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ABSTRACT

Background: Tuberculosis (TB) remains a major global health challenge, particularly among children. Diagnosing
pediatric TB is complicated due to nonspecific symptoms and the difficulty of obtaining sputum samples for microbiological
confirmation. Immunological tests, such as the tuberculin skin test (TST) and interferon-gamma release assays (IGRAs), are
commonly used to support diagnosis. However, TST has several limitations, including the need for multiple patient visits and
potential cross-reactivity with Bacillus Calmette-Guérin (BCG) vaccination. This study aimed to compare the efficiency of IGRA
and TST in terms of turnaround time and patient compliance.

Methods: A diagnostic time comparison study was conducted in pediatric patients with suspected pulmonary or
extrapulmonary TB at Saiful Anwar Hospital, Malang. Patients underwent both TST and IGRA testing. The time required to
obtain results and patient compliance was recorded and analyzed. o

Results: A total of 94 pediatric patients were included, with 17 diagnosed with extrapulmonary TB and 77 with pulmonary
TB. IGRA demonstrated a significantly shorter turnaround time (25.43 + 6.31 hours for pulmonary TB, and 25.58 + 6.37 hours
for extrapulmonary TB) compared to TST (50.16 + 6,93 hours for extrapulmonary TB and 50.34 = 7.16 hours for pulmonary
TB). Additionally, IGRA provided higher positivity rates in both pulmonary and extrapulmonary TB cases.

Conclusion: IGRA offers a faster and more convenient alternative to TST for diagnosing pediatric TB. Despite its higher cost,
the efficiency and single-visit requirement of IGRA makes it a preferable diagnostic tool in clinical settings, especially for
children suspected of having TB.
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INTRODUCTION

Tuberculosis (TB) is an infectious
disease caused by the bacterium M.
tuberculosis.' Tuberculosis is the ninth
leading cause of death worldwide and
the leading cause of death from a single
infectious agent.” Globally, an estimated
10 million TB cases were reported, with
1.2 million deaths in 2019.° Indonesia is
ranked second among countries with a
high burden of TB with an incidence of
391/100,000 population.” According to the
2017 World Health Organization (WHO)
tuberculosis report, children aged below
15 years constituted about 10% of the
approximately 10.4 million new TB cases
in 2016.> M. tuberculosis mainly attacks
the lungs but can also affect other organs.
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Extrapulmonary TB is observed more
frequently in children especially in young
children, although epidemiological data
are still limited.®”

Detecting new cases of pediatric
TB is challenging. Early symptoms of
pulmonary or extrapulmonary TB are
often nonspecific. Additionally, chest
X-rays of children with TB tend to be
less specific compared to those of adult
patients. The diagnosis of pulmonary TB
is confirmed by identifying the bacterium
M. tuberculosis in sputum specimens.™®

However, this remains challenging,
as  children often have difficulty
expectorating sputum. Moreover, the

positivity of microbiological examination
is lower compared to that in adults due
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to its paucibacillary nature in children.’
This may result in underdiagnosis of TB
and delays in initiating anti-TB treatment,
which can lead to poor outcomes.
Consequently, the diagnosis of TB in
children often relies on a combination of
clinical symptoms, chest radiography, and
immunological tests.'’

Currently, there are two methods
available for  diagnosing pediatric
pulmonary TB: the tuberculin skin test
(TST) and interferon-gamma release
assays (IGRA). Both detect the presence
of cell-mediated immunity in individuals
infected by M. tuberculosis."" The results
of TST and IGRA play a supportive role
in establishing the diagnosis of pediatric
TB, particularly by providing additional
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information when other tests fail to
detect the disease.”” TST typically takes
48 to 72 hours to be read. Ensuring that
patients return for timely readings is
often challenging, and delayed readings
can compromise the reliability of results.
IGRA eliminates this issue by offering
immediate and dependable results.'>'* The
study aimed to demonstrate that IGRA is
more efficient in terms of time and patient
compliance, thereby serving as a basis
for recommending changes in diagnostic
policies at the hospital.

METHODS

Study Design

This study employed a diagnostic time
comparison study designed to compare
two tests, TST and IGRA, in terms of
result turnaround time. Subjects were
recruited consecutively from pediatric
patients with presumptive pulmonary or
extrapulmonary TB.

Research Location and Time

The study was performed at the pediatric
respiratory outpatient clinic and the
pediatric inpatient ward of Saiful Anwar
Hospital, Malang, from November 2021 to
January 2022.

Study Population

The population in this study consisted
of pediatric patients suspected of
having pulmonary tuberculosis (TB)
or extrapulmonary TB. The accessible
population included pediatric patients
with presumptive TB who were treated at
the pediatric respiratory outpatient clinic
and the pediatric inpatient ward of Saiful
Anwar Hospital.

Subjects
The study subjects included pediatric
patients under 18 years of age,

suspected of having either pulmonary
or extrapulmonary TB, who had never
previously received TB treatment or TB
prophylaxis and were either visited at the
pediatric respiratory outpatient clinic
or admitted to the inpatient ward. The
subjects should have met the inclusion
criteria, and the parents or guardians of
all patients were informed about the study
and provided written informed consent.

Inclusion Criteria

The inclusion criteria for this study were
pediatric patients under 18 years of age,
with clinically suspected TB, based on one
or more of the following: cough lasting
>3 weeks, fever lasting >2 weeks, weight
loss or failure to gain weight in the last 2
months, enlarged cervical lymph nodes
unresponsive to non-specific treatment
for 2 weeks, or chest X-rays suggestive of
TB. Patients who had close contact with
adult TB patients were also included.
Additionally, patients must have never
received TB treatment or prophylaxis and
must be willing to participate in the study,
with informed consent provided by the
parents.

Exclusion Criteria

Patients with HIV, pneumonia, or
immunocompromising conditions,
including those receiving
immunosuppressive were
excluded from the study.

therapy,

TST Protocol

A standardized dose of 0.1 mL (2 TU)
of purified protein derivative (PPD) was
injected intradermally into the volar
surface of the forearm using a 27-gauge
needle and a 1 mL tuberculin syringe. The
injection was administered at a 15-degree
angle, ensuring the formation of a 6-10
mm wheal, confirming proper intradermal
placement. The test site was marked and
evaluated 48-72 hours after injection by
a trained healthcare professional. The
induration (not erythema) diameter
was measured using a millimeter ruler
perpendicular to the long axis of the
forearm. A result was considered positive
if the wheal measured > 10 mm.

To ensure standardization, all TST
procedures are conducted by trained
personnel under the same environmental
conditions, using the same brand and
batch of PPD. Two independent readers
interpreted the results to minimize inter-
observer variability.

IGRAs Protocol

Blood collection from patients was carried
out at room temperature (17-30 °C) from
their veins by trained medical personnel,
following a standard procedure. To ensure
consistency, the collected blood volume

was verified using calibrated measuring
instrument, and all sample tubes were
labeled with unique identifiers to prevent
misidentification.

After labeling, a 1 mL blood sample
was placed into the QIAreach QFT tube,
shaken 10 times with consistent intensity,
and incubated at 37 °C for 16-24 hours,
ensuring that all samples underwent the
same incubation conditions.

After incubation, the blood tube and
processing tube were placed into the
pre-prepared QIAreach eHub for sample
reading. The stick device was inserted into
the QIAreach eHub, and 150 uL of diluent
buffer was added to the processing tube
using a calibrated pipette. To minimize
variability in sample preparation, the
blood plasma from the blood collection
tube was transferred to a processing tube
containing diluent buffer and mixed with
an up-and-down pipetting motion at
least four times, following a standardized
protocol. A total of 150 pL of the processed
sample was then carefully pipetted into the
eStick sample port.

The test was designed to start
automatically within 15 seconds after
sample application, and results could
be read within a maximum period of
20 minutes. By maintaining uniform
procedures in blood collection, sample
preparation, and  eStick  reading,
potential variability in test processing
was minimized, ensuring consistent and
reliable results across all samples.

Statistical Analysis

The average duration time for both IGRA
and TST were compared to determine
which test provides a faster and more
efficient diagnosis of pediatric TB.

RESULTS

Ninety-four pediatric patients were
included in this study. There were 17
subjects diagnosed with extrapulmonary
TB and 77 subjects diagnosed with
pulmonary TB. The demographic
characteristics of this study are presented
in Table 1.

The proportion of positive results
is higher in both extrapulmonary and
pulmonary TB for the IGRAs test
compared to the TST test. These results are
shown in Figures 1 and 2.
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Table 1.
TB

Characteristics of the subjects based on pulmonary-extrapulmonary

Characteristics

Pulmonary TB

Extrapulmonary TB

(N=77) (N=17)
Male, n (%) 32 (41.6) 11 (64.7)
Age, months, median (min-max) 36 (1-204) 96 (2-180)
TB contact, n (%) 4(5.2) 1(5.9)
Fever > 2 weeks, n (%) 12 (15.6) 5(29.4)
Cough > 3 weeks, n (%) 10 (13.0) 5(29.4)
Joint swelling, n (%) 1(1.3) 0
Poor weight gain 14 (18.2) 6 (35.3)
Lymphadenopathy, n (%) 0 2(11.8)
Severe malnutrition, n (%) 11 (14.3) 1(5.9)
Positive TST results, n (%) 13 (16.9) 4(23.5)
Positive IGRA results, n (%) 17 (22.1) 10 (58.8)
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Figure 1.  Frequency Distribution of TST and IGRA Results by Type of TB.

IGRA showed a significantly shorter
turnaround time (25.43 * 6.31 hours for
pulmonary TB, and 25.58 + 6.37 hours for
extrapulmonary TB) compared to TST
(50.16 + 6,93 hours for extrapulmonary
TB and 50.34 + 7.16 hours for pulmonary
TB) (p = 0.000).

The duration of the IGRAs and TST
tests, as well as the age linked to the type
of TB diagnosed, is shown in Table 2. The
IGRA test for pulmonary TB requires an

average time of 25.43 + 6.31 hours, and for
extrapulmonary TB, the average time is
25.58 + 6.37 hours. The TST test requires
a longer time, which is 50.16 + 6,93 hours;
extrapulmonary TB and pulmonary TB
require 50.34 + 7.16 hours. The total
duration of IGRAs and TST tests are
shown in Figure 2. The overall duration of
the IGRAs test is shorter than that of the
TST.

DISCUSSION

The identification and treatment of TB
infection in the pediatric population is an
important disease control component as a
strategy to prevent future TB transmission
and reduce TB-related morbidity and
mortality.'* A study conducted in Zanzibar,
one of the developing countries, showed
that 43% of adult patients in the study
reported reduced working capacity during
their illness but an improved condition at
the end of their treatment.* Establishing
a diagnosis of TB disease in pediatric
patients can be challenging because of the
various presentations of TB symptoms
that appear in children, ranging from non-
specific symptoms to severe symptoms. "

Taking specimens for microbiological
examination is difficult because most
children are unable to expectorate. There
are other simple procedures, such as gastric
aspiration and sputum induction, that
can serve as alternatives to this problem;
however, the lack of ability among health
workers who meet the standards is an
obstacle.’® This study compared the
duration of the IGRA-based test with the
tuberculin skin test (TST) in pediatric
patients suspected of tuberculosis. The
TST, also known as the Mantoux test,
is one of the oldest diagnostic methods
still in use and has been routinely used
since 1910. This test is based on cellular
intradermal immune response against the
cellular antigens of mycobacteria, thus
making it non-specific for the diagnosis of
Mycobacterium tuberculosis. A practical
example of the non-specificity is false
positive results in cases of vaccination by
Bacillus Calmette-Guerin (BCG)."”

Other significant limitations associated
with TST are the need for trained
individuals to administer and interpret
the test and low specificity, especially in
immunocompromised patients."”

There are also procedural disadvantages
to the TST test, including reduced
sensitivity due to excessive depth when
taking the sample and inconvenience
for patients, as they need to be pricked
twice.'”® On the other hand, Interferon-g
Release Assays (IGRAs) based test targets
almost exclusively specific Mycobacterium
tuberculosis proteins that are not found
in nontuberculous mycobacteria. The
increased use of IGRA tests has also been
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Figure 2. The Total Mean Duration of IGRA Compared to TST.
Table 2. Test Results and Duration Adjusted for Age
Frequency Duration
n (%) (hours)
< 5 Years (n=55)
IGRA test result 25.43 +6.31
- Negative 43 (78.18)
—  Positive 12 (21.82)
TST test result 50.34 +7.16
- Negative 48 (87.27)
—  Positive 7 (12.73)
> 5 Years (n = 39)
IGRA test result 25.63 + 6.58
- Negative 24 (61.54)
—  Positive 15 (38.46)
TST test result 49.83 £ 6.56
- Negative 29 (74.36)
—  Positive 10 (25.64)

attributed to their convenience, which
is the most advantageous aspect, as they
require only a single visit to perform the
blood test.'”** The blood sampling can also
be done for several other tests all at once.
One of the disadvantages of the IGRA test
is the reagent cost, which is significantly
higher than that of the TST.”" Currently,
IGRAs are the preferred diagnostic test for
immunocompetent children above 5 years
old who have received BCG vaccination,
according to the US Centers of Disease
Control and Prevention (CDC).*

The result of this study shows a
significant difference in the duration of
the IGRAs compared to the TST test. The
shorter duration of the IGRAs test is also
described in multiple studies. The IGRAs
test results are typically available within a
16- to 24-hour period, compared to a 48- to

72-hour period for the TST test.'” This was
also found in this study. Regardless of the
diagnosis, the duration of IGRAs (25.43 +
6.31 hours for pulmonary TB, and 25.58
+ 6.37 hours for extrapulmonary TB) is
significantly shorter than TST (50.16 +
6,93 hours for extrapulmonary TB and
50.34 + 7.16 hours for pulmonary TB). An
Indian multicentre study of TB diagnosis
also mentioned that IGRA test results for
the study were obtained within 24 hours.”
Studies evaluating the duration of IGRA
test tools similar to the one used in this
study also described the procedure to be
shorter in duration, requiring 18-24 hours
for supernatant culturing or incubation
and a maximum of an additional 20
minutes for IFN-y measurement on each
test.”>** These findings, in addition to the
simplicity of the procedure for patients,

support the IGRAs test as a convenient
choice for diagnostic testing of pediatric
tuberculosis.

This study also demonstrates the
relationship between IGRA results and TB
diagnosis, compared to the TST, in both
unadjusted and age-adjusted analyses.
There is no significant relationship
between TST results and whether the TB is
pulmonary or extrapulmonary. This may
suggest the ability of IGRAs to distinguish
between pulmonary and extrapulmonary
TB diagnoses. This is also described in
several past studies comparing TST and
IGRAs tests in detecting active and latent
TB infection. The studies showed that
T-cell assays are more specific than the
TST, although they are currently unable
to distinguish between active disease and
latent TB infection.'” The preferable result
of the IGRAs test in this study may be due
to the nature of TB infection in children.
The paucibacillary nature of childhood TB
reduces the sensitivity of microbiologically
based diagnostic tools, such as acid-fast
smears and bacterial cultures.'® A review
states that only 10-15% of children with
pulmonary TB are smear-positive, and
only 20-40% are culture-positive despite
strict specimen collection and laboratory
methods. Microbiological confirmation
of extrapulmonary TB also remains
elusive.'® Diagnostic tests based on the
measurement of immune responses to M.
tuberculosis may be preferred over direct
detection of bacteria in these cases, thus
making IGRAs test a reasonable choice.”

This study has several limitations. The
limited availability of IGRA reagents and
the small sample size of patients with
suspected pediatric TB restricted the scope
of the findings. Future studies should
address these limitations by utilizing
a broader registry, including multiple
research centers, or extending the study
period to increase the sample size and
enhance the generalizability of the results.

CONCLUSION

In conclusion, this study found that the
IGRA test has a shorter duration compared
to the TST for diagnosing pediatric TB.
Additionally, despite its higher cost, IGRA
offers greater convenience than TST.
Therefore, based on the aspects evaluated
in this study, IGRA is a superior option
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for use as a supporting diagnostic test for
both pulmonary and extrapulmonary TB
in children.
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