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ABSTRACT

Objectives: This study aims to analyze the coherence between T-SPOT tuberculosis test (T-SPOT.TB) and tuberculin skin test (TST) with different
cut-off values in screening latent tuberculosis infection (LTBI) both prior to and at the sixth month of anti-tumor necrosis factor (anti-TNF) treatment.
Patients and methods: This prospective multicentric study included 57 children (34 girls, 23 boys, mean age 12.4+3.9 years; range, 6 to 18 years)
diagnosed with immune-mediated inflammatory diseases (IMIDs) evaluated with TST and T-SPOT.TB for screening LTBI both prior to and at the sixth
month of treatment with anti-TNF agents. Coherence between two tests was analyzed for TST cut-off values suggested by the local guidelines and
also for different possible cut-off values of TST.

Results: Tuberculin skin test was positive (=5 mm) in 28.1% (n=16) of patients in the screening prior to treatment and in 33.3% (n=19) at the sixth
month of treatment. T-SPOT.TB test was positive in 8.8% (n=5) of patients both prior to and at the sixth month of treatment. Coherence between two
tests was poor or fair when compared with all possible TST cut-off values both prior to and at the sixth month of anti-TNF therapy.

Conclusion: Our results show poor coherence between T-SPOT.TB and TST for all possible cut-off values of TST. Thus, using both tests would be
beneficial in screening LTBI until further studies bring new evidence on the subject.

Keywords: Child, immune system disease, interferon-gamma release assay, latent tuberculosis, tuberculin skin test.

Anti-tumor necrosis factor-alpha (anti-TNF-o) increasing every day; however, these agents also
drugs are biological agents used in the treatment of bring out the risk for opportunistic infections
rheumatic diseases resistant to disease-modifying like tuberculosis (TB).? Particularly in countries
antirheumatic drugs (DMARDs).! Anti-TNF drug with high prevalence of TB, activation of latent
use in the treatment of inflammatory diseases is tuberculosis infection (LTBI) is an important
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problem in the course of anti-TNF treatment.?
Screening for LTBI prior to anti-TNF treatment
aims to detect patients with high risk to develop
active TB infection and to treat the latent infection
before it activates.

Recommendations on LTBI screening and
diagnosis vary widely around the world; however,
almost all guidelines suggest tuberculin skin test
(TST), which itself has many disadvantages.*
TST has low specificity since it can be affected
by Bacillus Calmette-Guérin (BCG) vaccination
and exposure to environmental nontuberculous
mycobacteria (NTM) causing false positive
results.> TST results are generally lower in
patients with immune-mediated inflammatory
diseases (IMIDs) because of the disease itself
and/or use of immunosuppressive drugs. This
low sensitivity can cause false negative results
and risk activation of TB while using anti-TNF
agents. Particularly in countries with routine
vaccination for TB, using TST alone may cause
both false positive and false negative results and
probable complications.®’

Because of these disadvantages of TST,
more specific and sensitive tests are needed.®
Interferon-gamma release assays (IGRAs) are
the principal tests in this area. IGRAs measure
the gamma (y) interferon levels secreted by
T-lymphocytes  against  Mycobacterium
tuberculosis (M.tuberculosis) in infected
people. Specific proteins of M.tuberculosis,
which are not found in BCG vaccine and most of
the NTM are used in IGRAs.21° Therefore; the
test can distinguish the vaccinated individuals,
NTM infections and the TB infection. There are
two tests which can measure T-cell y interferon
release: T-SPOT tuberculosis (T-SPOT.TB) test
and QuantiFERON-TB Gold In-Tube (QFT-GIT).
Sensitivity and specificity of T-SPOT.TB
have been reported as 95.6% and 97.1%,
respectively, making this test much reliable
than QFT-GIT.1!

Various studies have compared the effectiveness
and coherence of TST and QFT-GIT in screening
LTBI in children.’?3 However, studies on
T-SPOT.TB are lacking. In this study, we aimed
to analyze the coherence between T-SPOT.TB
and TST with different cut-off values in screening
LTBI both prior to and at the sixth month of
anti-TNF treatment.

PATIENTS AND METHODS

This study was conducted prospectively in four
tertiary Pediatric Pulmonology Centers in Turkey
between December 2015 and March 2017. The
study protocol was approved by the University of
Health Sciences, Dr. Lutfi Kirdar Research and
Training Hospital Ethics Committee. A written
informed consent was obtained from all subjects'
families. The study was conducted in accordance
with the principles of the Declaration of Helsinki.

Atotal of 57 pediatric patients (34 girls, 23 boys,
mean age 12.4+3.9 years; range, 6 to 18 years)
diagnosed with IMIDs and who applied to
Pediatric Pulmonology Clinics to be evaluated
for LTBI prior to anti-TNF drugs were included
in the study. Patients were evaluated for TB with
general medical history, contact history with TB,
possible symptoms, physical examination, clinical
findings and chest X-ray. Patients who were not
considered to have active TB were included in
the study to be screened for LTBI. Patients who
had history of TB treatment, LTBI prophylaxis or
prior anti-TNF drug use were excluded.

All patients were evaluated with both TST and
T-SPOT.TB for LTBI screening prior to anti-TNF
therapy. TST results were evaluated according
to the current Turkish guidelines at the time
of the study.!* These guidelines suggest using
TST for screening LTBI and all patients’ TST
results should be accepted positive if 25 mm and
negative if <5 mm. All patients with positive TST
results (25 mm) and positive T-SPOT.TB results
in our study were given chemoprophylaxis. All
patients were reevaluated with both TST and
T-SPOTTB at the sixth month of anti-TNF
treatment. Coherence between TST and T-SPOT.
TB results was evaluated. Besides, coherence
between T-SPOT.TB results and other possible
TST cut-off values that are not suggested by the
guidelines (TST: 5-9 mm; TST: 10-15 mm and
TST =15 mm) were also evaluated.

Patient information about the IMID, names
and time periods of DMARDs and glucocorticoid
dosage that were used before, time span since
the disease diagnosis and type of anti-TNF drug
to be started were recorded to evaluate patient
characteristics. Low-dose glucocorticoid therapy
was defined as doses lower than 0.5-2 mg/day
per kg body weight (or <10 mg/day for older
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children) of prednisone or equivalent. High-dose
glucocorticoid therapy was defined as >2 mg/day
per kg body weight (or 10 mg/day for older
children) of prednisone or equivalent.!®

All  subjects were evaluated for BCG
vaccination. BCG wvaccination status was
evaluated by checking the immunization record
cards of the patients and examination of the scar.

As part of the T -Spot.TB procedure, 8 mL
of peripheral venous blood was collected from
all subjects and processed within four hours
according to manufacturer’s instructions (Oxford
Immunotec, Oxford, UK).

After blood collection for T-SPOT.TB, the
TST was performed on the volar surface of
the forearm with 0.1 mL (5 tuberculin units) of
purified protein derivative solution according
to the intradermal Mantoux method by a nurse
expert in the procedure. The largest diameter of
skin induration was detected with palpation and
ballpoint method by the same investigators at the
end of 72 hours and recorded in mm.

For chemoprophylaxis, patients with TST
>5 mm and/or T-SPOT.TB positivity were treated
with isoniazid (INH) for nine months. INH was
started at least one month before the beginning
of anti-TNF treatment.

Patients were evaluated clinically every three
months. Patients with any relevant symptoms,
physical signs or examination findings were
also evaluated with chest X-ray. All patients,
whether receiving chemoprophylaxis or not, were
evaluated with TST and T-SPOT.TB at the sixth
month of the follow-up.

Statistical analysis

Number Cruncher Statistical System 2007
program was used for the statistical analysis
(Kaysville, Utah, USA). While analyzing the data,
descriptive statistics such as mean, standard
deviation, frequency and ratio were used. Student's
t-test was used to compare quantitative data in the
comparison of the two groups’ data with normal
distribution. Mann-Whitney U test was performed
in the comparison of the two groups without
normal distribution. Pearson’s Chi-squared test,
Fisher's exact test and Fisher-Freeman-Halton’s
test were used in the comparison of the qualitative
data. A p value <0.05 was considered statistically
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significant. Diagnostic tests (sensitivity, specificity,
positive predictive value, negative predictive value)
were also calculated.

As there is no gold standard method for the
diagnosis of LTBI, Cohen's kappa (k) is used for
the evaluation of the coherence and inter-rater
agreement between TST and T-SPOT.TB. Kappa
values are interpreted as: <0= no agreement,
0.0-0.20= poor agreement, 0.21-0.40= (fair
agreement, 0.41-0.60= moderate agreement,
0.61-0.80= good agreement, 0.81-1.0= perfect
agreement.'®

RESULTS

A total of 60 patients applied to the clinics
for screening prior to anti-TNF therapy. Two
patients with history of chemoprophylaxis and
one patient with prior anti-TNF use were excluded
and the remaining 57 patients were included. All
57 patients concluded the study's follow-up period
of six months. Of the patient population, 59.6%
(n=34) were girls and 40.4% (n=23) were boys.
Patients' IMID diagnoses were juvenile idiopathic
arthritis (JIA) in 78.7% (n=45), systemic sclerosis
in 8.7% (n=>5), spondyloarthropathies in 7% (n=4)
and systemic lupus erythematosus in 5.3% (n=3).
Other patient characteristics and drug use were
summarized in Table 1.

All patients were vaccinated with BCG and had
one scar. Prior to anti-TNF treatment, in the first
evaluation, TST results were <5 mm in 71.9%
(n=41), 59 mm in 10.5% (n=6), 10-14 mm in
10.5% (n=6) and >15 mm in 7.1% (n=4) of the
patients. With TST cut-off 25 mm, 71.9% (n=41)
had negative and 28.1% (n=16) had positive TST
results in the first evaluation.

There was no statistically significant difference
in TST positivity rates between the patient groups
with or without glucocorticoid use (for both low
dose and high dose glucocorticoid use), patient
groups using different DMARDs and patient
groups who were planned to use different anti-
TNFs. Also, no difference was detected in T-SPOT.
TB positivity rates when evaluated between the
same groups.

At the sixth month of anti-TNF treatment, TST
scores were <5 mm in 66.7% (n=38), 5-9 mm in
14% (n=8), 10-14 mm in 10.5% (n=6) and 215 mm
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Table 1. Characteristics of study group
n % Mean+SD
Age (year) 12.4+39
Sex
Female 34 59.6
Male 23 404
IMID
Juvenile idiopathic arthritis 45 78.7
Systemic sclerosis 5 8.7
Spondyloarthropathies 4 7.0
Systemic lupus erythematosus 3 53
Time span from IMID diagnosis (year) 3.4+2.3
Glucocorticoid use
No 13 22.8
Yes 44 77.2
Duration of glucocorticoid treatment (month) 23.2+19.7
Glucocorticoids
Low dose 30 68.2
High dose 14 31.8
DMARDs
No 8 14.0
Yes 49 86.0
Methotrexate 40 81.6
Tacrolimus 3 6.1
Azathioprine 3 6.1
Colchicine 2 4.1
Sulfasalazine 1 2.1
Duration of DMARD use (month) 26.4+20.2
Anti-TNF type
Adalimumab 4 7.0
Etanercept 51 89.5
Infliximab 2 3.5
SD: Standard deviation; IMID: Immune-mediated inflammatory disease; DMARDs: Disease-
modifying antirheumatic drugs; Anti-TNF: Anti-tumor necrosis factor.

in 8.8% (n=>5) of the patients. At the sixth month, Three patients with negative TST results at the
66.7% (n=38) had negative and 33.3% (n=19) had beginning had positive results at the sixth month

positive TST results for 25 mm cut-off (Table 2). of anti-TNF treatment. Two of these patients'
Table 2. Tuberculin skin test results prior to and at sixth month of anti-TNF treatment
TST induration n %
Prior to treatment (mm) <5 41 71.9
5-9 6 10.5
10-14 6 10.5
>15 4 7.1
Total Negative 41 71.9
Positive® 16 28.1
Sixth month of treatment (mm) <5 38 66.7
5-9 8 14.0
10-14 6 10.5
>15 5) 8.8
Total Negative 38 66.7
Positive* 19 33.3
TNF: Tumor necrosis factor; TST: Tuberculin skin test; * Tuberculin skin test cut-off =5 mm.
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‘ TST and T-SPOT.TB performed on 57 patients prior to and at the sixth month of the treatment ‘

Y v

Y v

TST <5 mm TST 5-9 mm
41 patients (71.9%) 6 patients (10.5%)
(T-SPOT.TB positive in 2)

(T-SPOT.TB positive in 1)

TST 10-14 mm TST 215 mm
6 patients (10.5%) 4 patients (7.1%)
(T-SPOT.TB positive in 1) (T-SPOT.TB positive in 1)

TST <5 mm
38 patients (66.7%)
(T-SPOT.TB positive none)

TST 5-9 mm
8 patients (14%)

‘ Patients diagnosed with LTBI: 18 (31.5%) (13: TST positive only, 3: Both TST and T-SPOT.TB positive, 2: T-Spot. TB test positive only

(T-SPOT.TB positive in 2)

TST 10-14 mm
6 patients (10.5%)
(T-SPOT.TB positive in 1)

TST 215 mm
5 patients (8.8%)
(T-SPOT.TB positive in 2)

New LTBI diagnosis in 3 patients (TST seroconversion 3/41: 7.5%)
Total LTBI diagnosis: 19 (33.3%) (14: TST positive only, 5: Both TST and T-SPOT.TB positive)

Figure 1. Patient results prior to and at sixth month of anti-tumor necrosis factor treatment.
T-SPOT.TB: T-SPOT tuberculosis test; TST: Tuberculin skin test; LTBI: Latent tuberculosis infection.

TST resulted 5-9 mm and the other one resulted
>15 mm. None of these patients with increased
TST results on the sixth month (seroconversion)
developed active TB (Figure 1).

T-SPOT.TB test was negative in 91.2% (n=52)
and positive in 8.8% (n=b5) of the patients both
prior to and at the sixth month of the treatment
(Table 3).

In the evaluation prior to the treatment when
TST cut-off was accepted as =5 mm, TST positivity
was 28.1% (n=16) and T-SPOT.TB positivity was
8.8% (n=5). There was poor coherence between
T-SPOT.TB results and TST results when TST
cut-off was accepted as 5 mm and also for all
different possible cut-off values (Table 4).

In the evaluation on the sixth month of
anti-TNF treatment when TST cut-off value was

accepted as =5 mm, TST was positive in 33.3%
(n=19) and T-SPOT.TB was positive in 8.8%
(n=5). The coherence between T-SPOT.TB results
and TST results for all different cut-off values was
poor or fair (Table 5).

DISCUSSION

This study aimed to analyze the coherence
between TST results and T-SPOT.TB results
in patients with IMID prior to and on the sixth
month of anti-TNF therapy. It is well known that
use of anti-TNF drugs increases LTBI risk 10 to
20 times.'”18 Also, presence of an autoimmune
disease and anti-TNF drug use combined with
or consecutively with other anti-rheumatic drugs
increase this risk more than anti-TNF use alone.!?

Table 3. Evaluation of T-SPOT.TB test results prior to and at sixth month of anti-TNF treatment in comparison to

TST results
Negative Positive*
n % n % K Sensitivity ~ Specificity Positive Negative Accuracy
predictive predictive
value value
T-SPOT.TB 52 91.2 5 8.8
0.176 60.00 75.00 18.75 95.12 73.68
TST prior to 41 71.9 16 28.1
T-SPOT.TB 52 91.2 5 8.8
0.129 60.00 69.23 15.79 94.74 68.42
TST sixth month 38 66.7 19 33.3

TNF: Tumor necrosis factor; * Tuberculin skin test cut-off 25 mm; T-SPOT.TB: T-SPOT tuberculosis test; TST: Tuberculin skin test.
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Table 4. Prior to treatment: comparison and coherence of T-SPOT tuberculosis test with different cut-off values of TST

Negative Positive*
n % n % Sensitivity  Specificity ~ Positive Negative ~ Accuracy
predictive  predictive
value value
T-SPOTTB 52 91.2 5 8.8
TST (=5 mm) a1 719 16 281 0.176 60.00 75.00 18.75 95.12 73.68
T-SPOTTB 44 93.6 3 6.4
TST (5-9 mm) a1 872 6 12.8 0.150 33.33 88.64 16.67 95.12 85.11
T-SPOT.TB 49 92.5 4 7.5
TST (10-14 mm) 47 887 6 113 0.120 25.00 89.80 16.67 93.62 84.91
T-SPOT.TB 52 91.2 5 8.8
TST (215 mm) 53 93.0 a 70 0.156 20.00 94.23 25.00 92.45 87.72

T-SPOT.TB: T-SPOT tuberculosis test; TST: Tuberculin skin test.

Table 5. At sixth month of treatment: comparison and coherence of T-SPOT tuberculosis test with different cut-off

values of TST

Negative Positive*
n % n % Sensitivity  Specificity ~ Positive Negative ~ Accuracy
predictive  predictive
value value
T-SPOT.TB 52 91.2 5 8.8
TST (5 mm) 38 66.7 19 333 0.129 60.00 69.23 15.79 94.74 68.42
T-SPOT.TB 44 95.7 2 4.3
TST (5-9 mm) 38 82.6 8 174 0 81.82 0 o474 7826
T-SPOT.TB 48 92.3 4 7.7
TST (10-14 mm) 46 885 6 115 0.339 50.00 91.67 33.33 95.65 88.46
T-SPOT.TB 52 91.2 5 8.8
TST (15 mm) 52 912 5 88 0.123 20.00 92.00 20.00 92.00 85.45

T-SPOT.TB: T-SPOT tuberculosis test; TST: Tuberculin skin test.

Diagnosing LTBI is challenging particularly in
immunocompromised patients.2%2! Several studies
reported that TST responses are much lower in
pediatric patients with rheumatologic diseases.
A study compared TST results in 115 children
with JIA and 45 healthy controls and found
decreased TST responses in children with JIA
than controls (TST results being 4.12+5.24 mm
and 7.83+3.47 mm, respectively).?? Also, Barut et
al.z8 studied 234 JIA patients on anti-TNF therapy
and concluded that TST response is decreased
in JIA patients on anti-TNF agents compared
to the controls. In our study, no statistically
significant difference was seen in TST positivity
rates and T-SPOT.TB positivity rates between the
patient groups with or without glucocorticoid use

(for both low dose and high dose glucocorticoid
use), patient groups using different DMARDs and
patient groups who were planned to use different
anti-TNFs.

Anti-tumor necrosis factor agents are
considered safe in children with IMID in
most of the published studies. Of the limited
studies published in pediatric population, in a
study conducted in Turkey, 71 children with
inflammatory diseases were screened for LTBI
prior to anti-TNF treatment and 8.45% of the
children were diagnosed with LTBI with TST
cut-off value >15 mm and/or QFT-GIT positivity.2*
In our study, we used current local guidelines
which suggest TST cut-off value =5 mm and/or
T-SPOT.TB positivity and diagnosed 18 (31.5%)
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of our patients with LTBI. Difference between
LTBI rates is obviously the result of different TST
cut-off values. Another Turkish study evaluated
144 children with chronic rheumatologic diseases
on anti-TNF drugs, and on the follow-ups, 4.8%
of the patients had TST seroconversion to
positivity and received INH prophylaxis for nine
months, while only one patient developed active
TB and received antituberculosis therapy with
three drugs.?® In our study, at the sixth month
evaluation, seroconversion in TST results were
seen in three cases (3/41) similarly with the rate
of 7.3%. These cases were T-SPOT.TB negative
and none developed active TB.

A study tested adults with rheumatic diseases
with T-SPOT.TB and TST. In that study, history
of BCG was associated with the discordance in
TST positive and T-SPOT.TB negative patients.
Glucocorticoid use was associated with TST
negative and T-SPOT.TB positive discordance.?®
Another study found poor coherence between
TST and QFT-GIT results in adults for LTBI
screening before anti-TNFs.!2 A study comparing
TST and QFT-GIT for LTBI detection in pediatric
JIA patients also found poor coherence between
two tests both in the patient and control groups.
That study found an inverse proportion between
positivity in TST results and JIA disease activity
concluding that the discordance between the
two tests could be the result of disease activity
for the patient group and BCG vaccination for
the control group.’® In our study, all subjects
were vaccinated with BCG. Poor coherence was
found between TST positivity and T-SPOT.TB
positivity for any TST cut-off values both prior
to and at the sixth month of the therapy. Of the
41 patients with negative TST at the beginning,
two patients had positive T-SPOT.TB results. All
of our patients had active disease to be started
on anti-TNFs and 77.2% of our patients had
received glucocorticoid therapy. Disease activity
and glucocorticoid therapy can explain this
discordance. Of the 16 patients with positive
TST results prior to anti-TNFs, only three
had T-SPOT.TB positivity. This discordance
is possibly because of the BCG status of our
patients. Discordance between the tests may
also be caused by the limited sample size of the
study group. New studies are needed with larger
patient groups that can compare vaccinated and
non-vaccinated patients.
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To our knowledge, our study is the first to
compare TST and T-SPOT.TB results in pediatric
population for LTBI screening prior to anti-TNF
therapy. It has been advantageous to use T-SPOT.
TB as the IGRA method in the study; since
unlike QFT-GIT, T-SPOT.TB does not give any
indeterminate results, is not affected by age and
has higher specificity and sensitivity.272°

Different guidelines suggest different cut-off
values for TST positivity in LTBI screening
prior to anti-TNFs. American Thoracic Society
guidelines published in 2017 state that there is
insufficient data to recommend TST or IGRA
and advise using a cut-off value 25 mm if TST
is used.?® On the other hand, the Tuberculosis
Network European Trials Group consensus
statement suggests using a TST cut-off value
>10 mm.3! Most recent guidelines published by
Turkish Ministry of Health after the completion
of our study recommend using either an IGRA
test or TST with cut-off value =5 mm for non-
vaccinated and =10 mm for vaccinated patients.3?
As there is no certainty on the TST cut-off value
to be used amongst guidelines, another strength
of our study is the comparison of the T-SPOT.TB
results with various possible TST cut-off values.33

Major limitations of our study are the limited
number of patients and the use of many different
immunosuppressive drugs for different time
periods particularly prior to TST testing which
can be affected. However, considering that almost
all patients who will receive anti-TNF therapy will
already be on DMARDs or glucocorticoids, such
influence on TST is almost inevitable also for
further studies.

In conclusion, each country should develop its
own guidelines according to the BCG status and
TB disease prevalence for LTBI screening prior
to anti-TNF treatment. Our results show that in
our country, with all patients vaccinated, there
is poor coherence between TST and T-SPOT.TB
in screening both prior to and under anti-TNF
treatment. Under these circumstances, it would
still be rational to use both tests for screening until
further studies bring new evidence on the subject.
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