REVISTA

INSTITUTO
MEDICINA
TROPICAL

SAO PAULO

JOURNAL OF THE SAO PAULO
INSTITUTE OF TROPICAL MEDICINE

"Ministry of Public Health, National Institute
of Health, Department of Medical Sciences,
Nonthaburi, Thailand

2Ministry of Public Health, Medical Science
Technical Office, Department of Medical
Sciences, Nonthaburi, Thailand

Correspondence to: Benjawan Phetsuksiri
Ministry of Public Health, Medical Science
Technical Office, Department of Medical
Sciences, Nonthaburi, 11000, Thailand

Tel: +66 0 25801567

Fax: +66 0 29659700

E-mail: benjapsk @health.moph.go.th
Received: 24 August 2022

Accepted: 7 December 2022

Rev Inst Med Trop Sao Paulo. 2023;65:e13

ORIGINAL ARTICLE

http://doi.org/10.1590/S1678-9946202365013

QuantiFERON-TB Gold Plus and QuantiFERON-TB Gold
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ABSTRACT

Detecting latent tuberculosis infection (LTBI) is important, especially in high-
risk populations including healthcare workers (HCWs). QuantiFERON-TB Gold Plus
(QFT-Plus) is a new version of the interferon-gamma release assays (IGRAs) to replace
the QuantiFERON-TB Gold In-tube (QFT-GIT). However, data on the use of QFT-Plus
for LTBI detection in high TB-burden countries are limited. This study was conducted in a
TB-endemic setting in Thailand. HCWs were enrolled in the study and underwent both tests
during the annual health screening. The testing results were compared and the concordance
was determined. Of 102 HCWs, 11 (10.78%) were positive according to both tests, and 15
(14.71%) were positive according to QFT-Plus. The overall agreement between assays was
96.08%, with Cohen’s kappa coefficient (k) at 0.82. All four discordant results occurred with
QFT-GIT negative and QFT-Plus positive. The comparison between QFT-GIT and QFT-Plus
based on each antigen tube (TB1 or TB2) exhibited similar concordance with 99.02% and
95.10% agreement, respectively. The intra-comparison between TB1 and TB2 of QFT-Plus
also showed good concordance at 96.08%. Among this group of HCWs, the LTBI prevalence
of any positive results in both tests was low. Overall, the study showed good agreement
between QFT-Plus and QFT-GIT (k = 0.82) with a minimal difference, suggesting similar
assay performance to that mainly carried out in TB-low incidence countries. The results
support the use of QFT-Plus for detecting LTBI in a format similar to QFT-GIT.
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INTRODUCTION

Tuberculosis (TB) remains a global health problem, with an estimated
10.6 million new cases and 1.6 million TB-related deaths worldwide in 2021
About a quarter of the global population is estimated to be latently infected with
Mycobacterium tuberculosis (MTB)'2, 5 to 15% of whom can progress to develop
active TB in their lifetime®. According to the World Health Organization (WHO), to
achieve the global goal of the End TB Strategy, latent TB infection (LTBI) should
be targeted and managed properly, especially in high-risk populations®.

There are no gold standard tests for the microbiological diagnosis of LTBI and
few immunological tests are available. Currently, the LTBI diagnosis is based on
a conventional tuberculin skin test (TST) and interferon-y (IFN-y) release assays
(IGRAs). The TST is based on the skin’s immune reaction against purified protein
derivatives of tuberculin. Its limitations involve cross-reactivity with the BCG
vaccine and non-tuberculous mycobacteria (NTM), administrative and interpretative
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errors, and the requirement for two clinic visits®¢. IGRAs
are blood-based assays that measure the IFN-y following
in vitro stimulation of individual white blood cells with
specific MTB antigens. For a decade, two IGRAs have
been commercially available, namely T-SPOT.7B and
QuantiFERON-TB Gold In-Tube (QFT-GIT)’.

The advantages and disadvantages of IGRAs have been
reviewed in previous studies®®. By using MTB-derived
specific peptides, IGRAs exhibit a more specific immune
reaction when compared to TST. However, cross-reactivity
is still present with some other mycobacteria, such as
Mycobacterium marinum, Mycobacterium kansasii, and
Mycobacterium szulgai’. Nonetheless, all tests show a
reduction in sensitivity for immunocompromised patients
and children'®, and are unable to distinguish between latent
and active TB, including recent and old LTBI. Since the
risk of developing active TB is high in the first two years
following MTB infection", tests for identifying recent LTBI
would be advantageous.

QuantiFERON-TB (QFT) is an interferon-gamma
release assay (IGRA). In 2015, QFT-Plus was launched
to replace the early version, QFT-GIT”. According to
the manufacturer, the new generation offered higher
sensitivity and specificity, including the ability to identify
recent LTBI'2. QFT-Plus has two TB-antigen tubes, TB1
and TB2. Both tubes contain long ESAT-6 and CFP-10
peptides, primarily stimulating CD4* helper T cells, but
the TB7.7 antigen is removed. The extra antigen tube
(TB2) contains additional short peptides from ESAT-6 and
CFP-10, stimulating both CD4* helper T cells and CD8*
cytotoxic T cells. These peptides have been reported to
induce the CD8* T-cell response associated with recent
MTB infection®. Therefore, the QFT-Plus test is deemed
able to differentiate between recent and past LTBI, and this
could support the decision to start preventive treatment,
including an improvement in assay sensitivity.

Thailand is a high TB-burden country with an estimated
103,000 people developing TB and a TB incidence rate
of 143 cases per 100,000 people'. Currently, no national
policy is in place to systematically test for LTBI®. At
present, IGRAs or TST are being used for MTB infection
screening in a few groups of high-risk populations, such as
TB household contacts, HCWs, or immunocompromised
patients receiving immunosuppressants or dialysis.
Thailand has published a number of LTBI studies using
QFT-GIT, some of which show an agreement between TST
and QFT-GIT'*'5. To obtain a higher agreement between
these two tests, the adjustment of the cutoff value for
TST has been proposed®. Under special considerations,
IGRA has been increasingly used. However, the QFT-Plus
performance within endemic settings has been documented
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less. Nonetheless, comparative data on the performance of
QFT-GIT and QFT-Plus in LTBI detection are largely based
on middle or low TB-incidence settings”'®'8, Therefore,
we aim to compare the two tests in Thailand, where the
TB burden is high. The performance of QFT-Plus and the
prevalence of LTBI among Thai HCWs were determined
in this study.

MATERIALS AND METHODS
Study participants

The HCWs referred for QuantiFERON testing were
enrolled. Participants were tested simultaneously with
the regular QFT-GIT (Qiagen, Hilden, Germany) and
the new QFT-Plus test (Qiagen, Hilden, Germany) for
LTBI detection. The testing was performed under the TB
screening program in hospitals. HCWs with prior or current
TB were excluded. Screening for active TB was routinely
performed based on symptoms and a chest radiograph
examination. Anonymous data were analyzed with the
approval of the Ethical Review Committee of the Ministry
of Public Health, Thailand.

Sample size calculation

The sample size was estimated based on
an infinite population proportion using the formula
n = [(Z21 - (a/2))(p)(1-p)]/d2 where n = sample size;
Z21 — (a/2) = Z score (based on the confidence level);
p = population proportion and d = margin of error. The
proportion of latent tuberculosis infection among healthcare
workers from our previous report was around 20%?©. The
confidence level was taken as 95% and the margin of error
was 8%. The sample size was then calculated.

Blood collection and QFT-GIT and QFT-Plus
procedures

For IFN-y analysis, whole-blood samples were collected
in lithium heparin tubes, with testing conducted according
to the manufacturer’s protocol. Afterwards, exact amounts
of blood from the heparin tubes were transferred into a
set of QFT-GIT and QFT-Plus tubes. Blood samples were
incubated for at least 16 to 24h at 37 °C within 16h of
collection, and then immediately processed or stored at4 °C,
before performing the enzyme-linked immunosorbent assay
(ELISA) according to the manufacturer’s guidance. The
cutoff point of the IFN-y for positive and negative results
was 0.35 IU/ml after correcting for negative control as the
background in each test. Due to the QFT-Plus having two
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antigen tubes, TB-antigen 1 (TB1) and TB-antigen 2 (TB2),
the maximum of any two antigen tubes was considered for
the testing results. The results of both tests were interpreted
and reported as positive, negative, and indeterminate
according to the test instructions.

Data and statistical analyses

To assess test concordance, the results of the two tests
were compared with a 95% confidence interval (CI). Similar
analyses were performed to assess the intra-differences
between the TB1 and TB2 results of the QFT-Plus assay.
The agreement was analyzed according to the percentage
of concordant results and Cohen’s kappa coefficient (k).
Kappa values > 0.81 were considered to be very good,
0.61-0.80 good, 0.41-0.60 moderate, 0.21-0.40 fair, and
< 0.20 in poor agreement. All statistical analyses were
performed using VassarStats: Statistical Computation
Freeware (Vassar College, Poughkeepsie, NY, USA).

To access the recent TB infection, the CD8" T-cell
response was analyzed based on the difference between
IFN-y levels in TB1 and TB2 tubes. A difference of 0.6
IU/ml in IFN-y release by subtracting the TB1 from the
TB2 IFN-y levels was considered to be a true difference
and used to determine the CD8* T-cell response, indicating
recent TB infection'®2".

RESULTS
Results of QFT-GIT and QFT-Plus

QFT-GIT and QFT-Plus assays were completed on 102
subjects (calculated sample size = 97). No indeterminate
results were obtained. The overall LTBI positivity provided
by the two tests was 15/102 (14.71%). Of these, 11 (10.78%)
and 15 (14.71%) were positive by QFT-GIT and QFT-Plus,
respectively (Table 1). The scheme overview of QFT-GIT
and QFT-Plus results is shown in Figure 1. Of the 11 positive
results provided by both tests, 10 were QFT-Plus positive by
both TB1 and TB2, while one was positive by TB1 only. Of
the four QFT-GIT negative/QFT-Plus positive results, one
was QFT-Plus positive by both TB1 and TB2, while three
were QFT-Plus positive by TB2 only (Figure 1). Overall,

Table 1 - Qualitative comparison between QFT-GIT and QFT-Plus

the disagreement in the four samples (4/102) occurred in
the direction of QFT-GIT negative but QFT-Plus positive
(Figure 1, Table 1).

Intra-comparison of TB1 and TB2 in the QFT-Plus
assay

For the QFT-Plus results, a comparison was also
performed between TB1 and TB2. The positive rates of
QFT-Plus based on TB1 and TB2 were not equal. Of
all 15 QFT-Plus positive results, 12 were TB1 positive
and 14 were TB2 positive (Table 1). The concordance
of positive results for QFT-Plus in the intra-comparison
between TB1 and TB2 was 80.0% (12/15) and 93.33%
(14/15), respectively (Table 1). Therefore, the interpretation
outcomes based on the individual TB1 and TB2 were
slightly different (Table 1). Meanwhile, the positive rate
of TB2 (14/15) was likely to be higher than those of TB1
(12/15) and TB tubes (11/15).

Agreement analysis of QFT-GIT and QFT-Plus

The assessment of the agreement between the two tests
showed that the overall QFT-GIT results were similar to
those of QFT-Plus, resulting in an agreement of 96.08%
(95% CI; 89.69-98.74) and a Cohen’s kappa coefficient
(k) of 0.82 (Table 2). The results for QFT-Plus based on
either TB1 or TB2 compared to those of QFT-GIT also
showed high agreement at 99.02% (95% CI, 93.88-99.95)
and 95.10% (95% CI, 88.39-98.18) with k of 0.95 and
0.77, respectively. The intra-comparison between TB1 and
TB2 of QFT-Plus results also showed good concordance at
96.08% (Table 2).

Quantitative detecting results of QFT-GIT and QFT-
Plus

For the quantitative analysis, IFN-y levels of all subjects
were obtained, as displayed in the scatter plot (Figure 2).
The reference lines show the IFN-y cutoff point for
QFT-GIT and QFT-Plus at 0.35 pg/ml. The scatter plot
could show the difference in IFN-y release among both
tests. Table 3 displays the IFN-y levels in all 15 positive

QFT-Plus QFT-Plus TB1 QFT-Plus TB2
QFT-GIT /result (n) Positive (15) Negative (87) Positive (12) Negative (90) Positive (14) Negative (88)
Positive (11) 1 0 11 0 10 1
Negative (91) 4 87 1 90 4 87
Total (102) 15 87 12 90 14 88
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TB1 positive, TB2 positive
N=10(90.91%)

QFT-GIT positive QFT-Plus positive TB1 positive, TB2 negative

N =11 (10.78%) N =11 (100.0%) N=1(9.09%)

TB1 negative, TB2 positive
N =0 (0.00%)

Enrolled HCWs TB1 positive, TB2 positive

N=102 N =1(25.0%)
QFT-Plus positive TB1 positive, TB2 negative

N=4 (4.4%) N =0 (0.00%)
QFT-GIT negative TB1negative, TB2 positive

N =01 (89.22%) N =3 (75.0%)
QFT-Plus negative TB1 negative, TB2 negative

N =87 (95.6%) N =87 (100.0%)

Figure 1 - Schematic overview of QFT-GIT and QFT-Plus results.

Table 2 - Qualitative agreement between QFT-GIT and QFT-Plus

Comparison Agreement (%, 95% CI) Kappa (95% Cl)
QFT-GIT vs QFT-Plus 98/102 (96.08, 89.69-98.74) 0.82 (0.66-0.99)
QFT-GIT vs QFT-Plus TB1 101/102 (99.02, 93.88-99.95) 0.95 (0.86-1.00)
QFT-GIT vs QFT-Plus TB2 97/102 (95.10, 88.39-98.18) 0.77 (0.58-0.96)
QFT-Plus TB1 vs QFT-Plus TB2 98/102 (96.08, 89.69-98.74) 0.82 (0.66—-0.99)
2.8 :
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Figure 2 - Quantitative results of QFT-GIT and QFT-Plus results in healthcare workers. Scatter plots show quantitative results for
QFT-GIT versus QFT-Plus in healthcare workers. Discordances are shown in red (1 for TB1 and TB2, and 4 for TB2 only). The
dashed reference lines at 0.35 IU/ml are the assay cutoffs.

HCWs by QFT-GIT or QFT-Plus. The released IFN-y levels the borderline. All discrepant results exhibited TB2 positive

of the discordant results in four HCWs are underlined in for LTBI, and IFN-y levels in TB2 were all higher than
Table 3. Based on IFN-y levels, the difference occurred in those in the TB tube. One subject exhibited TB1 and TB2
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Table 3 - Individual data for quantitative results of positive QFT-GIT and/or QFT-Plus from healthcare workers

TB, IU/mI TB1, IU/ml

TB2, IU/ml

Subject N° (QFT-GIT) (QFT-Plus) TB-TB1, IU/ml (QFT-Plus) TB2-TB1, IU/ml
HCW1 0.82 0.76 0.06 0.52 -0.24
HCow2 0.18 0.16 0.02 0.57 0.41
HCW3 0.51 0.49 0.02 0.86 0.37
HCW4 4.82 2.53 2.29 2.04 -0.49
HCW5 5.21 1.72 3.49 1.73 0.01
HCW6 4.03 2.15 1.88 2.49 0.34
HCW7 1.90 1.38 0.52 2.14 0.76
HCws 0.85 0.68 0.17 0.96 0.28
HCW9 0.05 0.39 -0.34 0.39 0
HCW10 2.41 1.47 0.94 -1.38 -2.85
HCW11 0.77 0.42 0.35 0.56 0.14
HCW12 3.52 2.17 1.35 1.29 -0.88
HCW13 0.28 0.23 0.05 0.66 0.43
HCW14 -0.05 0.26 -0.31 0.46 0.2
HCW15 1.96 0.65 1.31 0.57 -0.08
Average 1.82 1.03 0.79 0.92 -0.11

The bold digits represent the values used for reporting the testing result; the underlined elements represent the discordant results

of QFT-GIT vs QF T-Plus.

positive (HCW9) and the remainder TB2 positive but TB1
negative (HCW2, 13, 14). The difference in IFN-y release
in TB2 minus TB1 was further determined.

The difference in IFN-y release in TB2 and TB1 tubes
(TB2-TB1)

The difference in IFN-y release in TB2 and TB1 tubes
(TB2-TB1) > 0.6 IU/ml was considered a true difference
and used to determine recent exposure to TB”'°. In this
study, only one HCW exhibited a true difference in TB1
positive/TB2 positive results (HCW7). No true difference
in the IFN-y levels between TB1 and TB2 was found among
the discrepant results (Table 3).

DISCUSSION

This study showed an overall good agreement between
the two tests during the screening process for TB infection
of HCWs in Thailand. The concordant results were similar
to previous studies conducted in low TB incidence and
high-income countries”'”-'®22_ The findings revealed high
agreement between the QFT-Plus and QFT-GIT results
at 96.08% (95% CI; 89.69-98.74) and k at 0.82 (95% CI,
0.66-0.99), ranging from 89.9%-96.0% for agreement with
the kappa values ranging from 0.80-0.91, as summarized
by Shafeque et al.'®. The data support the potential use
of QFT-Plus in the same format as QFT-GIT for LTBI

Rev Inst Med Trop Sao Paulo. 2023;65:¢13

testing in TB-endemic settings. Its utility would depend
on other factors such as availability, accessibility, and
appropriateness in each location.

QFT-Plus could detect more responders among infected
persons and provide greater positivity. It should be noted
that all discordant results were QFT-Plus positive but
QFT-GIT negative and were observed to be in the borderline
range. Another observation was that only one positive
subject had a true difference in IFN-y release, suggesting
a recent infection. However, this study could not show an
association with recent TB infection, as specific information
on TB exposure or risk factors and data on LTBI serial
testing were not available. It has recently been reported
that QFT-Plus cannot distinguish between recent and past
infections, suggesting that it should not be used for contact
tuberculosis tracing®. This might indicate the need for
further evidence. In addition, a lower level of IFN-y was
observed in the TB1 tubes when compared to TB tubes
based on the average values (Table 3). Since the TB tube
contained an additional antigen, TB7.7, the IFN-y release in
the TB tubes was likely higher than that of the TB1 tubes.
This observation was similar to those reported in previous
studies”?4%5, Furthermore, considering that TB1 exhibits a
CD4* T-cell reaction and TB2 poses both CD4* and CD8*
T-cell responses, the positive rate of the TB2 tube should
be higher than that of the TB1 tube. In this study, a higher
IFN-y release in TB2 tubes compared to TB1 tubes was
likely observed, in similarity to previous studies?*2°,
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It has been claimed that QFT-Plus exhibited greater
sensitivity in the detection of MTB infection than
QFT-GIT™. Due to no reference standard being available
for LTBI diagnosis, the sensitivity for detecting active
TB has been used as a surrogate reference for evaluating
diagnostic performance®. Previous studies have reported
QFT-Plus sensitivity of 82.5-91% and specificity of
84-98% for detecting active tuberculosis?®?426, while the
sensitivity of QFT-GIT for active TB diagnosis in Thailand
has been reported at 84.2%2’. Horne et al.*® documented
that the sensitivities of the two tests for detecting active TB
were not significantly different. Since patients with active
tuberculosis were not included in this study, the sensitivity
of QFT-Plus could not be determined.

The prevalence of LTBI in the study group of HCWs was
low (14.71%). This positive IGRA prevalence was lower
than that reported previously in other endemic countries
such as Vietnam (47%)?°, India (40%)°, Brazil (27%)*', and
even Thailand (18.8-20%)%%2. The low positive rate of LTBI
in the group under this study is probably a consequence of
effective TB prevention and control practices or the previous
annual check-up program resulting in the exclusion of
persons with long-term LTBI. Overall, screening for LTBI
in HCWs seems to be useful. According to the 2022 WHO
LTBI guidelines, TST and IGRAs, including QFT-Plus, are
valid for the detection of TB infection or LTBI*®. In each
setting, the use of QFT-Plus should be considered based on
cost and benefit to ensure that it would be able to fulfill the
clinical requirements and suit local conditions.

This study has some limitations, including the
enrollment of a small number of subjects. In addition, most
of the HCWs were nurses and nurse assistants and most
probably had previous TB contact both inside and outside
the hospital. Therefore, the results might not be applicable
to other groups of HCWs or settings with differences in
HCWs’ characteristics. Another limitation is that TST
has not been performed in the comparison. Despite the
limitations, the results could demonstrate a high agreement
between the two tests. This study is among a few others
carried out in TB-high-burden countries. The results support
the use of QFT-Plus in a similar way to QFT-GIT. The risk
of TB infection should be assessed individually and then
people at high-risk should be prioritized for IGRA or QFT
testing. This would provide insight into the effectiveness of
TB infection prevention and control measures in hospitals.

CONCLUSIONS
The agreement between QFT-Plus and QFT-GIT was

good (k= 0.82), suggesting that the use of QFT-Plus might
be similar to QFT-GIT and those in TB-low prevalence
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settings. Overall, the use of QFT-Plus in high TB-burden
countries might be appropriate for LTBI detection, with
special consideration for its use in each location.
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