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Abstract

Objectives The Turkish population is vaccinated with Bacille Calmette-Guérin (BCG), and the BCG vaccination decreases the
specificity of the tuberculin skin test (TST). The purpose of this study was to investigate the incidence of active tuberculosis
(TBC) among rheumatic patients who were screened only with the QuantiFERON®-TB Gold In-Tube (QFT-GIT) test for latent
TBC prior to biological treatment.

Methods The Hacettepe University Biological Database (HUR-BIO) was used for latent TBC assessment. Consecutive patients
were evaluated from July 2015 to October 2016 by a questionnaire that included the patients’ demographic characteristics,
treatment history, and symptoms of active TBC. A total of 664 patients were interviewed by physicians. TBC statuses of the 671
non-interviewed patients were checked from the Turkish National Tuberculosis Registry records. Mean TBC incidence per year
was calculated for anti-tumor necrosis factor-alpha (TNF-«) agents.

Results A total of 1335 (58.2% female) patients with the mean age of 44.2+12.9 years were included. Of the patients, 836
(62.6%) had spondyloarthropathy, 432 (32.4%) had rheumatoid arthritis, and 67 (5%) had other rheumatologic diseases. The
total biological drug exposure was 2292 patient-years (2043 patient-years for anti-TNF-«, 249 patient-years for non-TNF-o¢
inhibitors). Positive and indeterminate QFT-GIT results were found in 258 (19.3%) and 23 (1.7%) patients, respectively. The
median follow-up time after the onset of biological agent was 19.4 months (IQR =29.5). Pulmonary TBC was found in 3 (0.2%)
of the 1335 patients. The annual incidence of TBC was 147/100,000 patient-years for all TNF-« inhibitors (249/100,000 and
123/100,000 patient-years for QFT-GIT-positive and negative patients, respectively).

Conclusions TBC incidence increased by nearly seven times the Turkish national TBC incidence. The QFT-GIT Test appears
acceptable to determine latent TBC before biological agent use. Consequently, the QFT-GIT Test can be appropriately used in
BCG-vaccinated countries.

Key Points

* Our study contributes to filling the gap in the literature by reflecting real-life data about TBC frequency afier QF T-GIT use in patients receiving
biological agents.

* The frequency of active TBC will remain within acceptable limits when only QF T-GIT is used in the screening of latent TBC prior to the use of
biological agents in a population where the majority are vaccinated with BCG.

* Using the QFT-GIT alone for latent TBC screening prior to biologic treatment in countries with high BCG vaccination rates reduces the number of
patients needing isoniazid (INH) treatment.
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Introduction

Latent tuberculosis (TBC) reactivation is one of the important
side effects observed after biological treatments, especially
after the use of tumor necrosis factor-alpha (TNF-«) inhibitors
[1]. Therefore, various guidelines have been published by na-
tional and international rheumatology associations to be
followed in the screening of latent TBC before biological
treatment. Some guidelines recommend the use of the tuber-
culin skin test (TST) alone, some recommend only the
interferon-gamma release test (IGRT), and some recommend
the use of both [2]. On the other hand, the American College
of Rheumatology recommends the use of IGRT in patients
with rheumatoid arthritis (RA) and those who are vaccinated
with Bacille Calmette-Guérin (BCG) [3]. The TST is affected
by BCG vaccination, but the IGRT is not [4].

Isoniazid (isonicotinylhydrazide (INH)) is recommended
for patients at risk of reactivation of latent TBC before biolog-
ical treatment [5]. In a multicenter study, it was shown that the
number of patients who would receive this treatment could be
decreased by half when IGRT is used instead of TST in the
screening of latent TBC before biological treatment [6]. In
countries where the BCG vaccination rate is high, such as
Turkey, the number of patients who should receive antibiotic
treatment will drop further if IGRT is used in screening of
latent TBC.

The purpose of the present study was to investigate the
incidence of active TBC infection among adult rheumatic pa-
tients who were screened with the QuantiFERON®-TB Gold
In-Tube (QFT-GIT) test alone for latent TBC before biologi-
cal treatment. Thus, we aimed it to share long-term real-life
data and results of the use of QFT-GIT alone in screening of
latent TBC before the use of biological agents in a rheumato-
logic patient group vaccinated with BCG.

Patients and methods
HUR-BIO registry and latent TBC screening

The Hacettepe University Biologic Registry (HUR-BIO) has
been a single-center biologic registry since 2005 [7, 8]. In this
registry, from 2005 to 2011, the TST was used to screen latent
TBC before biological treatment. From May 2011, the QFT-
GIT (Cellestis Limited, Carnegie, Victoria, Australia), which
was available in Turkey at that time, began to be requested for
screening. Positivity was defined as the TBC antigen minus
Nil tube value >0.35 TU/mL and >25% of Nil value as
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recommended by the manufacturer [9]. Nine months of INH
prophylaxis was initiated in patients with positive results.

Study population and study design

On August 1, 2015, there were 3155 patients registered in the
HUR-BIO. Of these, 1606 patients had QFT-GIT results, and
their records were examined in detail. Exclusion criteria for
the study were as follows: patients whose biological treatment
was initiated at an external center; patients who underwent
TST and in whom prophylactic INH decision was made ac-
cording to TST results (QFT-GIT was negative, TST > 5 mm,
and INH was initiated); patients with incomplete, inadequate,
or conflicting data; patients on rituximab treatment without a
history of switching between biological agents; and patients
who received treatment for active TBC infection prior to bio-
logical treatment. Thus, patients who used biological agents
other than rituximab and in whom INH prophylaxis decision
was made according to QFT-GIT results were included in the
study. Accordingly, 1335 patients were included in the anal-
ysis (Fig. 1).

This cross-sectional study aimed to reach 1335 patients
from July 1, 2015 to October 1, 2016. The study questionnaire
included information on the demographic and clinical charac-
teristics of the patients; whether patients received prophylactic
INH treatment and, if so, their compliance with INH treat-
ment; BCG vaccination status; risk factors for TBC; and
TBC symptoms. The presence of a BCG scar was evaluated
by two trained research nurses. The patients who described the
symptoms of active TBC were referred to the research physi-
cians, and further examinations were then performed for TBC
diagnosis. Written/verbal informed consent was obtained
from the reached patients who were asked accepted to partic-
ipate to the study. The study was approved by the Hacettepe
University Non-Interventional Clinical Research Ethics
Committee (date: 27.05.2015, Decision No: GO 15/301-08).

Screening of the national TBC records

Enhanced surveillance for TBC is being carried out in Turkey.
A system, which includes not only recording and reporting of
the disease but also follow-up results of its treatment, is ap-
plied. The Electronic Tuberculosis Management System
(ETMS) established by the Ministry of Health was put into
practice in Turkey in March 2012 [10]. In the present study,
the patients who could not be contacted were checked for
TBC registration on the ETMS on December 3—4, 2016. In
addition, since the patients who were interviewed were likely
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Fig. 1 Study flowchart for the
selection of patients

1 Aug 2015
HUR-BIO Patients
n =3155

Without Quantiferon — GIT
n=1549 (49%)

With Quantiferon - GIT
n=1606 (51%)

Exclusion Criteria n=271 (16.9%)

e [Initiated agent at external center
(n=96)

e INH decision according to the
TST result (n=82)

e Inadequate or conflicting data
(n=31)

e Only rituximab treatment (n=46)

e Received active TB treatment
prior to biological treatment
(n=16)

Included Patients
n=1335 (83.1%)

n=664 (49.7%)

Interviewed Patients

Non-interviewed Patients
n=671 (50.3%)

QFT Positive
n=124 (18.7%)

QFT Negative
n=530 (79.8%)

QFT Indeterminate
n=10 (1.5%)

QFT Positive
n=134 (20%)

QFT Negative
n=524(78.1%)

QFT Indeterminate
n=13 (1.9%)

HUR-BIO: Hacettepe University Biologic Registry, QFT-GIT : Quantiferon Gold In-Tube Test,

INH: Isoniazid, n: Number, TST: Tuberculin Skin Test

to be diagnosed with TBC after the date of the survey, they
were also checked from the ETMS to determine if they had
any TBC records.

Statistical analysis

Statistical analysis was performed using the IBM SPSS
Statistics for Windows, version 20.0 (IBM Corp.,
Armonk, NY, USA). The suitability of numerical vari-
ables for normal distribution was examined by visual (his-
togram and probability graphs) and analytical methods
(Kolmogorov—Smirnov and Shapiro—Wilk tests).
Descriptive analyses were expressed by mean + standard
deviation (SD) for normally distributed numerical vari-
ables and median and interquartile range (IQR) for non-

normally distributed variables. However, although the du-
ration of the disease was not normally distributed, the
mean and median disease duration values were given to-
gether to show the difference. In independent groups, cat-
egorical data and rates were compared among groups
using the eligibility criteria, Chi-square or Fisher tests,
and normally distributed continuous data were compared
using the Student’s ¢ test. The Mann—Whitney U test was
used to compare the median of non-normally distributed
data of the independent groups. In cases where the p value
was less than 0.05, results were accepted as statistically
significant.

The frequency of TBC was calculated as years of
exposure to biological agents and 100,000 patient-years
according from the first to the last dose dates of
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biological agents [11]. Accordingly, 1 patient-year indi-  calculated on a monthly basis. Cumulative and annual
cated the patients on medication for 1 year. For periods  average incidences were calculated by the following
less than 1 year, the period of medication use was  formulas:

Total number of TBC patients seen in the group receiving anti—TNF during the study period

Cumulative incidence = x 100000

Total number of patients receiving anti—TNF

Total number of TBC patients seen during the study period in the group receiving anti—TNF

Average annual incidence = Total number of patient years receiving anti—TNF x 100000

Results There was no difference between the QFT-GIT results of the
interviewed and non-interviewed patients (p =0.522). Of

Study design and demographic and clinical features 1335 patients, 777 (58.2%) were female. The mean age of

all patients was 44.2 +12.9 years. The median disease dura-
Out of 1606 patients, 271 (16.9%) patients who had QFT-GIT ~ tion of the patients was 5.9 years (IQR = 6; min= 1.8 years,
results were excluded from the study (Fig. 1). Of the remain- ~ max =43 years). The median follow-up period was
ing 1335 patients, 664 (49.7%) could be interviewed (Fig. 1).  19.4 months (IQR =29.5; min: 0 month, max: 66.5 months).

Table 1  Demographic and clinical characteristics of the patients

All patients n = 1335 Interviewed patients Non-interviewed patients p value
n =664 n=671
Sex, n (%)
Female 777 (58.2) 392 (59.0) 385 (57.4) 0.539
Male 558 (41.8) 272 (41.0) 286 (42.6)
Age, year, mean = SD 44.2+12.9 43.7+12.0 44.8+13.7 0.135
Education level, n (%)
Secondary and lower 593 (44.4) 283 (42.6) 310 (46.2) 0.188
High school and higher 742 (55.6) 381 (57.4) 361 (53.8)
Marital status, n (%)
Married 1032 (78.3) 530 (79.8) 502 (76.8) 0.137
Single 267 (20.3) 122 (18.4) 145 (22.2)
Widow/divorced 19 (1.4) 12 (1.8) 7(1.1)
Disease duration, year
Median (IQR) 5.9 (6.0) 5.9 (6.0) 5.9 (5.0) 0.014
Mean + SD 84+6.4 87+64 8.0+6.4
Follow-up duration after biological 19.4 (29.5) 32.1 (22.0) 4.9 (15.6) <0.001
treatment, month, median (IQR)
Diagnoses, 1 (%)
SpA 836 (62.6) 427 (64.3) 409 (61.0) 0.400
RA 432 (32.4) 207 (31.2) 225 (33.5)
Other 67 (5.0) 30 (4.5) 37 (5.5)
History of switching between biological agents, n (%) 399 (29.9) 261 (39.3) 138 (20.6) <0.001

n number, % percent, SD standard deviation, /QR interquartile range, SpA spondyloarthropathy, RA rheumatoid arthritis
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Table 2 Biological agents used

and the exposure times of the Biological agents

Number of patients, n (%) Exposure time patient-year

patients
TNF-« inhibitors

Adalimumab
Etanercept
Infliximab
Golimumab
Certolizumab
Others
Abatacept
Tocilizumab
Tofacitinib
Anakinra
Canakinumab
Ustekinumab

2043
543 (40.7) 650
498 (37.3) 615
251 (18.8) 422
213 (16.0) 281
112 (8.4) 75
249
170 (12.7) 213
39 (2.9) 28
10 (0.7) 2
3(0.2) 3
3(0.2) 3
1(0.1) 0

n number, % percent, TNF-« tumor necrosis factor-alpha

Of 1335 patients, 836 (62.6%) had spondyloarthropathy
(SpA), 432 (32.4%) had RA, and 67 (5%) were followed up
for other rheumatologic diseases (Table 1). The biological
agents used and the exposure times of the patients are shown
in Table 2. According to the most recent medication histories
of the patients, 1140 (85.4%) patients had received one of the
TNF-o inhibitors. A total of 1218 (91.2%) patients had pre-
viously received at least one TNF-« inhibitor. Overall, 399
(29.9%) of the patients had a history of switching among
biological agents.

BCG vaccination, QFT-GIT results, and INH prophylaxis
Among the 1335 patients, BCG statuses of 1235 patients were

known, and 1163 (94.2%) of them had had BCG vaccination.
The presence of a BCG scar could only be assessed in the

Table 3  Incidence of active tuberculosis in the patients screened with
the QFT-GIT before biological treatment

Incidence of active tuberculosis infection

TNF-« inhibitors — general
Cumulative frequency 246/100,000 patient
Average annual frequency  147/100,000 patient-years

TNF-« inhibitors — specific

Infliximab 237/100,000 patient-years
Etanercept 163/100,000 patient-years
Adalimumab 154/100,000 patient-years

According to the QFT-GIT results
249/100,000 patient-years
123/100.000 patient-years

Positive
Negative

OFT-GIT QuantiFERON® Gold In-Tube test, TNF-«v tumor necrosis
factor-alpha

interviewed patients (642/664), and a BCG scar was detected
in 578 of 642 (90.0%) patients.

The QFT-GIT results of 281 (21%) patients were positive
or indeterminate. In 308 (23.0%) patients, 9 months of INH
prophylaxis had been prescribed. Moreover, 38 (3.9%) of the
patients who had negative QFT-GIT results had also pre-
scribed to have INH prophylaxis for 9 months. Compliance
with the INH treatment could only be assessed in the patients
who were interviewed, and 152 of the interviewed patients
(22.9%) had been treated with INH prophylaxis for 9 months.
While 120 (78.9%) patients stated that they had regularly used
INH treatment for 9 months, 32 patients (21.1%) stated that
they had not fully complied with INH treatment. A total of 16/
152 (10.5%) patients voluntarily discontinued their INH treat-
ment before the 9-month period was completed; 10/152
(6.6%) patients used their drugs irregularly due to neglect
and/or forgetting; and 6/152 (4.0%) patients discontinued their
drugs upon physician advice because of increased liver func-
tion tests.

Patients with active TBC and the incidence of TBC

Screening on the ETMS revealed the TBC records of 3/1335
(0.2%) patients. In the HUR-BIO database, it was recorded
that these three patients had active TBC. No additional active
TBC patients were detected by the ETMS screening. The de-
mographic and clinical characteristics of these patients diag-
nosed with TBC are given in Supplementary Table 1. The
QFT-GIT result was positive in one patient (patient 3) and
negative in two patients. At the time of diagnosis, only one
of the three patients (patient 1) had had a QFT-GIT Test, and
the result was negative. The other two patients had not been
recommended for QFT-GIT at the time of diagnosis (see
Supplementary Table 1). INH treatment was not planned for
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patient 1, while INH prophylaxis was planned for patients 2
and 3 for 9 months prior to biological treatment. The median
time to TBC diagnosis was 28.5 months (min: 21.7 months,
max: 40.5 months) after the initiation of biological agents.

The cumulative incidence of TBC in the patients receiving
TNF-o inhibitor was 246/100,000. The mean annual inci-
dence was 147/100,000 patient-years for all TNF-c inhibitors,
154/100,000 patient-years for adalimumab, 163/100000
patient-years for etanercept, and 237/100000 patient-years
for infliximab. The incidence of active TBC development
was calculated according to the QFT-GIT results over anti-
TNF-a exposure. Total anti-TNF-« exposure of the QFT-
GIT-positive patients was 401.5 patient-years, whereas anti-
TNF-o exposure of those with negative results was 1625 pa-
tient-years. The incidence of TBC in the QFT-GIT-positive
patients was 249/100,000 patient-years, whereas the incidence
of TBC in the QFT-GIT-negative patients was 123/100,000
patient-years (Table 3).

Discussion

From the HUR-BIO registry, 1335 patients with approximate-
ly 2300 exposure years who used biological agents other than
rituximab and in whom INH prophylaxis decision was made
according to the QFT-GIT results were included in the study.
The cumulative incidence of TBC in the patients receiving
TNF-a inhibitor was 246/100,000. The mean annual inci-
dence of TBC was 147/100,000 patient-years for all TNF-&
inhibitors. In France and Spain, the incidence rates of TBC in
patients using anti-TNF-o have been reported to be 12 and 7
times the incidence of TBC in the general population, respec-
tively [5, 12]. In our study, it was found to be 7 times the
incidence of TBC in the general population, which was com-
patible with the literature. This suggests that the incidence of
active TBC would remain within acceptable limits when only
QFT-GIT is used in the screening of latent TBC prior to the
initiation of biological treatment.

Many studies documented in the literature investigated the
use of the IGRT and TST for screening of latent TBC before
biological treatment in patients with rheumatic diseases
[13—16]. However, most of these studies were performed in
countries with low BCG vaccination. In Turkey, BCG vacci-
nation is mandatory, and BCG scars were detected in 90% of
our interviewed patients. In our real-life results, only QFT-
GIT was used before the biological treatment, and the patients
for whom a decision was made to administer INH prophylaxis
according to the QFT-GIT results were included. To the best
of our knowledge, this is the first study to investigate the
incidence of active TBC with QFT-GIT use alone in the
screening of latent TBC before biological treatment in a coun-
try with a high BCG vaccination rate and a low-to-moderate
incidence of TBC (17-20/100,000 [11, 17, 18]). In the study
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by Lee et al. [19], 342 patients with arthritis who had under-
gone both TST and QFT-GIT before the biological treatment
were examined. In that study, the decision to administer latent
TBC prophylaxis was made only on the basis of QFT-GIT
results, and TST results were used to measure the concordance
of both tests. The study was performed in Korea where BCG
vaccine was routinely administered and the frequency of TBC
was moderate (70-90/100,000). The QFT-GIT positivity rate
was 30.1%, and prophylaxis was started in all patients who
were positive. At the end of the median follow-up period of
41.7 months, 5 (1.5%) patients developed active TBC infec-
tion, of whom 4 had negative QFT-GIT results. The incidence
of TBC after anti-TNF-« exposure was reported to be about
5-6 times the incidence of TBC in the country [19]. In our
study, the QFT-GIT was negative prior to biological treatment
in 2 of the 3 patients who developed TBC. One had a positive
QFT-GIT result and developed active TBC despite prophylac-
tic antibiotic use. In the Korean study [19] and in our study,
the increase in the incidence of TBC was similar compared
with the general population (5-6 times vs. 7 times). The liter-
ature review about the incidence of active TBC infection in a
“normal population” with a positive QFT-GIT Test is limited.
In a prospective cohort study about the prognostic value of
IFN-y release assays and the TST in predicting the develop-
ment of active TBC in high-risk groups (i.e., people in recent
contact with active TBC cases and from high-burden coun-
tries), annual incidence in participants who tested positive
with the QuantiFERON-TB Gold In-Tube and were not treat-
ed for latent TBC was 10.1 per 1000 person-years (7.4—13.4)
[20].

Neither the TST nor IGRT is a gold standard test for latent
TBC diagnosis [21]. They have advantages and disadvantages
compared with each other—the TST is less expensive, and the
IGRT is more specific. Owing to the similarity between the
TST and BCG strains, the TST is affected by BCG vaccine
while the IGRT is not [21]. In the meta-analysis by Pai et al.
[22] in 2008, the sensitivities of the QFT-GIT, T-Spot test, and
TST were reported to be 70%, 90%, and 77%, respectively.
QFT-GIT specificity was 96% in the BCG-vaccinated popu-
lations, and 99% in the BCG-unvaccinated populations. While
the TST specificity was high (97%) in the BCG-unvaccinated
groups, the TST specificity was significantly reduced in the
BCG-vaccinated populations (59%) [23]. When using the
TST in BCG-vaccinated populations for screening latent
TBC before biological treatment, the rates of positivity would
be high; thus, the number of patients who need to receive INH
prophylaxis would increase. For example, in the study by
Cagatay et al. [24] from Turkey, 702 patients diagnosed with
autoimmune-autoinflammatory disease and treated with anti-
TNF-« inhibitors were examined. The patients underwent
TST for the screening of latent TBC prior to the initiation of
biological agent, and the positive limit was accepted as 5 mm.
The TST was positive in 61.8% of the patients, and INH
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prophylaxis was started in 83% of the patients [24]. In a study
published in France in 2012, 492 patients with RA, SpA, or
Crohn’s disease, who were the candidates for anti-TNF-c,
were examined [6]. It was shown that, when only QFT-GIT
was used instead of the TST for screening of latent TBC, the
number of patients requiring antibiotics would be halved [6].
In our study, the rate of patients who received INH prophy-
laxis was 23%. In other words, if only QFT-GIT is used before
biological treatment, the rate of patients who should start pro-
phylaxis would be reduced by 3—4 times. Side effects of latent
TBC treatment, such as liver toxicity and neuropathy, have
been acknowledged for a long time [25]. It has been shown
that disease modifying antirheumatic drugs (DMARDs) and
biological agents used in patients with rheumatologic diagno-
sis may contribute to liver toxicity caused by INH [26, 27]. In
addition, the risk of severe hepatitis in patients receiving INH
for treatment of latent TBC is 0.5—1.0%, while 0.05-0.1% of
severe hepatitis cases result in death [25, 28-31]. Therefore,
with INH treatment, we can protect patients from TBC inci-
dence by approximately 0.02% annually in Turkey.
Nevertheless, we expose the same patients to 0.5-1.0% of
total hepatitis risk. Thus, reducing the number of patients
needing INH treatment will also reduce the number of patients
exposed to severe hepatitis risk.

Almost all of the patients who were positive for QFT-GIT
received prophylactic antibiotics, whereas the majority of pa-
tients who were negative for QFT-GIT did not receive INH
prophylaxis. However, the frequency of TBC was found to be
approximately twice that of QFT-GIT-negative patients (249
vs. 123/100,000 patient-years). Calculating the predictive
values of QFT-GIT at this point will not reflect reality, since
one group received treatment, and the other group did not.
However, it was found that the frequency of TBC was higher
in those who tested positive. This suggests that QFT-GIT is
not a gold standard test for latent TBC, but that it is a reliable
screening test. Active TBC may still develop in the later
stages, even in patients who have received prophylaxis and
who have been screened with QFT-GIT for the diagnosis of
latent TBC. For this reason, physicians should question pa-
tients receiving biological agents for signs of TBC symptoms
and risk factors.

There are some limitations of this study. First, our study
was a single-center study. Second, a registration system was
used. Possible errors in the recording system may be reflected
in the study data. However, since the records of the patients
included in the study were confirmed once more from the
hospital system, this effect was possibly minimized. Third,
only QFT-GIT data were used; therefore, our study does not
reflect the results of screening with other IGRTs. Moreover,
approximately half of the patients were interviewed through a
questionnaire. The follow-up periods of the patients who
could not be interviewed were much shorter than those of
the patients interviewed. However, the effects of this

difference in follow-up time were possibly minimized based
on drug last dose dates for biological agent exposure.
Furthermore, patients who had previously received TBC treat-
ment were excluded from the study. These patients had the
highest risk of developing TBC after the use of biologic
DMARD:s. Therefore, it should be kept in mind that the results
do not reflect the data of these patients. Some patients might
have been followed up in external centers, and if these patients
developed TBC, they would not have been known to us. The
National Tuberculosis Registry System was screened to elim-
inate this possibility. However, the records of patients who
developed TBC might not have been reported to the
National Tuberculosis Registry System as of the date of
screening in our study.

In conclusion, patients screened with QFT-GIT alone for
latent TB prior to biologic treatment were included in the
study. If only QFT-GIT is used before biological treatment,
the rate of patients who should start prophylaxis will be re-
duced in countries with high BCG vaccination rates. This will
prevent the unnecessary use of INH and reduce costs as well
as prevent side effects from INH. Our study reflects a valuable
experience of using QFT-GIT in a developing country with
high BCG vaccination rates. Further studies will be needed to
assess the country-specific cost-effectiveness of screening
tests. The present study also offers valuable contributions to
the literature in terms of future experiences and the use of
QTF-GIT in routine practice.
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