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ABSTRACT Diagnosis of latent tuberculosis infection (LTBI) is considered key in the
control of tuberculosis. Interferon gamma (IFN-g) release assays, such as the
QuantiFERON-TB Gold Plus test (QFT-Plus), are now widely implemented for the in
vitro diagnosis of LTBI. To date, the detection and quantification of IFN-g has been
mostly performed with semiautomated enzyme-linked immunosorbent assays
(ELISAs), but several limitations currently exist. The study aims to evaluate the chemi-
luminescence immunoassay (CLIA) analyzer Liaison XL compared to ELISA for the
performance of the QFT-Plus test. Between February and April 2020, 333 heparin
blood samples from 323 adult patients were collected at a tertiary teaching hospital
in Barcelona, Spain. Overall, the CLIA analyzer Liaison XL performed well for the
detection of IFN-g compared to the ELISA method, demonstrating substantial agree-
ment (κ, 0.872) and great correlation between assays (r, .0.950). CLIA produced sig-
nificantly higher values of IFN-g IU per milliliter than the ELISA (P=0.004 for the TB1
tube and P=0.010 for the TB2 tube). Many discrepant cases (8/15, 53.3%) corre-
sponded to indeterminate results with ELISA (NIL-corrected mitogen value of
,0.5 IU/ml), which, when analyzed with the CLIA analyzer Liaison XL, reverted to in-
terpretable results. In conclusion, this analysis suggests that CLIA presents a greater
sensitivity for the identification of LTBI, especially among immunocompromised
patients. Furthermore, the analytical variability reported between both ELISA and
CLIA methods, especially around the standardized 0.35-IU/ml positivity threshold,
suggests the need to refine the interpretative algorithm.
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The identification and treatment of latent tuberculosis infection (LTBI) in individuals
at increased risk for the development of active disease is considered key in the con-

trol of tuberculosis in low-incidence tuberculosis settings (1, 2). The tuberculin skin test
(TST) traditionally has been used for the detection of LTBI cases, but several important
limitations currently exist (1). For that reason, interferon gamma (IFN-g) release assays
(IGRAs), such as the QuantiFERON-TB Gold Plus test (QFT-Plus; Qiagen, Hilden,
Germany), are now widely implemented in clinical laboratories for the in vitro diagnosis
of LTBI (3).

The QFT-Plus is based on the detection of IFN-g released by T-cell-mediated
immune response following in vitro stimulation of human whole blood by antigens
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specific to the Mycobacterium tuberculosis complex (4). These antigenic peptides con-
tained in TB1 and TB2 QFT-Plus tubes are designed to preferably elicit a CD4 response
and CD4 and CD8 T-cell responses, respectively, which presumably improve decision-
making in LTBI treatment (5, 6). To date, the detection and quantification of IFN-g has
been performed mostly with semiautomated enzyme-linked immunosorbent assays
(ELISAs). However, ELISAs require well-trained laboratory technicians, and they are not
fully optimized regarding the use of controls and calibrators. Recently, new chemilumi-
nescence immunoassays (CLIAs) have been developed for the implementation of QFT-
Plus test in laboratory routines (7–10), such as the novel CLIA system adapted on the
fully automated Liaison XL analyzer (DiaSorin, Saluggia, Italy) (8–10).

In this study, we evaluate the clinical and analytical performance of the CLIA ana-
lyzer Liaison XL compared to ELISA for the detection of IFN-g in the diagnosis of LTBI in
a low-incidence tuberculosis setting. Furthermore, a comprehensive analysis of dis-
crepant results between both methods was conducted to clinically assess the rele-
vance of these cases in the management of LTBI.

MATERIALS ANDMETHODS
Sample selection and laboratory procedures. Between February and April 2020, 333 heparin

blood samples from 323 adult patients were collected for the routine performance of the QFT-Plus test
at the Bellvitge University Hospital, a tertiary teaching hospital in L¨Hospitalet de Llobregat, Barcelona,
Spain. The study period corresponded to the onset of the COVID-19 pandemic in Spain, and 61 study
patients (18.9%) were infected with SARS-CoV-2. Since lymphopenia and other immunological devia-
tions are a key feature in COVID-19 disease (11), the study population may have represented a particular
challenge for the performance of the QFT-Plus test.

During the study period, specimens were prospectively and simultaneously analyzed using the QFT-
Plus ELISA (Qiagen, Hilden, Germany) on the DS2 automated platform (Dynex, Chantilly, VA) and the
Liaison XL instrument. Results were interpreted according to the manufacturer¨s criteria, with a positivity
threshold established at 0.35 IU/ml. Furthermore, borderline results were those with IFN-g values within
the equivocal range established between 0.20 and 0.70 IU/ml, in line with reports in other low-incidence
tuberculosis settings (12, 13).

Ethical approval for the study was obtained from the Bellvitge University Hospital-IDIBELL Ethics
Committee (approval number PR083/20).

Statistical analyses. Statistical analyses were performed using GraphPad Prism version 8.0.1
(GraphPad Software Inc., USA). The Cohen’s kappa statistic (κ) was used to evaluate the agreement
between both assays, and 95% confidence intervals (CI) were calculated by exact methods. The Mann-
Whitney test was used to assess differences in IFN-g quantification between methodologies, and differ-
ences with a P value of,0.05 were considered statistically significant. Level of correlation was expressed
with the Pearson correlation coefficient (r). Since both IFN-g quantification procedures, ELISA and CLIA,
cannot accurately determine IFN-g values of .10 IU/ml, 10 IU/ml was attributed in these cases by con-
vention as already adopted in other investigations (10, 14).

RESULTS

Qualitative results of the 333 study samples are displayed in Table 1. Overall, the
level of concordance between both assays was 95.5% (95% CI, 92.7% to 97.5%), with a
κ value of 0.872 (0.809 to 0.935). The analytical comparison of IFN-g levels, related to
TB1 and TB2 QFT-Plus tubes, is presented in Fig. 1. Overall, there was substantial corre-
lation between ELISA and CLIA methods for both TB1 and TB2 antigens (r, 0.959 and
0.958, respectively). Furthermore, CLIA yielded significantly higher values of IFN-g than
ELISA in both TB1 (P= 0.004) and TB2 (P=0.010) tubes, consistent with regression
slopes in both cases (1.264 and 1.263, respectively). When cases with IFN-g levels within

TABLE 1 Qualitative evaluation of the Liaison XL for the performance of the QuantiFERON-TB Gold Plus assay compared to ELISA resultsa

QFT CLIA result

QFT ELISA result
Level of concordance
[% (95% CI)] Kappa value (95% CI)Positive Indeterminate Negative

Positive 49 0 6 95.5 (92.7–97.5) 0.872 (0.809–0.935)
Indeterminate 0 14 1
Negative 0 8 255
aAbbreviations: CI, confidence interval; CLIA, chemiluminescence immunoassay; ELISA, enzyme-linked immunosorbent assay.
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the equivocal interval (defined as between 0.20 and 0.70 IU/ml) were analyzed, the cor-
relation obtained between methods was 0.906 for TB1 and 0.890 for TB2 (Fig. 2). CLIA
also provided significantly higher values of IFN-g than ELISA in both TB1 (P=0.003) and
TB2 (P=0.006) QFT-Plus tubes, again consistent with regression slopes in both cases
(1.335 and 1.484, respectively).

A comprehensive analysis of discrepant results is shown in Table 2. Eight of the
15 (53.3%) discrepant results corresponded to indeterminate results with ELISA (NIL-
corrected mitogen value, ,0.5 IU/ml), which, when analyzed with the CLIA analyzer
Liaison XL, reverted to interpretable analyses. Six of these 8 discrepancies (75.0%)
occurred in patients with COVID-19 disease. An exhaustive analysis of concordant inde-
terminate results with both IFN-g detection assays is also displayed in Table S1 in the
supplemental material.

On the other hand, one case (number 8) revealed a relevant disagreement between
both IGRA methods in a female patient with tuberculous pleurisy, being positive with
CLIA and negative, but borderline, with ELISA. Additionally, case number 3 presented
an important discrepancy, with an indeterminate result with CLIA caused by IFN-g val-
ues of .8.00 IU/ml in the NIL tube (9.07 IU/ml) but interpretable (negative) with ELISA
(NIL value of 7.58 IU/ml).

DISCUSSION

The CLIA analyzer Liaison XL performed well for the detection of IFN-g in QFT-Plus
test compared to the ELISA method, with substantial agreement between assays
(κ, 0.872). Furthermore, the quantitative analytical comparison indicated substantial
correlation between both assays. Nevertheless, as was already been reported (9, 10),
CLIA produced significantly higher values of IFN-g in IU per milliliter than the ELISA.

FIG 1 Quantitative comparison of TB1 (A) and TB2 (B) IFN-g levels in QuantiFERON-TB Gold Plus tests.
Regression lines for the NIL-subtracted antigen tubes are plotted. Abbreviations: IU, international
units; CLIA, chemiluminescence immunoassay; ELISA, enzyme-linked immunosorbent assay.

FIG 2 Quantitative comparison of TB1 (A) and TB2 (B) IFN-g levels in QuantiFERON-TB Gold Plus borderline
tests. The area colored in gray corresponds to the equivocal range between 0.20 and 0.70 IU/ml. The
dashed line indicates the standardized 0.35-IU/ml positivity cutoff. Regression lines for the NIL-subtracted
antigen tubes are plotted. Abbreviations: IU, international units; CLIA, chemiluminescence immunoassay;
ELISA, enzyme-linked immunosorbent assay.
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Previously suggested by Bisognin et al. (10), our study confirms that these differences
are not a matter of preanalytical variability but rather the intrinsic chemistry beyond
the chemiluminescence technology. Overall, this evaluation provides further evidence
regarding the comparable performance of chemiluminescence and ELISA for the
detection of IFN-g in the QFT-Plus test (7–10) and, specifically, with the Liaison XL ana-
lyzer (9, 10).

To our knowledge, this is the first study in which a detailed clinical and analytical
assessment of discrepant results has been conducted. With a low number of discrepancies,
most interestingly corresponded to indeterminate results with ELISA that, analyzed with
the CLIA analyzer Liaison XL, reverted to interpretable analyses. This indicates that CLIA is
a more powerful tool in the diagnosis of LTBI among immunocompromised patients and
in individuals with COVID-19 disease. As observed in this series, COVID-19-driven immune
disturbances have been suggested to significantly alter IGRA testing into indeterminate
results (15). Furthermore, a relevant disagreement between both IGRA methods occurred
in a female patient with tuberculous pleurisy, being positive with CLIA and negative, but
borderline, with ELISA. In accordance with the analytical results, this finding may represent
a greater sensitivity of the Liaison XL for the detection of IFN-g and the identification of tu-
berculosis infection. In this regard, in one case an indeterminate result with CLIA reverted
to an interpretable negative result with ELISA. This indeterminate CLIA result was caused
by an IFN-g value of 9.07 IU/ml in the NIL tube (of note, results of .8.00 IU/ml should not
be interpreted according to the manufacturer¨s criteria), which decreased up to 7.58 IU/ml
when utilizing the ELISA. This was a matter of preanalytical perturbances, excessive levels
of circulating IFN-g, or the presence of heterophile antibodies. The high IFN-g levels present
in the NIL tube makes “indeterminate” a more conservative and, likely, the most appropri-
ate result in this specific case. Nevertheless, the clinical relevance of these discrepancies
must be further elucidated.

The analytical variability of both ELISA and CLIA methods, especially around the
standardized 0.35-IU/ml positivity threshold that may lead to important qualitative dis-
crepancies, suggests the need to refine the interpretative algorithm (9, 10). This means
adjusting the positivity cutoff, currently established at 0.35 IU/ml according to the
manufacturer¨s criteria, and utilizing a standardized equivocal range for QFT-Plus
results, perhaps also depending on the clinical characteristics of the study population.
In the present study, borderline results were considered those with IFN-g values
between 0.20 and 0.70 IU/ml, in line with other authors (12, 13). Whether this range
needs to be revised remains controversial (9, 10).

On the other hand, apart from the analytical differences described, the Liaison XL
has some technical characteristics that require further discussion. First, the CLIA instru-
ment is fully automated, limiting variability, ensuring reproducibility, and significantly
reducing laboratory work. Moreover, since the analyzer does not work in batches (it is
based on a continuous-load system), it can be easily and efficiently implemented in
routine disregarding of variations in sample flow, which are frequent in clinical labora-
tories. In addition, the Liaison XL result turnaround time is less than 1 h. Compared
with ELISA-based instruments, this CLIA analyzer provides prompt results that are key
in the clinical management of tuberculosis-infected individuals. Finally, the optimiza-
tion in the use of controls and calibrators makes the Liaison XL potentially less expen-
sive than ELISA instruments for the performance of the QFT-Plus assay.

In conclusion, the CLIA analyzer Liaison XL performs well for the detection of IFN-g
in the clinical diagnosis of latent tuberculosis in our low-incidence tuberculosis set-
tings. Furthermore, the greater sensitivity of the Liaison XL for the detection of IFN-g
may decrease the rate of indeterminate results in QFT-Plus tests and, presumably, opti-
mize the diagnosis of LTBI in immunocompromised patients. Nevertheless, this analyti-
cal variability of both ELISA and CLIA methods, especially around the standardized
0.35-IU/ml positivity threshold, suggests the need to refine the interpretative
algorithm.
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