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

	Study
	Study Type
	Population
	Country
	Time period
	Age 
	Sample size
	Follow-up time
	Time to incident TB case
	TB Preventive Treatment
	TB diagnosis
	Incident TB cases
	NOS Quality Score

	Abdulkareem (2020)(1)
	Prospective cohort
	Tuberculosis case contacts
	Iraq
	2018 – 2018
	Adults and children 
1 to 90 years
	401
	6 months
	3 to 6 Months
	Unknown
	Bacteriologically, radiologically
	0–0.35 IU/ml: 0/323
0.35–20 IU/ml: 6/78
	4

	Ahmed (2020)(2)
	Prospective cohort
	High risk population: case contacts, recent migrants
	United States of America
	2012 – 2018
	Children
0 to 15 years
	3593
	Median: 4.3 Years
	2 to 24 Months
(2 cases in 2 months)
	No
0 %
	Bacteriologically
	0–0.35 IU/ml: 1/3238
0.35–20 IU/ml: 3/355
	6


	Aichelburg (2009)(3)
	Prospective cohort
	HIV-infected patients
	Austria
	2006 – 2008
	Adults and children 
0 to 100 years
	775
	Median: 1.6 Years
	Median: 287 days
	No
0 %
	Clinically
	0–0.35 IU/ml: 0/738
0.35–20 IU/ml: 3/37
	6

	Altet (2015)(4)
	Prospective cohort
	Tuberculosis case contacts
	Spain
	2007 – 2013
	Adults and children 
0 to 100 years
	937
	4 Years
	6 to 24 Months
	No
0 %
	Clinically confirmed through TB Control Program databases
	0–0.35 IU/ml: 0/531
0.35–5 IU/ml: 4/135
5–10 IU/ml: 5/166
10–20 IU/ml: 6/105
	5

	Andrews (2017)(5)*
	Double blinded, randomized clinical trial
	Young healthy children
	South Africa
	2009 – 2012
	Children
4 to 6 months
	2374
	2 Years
	11 to 58 Months
	Yes
unknown %
	Bacteriologically
	0–0.35 IU/ml: 11/2232
0.35–4 IU/ml: 2/79
4–20 IU/ml: 7/63

	4

	Bergot (2012)(6)
	Prospective cohort
	Tuberculosis case contacts
	France
	2007 – 2009
	Adults and children 
11 to 97 years
	674
	Mean: 2.8 Years
	17 to 18 Months
	No
0 %
	Clinically, radiologically, bacteriologically, histology
	0–0.35 IU/ml: 1/526
0.35–20 IU/ml: 1/148
	6

	Costa (2011)(7)
	Prospective cohort
	Healthcare workers
	Portugal
	2007 – 2010
	Adults
18 to 100 years
	2865
	Mean: 1.6 Years
	4 to 24 Months
	Unknown
	Radiologically
	0–0.35 IU/ml: 0/1908
0.35–20 IU/ml: 4/957
	3

	Diel (2011)(8)
	Prospective cohort
	Tuberculosis case contacts
	Germany
	2005 – 2010
	Adults and children 
0 to 100 years
	954
	Mean: 2.5 Years
	3 to 23 Months
	No
0%
	Bacteriologically, radiologically, clinically
	0–0.35 IU/ml: 0/756
0.35–20 IU/ml: 19/198
	4

	Doyle (2014)(9)
	Retrospective cohort
	HIV-infected patients
	Australia
	2003 – 2011
	Adults 
18 to 88 years
	913
	Median: 2.2 Years
	within 24 months
	Provided:
Yes – 2 %

Completed:
<1 %
	Bacteriologically
	0–0.35 IU/ml: 1/884
0.35–20 IU/ml: 1/29
	4

	Giri (2014)(10)
	Retrospective cohort
	Healthcare workers
	United Kingdom
	2009 – 2013
	Adults and children 
0 to 100 years
	1258
	1 Year
	Not reported
	Provided:
Yes – 4 %

Completed:
3 %
	Bacteriologically, clinically
	0–0.35 IU/ml: 0/1162
0.35–20 IU/ml: 0/96
	4

	Gupta (2020)(11)
	Prospective cohort
	High risk population: case contacts, migrants
	United Kingdom
	2010 – 2017
	Adults
16 to 100 years
	8440
	Median: 4.7 Years
	Median: 188 days
	No
0 %
	Clinically confirmed through national TB surveillance program
	0–0.35 IU/ml: 34/6637
0.35–5 IU/ml: 7/405
5–10 IU/ml: 27/820
10–20 IU/ml: 26/578
	5

	Haldar (2013)(12)
	Prospective cohort
	Tuberculosis case contacts
	United Kingdom
	2007 – 2009
	Adults
16 to 100 years
	811
	Median: 2.5 Years
	Median: 171 days
	No
0 %
	Bacteriologically, clinically
	0–0.35 IU/ml: 6/601
0.35–20 IU/ml: 14/210
	5

	Harstad (2010)(13)
	Prospective cohort
	Asylum seekers
	Norway
	2005 – 2008
	Adults
18 to 100 years
	823
	23 to 32 months
	2 to 20 Months
(1 case in 2 months)
	No
0%
	Clinically confirmed through National TB registry
	0–0.35 IU/ml: 0/577

0.35–20 IU/ml: 6/238
	3

	Jonsson (2017)(14)
	Retrospective cohort
	All residents meeting Swedish guidelines for LTBI testing
	Sweden
	2009 – 2016
	Adults and children 
0 to 100 years
	38785
	Median: 4.3 Years
	3 to 24+ Months
	Yes 
unknown %
	Clinically confirmed through national TB register
	0–0.35 IU/ml: 23/30567
0.35–1 IU/ml: 15/1937
1–20 IU/ml: 84/6281 
	3

	Joshi (2011)(15)
	Prospective cohort
	Healthcare workers
	India
	2004 – 2010
	Adults
18 to 100 years
	726
	6 Years
	3+ Months
	Yes 
unknown %
	Bacteriologically, clinically
	0–0.35 IU/ml: 8/2365

0.35–20 IU/ml: 6/1626
	4

	Kruczak (2014)(16)
	Prospective cohort
	High risk population: homeless, contacts, elderly, healthy group
	Poland
	2007 – 2012
	Adults and children 
0 to 100 years
	785
	4 to 5 Years
	6 to 20 Months
	No
0 %
	Clinically confirmed through local pulmonary clinic
	0–0.35 IU/ml: 4/574
0.35–20 IU/ml: 8/211
	5

	Lee (2019)(17)
	Retrospective cohort
	HIV-infected patients
	Republic of Korea
	2006 – 2016
	Adults
15 to 100 years
	416
	Median: 4 Years
	3+ Months
	Provided:
Yes – 5 %

Completed:
unknown %
	Bacteriologically, radiologically
	0–0.35 IU/ml: 1/354
0.35–20 IU/ml: 4/62
	5

	Lu (2020)(18)
	Prospective cohort
	Population based
	China
	2013 – 2019
	Adults and children 
5 to 100 years
	5,405
	6 Years
	3+ Months
	Unknown
	Bacteriologically, clinically
	0–0.35 IU/ml: 4/25806
0.35 – 20 IU/ml: 9/6624


	5

	Mahomed (2011)(19)
	Prospective cohort
	Children
	South Africa
	2005 – 2009
	Children
12 to 18 years
	5244
	Median: 2.4 Years
	6+ Months
	No
0 %
	Bacteriologically
	0–0.35 IU/ml: 13/2575
0.35–20 IU/ml: 39/2669

	5

	Nienhaus (2013)(20)
	Prospective cohort
	Healthcare workers
	Portugal
	2007 – 2010
	Adults and children 
0 to 100 years
	2815
	Mean: 1.1 Years
	4 to 24 Months
	Unknown
	Clinically, radiologically, symptoms
	0–0.20 IU/ml: 0/1764
0.20–0.70 IU/ml: 1/323
0.70–20 IU/ml: 3/728
	3

	Noorbakhsh (2011)(21)
	Prospective cohort
	Tuberculosis case contacts
	Iran
	2006 – 2008
	Children
0 to 19 years
	49
	1 Year
	3+ Months
	Unknown
	Clinically
	0–0.35 IU/ml: 0/31
0.35–20 IU/ml: 10/18

	4

	Ringshausen (2010)(22)
	Prospective cohort
	Healthcare workers
	Germany
	2005 – 2010
	Adults
19 to 62 years
	180
	Median: 2.7 years
	Not reported
	Unknown
	Radiologically
	0–0.35 IU/ml: 0/162
0.35–20 IU/ml: 0/18

	3

	Rose (2014)(23)
	Retrospective cohort
	HIV-infected patients
	Canada
	2010 – 2011
	Children
0 to 18 years
	80
	2 year
	Not reported
	Provided:
Yes – 5 %

Completed:
unknown %
	Bacteriologically, clinically
	0–0.20 IU/ml: 0/65
0.20–0.70 IU/ml: 0/9
0.70–20 IU/ml: 0/6
	3

	Santin (2011)(24)
	Prospective cohort
	HIV-infected patients
	Spain
	2007 – 2009
	Adults
18 to 100 years
	135
	Median: 1.6 Years
	Not reported
	No
0 %
	Clinically confirmed through national TB surveillance program
	0–0.35 IU/ml: 0/122
0.35–20 IU/ml: 0/13

	4

	Schablon (2013)(25)
	Prospective cohort
	Healthcare workers
	Germany
	2008 – 2012
	Adults
17 to 53 years
	194
	3 years
	Not reported
	Unknown
	Clinically, radiologically
	0–0.35 IU/ml: 0/190
0.35–20 IU/ml: 0/4

	4

	Sharma (2017)(26)
	Prospective cohort
	Tuberculosis case contacts
	India
	2008 – 2014
	Adults and children 
1 to 65 years
	1498
	2 Years
	11 to 15 Months
	Unknown
	Bacteriologically, clinically
	0–0.35 IU/ml: 19/581
0.35–20 IU/ml: 56/917

	4

	Tsou (2015)(27)
	Prospective cohort
	Elderly nursing home residents
	Taiwan (Province of China)
	2004 – 2009
	Adults
65 to 100 years
	139
	5 years
	4 to 5 Years
	Unknown
	Clinically
	0–0.35 IU/ml: 2/100
0.35–20 IU/ml: 1/39

	5

	Verhagen (2014)(28)
	Prospective cohort
	Tuberculosis case contacts
	Venezuela (Bolivarian Republic of)
	2010 – 2012
	Children
0 to 15 years
	140
	1 Year
	6 to 12 Months
	No
0 %
	Clinically confirmed through national TB surveillance program
	0–0.35 IU/ml: 2/77
0.35–20 IU/ml: 2/63

	5

	Whitaker (2013)(29)
	Prospective cohort
	Healthcare workers
	Georgia
	2009 – 2011
	Adults
18 to 100 years
	319
	2.2 Years
	12 Months
	Unknown
	Clinically confirmed through TB Control Program databases
	0–0.35 IU/ml: 0/173
0.35–20 IU/ml: 3/146

	3

	Winje (2018)(30) **
	Prospective cohort
	Population based
	Norway
	2009 – 2014
	Adults and children 
0 to 100 years
	44006
	2 to 8.5 years
	Median: 9 Months
	No
0 %
	Clinically confirmed through national TB surveillance program
	0–0.35 IU/ml: 15/22077
0.35–1 IU/ml: 14/2020
1–4 IU/ml: 48/2553
4–20 IU/ml: 143/4893
	5

	Yoshiyama (2010)(31)
	Retrospective cohort
	Tuberculosis case contacts
	Japan
	2003 – 2007
	Adults and children 
10 to 100 years
	3102
	Mean: 1.6 Years
	3+ Months
	No
0 %
	Bacteriologically, confirmed through public health centers
	0–0.35 IU/ml: 19/2683
0.35–20 IU/ml: 20/419

	4

	Yoshiyama (2015)(32)
	Retrospective cohort
	Tuberculosis case contacts
	Japan
	2010 – 2013
	Adults and children 
0 to 100 years
	625
	Mean: 1.7 Years
	3+ Months
	No
0 %
	Bacteriologically, clinically
	0–0.35 IU/ml: 2/547
0.35–20 IU/ml: 10/168

	4

	Zellweger (2015)(33)
	Prospective cohort
	Tuberculosis case contacts
	Europe
	2009 – 2013
	Adults and children 
0 to 100 years
	3425
	Median: 2.5
	84 to 968 Days
	Provided:
Yes – 19 %

Completed:
Unknown %
	Clinically confirmed through national TB surveillance program
	0–0.35 IU/ml: 3/2410
0.35–0.70 IU/ml: 2/219
0.70–1 IU/ml: 1/56
1–1.40 IU/ml: 1/63
1.40–2 IU/ml: 1/62
2-5 IU/ml: 4/74
5-10 IU/ml: 1/154
10-20 IU/ml: 7/287
	3

	Zenner (2017)(34)
	Retrospective cohort
	Migrants
	United Kingdom
	2009 – 2014
	Adults and children 
0 to 35 years
	1320
	Median: 2.2
	Median: 1 year
	No
0 %
	Clinically confirmed through national TB register
	0–0.35 IU/ml: 4/971
0.35–20 IU/ml: 9/349

	5


Note: Assumed lower and upper age bound of 0 and 100 if study did not report the range of ages
* Study participants were from a clinical trial assessing the efficacy of MVA85A vaccine for preventing tuberculosis. Results showed that the though the vaccine was safe, it was ultimately ineffective in reducing the risk of developing tuberculosis.(35)
** Only extracted data among healthy individuals 




















Table S2. Search strategies

	Study type
	Search Terms

	Retrospective or prospective cohort studies
	PubMed search terms: (“Interferon-gamma Release Tests”[MeSH] OR “IGRA”[tiab] OR "interferon-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 "predictive"[tiab] OR "risk"[tiab]) AND ("tuberculosis"[MeSH] OR "tuberculosis"[tiab]) AND ("prospective"[tiab] OR "cohort"[tiab] OR "follow up"[tiab]) (“2001/01/01”[PDAT] : "2020/05/10"[PDAT])

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,ti OR ‘Interferon-gamma release test*’:ab,ti) AND (‘reactivation’:ab,ti OR ‘reactivity’:ab,ti OR ‘activation’:ab,ti OR ‘predictive’:ab,ti OR ‘risk’:ab,ti) AND (‘tuberculosis’/de OR ‘tuberculosis’:ab,ti) AND (‘prospective’:ab,ti OR ‘cohort’:ab,ti OR ‘follow up’:ab,ti) AND [1-1-2001]/sd NOT [5-10-2020]/sd






























Table S3. Newcastle-Ottawa quality assessment scale adopted for quality assessment

	Criteria Number
	Criteria Domain
	Criteria
	Score

	1
	Cohort selection
	Representativeness of the exposed cohort 
	Truly or somewhat representative of the community (*)
Selected groups
No clear description

	2
	Cohort selection
	Selection of the non-exposed cohort
	Drawn from the same community as exposed cohort (*)
Drawn from a different source
No clear description

	3
	Cohort selection
	Ascertainment of exposure
	Secured records or structured interviews (*)
Written self-report
No clear description

	4
	Cohort selection
	Demonstration that focal outcome was not present at start of study
	Excluded participants with baseline TB (*)
No

	5
	Comparability
of cohort
	Comparability: study excluded participants with preventative treatment for LTBI
	Yes (*)
No

	6
	Comparability
of cohort
	Comparability: study excluded participants with HIV-infection
	Yes (*)
No

	7
	Outcome
	Assessment of outcome
	All TB cases were bacteriologically confirmed (*)
Clinically diagnosed
No clear description

	8
	Outcome
	Sufficient follow-up for outcome to occur
	3 years > (*)
< 3 years
No clear description

	9
	Outcome
	Adequate follow-up of cohort
	Loss to follow-up < 20% (*)
Loss to follow-up > 20%
No clear description

	Note: For studies where the study population was HIV-positive individuals criteria number 6 was not considered instead studies would be awarded 2 points for criteria number 5 if requirements are met. 
Answers with a (*) indicate that study quality improved, while answers without the (*) indicate no improvement in quality.







Figure S1: Sensitivity analysis results (comparing time to incident TB of 2 or 3 months (N=9) to 6 months or more (N=11))
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Note: Studies were stratified by whether the first incident TB case was between 2 and 3 months or 6 months 



Figure S2: Sensitivity analysis results (comparing bacteriologically confirmed TB (N=10) to clinically confirmed TB (N=11))
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Figure S3: Sensitivity analysis results (comparing TB incidence in country of study of < 40 per 100,000 and > 40 per 100,000)













Figure S3: Sensitivity analysis results (comparing all form TB incidence in country of study by < 40 per 100,000 (N=23) and > 40 per 100,000 (N=6))
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Figure S4: Sensitivity analysis results (excluding studies that provided TB preventive treatment)
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Estimating the relative risks of developing active TB by interferon gamma levels

Our mixed-effects regression model can be represented as the following:



Where  and  are the design matrices for the comparison and reference groups;  is a vector of regression coefficients;  is the study random effect assuming a random slope.

The risk function occurring within the design matrices is defined by:



where  is the lower bound of interferon gamma levels (IU/ml) for a data point;  is the upper bound of interferon gamma levels (IU/ml) for a data point;  is the regression coefficient at .  Particularly, we use a set of spline bases to parametrize the relative risk function of interferon gamma levels. Each  is one of the bases and  are the corresponding coefficients.



PRISMA-P 2015 Checklist

	Section/topic
	#
	Checklist item
	Information reported 
	Criteria location

	
	
	
	Yes
	No
	

	ADMINISTRATIVE INFORMATION  

	Title 

	  Identification 
	1a
	Identify the report as a protocol of a systematic review
	[bookmark: Check3]|X|
	|_|
	Title page

	  Update 
	1b
	If the protocol is for an update of a previous systematic review, identify as such
	|_|
	|_|
	N/A

	Registration 
	2
	If registered, provide the name of the registry (e.g., PROSPERO) and registration number in the Abstract
	|_|
	|_|
	N/A

	Authors 

	  Contact 
	3a
	Provide name, institutional affiliation, and e-mail address of all protocol authors; provide physical mailing address of corresponding author
	|X|
	|_|
	Title page

	  Contributions 
	3b
	Describe contributions of protocol authors and identify the guarantor of the review
	|X|
	|_|
	Author Contributions section

	Amendments 
	4
	If the protocol represents an amendment of a previously completed or published protocol, identify as such and list changes; otherwise, state plan for documenting important protocol amendments
	|_|
	|_|
	N/A

	Support 

	  Sources 
	5a
	Indicate sources of financial or other support for the review
	|X|
	|_|
	Funding section

	  Sponsor 
	5b
	Provide name for the review funder and/or sponsor
	|X|
	|_|
	Funding section

	  Role of sponsor/funder 
	5c
	Describe roles of funder(s), sponsor(s), and/or institution(s), if any, in developing the protocol
	|X|
	|_|
	Funding section

	INTRODUCTION 

	Rationale 
	6
	Describe the rationale for the review in the context of what is already known
	|X|
	|_|
	Introduction section:
Paragraph 2 & 3

	Objectives 
	7
	Provide an explicit statement of the question(s) the review will address with reference to participants, interventions, comparators, and outcomes (PICO)
	|X|
	|_|
	Introduction section:
Paragraph 3

	METHODS 

	Eligibility criteria 
	8
	Specify the study characteristics (e.g., PICO, study design, setting, time frame) and report characteristics (e.g., years considered, language, publication status) to be used as criteria for eligibility for the review
	|X|
	|_|
	Methods section:
Paragraph 2

	Information sources 
	9
	Describe all intended information sources (e.g., electronic databases, contact with study authors, trial registers, or other grey literature sources) with planned dates of coverage
	|X|
	|_|
	Methods section:
Paragraph 1

	Search strategy 
	10
	Present draft of search strategy to be used for at least one electronic database, including planned limits, such that it could be repeated
	|X|
	|_|
	Supplements
Table S2

	STUDY RECORDS 

	  Data management 
	11a
	Describe the mechanism(s) that will be used to manage records and data throughout the review
	|_|
	|_|
	N/A

	  Selection process 
	11b
	State the process that will be used for selecting studies (e.g., two independent reviewers) through each phase of the review (i.e., screening, eligibility, and inclusion in meta-analysis)
	|X|
	|_|
	Methods section:
Paragraph 2

	  Data collection process 
	11c
	Describe planned method of extracting data from reports (e.g., piloting forms, done independently, in duplicate), any processes for obtaining and confirming data from investigators
	|X|
	|_|
	Methods section:
Paragraph 3

	Data items 
	12
	List and define all variables for which data will be sought (e.g., PICO items, funding sources), any pre-planned data assumptions and simplifications
	|X|
	|_|
	Methods section:
Paragraph 3

	Outcomes and prioritization 
	13
	List and define all outcomes for which data will be sought, including prioritization of main and additional outcomes, with rationale
	|X|
	|_|
	Methods section:
Paragraph 3

	Risk of bias in individual studies 
	14
	Describe anticipated methods for assessing risk of bias of individual studies, including whether this will be done at the outcome or study level, or both; state how this information will be used in data synthesis
	|X|
	|_|
	Methods section:
Paragraph 4

	DATA

	Synthesis 
	15a
	Describe criteria under which study data will be quantitatively synthesized
	|X|
	|_|
	Methods section:
Paragraph 5

	
	15b
	If data are appropriate for quantitative synthesis, describe planned summary measures, methods of handling data, and methods of combining data from studies, including any planned exploration of consistency (e.g., I 2, Kendall’s tau)
	|X|
	|_|
	Methods section:
Paragraph 5

	
	15c
	Describe any proposed additional analyses (e.g., sensitivity or subgroup analyses, meta-regression)
	|X|
	|_|
	Methods section:
Paragraph 6

	
	15d
	If quantitative synthesis is not appropriate, describe the type of summary planned
	|_|
	|_|
	N/A

	Meta-bias(es) 
	16
	Specify any planned assessment of meta-bias(es) (e.g., publication bias across studies, selective reporting within studies)
	|X|
	|_|
	Methods section:
Paragraph 6

	Confidence in cumulative evidence 
	17
	Describe how the strength of the body of evidence will be assessed (e.g., GRADE)
	|X|
	|_|
	Discussion section:
Paragraph 1
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