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ABSTRACT

Objectives: This study aimed to evaluate the risk of tuberculosis (TB) disease in children receiving
biological agents for rheumatologic diseases, focusing on appropriate screening tests in a
high-priority country for TB control.

Patients and methods: One hundred nine children (56 females, 53 males; range, 3.4 to 16.2 years)
who received any biological agent for rheumatologic diseases for more than two years between
May 2012 and October 2021 were included in this retrospective study. Patients were screened for TB
infection using tuberculin skin test (TST) or interferon-gamma release assay (IGRA). Following the
initial evaluation, patients were clinically examined for TB every three months by a comprehensive
medical history and physical examination, and every 12 months using TST or IGRA.

Results: At the initiation of the biological agent, the patients’ mean age was 12.4+4.5 years. The
average follow-up duration was 3.6+1.3 years (range, 2.6 to 10.2 years) for patients treated with
biological agents. Each patient had a documented Bacillus Calmette-Guérin vaccination. Before the
initiating of therapy, TST was performed alone in 45 (41.3%) patients and in combination with IGRA in
64 (58.7%) patients. In the 64 patients who underwent both TST and IGRA, IGRA revealed nine (14.1%)
positive results. Six (66.7%) of these nine patients, however, had negative baseline TST. Four (7.3%) of
the 55 individuals whose initial IGRA results were negative also had positive TST results. Overall, no
TB disease was observed after a follow-up period.

Conclusion: This study reveals that biological agents were not associated with an increased risk
of TB disease in closely monitored children. Additionally, the concomitant use of TST and IGRA for
screening of TB is reasonable in patients receiving biological agents.

Keywords: Biological agents, children, interferon-gamma release assay, screening, tuberculin skin test.

Within the last two decades, biological agents
that block the effects of tumor necrosis factor,
such as infliximab, adalimumab, and etanercept,
as well as interleukin-targeted agents, such as
anakinra, tocilizumab, canakinumab, have been
approved for the treatment of rheumatologic
diseases.! Despite their well-established
therapeutic benefits, they are associated with an
increased risk of developing active tuberculosis
(TB) disease as a result of latent TB infection
(LTBI) reactivation.??®

Screening of LTBI is recommended for patients
prior to administration and during the course of

biological agents. Although there is no gold
standard test for LTBI diagnosis, tuberculin skin
test (TST) and interferon-gamma release assay
(IGRA) are commonly used for screening.® The
test strategies may differ depending on the
recommendations of countries, the endemicity of
TB, and the immune status of the patients.” To
date, a limited number of studies have focused on
pediatric populations. Little data on children is
available as the majority of studies are focused on
adult populations.®'* Furthermore, the majority
of studies included patients from regions with
low TB prevalence or evaluated individuals who
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had not been vaccinated with Bacillus Calmette-
Guérin (BCG), which should be considered when
interpreting the data.

Despite a decline in TB incidence to 14.6
per 100,000 in 2017, Tiirkiye is still one of
the high-priority countries for TB control.1>1°
According to Turkish Ministry of Health
guidelines, TST is the recommended method
for LTBI screening, with IGRA being used
only in exceptional circumstances, such as
immunosuppression and TST negativity in
individuals with clinically high suspicion of TB
disease.'® As a result of conflicting data regarding
the optimal screening test strategies for LTBI
prior to administration and during treatment with
biological agents for rheumatologic diseases in
children, this study aimed to evaluate the risk of
TB disease in patients with various rheumatologic
diseases receiving biological agents, with a
particular emphasis on appropriate screening
strategies for LTBI and the performance of TST
and IGRA in children in a country where BCG
vaccination is still mandatory.

PATIENTS AND METHODS

This retrospective study included 109 children
(56 females, 53 males; range, 3.4 to 16.2 years
years) treated with biological agents for a variety
of rheumatologic diseases in Dr. Behcet Uz
Children’s Hospital, which is a pediatric referral
and tertiary care hospital in [zmir. Children who
received any biological agent as monotherapy
for more than two years and followed by both
outpatient clinics of the pediatric rheumatology
and pediatric infectious diseases between May
2012 and October 2021 were included in
the study. Data on the patients’ demographic
characteristics (age, sex, and medical history),
underlying rheumatologic diseases, comorbidities,
initiation and duration of antirheumatic therapy,
treatment outcome, history of TB contact,
presence of BCG scar, and screening results
for TB infection or disease were collected from
medical records. Patients with a history of active
or latent TB, as well as those with less than a
two-year follow-up period after receiving the
biological agents, were excluded from the study.
All patients enrolled in the study were examined
by the division of pediatric infectious diseases for
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signs and symptoms of active TB prior to and
during antirheumatic therapy in accordance with
the valid and current Turkish Ministry of Health
guidelines for the use of biological agents.’>7

Screening for tuberculosis

Each patient was evaluated for signs of
active or previous TB infection and underwent
a standard TST or an IGRA (QuantiFERON-TB
Gold Plus® test; Cellestis, Carnegie, Australia)
and a chest radiograph prior to the administration
of the biological agent. Due to the availability
of the IGRA at the study center, all patients
were screened for LTBI with only TST before
April 2019 and both TST and IGRA after
and during April 2019. Following the initial
evaluation, patients were clinically reevaluated for
a TB infection every three months with a detailed
medical history and physical examination, every
six months with a chest radiograph, and every
year with TST or IGRA.

Tuberculin skin test

A standard TST was performed by the
Mantoux method of 0.1 mL (5 IU) of PPD
according to current recommendations.’® A
trained physician measured the diameter of
cutaneous induration 72 h later. At the time
of initial evaluation prior to therapy, the test
was considered positive for immunocompetent
patients when the transverse diameter of
induration was =15 mm for BCG-vaccinated
patients and >10 mm for BCG-unvaccinated
patients. An induration of 25 mm was considered
positive in immunocompromised patients who
are candidates for the use of biological agents
for rheumatologic diseases.!>!”

Interferon-gamma release assay

Interferon-gamma  release assay was
performed in accordance with the manufacturer’s
recommendations.’” Blood samples were
analyzed in four distinct tubes; nil tube, TB
antigen tube 1, TB antigen tube 2, and mitogen
tube as a positive control. Both TB antigen tubes
contained peptide antigens derived from the
Mycobacterium tuberculosis complex-associated
antigens, ESAT-6 (early secreted antigenic
target 6), and CFP-10 (culture filtrate protein 10).
The tubes were incubated at 37°C for 16 to 24 h.
The plasma was removed by centrifugation, and
the amount of interferon-gamma (IFN-y; IU/mL)
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was measured by enzyme-linked immunosorbent
assay. Interferon-gamma release assay was
considered positive for an IFN-y response to
either TB antigen tube that was significantly
above the nil IFN-y (IU/mL) value. Tests were
interpreted as indeterminate if the mitogen minus
nil was <0.5 or the nil was >8.0; tests were
interpreted as negative if the TB antigen minus
nil was <0.35 or if the TB antigen minus nil was
>0.35 but was <25% of the nil value; tests were
interpreted as positive if the TB antigen minus
nil was 20.35 and was 225% of the nil value.' If
active TB was ruled out, patients with a positive
TST or IGRA result were diagnosed with LTBI
and oral isoniazid prophylaxis at a dose of
10 mg/kg was started one month prior to the
first dose of biological agent and continued for
nine months.

Statistical analysis

Data were analyzed using IBM SPSS
version 20.0 (IBM Corp., Armonk, NY, USA).
Categorical variables were analyzed using a chi-
square test or Fisher exact test. Cohen’s kappa
coefficient was calculated to further evaluate
the agreement between the TST and the
IGRA assay. A p value <0.05 was considered
statistically significant.

RESULTS

The study included 109 pediatric patients
with wvarious rheumatic diseases, including
74 (67.9%) with juvenile idiopathic arthritis,
29 (26.6%) with familial Mediterranean fever,
three (2.8%) with periodic fever syndromes, and
one patient each with spondyloarthropathy,
uveitis, and Behcet’s disease. The mean age of
patients at the time of biological agent initiation
was 12.4+4.5 years. Canakinumab was the
most frequently prescribed drug (n=37, 33.9%)
during the study period, followed by adalimumab
(n=35, 32.1%), etanercept (n=25, 22.9%),
and tocilizumab (n=12, 11.1%). The average
follow-up period was 3.6x1.3 years (range,
2.6 to 10.2 years). Clinical and demographic
characteristics of the study population are
shown in Table 1.

All patients had a documented BCG vaccination
through the presence of a scar, and none had
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any prior exposure to known TB contacts. TST
alone was utilized in 45 (41.3%) patients for TB
screening prior to initiating a biological agent,
and a combination of TST and IGRA was used in
64 (58.7%) patients. The screening test results are
summarized in Table 2.

Positive results were detected in six cases
(6/45, 13.3%) who had only TST performed.
Among 64 patients who underwent a combination
of TST and IGRA, IGRA revealed nine (14.1%)
positive results. However, six (66.7%) of these
nine patients had a negative TST at the baseline.
Four (7.3%) of the 55 patients who were initially
negative for IGRA were positive for TST. Data are
shown in Figure 1.

The reliability between TST and IGRA was
estimated by Cohen’s kappa coefficient, and
there was a strong agreement between these tests
(k=0.833; 95% confidence interval: 0.738-0.927;
p<0.001).

As a result of positivity for TST or IGRA,
isoniazid monotherapy for LTBI was applied in
27 patients for a period of nine months. During
follow-up, 10 patients had TST seroconversion.
Seroconversion was observed in seven patients
who received canakinumab, two patients who
received adalimumab, and one patient who
received etanercept. During the study period, no
TB disease was observed.

Table 1. Clinical and demographic characteristics of
the study population (n=109)

n % Mean+SD
Age (year) 12.4+4.5
Sex
Female 56 514
Follow-up period (year) 3.6+1.3

Underlying diseases

Juvenile idiopathic arthritis 74 679

Familial Mediterranean fever 29  26.6

Periodic fever syndromes 3 2.8

Uveitis 1 0.9

Spondyloarthropathy 1 0.9
1

Behcet’s disease

Biological agents

Adalimumab 35 321
Etanercept 25 229
Canakinumab 37 339
Tocilizumab 12 11.1

SD: Standard deviation.
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Table 2. Screening test results of patients for latent tuberculosis infection prior to initiating biologic agents
TST () TST(+) IGRA() IGRA(+) IGRA (+) IGRA (+) IGRA (5 IGRA (5
TST (+) TST () TST (+) TST ()
Number of patients screened with 39 6 NA NA NA NA NA NA
TST alone (n=45)
Number of patients screened with 59 5 55 9 3 6 4 51
both TST and IGRA (n=64)
Total 98 11 55) 9 3 6 4 51
TST: Tuberculin skin test; IGRA: Interferon-gamma release assay; NA: Not applicable; + Positive for test result; — Negative for test result.

DISCUSSION

In this study, 109 patients with rheumatologic
diseases who were treated with biological agents
were evaluated for LTBI and TB disease using
TST or IGRA. Close monitoring for LTBI is
required owing to the increased likelihood of TB
during the treatment of pediatric rheumatologic
diseases. The current study demonstrates that
none of the children receiving biological agents
was diagnosed as TB after a mean follow-up of
3.6+1.3 years in an area with a high-priority for
TB control*® and in a region with a high level
of immigration from countries with a high TB
burden. It was detected that 66.7% of the patients
who were positive for IGRA before treatment
had negative baseline TST. Furthermore, four
(7.3%) of the initially IGRA-negative patients
were positive for TST. As a result, it would
be appropriate to use the two tests together
since screening with only one test may fail
to distinguish LTBI in immunocompromised
patients.

Before April, 2019
TST only for initial screening
(n=45)

Patients
(n=109)

Although the use of biological agents may
increase the risk of progression to active TB,
none of the 109 patients in the current study had
been diagnosed with active TB disease. Likewise,
limited studies in children, even in areas with an
intermediate incidence of TB, indicated that
biological agents did not significantly increase
the risk of TB in children with juvenile idiopathic
arthritis.2%2! However, the majority of studies
derive their results on a shorter period of
follow-up.?? All patients in the current study were
followed for an average of more than three years.
While this prolonged assessment period may be
appropriate for identifying the effect of agents
on the risk of TB disease, there are no adequate
studies evaluating the longer periods of follow-up
for children through adulthood. As a result, it is
reasonable to speculate that biological agents do
not contribute to the development of TB disease
in children.

Screening patients for LTBI and initiating
chemoprophylaxis if positive is critical for

After April, 2019
Both TST and IGRA for

initial screening
(n=64)

TST (+)
(n=6)
TST ()
(n=39)
After introducing biologic
agents (during follow-up)
TST (+), n=10
IGRA (+), n=4
TST (+)/IGRA (+), n=3
TST (+)/IGRA (), n=4
TST (-)/IGRA (+), n=6
TST (-)/IGRA (-), n=51

Figure 1. Flow chart of screening test results for tuberculosis infection.

TST: Tuberculin skin test; IGRA: Interferon-gamma release assay.
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reducing TB reactivation. Although the
recommendations vary depending on the
economic status and TB prevalence of a country,
the TST, IGRA, or both, in combination with
chest radiographs, are the approved LTBI
screening procedures.?1232¢ While the World
Health Organization recommends TST or IGRA
for LTBI screening, there is no gold standard for
the LTBI diagnosis.!®

There are no well-designed randomized
controlled trials in children examining the
priority of TST or IGRA. Furthermore, these
studies were frequently carried out in areas with
low TB prevalence and with individuals who were
not vaccinated with BCG. On the other hand,
TSTs tend to yield a high rate of false-positive
results in regions where TB is endemic or where
BCG immunization is common.?® Several studies
have also reported false-negative TST results in
patients receiving immunosuppressive therapy
for rheumatologic diseases.?°?8 However,
IGRAs may have some advantages, particularly
in the case of people who are vaccinated with
BCG.?° In the current study, both two tests
showed considerable agreement, as confirmed
by Cohen’s kappa coefficient, which was 0.833.
Considering the possibility of false-negative
test results, the concomitant use of TST and
IGRA may provide more reliable information in
the diagnosis of LTBI.3%3! This study revealed
that screening patients with TST alone prior to
biological agent treatment might miss six (9.4%)
cases of LTBI; additionally, two of these six
patients developed TST seroconversion during
the treatment. Four (6.3%) patients with TST
positivity were negative for IGRA but were later
found to be positive for IGRA during follow-up.
In these circumstances, concomitant use of
TST and IGRA for screening patients prior to
biological agent administration is reasonable. In
other words, 15.6% of patients would have been
treatment-naive in a high-priority country for
TB control, where preventive therapy is critical
to lowering the risk of progression to active
disease, especially in children with altered
immune status or who have been exposed to
any biological agent.

Several limitations should be considered
while interpreting the results. First, this was a
retrospective study, which has inherent limitations
compared to randomized clinical trials. Second,
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patients who were administered various biologic
agents were evaluated. Therefore, the patients
may not have a similar risk of developing TB.
Third, the patients were not followed through
adulthood; the course of TB disease is more
prominent in adults than in children. However,
it should be emphasized that the current study
includes one of the largest pediatric populations
with rheumatologic diseases who were screened
for LTBI prior to initiating biological agents
and followed for a reasonable period during the
treatment to determine the risk of developing
active TB. Moreover, this study was conducted
in a high-priority country for TB control and in
an area with a high rate of immigration from
countries with a high TB burden.

In conclusion, despite reports that there is
a relationship between the use of biological
agents and the development of TB, the present
study demonstrates that biological agents are
not associated with an increased risk of TB
disease in closely followed children with various
rheumatologic diseases. It is critical to screen
children for LTBI before and during treatment
and to administer chemoprophylaxis if positive to
reduce TB reactivation. Therefore, concomitant
use of TST and IGRA is a more reliable screening
strategy for children in countries with higher TB
prevalence.
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