1 L eaml e e 0.70 1.49 (0.64 t0 2.71)
o e At 1.00 1.60 (0.61 to 3.26)
gl N N o kil W N (S ) 2.00 1.77 (0.56 to 4.63)
3 e aaal 3.00 1.82 (0.49 to 5.28)
i;:ﬁ 1 S 4.00 1.80 (0.42 to 5.49)
° 5.00 1.71 (0.36 to 5.41)
g Children S I
0 7.00 1.45 (0.28 t0 4.16)
; s ™ E T
QuantiFERON IFN-gamma serum concentration (1U/ml) - i :
12.00 1.15 (0.25 to 3.47)
— Adults = Children 15.00 1.11 (0.23 t0 3.18)
20.00 1.09 (0.24 to 3.20)

Note: The ratio of relative risks were computed by dividing the relative risks from the adult (N=7) model by those from the children (N=4) model
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Discussion 7
The lack of difference in the curves can be due to the fact that only a small
proportion of participants accepted treatment in studies where it was provided

e: comparing studies providing preventive treatment with studies not providing preventive treatment

IFN-gamma Ratio of Relative Risks
levels (IU/ml) (95% UI)
m 0.00 1.00 (1.00 to 1.00)
: 4 0.10 0.93 (0.73 to 1.15)
% 0.20 0.90 (0.60 to 1.27)
@ 0.30 0.88 (0.53 t0 1.37)
L3 0.35 0.87 (0.51 to 1.41)
5 0.40 0.86 (0.49 to 1.44)
2 0.50 0.86 (0.47 to 1.49)
g 5 0.70 0.85 (0.42 to 1.60)
o) 1.00 0.85 (0.40 to 1.67)
‘o 2.00 0.87 (0.43 10 1.67)
- 3.00 0.91 (0.44 to 1.75)
24 Z . . 4.00 0.97 (0.42 10 1.91)
[é Provide preve ntive treatment 5.00 1.02 (0.39 to 2.23)
° 4 6.00 1.05 (0.37 to 2.41)
o/ 7.00 1.06 (0.39 to 2.29)
; : T ; 5 | g mesean
QuantiFERON IFN-gamma serum concentration (IU/ml) . st :
12.00 1.03 (0.49 to 1.92)
= Exclude preventive treatment = Provide preventive treatment 200 1034048 30:2.04)
20.00 1.02 (0.47 to 1.95)

Note: The ratio of relative risks were computed by dividing the relative risks from the non—preventive treatment (N=14) model by those from the preventive treairiieni (iN=0) iiodei
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Discussion 8
Finally, the findings from this study bring into question the predictive value for
progression to active TB of IGRAs.

Predictive value of interferon-y release assays for incident
active tuberculosis: a systematic review and meta-analysis

Molebogeng X Rangaka, Katalin A Wilkinsen, judith R Glynn, Daphne Ling, Dick Menzies, Judith Mwansa-Kambafwile, Katherine Fielding,
Robert | Wilkinson, Madhukar Pai

o

As discussed elsewhere,” another possible explanation for the poor

The strength of] predictive ability of existing tests for latent M tuberculosis infection is

d evelopln st 6f that a single or cross-sectional TST or IGRA result cannot resolve the

moderate. with | underlying phenotypes because they do not capture information about

even in IGRA-p{ when infection occurred and how the infection was fully, partly, or not

eliminated by the host. All but two studies27, 28 included in this review
reported results of only one IGRA or TST test at baseline. Serial IGRA

testing might show interesting underlying phenotypes that have

positive individ
follow-up. This
and in historica

different histories and trajectories.® Without serial testing, the
review 1s that ng

underlying phenotypes are not distinguishable, undermining the
high prognostic

predictive value of a single test result.

incident active tuberculosis:
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Discussion

1.

IFN-ySE7E 0 A0 5 1U/ml Z[EH5 -+ active TB BY A fE = B8 0

RS E R A RARER - AR IR 7 A AE 5]
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Strengths

1.

In our meta-regression we were able to include data with different IFN-
gamma categories into a singular analysis while incorporating between
study heterogeneity in our uncertainty estimation.

This is an advantage over traditional methods that would have to take the
midpoint of IFN-gamma categories rather than use information of the
entire category as done in this study.

Our study is the first meta-analysis to examine TB risk over the entire
distribution of IFN-gamma levels, allowing for improved identification of
individuals who may be at highest risk for progressing to active TB.

Finally, we were able to stratify results by important at risk populations to
evaluate for potential confounding and effect modification.
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Limitations
First, we could not assess for effect modification by known risk factors for
progression to active TB

Second, several studies included in our systematic review used passive-
follow-up for detection of active TB through national TB registries.

Third, our quality assessment indicated that almost all studies have some
source of bias as all studies were considered to be of low to moderate
quality.

Fourth, most studies were conducted in low to intermediate TB burden
countries, potentially limiting the generalizability of our findings.

Fifth, time since infection may impact results as recent infection is
associated with higher risk for active TB.

Finally, we may have missed articles as we restricted our search to two
databases.
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Recommendations for Future Work

1.

We found that the risk of incident TB is not the same for everyone with a
positive IGRA reaction.

Future cohort studies should therefore collect granular data on IGRA levels
and the associated risk of progression to active tuberculosis.

Future studies may also incorporate additional risk factors for progression
to active tuberculosis such as alcohol, smoking, malnutrition, and diabetes
to identify individuals at greatest risk of subsequent TB.
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Discussion

1.

We developed a dose-response risk curve for the progression to active TB
as a function of a continuous measure of IGRA values.

Our findings show that the current practice of dichotomizing IGRA test
results simplifies the TB infection disease continuum.

The findings of this study showed that the risk of active TB development is
not the same for everyone with a positive IGRA, with higher IGRA values
being strongly associated with disease progression.

With IGRASs starting to scale up in high TB burden areas, the findings from
this study can help clinicians make informed decisions by providing
different relative risks of progression to active TB for a range of IGRA
values within the borderline zone and very high IGRA reactions.

More investigations using detailed quantification of IGRA values will help
to find more accurate estimates of the dose-response relationship and
allow for a reexamination of the predictive power of IGRA tests.
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