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Background/Aims: Latent tuberculosis screening is mandatory prior to initiating anti-tumor necrosis factor (anti-TNF) medi-
cations. Guidelines recommend interferon-gamma release assays (IGRA) as first line screening method for the general popula-
tion. Studies provided conflicting evidence on IGRA and tuberculin skin test (TST) performance in inflammatory bowel disease
(IBD) patients. We assessed test concordance and the effects of immunosuppression on their performance in IBD patients.
Methods: We searched MEDLINE, Embase and Cochrane databases (2011-2018) for studies testing TST and IGRA in IBD. Pri-
mary outcome was TST and IGRA concordance. Secondary outcomes were effects of immunosuppressive therapy on perfor-
mance. Immunosuppression defined as either steroids, thiopurine, methotrexate or cyclosporine use. We used the pooled ran-
dom effects model to adjust for heterogeneity analyzed using (I’-Q statistics). We compared the fixed model to exclude smaller
study effects. Results: Sixteen studies (2,488 patients) were included. Pooled TST and IGRA concordance was 85% (95% con-
fidence interval [CI], 81%-88%; P=0.01). Effects of immunosuppression were reported in 8 studies (814 patients). The odds
ratio of testing positive by IGRA decreased to 0.57 if immunosuppressed (95% CI, 0.31-1.03; P=0.06). The odds ratio of testing
positive by TST if immunosuppressed was 1.14 (95% CI, 0.61-2.12; P=0.69). The fixed model yielded similar results, however
the negative effect of immunosuppression on IGRA reached statistical significance (P=0.01). Conclusions: While concordance
was 85% between TST and IGRA, the performance of IGRA seems to be negatively affected by immunosuppression. Given the
importance of detecting latent tuberculosis prior to anti-TNF initiation, further randomized controlled trials comparing the per-
formance of TST and IGRA in IBD patients are needed. (Intest Res 2020;18:306-314)
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INTRODUCTION

Inflammatory bowel disease (IBD), including CD and UC is a
chronic autoimmune disease that has a North American prev-
alence of 400-600 per 100,000 persons.' The treatment of CD

Received September 9, 2019. Revised November 19, 2019.

Accepted December 11, 2019.

Correspondence to Waqqas Afif, Department of Gastroenterology, McGill
University, 1650 Cedar Ave, C7-200, Montreal, QC H3G 1A4, Canada. Tel:
+1-514-934-8309, Fax: +1-514-412-4392, E-mail: waqgas.afif@mcgill.ca

The abstract of this article was presented as a poster presentation at the
2018 Canadian Digestive Disease Week conference on February 9-12, 2018,
in Toronto, Canada.

and UC depends on disease severity and the presence of risk
factors for progression. Guidelines recommend biologic medi-
cations, including TNF antagonists (anti-TNF-a) to be consid-
ered in the treatment of moderate to severe CD and UC.*’ In
patients starting biologic therapy, particularly anti-TNF-o. med-
ications, there is an increased risk of tuberculosis reactivation.
A potential mechanism is that TNF is required for chemokine
expression and formation of granulomas in mycobacterial in-
fection.” Screening for latent tuberculosis infection (LTBI) is
mandatory prior to initiating anti-TNF-a treatment, to avoid
tuberculosis reactivation.

Screening for LTBI can be done using the traditional tuber-
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culin skin test (TST) or newer interferon-gamma release as-
says (IGRA).” New guidelines recommend the use of IGRA rath-
er than TST in the general population.” The TST is limited by
many confounders, most importantly by prior exposure to tu-
berculosis or vaccination. Another limiting factor is the need
of a follow up visit to interpret subdermal induration. IGRA
are blood tests where T cell release of interferon-gamma is
quantified in vitro following antigen stimulation that are spe-
cific to Mycobacterium tuberculosis.’ The effect of immuno-
suppression on both tests remains an area of research interest
with limited data on their performance in IBD patients. Shahi-
di et al.” published a meta-analysis and systematic review in
2012 of 9 studies on the concordance of these tests in IBD pa-
tients and the effect of immunosuppression on their perfor-
mance. However, trials have emerged since then with no guid-
ance on optimal tuberculosis screening method in a common-
ly immunosuppressed IBD population. In this study, we aim
to re-examine the evidence to assess the concordance and ef-
fects of immunosuppressive therapy (IST) on TST and IGRA
in IBD patients prior to anti-TNF exposure.

METHODS

1. Study Protocol

The study protocol was registered using the international pro-
spective register of systematic review (PROSPERO 2016 CRD-
42016049225)." We followed the PRISMA (Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses) protocol
to conduct this meta-analysis.”

2. Search Strategy

Systematic searches performed (June 2011 to April 2018) us-
ing MEDLINE, Embase and Cochrane Library databases. Search
timelines were chosen to examine evidence published after
the Shahidi et al.” meta-analysis to pool results with the previ-
ous analysis using similar search strategies. The search strate-
gy used text words and relevant indexing to identify articles
discussing the diagnostic accuracy of IGRAs compared to TST
to detect latent tuberculosis in patients with IBD. The search
strategy included the following relevant search terms: (1) in-
flammatory bowel diseases, (2) tuberculin test, (3) interferon-
gamma release tests (Supplementary Table 1). In addition, re-
cursive searches, cross-referencing and subsequent hand-sear-
ches were performed. An attempt to contact corresponding
authors was made when relevant data was not extractable from
published potentially eligible abstracts or full articles.

www.irjournal.org

https://doi.org/10.5217/ir.2019.00116 « Intest Res 2020;18(3):306-314

3. Trial Selection and Patient Population

We included all adult human studies (abstracts and/or letters
and/or full-text articles) published in English that were assess-
ing both types of new IGRA generations (QFT-2G or 3G) and
TST in IBD. Studies were excluded if they: (1) were not written
in English; (2) only used older generation T-SPOTTB testing
(Oxford Immunotec Ltd., Milton, UK); (3) reported insufticient
data on outcomes; (4) lacked appropriate study design; (5) had
less than 10 IBD patients; (6) lacked IBD-specific outcomes;
(7) were review articles lacking extractable data.

4. Study Outcomes

The primary outcome measure was the concordance between
TST and IGRA in IBD patients being screened for LTBI prior
to anti-TNF exposure. A secondary outcome included effects
of IST on both TST and IGRA. Immunosuppression was de-
fined as either exposure to: oral corticosteroids of more than 5
mg daily for at least 4 weeks, thiopurines, methotrexate or cy-
closporine. A non-physiologic dose of steroids higher than 5 mg
for more than 4 weeks was defined as the inclusion criteria in
selected studies while included patients were on higher doses.

5. Data Extraction

We used Covidence, a Cochrane technology platform to up-
load citations for screening and to review.” Two reviewers (S.A.
and PG.) independently screened abstracts for full text review.
After full text review, data were extracted using a standardized
extraction form between the 2 reviewers. Cross review of data
was done to ensure accuracy of data extracted. Disagreements
were resolved by active discussion to reach consensus, if no
consensus was reached a third reviewer (W.A.) was consulted.
We examined the data to extract the following variables: coun-
try of origin, year of publication, study design, total number of
IBD participants enrolled, number of IBD participants tested
by both TST and IGRA, percent of BCG vaccinated, number of
IBD patients on IST, IGRA version, timing of IGRA in relation
to TST, purified protein derivative dose, TST cutoff, TST results,
IGRA results, number of concordant IGRA and TST results;
defined by both tests being positive or negative in each indi-
vidual. A two by two table cross tabulating TST and IGRA re-
sults was generated (IGRA+/TST-, IGRA-/TST+, IGRA+/TST+,
IGRA-/TST-). To examine the effects of immunosuppression
on both TST and IGRA we generated a second table compar-
ing rates of positive TST or IGRA in IBD patients on immuno-
suppression, compared to no-immunosuppression (IGRA+/
IST+, TST+/IST+, IGRA+/IST-, TST+/IST-). Data extraction
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was generated and calculated from their respective publica-
tions. We reached out to respective authors for any missing
data or clarifications needed. We excluded any study where
authors failed to correspond regarding any missing data or
clarifications needed, to prevent any data assumptions which
may affect data integrity.

INTESTINAL RESEARCH

6. Quality Assessment

The quality of the studies was graded by using the new quality
assessment tool for diagnostic accuracy studies Quality As-
sessment of Diagnostic Accuracy Studies-2 (QUADAS-2) (Fig.
1)."” The QUADAS-2 is a modified version of QUADAS adopt-
ed for use by the Cochrane collaboration that is validated and
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Fig. 1. Assessment of risk of bias of studies: QUADAS-2 tool. QUADAS-2, Quality Assessment of Diagnostic Accuracy Studies-2.
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recommended for use in Cochrane reviews. The QUADAS-2
tool contains 4 domains assessing patient selection, index test,
reference standard, and flow of patients through the study and
timing of the index tests and reference standard. The eligibility
and quality of the studies were assessed independently by 2
investigators (S.A. and PG.), with discrepancies resolved after
discussion and reaching a consensus. If no consensus was rea-
ched a third reviewer was consulted (W.A).

7. Statistical Methods and Sensitivity Analyses

All statistical analyses were performed using RevMan (Copen-
hagen: The Nordic Cochrane Centre, The Cochrane Collabo-
ration, 2014)."° First, the concordance and 95% CI of IGRA re-
sults versus TST results were calculated for each study (con-
cordance was calculated by dividing the sum of patients with
IGRA+/TST+ and those with IGRA-/TST- by the total number
of subjects tested). Test results that are reported by authors to
be indeterminate and required repetition were not included
in the concordant group, which is defined as both tests being
positive or negative. The decision to exclude indeterminate re-
sults was made to better capture the performance of both tests
in real time, rather than affecting the concordance rate by rep-
etition which affects performance by changing the number of
true and false positives or negatives. Finally, the pooled con-
cordance with the 95% CI was calculated using the random
effects model. We then examined the effect of IST on both TST
and IGRA performances by calculating the pooled odds ratio
and 95% CI of testing positive if exposed to IST, compared to
no exposure to IST. This was achieved by dividing the rate of
positive results in IBD patients on IST over those who are not

209 Potentially relevant citations identified

148 Citations excluded after
reviewing the title

\
61 Citations selected for review

13 Duplicates
13 Not enough data
11 Inappropriate study design
5 Inappropriate outcomes
3 Inappropriate patient population

\ 4

\ 4
16 Citations included in the meta-analysis
11 Published articles
5 Published abstracts

Fig. 2. Diagram of selection process for studies identified by search
protocol.
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on IST. This analysis was done separately for TST and IGRA to
calculate an independent pooled odds ratio for each test to as-
sess individual performance. While pooled concordance rate
of TST and IGRA was possible in IBD patients at large, data
was insufficient to calculate separate concordance rates in pa-
tients on IST compared to those who were not. We used the
Mantel-Haenszel method for a pooled random effects model,
given anticipated heterogeneity of studies included. Heteroge-
neity was mainly driven by population size, demographics
(i.e., BCG vaccination, tuberculosis prevalence, immunosup-
pressive medication use) and study design. We also compared
the fixed effects model to exclude any effect of smaller studies.
Heterogeneity between studies was analyzed using the statis-
tical I*, Q, and tau-square tests.

RESULTS

1. Literature Search

Of the 209 citations identified through the systematic review,
148 were excluded based on titles and abstracts, and 61 publi-
cations were fully reviewed (Fig. 2). A total of 45 studies were
excluded after excluding studies that were in duplicate (n=13),
did not have sufficient data (n=13), had inappropriate study
design (n=11), outcomes (n=5) or population (n=3). From
the 45 excluded studies, 8 studies were excluded at the end of
review due to inability to reach the author for missing data or

INTESTINAL RESEARCH

clarifications. Two authors responded and supplemented all
"2 A total
of 16 articles were finally included in our final analysis (5 con-

missing data and clarifications needed for inclusion.

ference abstracts,""" 1 correspondence letter," 10 full-text ar-
21920 “All eligible studies examined by Shahidi et al.”
were similarly reviewed prior to inclusion in the final 16 ana-

ticles

lyzed studies. A total of 2,488 patients were included in the 16
selected studies.

2. Study Quality and Heterogeneity
We assessed quality of studies by using QUADAS-2, taking
TST as the reference test and IGRA as index test. The assess-

ment suggested possible high risk of bias for 3 studies,'"'**' 2

1%** and 1 regarding flow and timing''

regarding the index test
(Fig. 1). Heterogeneity observed mainly in population demo-
graphics (Table 1) during full text review of included studies
made the random effects model the method of choice. We
also included the fixed effects model to examine the effects of
smaller studies. Meta-analysis recommendations are to choose
the effects model prior to data analysis based on observed
study heterogeneity during full text review to avoid any publi-
cation bias. In our study based on the variability of study de-
signs, population size and demographics the random effects
model was the model of choice.” However, we also report the
tixed effect model to assess effects of smaller studies when low
heterogeneity is observed.

|
Study Estimate (95% Cl) Ev/Trt X
Abreu 2016 0.753 (0.691, 0.815) 140/186 —_— E
Al-Taweel 2016 0918 (0.873, 0.962) 134/146 L ——
Andrisani 2013 0.891 (0.828, 0.955) 82/92 —_——
Atanassova 2013 0.941 (0.862, 1.000) 32/34 X -
Bélard 2011 0.899 (0.836, 0.962) 80/89 —_——
Cem Cekic 2015 0.697 (0.594, 0.801) 53/76 . :
Fernandez 2013 0.874 (0.804, 0.943) 76/87 —
Kurti 2015 0.785 (0.685, 0.885) 51/65 = !
Latorre 2011 0.846 (0.650, 1.000) 1/13 .
Mantzaris 2015 0.867 (0.790, 0.944) 65/75 g
Marano 2015 0.903 (0.887, 0.920) 1,159/1,283 : . o
Ministro 2011 0.708 (0.526, 0.890) 17/24 - -
Papay 2011 0.784 (0.728, 0.840) 163/208 _—
Preda 2016 0.875 (0.713, 1.000) 1416 e
Ramos 2013 0.880 (0.753, 1.000) 22/25 —
Wong 2014 0.812 (0.719, 0.904) 56/69 L —

|
Overall (1=76%, P<0.001) 0.848 (0.814, 0.883)  2,155/2,488 —=r

)

L Ll 1 . 1 1
06 07 08 09 1
Proportion

Fig. 3. Concordance between interferon-gamma release assay and tuberculin skin test. Ev, event; Trt, treatment.
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3. Concordance between IGRA and TST and Impact of IST
The pooled concordance between TST and IGRA was 85%
(95% CI, 81%-88%; P=0.01) (Fig. 3), with notable heterogene-
ity (I’=76%, P<0.001). The proportion and data for immuno-
suppressed population was reported and sufficient in 8 stud-
ies (n=811).""*"** The odds ratio of testing positive by IGRA
if immunosuppressed was 0.57 (95% CI, 0.31-1.03; P=0.06)
with possibly no important heterogeneity (I =32%, P=0.17)
(Fig. 4). However, TST had an odds ratio of 1.14 of testing posi-
tive (95% CI, 0.61-2.12; P=0.69), with possible moderate het-
erogeneity (I’ =42%, P=0.10) (Fig. 5). Considering the low het-
erogeneity for the negative effect of immunosuppression on
IGRA we also calculated the results with the fixed effect model
(Supplementary Fig. 1). Using the fixed effects model, the OR
of testing positive if immunosuppressed was 0.57 (95% CI, 0.37-
0.89) and reached statistical significance (P=0.01).

https://doi.org/10.5217/ir.2019.00116 « Intest Res 2020;18(3):306-314

DISCUSSION

Many studies reported variable performances of TST or IGRA
in patient populations who are either at low risk of tuberculo-
sis demographically or due to prior exposure to TNF thera-
pies. These studies do not report significant data on concor-
dance in TNF naive patients only.”**" Older meta-analysis by
Shahidi et al.” also included patients with prior TNF exposure.
This is the first meta-analysis to date that investigates the con-
cordance of both TST and IGRA and the effect of IST on test
performances, in patients naive to anti-TNF therapy. Exclud-
ing patients on anti-TNF therapy better addresses the clinical
indication to screen for tuberculosis prior to initiating anti-
TNF therapy in IBD patients. Including these studies could
potentially bias the results by decreasing the sensitivity of both
tests due to negative tuberculosis screening prior to anti-TNF
initiation. In addition, this meta-analysis (16 studies encom-

IST+ IST- Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% ClI M-H, Random, 95% CI
Abreu 2016 16 148 4 38 16.2% 1.03 [0.32, 3.28] —
Al Taweel 2016 1 99 6 47 6.5% 0.07 [0.01, 0.60] ¢
Andrisani 2013 10 70 3 22 12.8% 1.06 [0.26, 4.24] S
Cem Cekig 2015 19 47 15 26 19.7% 0.50[0.19, 1.32] —
Mantzaris 2015 7 28 9 47  16.8% 1.41 [0.46, 4.32] I —
Ministro 2011 2 14 3 10 7.2% 0.39 [0.05, 2.92]
Papay 2011 7 131 8 59 17.8% 0.36 [0.12, 1.04] I
Ramos 2013 0 20 1 5 2.9% 0.07 [0.00, 2.11] +
Total (95% Cl) 557 254 100.0% 0.57 [0.31, 1.03] R
Total events 62 49
Heterogeneity: Tau’=0.23; Chi’=10.29, df =7 (P=0.17); I’=32% =0_01 Ofl 1’0 100=

Test for overall effect: Z=1.87 (P=0.06)

Fig. 4. OR of positive interferon-gamma release assay in immunosuppressed patients (IST+) compared to non-immunosuppressed (IST-).

IST, immunosuppressive therapy; M-H, Mantel-Haenszel method.

IST+ IST- Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Abreu 2016 40 148 6 38 18.5% 1.98 [0.77, 5.08] T
Al Taweel 2016 8 99 1 47 6.8% 4.04 [0.49, 33.32]
Andrisani 2013 11 70 3 22 12.5% 1.18 [0.30, 4.68] . L —
Cem Cekig 2015 21 48 9 28 18.0% 1.64 [0.62, 4.36] I
Mantzaris 2015 6 28 8 47 14.9% 1.33[0.41, 4.33] B A
Ministro 2011 1 14 7 10 5.4% 0.03[0.00,0.38] ———
Papay 2011 16 131 8 59 19.1% 0.89 [0.36, 2.20] —
Ramos 2013 2 20 1 5 4.8% 0.44 [0.03, 6.19]
Total (95% CI) 558 256 100.0% 1.14 [0.61, 2.12] R
Total events 105 43

. 2 . 2 L2 I 1 1 Il
Heterogeneity: Tau’=0.31; Chi’=12.07, df=7 (P=0.10); I’=42% Y o1 0 100

Test for overall effect: Z=0.41 (P=0.69)

Fig. 5. OR of positive tuberculin skin test in immunosuppressed patients (IST+) compared to non-immunosuppressed (IST-). IST, immuno-

suppressive therapy; M-H, Mantel-Haenszel method.
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passing 2,488 patients) adds further data to the 2010 meta-
analysis published in 2012 by Shahidi (9 studies encompass-
ing 1,309 patients). Studies included differ by excluding stud-
ies using older T-SPOTTB form of IGRA, and including only
patient naive to anti-TNF therapy, reflecting real time practice
and decreasing between test variability.

Our analysis results echo the 85% pooled concordance be-
tween TST and IGRA in 2,488 IBD patients, as observed in
Shahidi et al.” After excluding patients on anti-TNF therapy,
our pooled analysis did not significantly show that TST and
IGRA performances were negatively affected by IST using the
random effects model. The random effects model was best
chosen for significant heterogeneity. However, the negative ef-
fect of IST on IGRA did reach statistical significance when ex-
amining the fixed effects model (P<0.01). The fixed model
minimizes the effect of smaller studies given heterogeneity
between studies is low, giving more weight to larger studies.
Despite current guidelines to use IGRA as first line screening
in the general population, our analysis suggests that IGRA may
be negatively affected in IBD patients on IST.” This reflects the
most common clinical dilemma, as most IBD patients are screened
for tuberculosis after prolonged use of IST (corticosteroids,
methotrexate or thiopurines) to initiate biologic therapy. Cur-
rently, no guidelines exist to suggest the optimal test in IBD
patients who are commonly immunosuppressed. While our
analysis suggests that IGRA can be negatively affected by im-
munosuppression, TST positive result lacks statistical signifi-
cance making its clinical utility in the setting of immunosup-
pression unclear. TST can be also be affected by many vari-
ables. TST can be laborious requiring 2 clinical visits to inter-
pret results making it suboptimal and prone to noncompli-
ance. Clinical judgement and understanding of the patient’s
demographics, risk factors, vaccination status and local guide-
lines are crucial to correctly interpret TST results. Because of
the many variables affecting TST performance we were un-
able to retrieve enough data to analyze the studies included
based on prior exposure and risk factors. Evidence exists to
support the cost effectiveness of a dual strategy screening meth-
od for tuberculosis and is most prominent in areas with low
tuberculosis prevelance.”

There are several limitations to our study. The different rates
of BCG vaccination across studies affecting interpretation cut-
offs in different countries is a limitation. Data was insufficient
to analyze the result of each TST based on BCG vaccination,
given vaccination rates were reported as overall percentages,
rather than the vaccination status of each result reported. To
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address this limitation, we reported vaccination rates and cut-
offs used when available (Table 1). We used each authors in-
terpretation of a positive test based on local guidelines and
when possible, a 5 mm cutoff was included in the analysis.
This was done to minimize heterogeneity when assessing
concordance, as most included studies used a 5 mm cutoff.
While this may affect concordance rate, it does not affect our
conclusion that IGRA can be negatively affected by immuno-
suppression. The inclusion of abstracts and in 1 case a letter to
the editor is another potential limitation. However, leaving out
data from Preda et al."” letter did not change results and over-
all concordance (0.847;95% CI, 0.81-0.88) was similar, mainly
due to small size of this cohort of patients. The inclusion of ab-
stracts that have not been fully published could not be avoid-
ed, as there is a lack of sufficient data to generate a meta-anal-
ysis using only published randomized controlled trials. The in-
clusion of letters and abstracts in a meta-analysis, helps mini-
mize the common issue of publication bias.” The lack of RCT
published data is mainly due to the relatively rare occurrence
of tuberculosis reactivation and the lack of availability of IGRA
in high prevalence areas, where cost issues may arise. To bet-
ter guide physicians, a prospective randomized clinical trial is
needed to randomize IBD patients to 3 arms using TST, IGRA,
TST and IGRA prior to anti-TNF therapy initiation. Such a study
could help examine the rates of tuberculosis reactivation and
assess the cost effectiveness of combining both tests as opposed
to a single test. Until such evidence is available, our analysis
suggests that relying on IGRA alone in IBD patients on IST may
lead to tuberculosis reactivation. In fact, one recent study indi-
cated that while IGRA was negatively affected by IST, patients
that tested positive for IGRA and negative for TST, underwent
treatment for LTBL” These results highlight the need for per-
haps a dual testing strategy in IBD patients that are immuno-
suppressed.
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Supplementary Table 1. Search Strings

1 exp Inflammatory Bowel Diseases/(68189)
2 (coliti* or crohn®).tw,kf. (79012)
3 (inflammatory adj3 bowel*).tw,kf. (36289)
4 IBD.tw,kf. (17049)
5 or/1-4 (108300)
6 Tuberculin Test/ (13105)
7 tuberculin.twkf. (14611)
8 ((mantoux or pirquet or tuberculum or tuberculosis) adj3 (injection® or reaction* or test or tests)).tw,kf. (3626)
9 (TST and (tuberculosis or tuberculin)).tw,kf. (1716)
10 or[6-9 (22022)
n 5and 10 (138)
12 Interferon-gamma Release Tests/ (881)
13 Interferon-gamma/ (62399)
14 (interferon adj3 (release* or assay* or test or tests)).tw,kf. (3345)
15 quantiferon.tw,kf. (1349)
16 ((tuberculosis or TB) adj3 gold).tw,kf. (1109)
17 (gold adj2 tube).tw,kf. (729)
18 IGRAtw kf. (684)
19 or/12-18 (65124)
20 11 and 19 (50)
21 limit 20 to yr ="2011-Current" (41)
22 remove duplicates from 20 (41)

TST, immunosuppressive therapy; TB, tuberculosis; IGRA, interferon-gamma release assays.
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IST+ IST- Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI
Abreu 2016 16 148 4 38 11.4%  1.03[0.32,3.28]
Al Taweel 2016 1 99 6 47 16.1%  0.07[0.01,0.60] ¢ t
Andrisani 2013 10 70 322 7.8% 1.061[0.26, 4.24] -
Cem Cekic 2015 19 47 15 26 23.1%  0.5010.19, 1.32] —
Mantzaris 2015 7 28 9 47 10.1% 1.411[0.46,4.32] B L E—
Ministro 2011 2 14 310 6.0% 0.39[0.05,2.92]
Papay 2011 7 131 8§ 59 20.9%  0.36[0.12, 1.04] —
Ramos 2013 0 20 1 5 4.6% 0.071[0.00,2.11] ¢
Total (95% Cl) 557 254 100.0%  0.57[0.37,0.89] <&
Total events 62 49
Heterogeneity: Chi’=10.29, df=7 (P=0.17); I’=32% IO. 0l Oil 150 10 OI

Test for overall effect: Z=2.48 (P=0.01)

Favours [experimental] Favours [control]

Supplementary Fig. 1. OR positive interferon-gamma release assays in immunosuppressed patients (IST+) compared to non-immuno-
suppressed (IST-) with fixed model. IST, immunosuppressive therapy; M-H, Mantel-Haenszel method.
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