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Abstract: (1) Aims: Patients receiving antitumor necrosis factor (anti-TNF) therapy are at risk of
developing tuberculosis (TB), usually due to the reactivation of a latent TB infection (LTBI). LTBI
screening and treatment decreases the risk of TB. This study evaluated the diagnostic performance of
different LTBI screening strategies in patients with inflammatory bowel disease (IBD). (2) Methods:
Patients in the Spanish ENEIDA registry with IBD screened for LTBI between January 2003 and Jan-
uary 2018 were included. The diagnostic yield of different strategies (dual screening with tuberculin
skin test [TST] and interferon-1 -release assay [IGRA], two-step TST, and early screening performed at
least 12 months before starting biological treatment) was analyzed. (3) Results: Out of 7594 screened
patients, 1445 (19%; 95% CI 18-20%) had LTBI. Immunomodulator (IMM) treatment at screening
decreased the probability of detecting LTBI (20% vs. 17%, p = 0.001). Regarding screening strategies,
LTBI was more frequently diagnosed by dual screening than by a single screening strategy (IGRA, OR
0.60; 95% CI0.50-0.73, p < 0.001; TST, OR 0.76; 95% CI 0.66-0.88, p < 0.001). Two-step TST increased
the diagnostic yield of a single TST by 24%. More cases of LTBI were diagnosed by early screening
than by routine screening before starting anti-TNF agents (21% [95% CI 20-22%] vs. 14% [95% CI
13-16%], p < 0.001). The highest diagnostic performance for LTBI (29%) was obtained by combining
early and TST/IGRA dual screening strategies in patients without IMM. (4): Conclusions: Both early
screening and TST/IGRA dual screening strategies significantly increased diagnostic performance
for LTBI in patients with IBD, with optimal performance achieved when they are used together in the
absence of IMM.

Keywords: inflammatory bowel disease; latent tuberculosis infection; tuberculin skin test; interferon
gamma release assays

1. Introduction

Inflammatory bowel diseases (IBD) make up a group of chronic inflammatory condi-
tions including Crohn’s Disease (CD), Ulcerative Colitis (UC) and unclassified colitis (IBD
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unclassified). Treatment with antitumor necrosis factor biologics (anti-TNFs) is important
for controlling inflammatory activity in these patients. Patients receiving anti-TNF therapy
are at risk of developing tuberculosis (TB), usually due to the reactivation of a latent TB
infection (LTBI). Following the first report of this treatment-related complication [1], several
scientific societies and international organizations published guidelines for the screening
and treatment of LTBI in patients receiving biological treatment [2]. The adherence to these
recommendations led to a decrease, but not the complete disappearance, in the number
of cases of active TB [3-5]. Active TB still occurs, probably due to inadequate compliance
with the screening recommendations [6], the limitations of immunodiagnostic tests [7] and
the occurrence of de novo infections [4]. Recently, the risk of active TB during anti-TNF
treatment has been related to the local epidemiology of TB and, additionally, it has been
reported that up to 70% of cases occur in patients with negative baseline LTBI screening [8].

The low sensitivity of LTBI screening tests (tuberculin skin test (TST) and the interferon-
v-release assay (IGRA)) when performed under immunosuppressive therapies [7,9] has
been posed as one of the potential factors that increase the risk of active TB during anti-
TNF treatment. Different strategies have been developed to improve the performance
of immunodiagnostic tests. Early screening, performed ideally at inflammatory bowel
disease (IBD) diagnosis or in the absence of immunosuppressive drugs [9,10], increases its
sensitivity for detecting LTBI. Adding a second TST seven to 14 days after a first negative
test increases the LTBI diagnostic yield by 5-25% [10-12]. Finally, dual screening (TST plus
IGRA) also increases the sensitivity for detecting LTBI compared to a single screening test
(TST or IGRA), in patients with rheumatic diseases [13,14] or IBD [12]. However, there is a
lack of studies assessing the best strategies in different clinical settings.

The European Crohn’s and Colitis Organisation (ECCO) recommends adapting LTBI
diagnostic and treatment strategies to the local TB epidemiology in anti-TNF candidates [15].
In 2018 Spain was considered, for the first time, a country with a low incidence of TB (9.4
cases/100,000 inhabitants/year), according to WHO criteria [16], although with wide
variations in incidence among different Spanish regions [17]. In 2014, it was estimated that
the prevalence of LTBI in Spain was 15% (95% CI 6.3-27%) [18], whereas the data reported
for IBD patients was highly variable (13-34%) [10-12]. Taking these data into account, the
Spanish Working Group on Crohn’s Disease and Ulcerative Colitis (GETECCU) published
its updated recommendations for the screening and treatment of LTBI in 2021 [19] and
recommended single screening (TST) for immunocompetent patients and dual screening
(TST/IGRA) for immunocompromised patients.

The main objective of this study was to describe the prevalence and risk factors of
LTBI and to evaluate the diagnostic yield of different LTBI screening strategies (TST/IGRA
dual screening, single screening, two-step TST, routine screening and early screening) in a
large database of IBD patients.

2. Methods

This is a retrospective, descriptive, multi-center study, conducted in patients included
in the ENEIDA registry. ENEIDA is a nationwide Spanish database of IBD patients pro-
moted by GETECCU, which is a non-profit association whose mission is to improve the
lives of people with IBD by promoting excellence in health care, teaching and research
and influencing political and social initiatives. [20]. The registry was approved by the
Ethics Committee of each participating center and all patients gave their informed con-
sent. The study was approved by the ENEIDA Scientific Committee and, at the time of
the data extraction (January 2018), the registry included 31,827 patients from 33 centres
(Supplementary Membership of the ENEIDA).

2.1. Study Population and Definitions

We included all patients who had been screened for LTBI from January 2003 (the
date of the publication of the first GETECCU recommendations for LTBI screening in
IBD patients) [21] to January 2018. Those patients who had previously been diagnosed
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with active TB or LTBI were excluded. We considered that a patient had undergone LTBI
screening when a TST and/or IGRA had been performed and/or a recent contact with a
bacilliferous subject was identified. In patients with more than one LTBI screening test
recorded in the database, the result of the first screening was taken into account to evaluate
the frequency of LTBI. A patient was considered to have LTBI if there was a positive result
in either screening test (positive IGRA and/or TST > 5 mm), when there were lesions
suggestive of an old TB infection on a chest X-ray (calcified nodes or nodules, pleural
apical thickening, fibrous tracts), or when recent contact with a bacilliferous TB patient was
identified [19].

2.2. Performance of Tests and Screening Strategies for Latent Tuberculosis Infection

We analyzed the overall frequency of LTBI, as well as the diagnostic yield per single test
(IGRA or TST). We also evaluated the association of a positive screening with demographic
and clinical variables including gender, age at diagnosis of IBD, age at LTBI screening,
type of IBD, smoking habit, use of immunomodulators (IMM) (thiopurines, methotrexate
or calcineurinics) and anti-TNF (Infliximab, adalimumab or golimumab) at screening,
autonomous community of residence (Madrid, Aragon, Asturias, Canarias, Cantabria,
Castilla-Leon, Catalonia, Basque country, Valencia), country of origin (classified according
to WHO criteria as high, intermediate or low incidence of TB) [14] and the year in which
the screening was performed.

Subsequently, we evaluated the diagnostic yield of different screening strategies. First,
we compared TST/IGRA dual screening to single screening (TST or IGRA); secondly, we
evaluated the strategy of a second TST (two-step TST) in patients with a negative first TST.
Finally, we compared early screening (considered as when screening tests were performed
at least 12 months before starting biological treatment) to routine screening (when tests
were done in the three months before initiating biological treatment).

2.3. Statistical Analysis

Categorical variables are reported as absolute and relative frequencies (number, per-
centage, and 95% confidence interval). Continuous variables are expressed as the mean
and standard deviation or median and interquartile range (IQR), as appropriate. The initial
comparability between groups was analyzed with the chi square test or Fisher’s exact test
for qualitative variables and with the Student’s  test or median test for quantitative data.
To assess the performance of different tests and diagnostic strategies for LTBI, we used
a logistic regression model (with the presence of LTBI as a dependent variable and the
independent variables mentioned in the previous section). To assess the performance of
TST/IGRA dual screening compared to a single screening, we used a logistic regression
model (the presence of LTBI as a dependent variable, while leaving only the screening
strategy as a separate variable). To evaluate the performance of early compared to rou-
tine screening, the diagnostic yield was calculated for each strategy and compared using
a difference estimation test for proportions. Crude and adjusted odds ratios with their
respective 95% confidence intervals (CIs) were reported. A p-value of <0.05 was considered
to be statistically significant. In addition, the non-inferiority criterion was evaluated for
subgroup analysis comparisons showing a non-significant trend. The non-inferiority cri-
terion was not met for any comparisons if the lower limit of the 95% CI was lower than
the pre-specified non-inferiority criterion of <0.65. All analysis were performed with R
software version 4.0.2.

3. Results

In total, 7594 IBD patients screened for LTBI between January 2003 and January 2018
were included. The demographic and clinical characteristics of patients are summarized in
Table 1.
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Table 1. Clinical and demographic characteristics of the cohort of patients with IBD who were

screened for LTBI.
Number of patients screened for LTBI, n 7594
Male gender, 1 (%) 3988 (53)
Age at diagnosis of IBD, years, mean (+SD) 363 +15.2
Type of IBD, n (%)
- Crohn’s disease 4622 (61)
- Ulcerative colitis 2813 (37)
- IBD unclassified 159 (2)
Smoking status, 1 (%)
- ever 3677 (48)
- never 3377 (45)
- unknown 540 (7)
Age at LTBI screening, years, mean (£ SD) 452 £ 152

Time between diagnosis of IBD and screening, years,
median (IQR)

2.09 (0.19-10.46)

IMM at screening, n (%) 2143 (28)
Azathioprine 1703
Mercaptopurine 185
Methotrexate 146
Other IMM 109
Anti-TNF at screening, n (%) 369 (4.9)
Country of origin with TB incidence > 40 294 (3.9)

LTBL latent tuberculosis infection; IBD: inflammatory bowel disease; SD: standard deviation; IQR: interquartile

range; IMM: immunomodulator; anti-TNF: antitumor necrosis factor; TB: tuberculosis.

Overall, 1445 patients (19%; 95% CI 18-20%) were diagnosed with LTBI. The frequency
of LTBI, regarding the tests performed for screening and the use of IMM at the time the
screening was performed, are shown in Table 2. In 369 patients, the first LTBI screening
collected in ENEIDA was performed during anti-TNF treatment; LTBI was less frequently
detected among patients taking anti-TNF than in patients without such treatment (12%

[95% CI 8.6-16%] vs. 19% [95% CI 19-20%], respectively; p < 0.001).

Table 2. Frequency of LTBI and results of the screening methods.

Patients Screened,

Patients with LTBI,

*

n 1 (%) [95% CI] p Value
Any test of LTBI ** 7594 1445 (19) [18-20]
-no IMM at screening 5451 1086 (20) [19-21] 0.001
- IMM at screening 2143 359 (17) [15-18]
TST 6028 965 (16) [15-17]
-no IMM at screening 4234 736 (17) [16-19] <0.001
- IMM at screening 1794 229 (13) [11-14]
IGRA 2982 386 (13) [12-14]
-no IMM at screening 2208 314 (14) [13-16] <0.001
- IMM at screening 774 72 (9.3) [7.4-12]
Chest X-ray 2365 55 (2.3) [1.8-3]
Recent contact with 7594 213 (2.8) [2.5-3.2]

baciliferous subject

LTBI: latent tuberculosis; CI: confidence interval; IMM: immunomodulator; TST: tuberculin skin test; IGRA: inter-
feron gamma release assay; * p value comparing results of screening performed during IMM and no IMM therapy;
** TST and/or IGRA positive and/or abnormal chest X-ray and/or recent contact with baciliferous subject.
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Table 3 shows the factors associated with detecting LTBI. Age at screening, male
gender, smoking habit, autonomous community of residence, year in which the screening
was performed, origin in countries with a high incidence of active TB (>40 cases/10°
inhabitants/year), and lack of IMM and anti-TNF treatment at screening, were all associated
with higher rates of detected LTBI.

Table 3. Factors associated with diagnosis of LTBI in patients with IBD.

Univariable Analysis Multivariable Analysis
Odds Ratio 95% CI p Odds Ratio 95% CI P

Gender

Female Reference Reference

Male 1.22 1.09-1.37 0.001 1.21 1.07-1.37 0.002
Age at TB screening, 1.04 1.03-1.04 <0.001 1.04 1.04-1.04 <0.001
years
Type of IBD

IBD-unclassified Reference Reference

Ulcerative colitis 0.84 0.57-1.25 0.37 0.78 0.52-1.19 0.23

Crohn’s disease 0.88 0.60-1.31 0.50 0.89 0.60-1.36 0.58
Smoking status

Never Reference Reference

Ever 1.58 1.40-1.78 <0.001 1.53 1.35-1.74 <0.001

Unknown 1.02 0.79-1.30 0.86 0.87 0.66-1.13 0.29
IMM at TB screening

No Reference Reference

Yes 0.80 0.70-0.91 0.001 0.81 0.70-0.93 0.004
Anti-TNF at TB
screening

No Reference Reference

Yes 0.55 0.39-0.75 <0.001 0.56 0.40-0.77 <0.001
Geographical area

Madrid Reference Reference

Aragon 0.89 0.68-1.14 0.35 0.93 0.71-1.21 0.60

Asturias 0.96 0.73-1.26 0.79 1.14 0.86-1.50 0.36

Canarias 0.69 0.39-1.13 0.16 0.58 0.32-0.97 0.050

Cantabria 1.34 1.08-1.67 0.009 1.39 1.10-1.75 0.005

Castilla-Ledn 1.49 1.23-1.80 <0.001 1.94 1.58-2.38 <0.001

Catalonia 1.26 1.08-1.48 0.003 1.51 1.28-1.79 <0.001

Basque country 0.69 0.46-1.01 0.07 0.81 0.53-1.19 0.30

Valencia 0.58 0.44-0.74 <0.001 0.66 0.50-0.86 0.002
TB incidence in
country of origin

Low/intermediate Reference Reference

High 2.15 1.67-2.77 <0.001 3.51 2.67-4.60 <0.001
Year of TB screening 0.97 0.96-0.99 0.002 0.93 0.91-0.94 <0.001

CL: confidence interval; TB tuberculosis; IBD: inflammatory bowel disease; IMM: immunomodulator; anti-TNF:
antitumor necrosis factor.

When we exclude patients undergoing anti-TNF at screening (1 = 369) from the logistic
regression analysis, the factors associated with LTBI diagnosis were the same as for the
general cohort (Supplementary Table S1).

Overall, LTBI was more common in men than in women (21% vs. 17%, p = 0-01), al-
though these differences were only observed in people over 55 years of age (Supplementary
Table S2). Since 2003, a progressive decrease in LTBI frequency (slope: —1.6; 95% CI —2.2 to
—1.0; p = 0.013) was observed (Supplementary Figure S1). Moreover, a decreasing use of
TST and an increasing use of IGRA were observed over time. While TST and IGRA were
performed in 91% and 22% of the screenings performed from 2009 to 2011, these figures
were 63% and 62%, respectively, in the 2015-2017 period.
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3.1. Latent Tuberculosis Infection Screening Strategies
3.1.1. TST/IGRA Dual Screening

In total, 1471 and 6068 patients were screened using a dual or a single screening
strategy, respectively. Overall, the likelihood of a positive screening was significantly
higher with the dual screening strategy than with a single screening. The probability
of diagnosing LTBI with a single IGRA decreased by 40% (OR: 0.60; 95% CI 0.50-0.73,
p <0.001), and, in the case of a single TST, this probability decreased by 24% (OR: 0.76;
95% CI 0.66-0.88, p < 0.001), compared to TST/IGRA dual screening (Table 4). Significant
differences were maintained for the subgroup of patients without IMM treatment. In the
subgroup of patients with IMM treatment, a non-significant trend was observed towards a
lower sensitivity of a single IGRA (p = 0.2) and of a single TST (p = 0.2) when compared
with dual screening, with none of the single tests achieving the non-inferiority criterion
compared to TST/IGRA dual testing (Table 4). In patients screened with both TST and
IGRA (n = 1471), concordance between tests was low (kappa 0.49; 95% CI 0.42-0.55).

Table 4. Performance of screening strategies for the diagnosis of LTBI in patients with IBD.

All Patients Patients without IMM Patients with IMM
N LTBI, OR (95% CI); N LTBI, OR (95% CI); N LTBI, OR (95% CI);
n (%) p-Value 1 (%) p-Value 1 (%) p-Value
Dual vs. single test
TST and IGRA 1471 342 (23) Reference 1032 260 (25) Reference 439 82 (19) Reference
0.76 (0.66-0.88); 0.73 (0.62-0.86); 0.76 (0.64-1.12);
only TST 4557 852 (19) <0.001 3202 632 (20) <0.001 1355 220 (16) 02*
0.60 (0.50-0.73); 0.55 (0.45-0.68); 0.84 (0.52-1.12);
only IGRA 1511 234 (16) <0.001 1176 184 (16) £0.001 335 50 (15) 02 *
2step TST vs. 1
step TST
1 step TST 6028 802 (13) Reference 4234 618 (15) Reference 1794 184 (10) Reference
1.24 (1.12-1.37); 1.23 (1.09-1.39); 1.28 (1.04-1.60);
2 step TST 6028 965 (16) 20.001 4234 736 (17) 20,001 1794 229 (13) 0.038
Early vs. routine
screening
Early 4365 913 (21) Reference 3523 758 (22) Reference 842 155 (18) Reference
. 0.63 (0.53-0.74); 0.57 (0.45-0.72); 0.78 (0.60-1.03);
Routine 1421 203 (14) <0.001 729 99 (14) £0.001 588 104 (15) 0.08 *
Dual vs. single test
in early and in
routine screening
Early screening 4365 3523 842
TST and IGRA 801 226 (28) Reference 643 188 (29) Reference 158 38 (24) Reference
0.65 (0.54-0.78); 0.65 (0.53-0.79); 0.65 (0.43-1.01);
only TST 2632 535 (20) <0.001 2089 442 (21) <0.001 543 93 (17) 0.05 *
0.50 (0.39-0.62); 0.47 (0.36-0.60); 0.65 (0.36-1.14);
only IGRA 932 152 (16) <0.001 791 128 (16) £0.001 141 24 (17) 0.14 *
Routine screening 1421 729 692
TST and IGRA 335 48 (14) Reference 187 25 (13) Reference 148 23 (16) Reference
only TST 881 130 (15) 1.04 (0673—1.49); 417 47 (15) 1.11 ((()).678;1.86); 464 69 (15) 0.95 ((()).588;1.61);
only IGRA 205 25 (12) 0.83 ((()).429:1.38); 125 13 (10) 0.75 ((()).16:1.51); 80 12 (15) 0.96 ((()).4;4:2.02);

LTBI: latent tuberculosis infection; IMM: immunomodulator; TST: tuberculin skin test; IGRA: interferon gamma
release assay. * Comparisons showing a non-significant trend in which the non-inferiority criterion was evaluated.

3.1.2. Screening with Two-Step TST (Booster)

Eight hundred and two out of 6028 patients (13%) had a first positive TST (one-step
strategy). A second TST was performed on 2332 of the 5226 patients (45%) with a first
negative TST and was positive in 163 (6%). The two-step TST strategy increased the
likelihood of detecting LTBI by 24% (OR 1.24; 95% CI 1.12-1.37, p < 0.001) (Table 4).

3.1.3. Early Screening

In total, 4365 and 1421 patients were screened using an early or routine screening
strategy, respectively. Overall, LTBI was diagnosed more frequently using early than
routine screening (21% vs. 14%, p < 0.001). Routine screening was associated with a 37%
reduction in the likelihood of detecting LTBI vs. early screening (OR 0.63; 95% CI 0.53-0.74;
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<0.001) (Table 4). Significant differences remained for the subgroup of patients without
IMM. In the subgroup of patients on IMM treatment, a non-significant trend was observed
towards a lower LTBI detection capacity of routine screening compared to early screening
(OR 0.78; 95% CI0.60-1.03; p = 0.08) (Table 4).

3.1.4. Interactions between Early Screening and Dual Screening Strategies

The highest LTBI detection capacity (188 of 643 patients [29%]) was obtained with
the association of the early screening and TST/IGRA dual screening strategies in patients
without IMM (Table 4).

3.1.5. Probability of LTBI according to Demographic, IMM Use, and Screening Strategy

Table 5 shows the probability of detecting LTBI according to gender, smoking status,
IMM use at screening, screening strategy used and origin in a country with a high or inter-
mediate/low incidence of TB. Thus, the probability of LTBI ranged from 53% (men, ever
smoker and origin in a country with a high incidence of TB, when a dual and early screening
was used while without IMM) to 8% (women, never smoker and origin in a country with an
intermediate/low incidence, when a single IGRA screening was used while on IMM). The
results obtained when patients receiving anti-TNF treatment at the time of LTBI screening
were excluded are similar to those of the overall series (Supplementary Table S3).

Table 5. Probability (%) of LTBI according to gender, smoking status, immunomodulator use at
screening, strategy of screening (dual versus single, early versus routine) and origin in a country with
a high or intermediate/low incidence of tuberculosis.

Men Women

IGRA and TST IGRA TST IGRA and TST IGRA TST

No With No With No With No With No With No With
IMM IMM IMM IMM IMM IMM IMM IMM IMM IMM IMM IMM

Ever

i 53 50 41 38 46 43 48 46 37 34 1 39
High smoked
TB incidence Never 11 38 30 28 34 32 37 34 27 25 30 28
Early smoked
screening ) ) Ever 31 29 2 20 25 23 27 25 19 17 2 20
Low/intermediate ~smoked
TB incidence Never 2 20 15 13 17 16 19 17 13 12 15 14
smoked
) Ever 43 41 32 30 37 34 39 37 29 26 33 30
High smoked
. TB incidence Never 32 30 23 21 26 24 28 26 20 18 23 21
Routine smoked
SCIEEMNE | ow/intermediate Sﬁgiﬁ 4 23 2 16 15 19 17 20 19 14 13 16 15
TB incidence
Never 16 15 11 10 13 11 14 13 9 8 11 10
smoked

IGRA: interferon gamma release assay; TST: tuberculin skin test; IMM: immunomodulator; TB: tuberculosis.

4. Discussion

To date, the best strategy for the LTBI screening of patients for whom biological
treatment is planned remains unknown, and should always depend on the local epi-
demiology of TB (incidence of active TB and prevalence of LTBI) [15]. In this study, the
frequency of LTBI in a large cohort of Spanish patients with IBD was 19%, with a steady
decline over a 15-year period (25% in 2003 to 18% in 2017). During this period, the inci-
dence of active TB among the background Spanish population also dropped from 27 to
9.4 cases/10° inhabitants/year, leading Spain to become a country with a low incidence of
TB (<10 cases/10° inhabitants/year) [22]. In our study, age, male gender, smoking status
and being from countries with a high incidence of TB were independently associated with a
higher frequency of LTBI, as was previously reported [23]. Moreover, we observed marked
differences in LTBI prevalence between autonomous communities, some of which are
geographically close. In this regard, an autonomous community with a higher proportion
of people over the age of 65 (i.e., Castilla and Ledn) or a larger immigrant population (i.e.,
Catalonia) may explain the higher frequency of LTBI in some regions [24].
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ECCO recommends performing LTBI screening at the time of IBD diagnosis, before
starting immunosuppressive therapy and, preferably, when a low inflammatory load is
present [15]. At present, only a few patients will have the screening performed under these
optimal conditions and no studies have analyzed the benefits of this strategy. The study
evaluated in a real-life setting the sensitivity of early screening performed on patients for
whom anti-TNF therapy was not foreseen compared with routine screening performed
before the initiation of biological therapy, and we found that early screening markedly
increased the likelihood of detecting LTBI in both UC and CD patients. It has been reported
that the sensitivity of TST was lower when it was indicated as part of the mandatory
screening for LTBI before the initiation of biological therapy, and this has been related to an
increased use of steroids and IMM and to a higher systemic inflammatory load associated
with active IBD [10]. Our results show for the first time that routine screening affects not
only the sensitivity of TST, but also that of IGRA and TST/IGRA dual testing.

Early screening increased LTBI diagnostic capacity by 43% in the cohort of patients who
were not receiving IMM compared to routine screening, whereas this increase was smaller
among patients on IMM. In the same way, the incremental benefit of TST/IGRA dual
screening over single screening was more marked in those patients who were not receiving
IMM than in those on IMM. The IMM subgroup analysis for the diagnostic performance of
early screening and dual screening reinforces the evidence from the multivariate analysis
that IMM had a pronounced negative effect on the diagnostic yield of screening tests for
LTBI in all situations.

In our study, the best diagnostic yield for LTBI was obtained with the simultaneous
use of early and TST/IGRA dual screening strategies. The incremental benefit of dual
testing was higher when combined with an early screening strategy compared to when
routine screening was performed. This could be explained by the fact that, at that time,
a greater proportion of patients with routine screening were receiving IMM drugs (44%
vs. 19%). Therefore, the results of our study strongly support the need for LTBI screening
when a patient is not receiving IMM therapy.

The limitations of this study include its retrospective design, which prevented the
analysis of the possible influence of corticosteroid treatment and the inflammatory load
of IBD at the time of LTBI screening. Moreover, the sample sizes of some subgroup
analyses may diminish the significance of our findings. In addition, our results should
not be extrapolated to other geographical areas with a different local TB epidemiology.
Conversely, the main strengths of the study are the inclusion of a large number of patients
and the fact that information on LTBI screening strategies used in real life in a nationwide
multi-center setting was systematically collected.

In conclusion, in an area with an intermediate incidence of TB, both early screening
and TST/IGRA dual screening strategies increased the performance of LTBI in patients
with IBD. The sum of both strategies maximizes the probability of diagnosing LTBI. Since
new cases of active TB still occur in IBD patients on biologic therapy despite preventive
actions, it is crucial to screen patients early in the absence of IMM treatment and take
advantage of the incremental benefit of associating diagnostic tests for LTBL

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/jcm11133915/s1. Supplementary Membership of the ENEIDA.
List of centres participating in the study; Supplementary Table S1. Factors associated with diagnosis
of LTBI in IBD patients who were not undergoing anti-TNF treatment at screening; Supplementary
Table S2. Frequency of latent tuberculosis infection among adult patients with inflammatory bowel
disease according to age and gender; Supplementary Figure S1. Frequency of latent tuberculosis
infection, positive result in tuberculin skin test and interferon gamma release assay, depending on
the year in which screening was performed in Spanish patients with inflammatory bowel disease;
Supplementary Table S3. Probability (%) of LTBI in IBD patients who were not undergoing anti-TNF
treatment at screening according to gender, smoking status, immunomodulator use at screening,
strategy of screening (dual versus single, early versus routine) and origin in a country with a high or
intermediate /low incidence of tuberculosis.


https://www.mdpi.com/article/10.3390/jcm11133915/s1
https://www.mdpi.com/article/10.3390/jcm11133915/s1

J. Clin. Med. 2022, 11, 3915

10 of 12

Author Contributions: Conceptualization, S.R., ].P.G. and E.D.; data curation, S.R.; formal analysis,
SR, CT,YZ,D.C,6MC, VR and J].P.G,; funding acquisition, E.D.; investigation, S.R., ].B., M.R.,
AL.-S., M.E,, Rd.F, G.B., S.G.-L.,, M.M. (Miriam Marnosa), M.D.M.-A., ].L.P-C, J.G., EM., L.A.,
J.L.C., MEG.-S.,, M.N.,, M.\AM.-H., ER,, EB., X.C., M.P, E.G.-P, LM., M.M. (Miguel Minguez),
M.VD, LB, X.A,BS,EIL,GA., AC-G. and ]. P.G.; methodology, S.R., LP-M., VR. and E.D.; project
administration, S.R.; software, S.R. and V.R,; supervision, S.R., ].P.G. and E.D.; writing—original draft,
SR, CT,YZ,D.C and M.C,; writing—review & editing, S.R., ] P.G. and E.D. All authors have read
and agreed to the published version of the manuscript.

Funding: The ENEIDA registry of GETECCU is supported by Biogen, Pfizer, Takeda, Galapagos and
AbbVie. None of them had access to the clinical information or were involved in the present analysis.

Institutional Review Board Statement: The study was conducted by the the Spanish Working Group
of Crohn’s disease and Ulcerative Colitis (GETECCU) using aggregated patient data included in
the ENEIDA database. The ENEIDA project was approved by research ethics committees in all
participating centers (Ethic Committee of reference Hospital Clinic, Barcelona, code 2006/3155, June
17,2019); all patients gave written informed consent before being enrolled in the ENEIDA registry.
The study was carried out in accordance to the European General Data Protection Regulation (GDPR)
2016/679 and then Spanish Data Protection Organic Law 3/2018.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.
Data Availability Statement: Original data from this study will be provided upon reasonable request.

Conflicts of Interest: S.R. has served as speaker, consultant, and advisory member for or has received
research funding from MSD, AbbVie, Takeda, Janssen, Pfizer, Mylan, Biogen, Kern Pharma, Ferring,
Faes Farma, Tillotts Pharma, Shire Pharmaceuticals, Dr. Falk Pharma and Adacyte Therapeutics. C.T.
has served as a speaker, consultant, and advisory board member for MSD, AbbVie, Pfizer, Takeda,
Janssen, Ferring, Faes Farma, Shire Pharmaceuticals, Dr. Falk Pharma, Galapagos, and Tillotts Pharma.
Y.Z. has served as speaker, or has received research funding from AbbVie, MSD, Ferring, Amgen,
Janssen, Pfizer, Dr Falk Pharma, Tillotts Pharma, Galapagos. D.C. has served as speaker, advisory
member for or has received research funding from Takeda, Janssen, Pfizer, MSD, Kern Pharma,
AbbVie, Amgen, Fresenius Kabi, Gilead, Faes Farma, Tillotts Pharma, Dr Falk Pharma, Ferring. M.C.
has served as a speaker, or has received research or education funding from MSD, AbbVie, Hospira,
Pfizer, Takeda, Janssen, Ferring, Shire Pharmaceuticals, Dr. Falk Pharma, and Tillotts Pharma. M.E.
reports grants and personal fees from AbbVie, Janssen, personal fees from Menarini, Takeda, Pfizer
and Ferring outside the submitted work. R.E has served as speaker or has received research funding
from MSD, AbbVie, Takeda, Janssen, Kern Pharma, Tillotts Pharma and Dr. Falk Pharma. G.B. has
received funding directly or indirectly from the pharmaceutical industry for the development of
research projects and publications, to participate in scientific meetings or paid as a speaker by the
following laboratories: Janssen, Pfizer, AbbVie, Takeda, Fresenius Kabi, MSD, Kern Pharma, Ferring,
Faes Farma and Vifor Pharma. S.G-L. has served as a speaker, advisory member for or has received
research funding from AbbVie, MSD, Takeda, Janssen, Ferring, Faes Farma, Shire Pharmaceuticals
and Chiesi. M.M. has served as a speaker, consultant or has received research funding from AbbVie,
Gilead, Janssen, MSD, Pfizer, Shire Pharmaceuticals, Faes Farma, Takeda, Tillotts Pharma. M.D.M-A.
has received fees as a speaker, consultant an advisory member for o has received research funding
from MSD, AbbVie, Hospira, Pfizer, Takeda, Janssen, Shire Pharmaceuticals, Tillotts Pharma, Faes
Farma. J.L.P-C. has served as a speaker o has received research funding from Chiesi, Takeda y Janssen,
Pfizer, Dr. Falk Pharma, Ferring and Faes Farma. FM. has served as speaker, consultant, and advisory
member for or has received research funding from MSD, AbbVie, Pfizer, Amgen, Mylan, Takeda,
Janssen, Ferring, Faes Farma, and Tillotts Pharma. J.L.C. has served as consultant for, or received
research funding from, MSD, Pfizer, Janssen, Takeda and Otsuka Pharma. M.EG.-S. has served as
a speaker or has received research or educational funding from MSD, AbbVie, Takeda and Janssen.
E.R. has provided scientific advice/participated in medical meetings/received research funding
from/received payment for presentations and advice from: MSD, Schering-Plough, Ferring, AbbVie,
Takeda, Janssen, Fresenius Kabi, Pfizer. F.B. has served as a speaker, a consultant and advisory
member for or has received research funding from MSD, AbbVie, Takeda, Janssen, Pfizer, Biogen,
Amgen, Ferring, Faes Farma, Tillotts Pharma, Dr Falk Pharma, Chiesi, Gebro Pharma. X.C. has
received grants for research from Abbott, MSD, Vifor Pharma fees for advisory boards form Abbott,
MSD, Takeda, Pfizer, Janssen and Vifor Pharma and has given lectures for Abbott, MSD, Janssen,
Pfizer, Takeda, Shire Pharmaceuticals and Allergan. M.P. has served as a speaker or has received



J. Clin. Med. 2022, 11, 3915 11 0f12

research funding from AbbVie, Takeda and Janssen. E.G-P. has served as a speaker, or has received
research or education funding or advisory fees from Faes Farma, Dr Falk Pharma, Ferring, AbbVie,
MSD, Janssen, Takeda, Pfizer. M.M. has served as a speaker, a consultant an advisory member
for or has received research funding from MSD, AbbVie, Janssen, Takeda and Allergan. B.S. has
received support for conference attendance, speaker fees, research support and consulting fees of
AbbVie, Dr Falk Pharma, Faes Farma, Ferring, Janssen, MSD, Pfizer, Shire Pharmaceuticals and
Takeda. LP-M. has served as speaker or has received research funding from Takeda, Janssen, AbbVie
and Tillotts Pharma. A.C-G. has received research funding from Takeda, Janssen and AbbVie. J.P.G.
has served as speaker, consultant, and advisory member for or has received research funding from
MSD, AbbVie, Pfizer, Kern Farma, Biogen, Mylan, Takeda, Janssen, Roche, Sandoz, Celgene, Gilead,
Ferring, Faes Farma, Tillotts Pharma, Chiesi, Casen Fleet, Gebro Pharma, Otsuka Pharmaceutical,
and Vifor Pharma. E.D. has served as a speaker, or has received research or education funding or
advisory fees from AbbVie, Adacyte Therapeutics, Biogen, Celltrion, Gilead, Janssen, Kern Pharma,
MSD, Pfizer, Roche, Samsung, Takeda, Tillotts Pharma, Thermofisher. The remaining authors declare
no conflicts of interest.

References

1.

10.

11.

12.

13.

Keane, J.; Gershon, S.; Wise, R.P.; Mirabile-Levens, E.; Kasznica, J.; Schwieterman, W.D.; Siegel, ].N.; Braun, M.M. Tuberculosis
associated with infliximab, a tumor necrosis factor x-neutralizing agent. N. Engl. J. Med. 2001, 345, 1098-1104. [CrossRef]
[PubMed]

Hasan, T.; Au, E.; Chen, S.; Tong, A.; Wong, G. Screening and prevention for latent tuberculosis in immunosuppressed patients at
risk for tuberculosis: A systematic review of clinical practice guidelines. BM] Open 2018, 8, €022445. [CrossRef] [PubMed]
Carmona, L.; Gémez-Reino, J.J.; Rodriguez-Valverde, V.; Montero, D.; Pascual-Gémez, E.; Mola, E.M.; Carrefio, L.; Figueroa,
M.; BIOBADASER Group. Effectiveness of recommendations to prevent reactivation of latent tuberculosis infection in patients
treated with tumor necrosis factor antagonists. Arthritis Rheum. 2005, 52, 1766-1772. [CrossRef] [PubMed]

Abitbol, Y.; Laharie, D.; Cosnes, J.; Allez, M.; Nancey, S.; Amiot, A.; Aubourg, A.; Fumery, M.; Altwegg, R.; Michetti, P,; et al.
Negative screening does not rule out the risk of tuberculosis in patients with inflammatory bowel disease undergoing anti-TNF
treatment: A descriptive study on the GETAID cohort. ]. Crohns Colitis 2016, 10, 1179-1185. [CrossRef] [PubMed]

Kumar, P; Vuyyuru, S.K; Kante, B.; Sahu, P.; Goyal, S.; Madhu, D.; Jain, S.; Ranjan, M.K.; Mundhra, S.; Golla, R.; et al. Stringent
screening strategy significantly reduces reactivation rates of tuberculosis in patients with inflammatory bowel disease on anti-TNF
therapy in tuberculosis endemic region. Aliment. Pharm. 2022, 55, 1431-1440. [CrossRef] [PubMed]

Carpio, D.; Jauregui-Amezaga, A.; de Francisco, R.; de Castro, L.; Barreiro-de Acosta, M.; Mendoza, J.L.; Mafiosa, M.; Ollero, V.;
Castro, B.; Gonzélez-Conde, B.; et al. Tuberculosis in anti-tumour necrosis factor treated inflammatory bowel disease patients
after the implementation of preventive measures: Compliance with recommendations and safety of retreatment. J. Crohns Colitis
2016, 10, 1186-1193. [CrossRef] [PubMed]

Wong, S.H.; Gao, Q.; Tsoi, KK.; Wu, WK,; Tam, L.S; Lee, N.; Chan, EK; Wu, J.C; Sung, J.J.; Ng, S.C. Effect of immunosuppressive
therapy on interferon vy release assay for latent tuberculosis screening in patients with autoimmune diseases: A systematic review
and meta-analysis. Thorax 2016, 71, 64-72. [CrossRef] [PubMed]

Kedia, S.; Mouli, V.P; Kamat, N.; Sankar, J.; Ananthakrishnan, A.; Makharia, G.; Ahuja, V. Risk of Tuberculosis in Patients
with Inflammatory Bowel Disease on Infliximab or Adalimumab Is Dependent on the Local Disease Burden of Tuberculosis: A
Systematic Review and Meta-Analysis. Off. J. Am. Coll. Gastroenterol. 2020, 115, 340-349. [CrossRef] [PubMed]

Fehily, S.R.; Al-Ani, A H.; Abdelmalak, J.; Rentch, C.; Zhang, E.; Denholm, ].T.; Johnson, D.; Ng, S.C.; Sharma, V.; Rubin, D.T.; et al.
Review article: Latent tuberculosis in patients with inflammatory bowel diseases receiving immunosuppression-risks, screening,
diagnosis and management. Aliment. Pharm. 2022, 56, 6-27. [CrossRef] [PubMed]

Taxonera, C.; Ponferrada, A.; Bermejo, F.; Riestra, S.; Saro, C.; Martin-Arranz, M.D.; Cabriada, J.L.; Barreiro-de Acosta, M.; de
Castro, M.L.; Lopez-Serrano, P.; et al. Early tuberculin skin test for the diagnosis of latent tuberculosis infection in patients with
inflammatory Bowel disease. J. Crohns Colitis 2017, 11, 792-800. [CrossRef] [PubMed]

Zabana, Y.; Domenech, E.; San Roman, A.L.; Beltran, B.; Cabriada, J.L.; Saro, C.; Araméndiz, R.; Ginard, D.; Hinojosa, J.; Gisbert,
J.P; et al. Tuberculous chemoprophylaxis requirements and safety in inflammatory bowel disease patients prior to anti-TNF
therapy. Inflamm. Bowel. Dis. 2008, 14, 1387-1391. [CrossRef] [PubMed]

Arias-Guillén, M.; Riestra, S.; de Francisco, R.; Palacios, J.J.; Belda, J.; Escalante, P.; Pérez-Martinez, 1.; Molinos, L.M.; Garcia-
Clemente, M.; Pando-Sandoval, A.; et al. T-cell profiling and the immunodiagnosis of latent tuberculosis infection in patients
with inflammatory bowel disease. Inflamm. Bowel. Dis. 2014, 20, 329-338. [CrossRef] [PubMed]

Hsia, E.C.; Schluger, N.; Cush, ].J.; Chaisson, R.E.; Matteson, E.L.; Xu, S.; Beutler, A.; Doyle, M.K.; Hsu, B.; Rahman, M.U.
Interferon-gamma release assay versus tuberculin skin test prior to treatment with golimumab, a human anti-tumor necrosis
factor antibody, in patients with rheumatoid arthritis, psoriatic arthritis, or ankylosing spondylitis. Arth. Rheum. 2012, 64,
2068-2077. [CrossRef] [PubMed]


http://doi.org/10.1056/NEJMoa011110
http://www.ncbi.nlm.nih.gov/pubmed/11596589
http://doi.org/10.1136/bmjopen-2018-022445
http://www.ncbi.nlm.nih.gov/pubmed/30209157
http://doi.org/10.1002/art.21043
http://www.ncbi.nlm.nih.gov/pubmed/15934089
http://doi.org/10.1093/ecco-jcc/jjw129
http://www.ncbi.nlm.nih.gov/pubmed/27402916
http://doi.org/10.1111/apt.16839
http://www.ncbi.nlm.nih.gov/pubmed/35229906
http://doi.org/10.1093/ecco-jcc/jjw022
http://www.ncbi.nlm.nih.gov/pubmed/26802085
http://doi.org/10.1136/thoraxjnl-2015-207811
http://www.ncbi.nlm.nih.gov/pubmed/26659461
http://doi.org/10.14309/ajg.0000000000000527
http://www.ncbi.nlm.nih.gov/pubmed/32032073
http://doi.org/10.1111/apt.16952
http://www.ncbi.nlm.nih.gov/pubmed/35596242
http://doi.org/10.1093/ecco-jcc/jjx022
http://www.ncbi.nlm.nih.gov/pubmed/28333182
http://doi.org/10.1002/ibd.20496
http://www.ncbi.nlm.nih.gov/pubmed/18452206
http://doi.org/10.1097/01.MIB.0000438429.38423.62
http://www.ncbi.nlm.nih.gov/pubmed/24378597
http://doi.org/10.1002/art.34382
http://www.ncbi.nlm.nih.gov/pubmed/22238071

J. Clin. Med. 2022, 11, 3915 12 0of 12

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Kleinert, S.; Tony, H.P.; Krueger, K.; Detert, J.; Mielke, F; Rockwitz, K.; Schwenke, R.; Burmester, G.R.; Diel, R.; Feuchtenberger,
M.; et al. Screening for latent tuberculosis infection: Performance of tuberculin skin test and interferon-gamma release assays
under real-life conditions. Ann. Rheum. Dis. 2012, 71, 1791-1795. [CrossRef] [PubMed]

Kucharzik, T.; Ellul, P; Greuter, T.; Rahier, ].F.; Verstockt, B.; Abreu, C.; Albuquerque, A.; Allocca, M.; Esteve, M.; Farraye, FA;
et al. ECCO Guidelines on the Prevention, Diagnosis, and Management of Infections in Inflammatory Bowel Disease. |. Crohns.
Colitis. 2021, 15, 879-913. [CrossRef] [PubMed]

World Health Organization. Global Tuberculosis Report 2018; World Health Organization: Geneva, Switzerland, 2018; Available
online: https:/ /apps.who.int/iris /handle /10665/274453 (accessed on 15 May 2020).

Informe Epidemioldgico Sobre la Situacion de la Tuberculosis en Espafia; Red Nacional de Epidemiologia, Centro Nacional de
Epidemiologia, Instituto de Salud Carlos III: Madrid, Spain, 2017.

Houben, R.M.; Dodd, PJ. The Global Burden of Latent Tuberculosis Infection: A Re-estimation Using Mathematical Modelling.
PLoS Med. 2016, 13, €1002152. [CrossRef] [PubMed]

Riestra, S.; Taxonera, C.; Zabana, Y.; Carpio, D.; Beltran, B.; Mafiosa, M.; Gutiérrez, A.; Barreiro-de Acosta, M. Recommendations
of the Spanish Working Group on Crohn's Disease and Ulcerative Colitis (GETECCU) on screening and treatment of tuberculosis
infection in patients with inflammatory bowel disease. Gastroenterol. Hepatol. 2021, 44, 51-66. [CrossRef] [PubMed]

Zabana, Y.; Panés, J.; Nos, P.; Gomollon, F.; Esteve, M.; Garcia-Sanchez, V.; Gisbert, J.P.; Barreiro-de-Acosta, M.; Domenech, E. The
ENEIDA registry (Nationwide study on genetic and environmental determinants of inflammatory bowel disease) by GETECCU:
Design, monitoring and functions. Gastroenterol. Hepatol. 2020, 43, 551-558. [CrossRef] [PubMed]

Obrador, A.; Lépez San Roman, A.; Mufioz, P.; Fortan, J.; Gassull, M.A.; Grupo Espafiol de Trabajo de Enfermedad de Crohn y
Colitis Ulcerosa (GETECCU). Consensus guideline on tuberculosis and treatment of inflammatory bowel disease with infliximab.
Spanish Working Group on Crohn Disease and Ulcerative Colitis. Gastroenterol. Hepatol. 2003, 26, 29-33. [CrossRef]

Incidence of tuberculosis (per 100,000 people) - Spain. Available online: https://data.worldbank.org/indicator/SH.TBS.INCD?
locations=ES (accessed on 15 May 2020).

Getahun, H.; Matteelli, A.; Chaisson, R.E.; Raviglione, M. Latent Mycobacterium tuberculosis infection. N. Engl. ]. Med. 2015, 372,
2127-2135. [CrossRef] [PubMed]

Demografia y poblacién. Available online: https:/ /www.ine.es/dyngs/INEbase/es/categoria.htm?c=Estadistica_P&cid=125473
4710984 (accessed on 15 May 2020).


http://doi.org/10.1136/annrheumdis-2011-200941
http://www.ncbi.nlm.nih.gov/pubmed/22586160
http://doi.org/10.1093/ecco-jcc/jjab052
http://www.ncbi.nlm.nih.gov/pubmed/33730753
https://apps.who.int/iris/handle/10665/274453
http://doi.org/10.1371/journal.pmed.1002152
http://www.ncbi.nlm.nih.gov/pubmed/27780211
http://doi.org/10.1016/j.gastrohep.2020.04.006
http://www.ncbi.nlm.nih.gov/pubmed/32828562
http://doi.org/10.1016/j.gastrohep.2020.05.007
http://www.ncbi.nlm.nih.gov/pubmed/32674882
http://doi.org/10.1016/S0210-5705(03)70338-0
https://data.worldbank.org/indicator/SH.TBS.INCD?locations=ES
https://data.worldbank.org/indicator/SH.TBS.INCD?locations=ES
http://doi.org/10.1056/NEJMra1405427
http://www.ncbi.nlm.nih.gov/pubmed/26017823
https://www.ine.es/dyngs/INEbase/es/categoria.htm?c=Estadistica_P&cid=1254734710984
https://www.ine.es/dyngs/INEbase/es/categoria.htm?c=Estadistica_P&cid=1254734710984

	Introduction 
	Methods 
	Study Population and Definitions 
	Performance of Tests and Screening Strategies for Latent Tuberculosis Infection 
	Statistical Analysis 

	Results 
	Latent Tuberculosis Infection Screening Strategies 
	TST/IGRA Dual Screening 
	Screening with Two-Step TST (Booster) 
	Early Screening 
	Interactions between Early Screening and Dual Screening Strategies 
	Probability of LTBI according to Demographic, IMM Use, and Screening Strategy 


	Discussion 
	References

