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Abstract

Background and Aims: The reliability of interferon-gamma-release-assays (IGRASs)
for tuberculosis (TB) testing in coronavirus disease 2019 (COVID-19) patients is
unknown. This study aimed to systematically review the prevalence of indeterminate
TB-IGRA following SARS-CoV-2 infection or vaccination and to review associated
factors.

Methods: This systematic literature review was guided according to the PRISMA
guidelines by searching PubMed, Scopus, Web of Science, Clinicalkey, and Cochrane
Library. Studies reporting results of TB-IGRA tests (QuantiFERON [QFT]-TB,
T-SPOT.TB) in COVID-19 patients or vaccines were included. The random effects
model was used to assess the prevalence of indeterminate IGRA results.
Heterogeneity was evaluated using the T2 and 95% predictive interval.

Results: Of the 273 citations screened, 12 articles were included in the final analysis
including a total of 2107 patients. The overall pooled effect size proportion of
indeterminate QFT-TB results, estimated in eight studies using the QFT-TB Plus
assay, was 0.26 (95% Cl: 0.205-0.324, T? = 0.158). The mean true effect size was
0.26 (95% predictive interval: [0.110-0.500]). A subgroup analysis was not
undertaken due to the small number of studies. Indeterminate QFT-TB rates were
associated with COVID-19 severity, steroid treatment, inflammation-related
parameters, neutrophilia, and lymphopenia.

Conclusion: Indeterminate QFT-TB results in COVID-19 patients occur in almost
one-quarter of tests performed. Further studies are needed to assess associated

factors.
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1 | INTRODUCTION

According to the World Health Organization (WHO), latent tubercu-
losis (TB) infection (LTBI) affects about one-third of the world's
population.! Patients at a high risk of developing TB have to be
identified before prescribing corticosteroids or immunosuppressants.
This will enable effective preventative therapy and avoid the risk of a
TB outbreak.

The coronavirus disease 2019 (COVID-19) has affected over 757
million individuals worldwide, as reported by the WHO.? Cortico-
steroids and immunomodulatory drugs such as tocilizumab, an
interleukin [IL]-6 receptor antagonist, may be used in critically ill
patients with a risk of activation of LTBI. Conversely, TB is reported
to be associated with increased susceptibility to COVID-19, and
worse prognosis in patients with both diseases.®

Since LTBI is the most important source of new TB cases,* the
accurate diagnosis of LTBI is extremely important. Unlike active TB,
LTBI is clinically asymptomatic® with negative mycobacterial cul-
tures.>® Thus, the reliability of screening tests is a crucial determinant
in patient management. The diagnosis of LTBI relies mainly on
interferon-gamma (IFN-y) release after T-cell stimulation by specific
antigens. The immuno-diagnostic arsenal includes the tuberculin skin
test (TST) and IFN-y release assays (IGRAs), with the latter showing
greater specificity compared to TST.*” IGRAs measure the produc-
tion of IFN-y in response to stimulation with specific Mycobacterium
tuberculosis antigens (ESAT-6 and CFP-10) in peripheral blood
samples.® The results are compared to negative and positive control
(phytohaemagglutinin, PHA). Globally, a test is called “indeterminate”
and cannot be interpreted when there is a reaction in the presence of
negative control or when there is no reaction in the presence of
positive control.®

Several factors have been reported to be associated with IGRAs
indeterminate results including active inflammation, immunocompromis-
ing conditions, and administration of immunosuppressive drugs.’
Recently, there has been emerging data indicating an increase in
indeterminate IGRA results among patients with COVID-19.2°712 While
insights have been gained into the impact of the severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) on innate, humoral,
and cellular immune responses,13 the effects of aberrant immune
responses in COVID-19 on screening for LTBI remain unclear.

This meta-analysis aimed to assess the prevalence of
indeterminate TB-IGRA following SARS-CoV-2 infection or vaccina-
tion and to review associated factors.

2 | METHODS

This systematic review and meta-analysis were performed within the
guidelines of the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses 2020 (PRISMA) statement.* Ethical approval was
not required, since this research was a systematic review of published

articles.

Key points

e Coronavirus disease 2019 (COVID-19) is known to impact
the host's cellular immune response. The reliability of
interferon-gamma-release-assays (IGRAs) for tuberculosis
(TB) testing in context of COVID-19 is unknown.

e Physicians should take in account that indeterminate
QuantiFERON-TB results occur in 26% of COVID-19
patients. Associated factors with indeterminate results
include COVID-19 severity, mortality, corticosteroids
use, high levels of inflammation-related parameters,

neutrophilia, and lymphopenia.

2.1 | Data sources and search strategy

The following databases were screened for every article published until
November 21, 2022 without language restriction: Pubmed, Scopus
(containing the Embase database), Web of Science, Clinicalkey, and
Cochrane Library.

The search was implemented using the following combination of
terms: (“Latent Tuberculosis” OR “Tuberculin Test” [Mesh] OR
“Interferon-gamma Release Tests” [Mesh]) AND (“indeterminate”)
AND (“COVID-19" [Mesh] OR “SARS-CoV-2" [Mesh] OR “COVID-19
Vaccines” [Mesh] OR “ChAdOx1 nCoV-19" [Mesh] OR “pediatric
multisystem inflammatory disease, COVID-19 related” [Supple-
mentary Concept] OR “adult multisystem inflammatory disease,
COVID-19 related” [Supplementary Concept] OR “2019-nCoV
Vaccine mRNA-1273" [Mesh] OR “post-acute COVID-19 syndrome”
[Supplementary Concept] OR “BNT162 Vaccine” [Mesh] OR
“COVID-19 vaccine booster shot” [Supplementary Concept] OR
“Ad26COVS1” [Mesh] OR “Gam-COVID-Vac vaccine” [Supplemen-
tary Concept] OR “heterologous prime-boost COVID-19 vaccina-
tion” [Supplementary Concept]). A manual complementary search
using the commercial IGRA tests (“QFT-TB” OR “T-SPOT-TB") was
also performed. To maximize the search for other relevant studies,
we manually screened the references of the retrieved articles,

reviews, guidelines, and conferences.

2.2 | Eligibility criteria

The inclusion criteria were studies (1) case-control or cohort
studies including patients diagnosed with a SARS-CoV-2 infection
or vaccinated for COVID-19, (2) screened for LTBI by IGRA or
tuberculin tests, with (3) no restrictions regarding study country
or LTBI's incidence. We excluded case reports, reviews or
comments, guidelines, and studies that did not report their
detailed results of the tuberculin test or IGRA screening for LTBI
(including a statement about indeterminate test results or low

mitogen response).
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2.3 | Selection process

Two reviewers (B. T. A. and B. S. M.) screened independently each
record (title/abstract) to identify potentially relevant studies. When
both agreed that a citation met the eligibility criteria, each report
retrieved was individually reviewed in the full text to match the
inclusion and exclusion criteria by the same two investigators. If there
was a disagreement, the document was evaluated by a third

investigator (M. 1.) to reach a consensus.

2.4 | Data extraction

Two coauthors (M. S. and J. A) independently extracted the
studies' eligibility and data using a standardized procedure. Any
disagreement between data collectors was resolved by a third
investigator's assessment (M. l.). The following variables were
collected:

- Study and population: year of publication, study design, study
period, study location (country/region), ethical statement and
patient's consent, selection criteria, sample size, age, sex ratio,
concomitant use of steroid treatment, and other potential
immunocompromising conditions.

- Latent TB infection diagnosis: type of IGRA test performed,
definition, and number of positive/negative/indeterminate
results.

- SARS Cov-2 infection: diagnosis test performed, disease severity
(mild/moderate vs. severe/critical), outcomes, and biological data
including neutrophils, lymphocytes counts, and inflammation-
related parameters (C reactive protein [CRP], tumor necrosis
factor [TNF]-a, o-dimer, fibrinogen, ferritin, procalcitonin, and IL-6

levels...).

The authors confirm that the data supporting the findings of this
study are available within the article [and/or] its supplementary
materials.

2.5 | Study risk of bias assessment
Assessment of the quality of the selected studies was performed
independently by the two investigators (B. T. A. and B. S. M.). A third
investigator (M. |.) was consulted if there was a disagreement. The
Newcastle-Ottawa scale (NOS) was applied to evaluate the quality of
the included studies.*® Available from: https://www.ohri.ca/programs/
clinical_epidemiology/oxford.asp.

The NOS scale checklist contained three domains: selection of
study groups, comparability of groups, and ascertainment of
exposure in case-control studies or assessment of outcomes in

cohort studies. We considered a study to be of good quality if its

Open Access

NOS score was seven or more (out of a maximum possible score

of nine).

2.6 | Statistical analysis

The primary outcome was the prevalence of indeterminate IGRA results
among COVID-19 patients which was defined as the number of
indeterminate test results divided by the total number of valid test
results. We used the “Comprehensive Meta-Analysis Version 4” soft-
ware?® and the random-effects model for the analysis. The heterogeneity
of the true effect size was determined using the Q-test and the T2 The Q-
statistic serves as a test of the null hypothesis that all studies within
the analysis share a common effect size. If all studies were to possess the
same true effect size, the expected value of Q would be equivalent to the
degrees of freedom (the number of studies minus one).

The secondary outcome was to identify the associated factors
with an indeterminate IGRA test result in COVID-19 patients.

The Estmeansd package (https://github.com/stmcg/estmeansd)
was used for estimating the sample mean and standard deviation
from reported quantiles.

The significance level was set at 0.05. p Values below 0.05 were
considered significant.

3 | RESULTS

3.1 | Study selection

The search vyielded 273 citations in all databases. After removing
duplicate records and screening the titles and abstracts, 17 articles
were retained for a full-text assessment. Disagreements were
resolved through minor discussion and arbitration by the third
investigator. Based on the eligibility criteria, 12 studies were included
in the systematic review.'°"1217-25 The screening flowchart demon-
strated the study selection process in Figure 1. Studies characteristics
are detailed in Table 1.

Four studies were of good quality,
12,17,18

10.11.21.22 three studies were of

19,20,23-25

fair quality, and five studies were of poor quality.

3.2 | Epidemiological data

The 12 selected studies described 2107 patients with COVID-19 (63.4%
were male with an average mean age ranging from 47 to 68.6 years), and
141 healthcare workers who received two doses of COVID-19
vaccination. All studies were conducted between 2020 and 2022. Two
studies were performed in a high TB incidence country (India)??* 10
studies in intermediate/low TBC incidence countries (Italy,18'20'22'25
Spain,101923 United States,* Turkeylz), and Japan.17 The BCG vaccina-

tion was reported in two studies??* (80% and 48.2%, respectively).


https://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
https://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
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Identification of studies via databases ]
(5 )
Records identified from:
Pubmed (n= 220) Records removed before screening:
Web of Science (n= 18) g
Identification Clmlcalkey_(n=21) —»| Duplicate records removed
Scopus (n=13) - 62
Cochrane (n=1) (n=62)
Total N= 273
& 4
Y
G ™
Records screened B > Records excluded based on title
(n=211) (n=163)
A
Records screened )
(n=48) Records excluded based on abstract
Screening
Abstract not available (n=2)
Review/comments (n=7)
Not screening LTBI (n=18)
LTBI reactivation after SARS-CoV2 infection (n=4)
v
Reports retrieved for detailed Reports excluded:
~ evaluation R -Effect of LTBI on SARS-Cov2
(n=17) serology (n=1)
-COVID-19 follow-up in terms of IGRA
testing (n=3)
- No statement included about
indeterminate IGRA test results or low
mitogen response (n=1)
v
Studies included in the systematic
review (n=12)
Included

Studies included in the meta-analysis
(n=8)

FIGURE 1 Flow chart outlining the selection of articles included in the review. LTBI, latent tuberculosis infection.

3.3 | IGRAs results

3.3.1 | Type of IGRAs

All included studies used the QFT-TB test. The QFT-TB Plus kit was
used in 10/12 studies (83.3%) corresponding to 1993 patients
(94.6%),1071217-20222325 and the QFT-TB GIT kit in 2/12 studies
(16.6%) corresponding to 114 patients (5.4%).2%?* No data was retrieved
on TB-SPOT or tuberculin test. Only one study was retrieved on
COVID-19 vaccines in healthcare workers.'”

3.3.2 | Definition of indeterminate results of IGRAs

A definition of indeterminate results was mentioned in 8/12 studies
(66.6%).11:1217-2025 Ap indeterminate result was defined according

11,12,17,18,22,25

to the manufacturers' definition in six studies, and as

(Nil [baseline] >8.0 IU/mL) or [nil <8.0 IU/mL and mitogen-nil <0.5 IU/
mL] in two studies.'?2°

The term “low response to the mitogen” was used in two other
studies.'®?* Palacios-Gutiérrez et al. defined “a low IFN-y response

to PHA” as an IFN-y concentration 20.51U/mL and less than 50%
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below the average values and “a very low IFN-y response to PHA” for
an IFN-y concentration <0.51U/mL in the mitogen tube without

mentioning the term “indeterminate.”*°

3.3.3 | Prevalence of indeterminate QuantiFERON
results in COVID-19 patients

The prevalence of indeterminate QFT-TB results among COVID-19
patients was mentioned in nine studies and varied from 7.14% to
64.58% (Table 2)10-1218-2022.2325 o the meta-analysis, the
prevalence of indeterminate QFT-TB results was retrieved from
eight studies and ranged from 7.14% to 40.33%.10:1218-20.22.23.25 \p/e
excluded the study of Ward et al. from the metanalysis because the
prevalence of indeterminate QFT-TB results was not calculated
among all valid results (authors excluded patients with a positive
QFT-TB resulting in a high rate of indeterminate results [64.58%]).1!

The overall pooled effect size (equivalent to the pooled
proportion of indeterminate QFT-TB Plus results) was 0.26 (95%
confidence interval: 0.205-0.324, T?=0.158) for QFT-TB Plus. The
mean of true effect size was 0.26 (95% prediction interval: 0.11-0.5)
(Figure 2). The Q-value was 53,956 with 7 degrees of freedom and a
p-value < 0.001. A subgroup analysis was not undertaken due to the
small number of studies.

Indeterminate results were due to a lack of response in the
mitogen in five studies.1%11181924 Fiye other studies did not report
whether their indeterminate results were due to a low mitogen
response or an increased baseline response in the Nil
tube.1?20-22:23.25 Rajamanickam et al. reported a global increase in

baseline (nil tube).

TABLE 2

- Male sex (Cortes et al.*%; Imeneo et al.?%)
- Age >65 years (Imeneo et al.?°)

Epidemiological factors

Clinical factors

Open Access

Three studies reported an increase in the indeterminate QFT-test
rates during the COVID-19 pandemic compared to the pre-pandemic
period in the same regionlo’12 (from 1.4%, 8.7%, and 19.4% before the
pandemic to 4.2%, 15.5%, and 28.1%, respectively). The results of
indeterminate QFT results in COVID-19 patients and mean values of IFN-
y production for Nil, TB1, TB2, and mitogen tubes of the QFT assay were
summarized in Table 3. The delay between a positive SARS-CoV-2 test
and a QFT-TB test, mentioned in five studies, varied between 24 h and
30 days. 12182024 QFT-TB test was retested in patients with low/very

10,2324

low response to mitogen in three studies corresponding to 107

patients. The delay in obtaining an interpretable QFT-TB test result

ranged from 3 days to 8 weeks.02324

3.4 | Associated factors to indeterminate
QuantiFERON results

Additional information on immunocompromising factors potentially
influencing IGRA results was noted in seven studies.10-1218-2025 The
significantly-associated factors with indeterminate QFT-TB results in

each study were presented in Table 2.

3.4.1 | Clinical data

- Severity of COVID-19 disease: Nine studies with 1698 (80.6%)
COVID-19 patients provided information on the severity of the
COVID-19 disease 10-1218-2022-24 QFT_TB indeterminate results
in severe COVID-19 reported in four studies,*?*8-2° ranged from

26.5% to 52.5%. Nine studies with 1949 COVID-19 patients

Significant factors associated with an indeterminate QuantiFERON TB result or a low mitogen response in included papers.

- Comorbidities: patients with chronic kidney disease, lung disease, diabetes mellitus, transplant recipients including solid-

organ transplant (Cortes et al.*?), Charlson comorbidity index (Imeneo et al.?%).
- Steroid treatment before QFT testing (Solanich et al.¥?; Granozzi et al.'®)
(the longer the duration of corticosteroid therapy before the QFT testing, the higher the probability of having an

indeterminate result [Granozzi et al.®]).
- Immunosuppressive drugs (Ward et al.*%).

- Disease severity (Solanich et al.*?; Granozzi et al.*®).

- Need for intensive care unit (Cortes et al.'?; Granozzi et al.'®; Imeneo et al.2°).

- Mortality (Torre et al.?%; Solanich et al.*”; Ward et al.}%; Granozzi et al.'®; Imeneo et al.2°).
- Abnormal radiological findings (Palacios-Gutiérrez et al.*%).

Laboratory findings

- High neutrophils count (Ward et al.*%; Cortes et al.*?; Imeneo et al.?°).

- Low lymphocyte count (Torre et al.?%; Cortes et al.*?; Granozzi et al.'®; Imeneo et al.?).

- High neutrophil/lymphocyte ratio (Ward et al.; Imeneo et al.?%).

- High Inflammation-related parameters including LDH (Solanich et al.Y?; Cortes et al.*?; Granozzi et al.lg), ferritin (Cortes et alt%
Granozzi et al.'8; Imeneo et al.°), CRP (Cortes et al.'%; Imeneo et al.2°), D-dimer (Cortes et al.'?; Imeneo et al.2°), fibrinogen
(Cortes et al.*% Imeneo et al.?%), and IL-6 (Cortes et al.*?) levels.

- Low TNF-alpha level (Imeneo et al.?).

- Low T cells (CD3+) including low CD4+ and CD8+ cells count with high CD4/CD8 ratio (Imeneo et al.?°).
- Low NK cells (CD3- CD16+CD56+) (Imeneo et al.?°).

Abbreviations: CRP, C reactive protein; IL-6, interleukin 6; LDH, lactate dehydrogenase; NK, natural killer cells; QFT, QuantiFERON®; TNF, tumor necrosis

factor.
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Prevalence of indeterminate IGRA/Sample of COVID 19+

Study name Statistics for each study
Event Lower
rate limit
Petrone et al.2021 0,071 0,032
Gutiérrez et al.2022 0,178 0,112
Granozz et al. 2022 0,220 0,175
Imeneo et al.2022 0,221 0,184
Cortes et al. 2022 0,281 0,243
Solanich et al. 2021 0,354 0,265
Torre et al. 2020 0,364 0,314
Sanchez-Martinez et al. 2021 0,403 0,319
Pooled 0,260 0,205
Prediction Interval 0,260 0,110

Event rateand 95% CI

Upper
limit
0,150
0,271
0274
0,264

.
-.i
0,2

R
=
-

5

0322
0,454
0,417
0,494
0,324
0,500

Rl

0,00 ) 050 0,75 1,00

Meta Analycic

FIGURE 2 Prevalence of indeterminate QuantiFERON-TB test results in COVID-19 patients. COVID-19: coronavirus disease 2019; IGRA:

interferon-gamma-release-assays.

information on survival.10-1218-20.23-25

provided QFT-Plus
indeterminate results were associated with mortality in five stud-
jes,1118-20.25 3nd ranged from 32% to 64.7%.

- Immunosuppressive treatment.

Corticosteroid use before the QFT-assay was reported in seven stud-
jes,1011.18-202224 44 ranged from 13.7% to 81.9%. Steroid treatment
was a significant predictor factor for an indeterminate result or a
decreased response in mitogen in three studies.**®? |nterestingly,
three studies showed that even among patients who did not receive prior
corticosteroid therapy, a considerable proportion had an indeterminate
result (14.7% and 16.7%)'®'° or a significant decrease in mitogen
response on QFT assay.* Notably, COVID-19 patients had a significantly
low mitogen response compared to controls even when QFT results
were interpretable in three studies'®*?* (Table 3). Anti-IL-6 receptor
monoclonal antibodies (anti-IL-6-R) use was reported in two studies

19,20

studies with no significant association with indeterminate IGRA

test results.

3.4.2 | Biological data

Nine studies among 12 with 1975 (93.7%) COVID-19 patients

provided data about laboratory test results (Table 2).

- Inflammation-related parameters, assessed in six studies,101218-2024
were reported to be high in patients with indeterminate QFT-TB test
results including D-dimer,2>182° CRP22° |actate dehydrogenase
(LDH),*2182% procalcitonin,*? fibrinogen,'?2° ferritin,>182° neutro-
phils count,*1220 and |L-6.12

- Total lymphocyte count was assessed in 10 studies.!0-1218-22.24.25

There was a significant association between lymphopenia and

indeterminate QFT-TB results or a low response to mitogen in

seven studies.’%1218-202425 | ymphocyte count ranged from 640 to
1050 indeterminate QFT-TB
results,101218-202425 A high neutrophil/lymphocyte ratio (NLR) was

associated with indeterminate results in two studies.?*?° An increased

cells/uL in  patients  with

CD4/CD8 ratio and reduced T-cells counts were found to be
independent predictors of indeterminate QFT-TB test results in one
study.?°

Levels of pro and anti-inflammatory cytokines were assessed in
six studies corresponding to 1278 patients.}%1218-21 COVID-19 patients
exhibited high levels of proinflammatory cytokines (IFNy, IL-2, TNF-q, IL-
17A, IL-1B, IL-6, and IL-12).1*?' Cortes et al. found a significant
association between high IL-6 levels and indeterminate QFT-TB results*?
while IL-6 levels were similar between indeterminate and determinate
QFT-TB results in the study of Ward et al.'*

4 | DISCUSSION

SARS-CoV-2 has developed several mechanisms to alter the host's
immune response. Due to the potential impact of various immune
dysregulation factors on QFT-TB assay performance, the accuracy of
QFT-TB results in COVID-19 patients may also be compromised.
However, little is known regarding the reliability of QFT-TB testing in
COVID-19 patients.

The main finding of this work was the occurrence of
indeterminate QFT results in 26% of COVID-19 patients, suggesting
that nearly a quarter of performed QFT tests will not yield a
conclusive result mainly because of low mitogen response. Associ-
ated factors with QFT-TB indeterminate results included COVID-19
severity, mortality, corticosteroids use, high levels of inflammation-
related parameters (D-dimer, LDH, and fibrinogen) as well as the
presence of neutrophilia and lymphopenia.
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4.1 | Prevalence of indeterminate IGRAs results
The analysis of indeterminate IGRA results has often been over-
looked in the literature, with such results either being excluded from
prior systematic literature reviews or only included in limited
subgroup analyses.? Indeterminate rates of QFT-TB results among
COVID-19 patients seem to be high compared to rates reported in
other conditions. The estimated prevalence of indeterminate results
based on IGRAs tests (QFT/T-SPOT) using the random effects meta-
analysis varied between 4% in children and adolescents,?® 7% in HIV-
infected adults,?” and 9% (95% Cl: 8%-10%) in liver or renal
transplant candidates.?®

Two commercial IGRAs are currently available: the QFT-TB Gold
Plus assay and the T-SPOT.TB assay. In our study, only studies using
QFT assay were retrieved. Compared to the QFT-GIT, the QFT-Plus
contains two Mycobacterium-antigen tubes (TB1 and TB2) with
additional short peptides that elicit CD8 antigen-specific T-cell
responses in addition to CD4 responses. The latter test was designed
to enhance the identification of LTBI, particularly among immuno-
compromised patients.?’ In our study, the prevalence of
indeterminate QFT-TB results among COVID-19 patients was
assessed only in studies using QFT-TB-Plus assay. Besides, no
retrieved studies used TST or T-SPOT.TB.

42 |
results

Associated factors with indeterminate IGRAs

To optimize the use of IGRAs in clinical practice, it is important to
determine the factors that contribute to indeterminate results. The
current meta-analysis did not achieve a sufficient sample size to
identify the predictive factors of indeterminate QFT in COVID-19
patients. Therefore, associated factors with an indeterminate QFT-
TB, determined through a narrative review, included: COVID-19
severity, steroid treatment, inflammation-related parameters, neu-
trophilia, and lymphopenia.

Several immunocompromising conditions, such as HIV infec-
tion,3° advanced liver disease,' malnutrition, a low albumin

4 and corticosteroid use®3>3 have

level,®23% helminth infection,®
been reported to be associated with indeterminate IGRA results.
Since corticosteroids and other immunosuppressive therapies could
be prescribed in COVID-19 patients, it is plausible to speculate that
the elevated rates of indeterminate results may be related to their
use. However, it is worthwhile to mention that in our study, even in
patients who did not use immunosuppressive medications before
QFT-TB testing, 14.7%-16.7% had indeterminate results or a
significant decrease in mitogen response.’®? On the other hand,
our results showed that COVID-19 patients had a significantly low
mitogen response compared to controls even when QFT results were
interpretable. This may suggest the significant implication of SARS-
CoV-2 infection as a determining factor in such results.

Concerning the SARS-CoV-2 infection, most included studies
were conducted in hospitalized patients in the early inflammatory

phase of COVID-19. Patients in this phase exhibit high plasma levels
of proinflammatory cytokines (IL-1b, IL-2, IL-4, IL-7, MCP-1, GCSF,
MIP-1A, TNF-q, IFN-y, and IP-10).%” However, this “cytokine storm”
does not seem to affect the accuracy of the QFT-TB test since the
majority of the indeterminate results were caused by a low mitogen
response rather than a high concentration of IFN-y in the nil tube.
While impaired IFN-I/IIl signatures have been associated with a
chronic viral load and inflammatory disturbance with a worse COVID-

19 prognosis,>&~4°

there are contradictory findings regarding the role
of type Il interferons, such as IFN-y, in COVID-19. Several studies
have reported that elevated levels of IFN-y are associated with a
more severe disease outcome.®”*?41 Other researchers suggest that
COVID-19 may lead to lymphopenia and suppression of T-cell IFN-y
production.** IFN-y is known to promote the differentiation of
undifferentiated CD4-positive T helper cells into differentiated Thl
cells while inhibiting the differentiation of Th2 cells. The impaired
ability to produce IFN-y may have altered the development of an
effective Thl immune response. This could be supported by the fact
that decreased IFN-y responses or indeterminate results were
associated with COVID-19 severity parameters including mortality,
need for intensive care unit, elevated levels of inflammatory markers
(IL-6, CRP, procalcitonin, neutrophilia, LDH, ferritin, fibrinogen, and
D-dimer). We found that an indeterminate QFT-TB result or a low
response to mitogen was associated with lymphopenia. Similar to our
findings, lymphopenia was reported to be an independent factor
affecting indeterminate results of the QFT-TB assays in Korean
patients with rheumatic diseases.>® Reduced lymphocyte counts are
associated with higher rates of indeterminate IGRA results, likely due
to decreased production of IFN-y in response to mitogen stimulation.
Interestingly, we noticed that COVID-19 patients were lymphopenic
regardless of whether their QFT-TB results were interpretable or not.
This suggests that lymphopenia alone does not explain the
indeterminate results. A tendency toward an exhausted phenotype
of T lymphocytes expressing PD-1 was reported in COVID-19
patients.3742

Also, we found a correlation between neutrophilia and increased
NLR with indeterminate results. The NLR, an inflammatory marker, has

been linked to negative outcomes in patients with COVID-19,%%

44-46

inflammatory diseases, and tumors.*”*® It has been also identified

as an independent predictor for an indeterminate QFT result.*’

4.3 | Other diagnostic tests for assessing LTBI

We did not retrieve any study using TST or T-SPOT.TB. Compared to
the QFT-TB assay, a normalized number of peripheral blood
mononuclear cells is used in T-SPOT.TB. This was designed to
overcome immune deficiency induced by lymphopenia such as in HIV
patients.’® However, we speculate that the latter test may also be
affected in COVID-19 patients since lymphopenia alone does not
fully account for the high rates of indeterminate results in COVID-19
patients. As mentioned above, T lymphocytes of COVID-19 patients

have an exhausted phenotype with low IFN-y production.®?*2
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The diagnosis contribution of T-SPOT.TB and TST versus QFT-
TB to reduce the occurrence of indeterminate results in COVID-19

patients remained to be determined.

44 |
results

Impact of COVID-19 vaccines on IGRAs

It is recommended to perform TB testing using either TST or IGRA
regardless of the timing of COVID-19 vaccination.®® However, we
retrieved one study showing that COVID-19 vaccines affected
mostly nil and mitogen-nil values for more than 11 weeks.'” Further
studies assessing IGRAs after COVID-19 vaccines are needed to

establish reliable conclusions.

4.5 | Implications of the results for practice

To avoid indeterminate IGRA results in COVID-19 patients, timing
would be the key. Based on our results, a QFT-TB test could be
performed within 6-8 weeks of a SARS-CoV-2 positive test.2>%4

To the best of the authors' knowledge, this systematic review is
the first to examine the incidence of indeterminate QFT-TB results in
the context of SARS-CoV-2 infection or vaccination. Moreover, we
conducted a narrative review of the associated factors.

There are some limitations to our meta-analysis. First, our study
comprised observational studies resulting in low-level-evidence.>? The
pooled studies showed a marked heterogeneity, which may have affected
the accuracy of the estimated prevalence of indeterminate QFT in SARS-
CoV-2 patients. Several factors, such as non-randomized patient
selection, various patient screening techniques, and low quality in some
of the studies could have contributed to this heterogeneity. Besides,
studies were performed in countries with low and high TB burdens.
Analysis according to TB incidence and BCG vaccination was not
performed. Likewise, BCG vaccination status was not mentioned in all
studies. Additionally, the current study did not find any data on the use of
the T-SPOT.TB or TST tests in COVID-19 patients.

In conclusion, the systematic review and meta-analysis highlights
that there is a high prevalence of indeterminate QFT-TB results (26%)
in COVID-19 patients which may limit the clinical utility of the test in
this particular situation. Clinical and biological factors associated with
indeterminate results included disease severity, corticosteroid use
before the QFT assay, and increased inflammation-related parame-

ters including neutrophilia and lymphopenia.
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