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Background:  The clinical and epidemiological implications of abnormal immune responses in COVID-19 for
latent tuberculosis infection (LTBI) screening are unclear.
Methods: We reviewed QuantiFERON TB Gold Plus (QFT-Plus) results (36,709 patients) from July 2016
until October 2021 in Asturias (Spain). We also studied a cohort of ninety hospitalized patients with sus-
pected/confirmed COVID-19 pneumonia and a group of elderly hospitalized patients with COVID-19 who
underwent serial QFT-Plus and immune profiling testing.
Results: The indeterminate QFT-Plus results rate went from 1.4% (July 2016 to November 2019) to 4.2%
during the COVID-19 pandemic. The evolution of the number of cases with low/very low interferon-gamma
(IFN-gamma) response in the mitogen tube paralleled the disease activity and number of deaths during the
pandemic waves in our region (from March 2020 to October 2021). The percentages of positive QFT-plus
patients did not significantly change before and during the pandemic (13.9% vs. 12.2%). Forty-nine patients
from the suspected/confirmed COVID-19 pneumonia cohort (54.4%) had low/very low IFN-gamma response
to mitogen, 22 of them (24.4%) had severe and critical pneumonia. None received immunosuppressants
prior to testing. Abnormal radiological findings (P = 0.01) but not COVID-19 severity was associated with low
mitogen response. Immune profiling showed a reduction of CD8 + T cells and a direct correlation between

the number of EMRA CD8 + T-ce
Conclusion: Low IFN-gamma re
which is associated with a low 

screening; however, this abnor
and its mortality.
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Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-
2) infection (COVID-19) has become a worldwide public health
emergency since its appearance in December 2019 1. Optimal treat-
ment for COVID-19 remains challenging but some progress has
been made 2. In severe COVID-19, the use of corticosteroids has
been associated with improvement in treatment outcomes. Other
immunosuppressive and biological agents have been used empir-
ically or in clinical trials for severe and critical COVID-19. The risk
of opportunistic infections and reactivation of tuberculosis (TB) in
patients undergoing these treatments remains unclear but some TB
cases have been reported 3–5. The use of Interferon gamma release
assays (IGRAs) has become a routine practice for screening and
diagnosis of latent tuberculosis infection (LTBI) in high-income and
low-TB incidence settings 6.

IGRAs measure the release of interferon gamma  (IFN-�) in
response to stimulation with specific M.  tuberculosis (Mtb) antigens
(i.e. ESAT-6 and CFP- 10) in peripheral blood samples. QuantiFERON
TB Gold PlusTM (QFT-Plus) is the latest version of ELISA-based IGRA
platform that contains two Mtb-antigen tubes that combined elic-
its both CD4 and CD8 antigen-specific T cell responses. This ex vivo
diagnostic platform includes a negative control tube and a positive
control tube (mitogen), the latter of which allows measuring IFN-�
release in blood in response to a non-specific lymphocyte activator
(i.e. phytohemagglutinin [PHA], a lectin, a type of glycoprotein).

The QFT-Plus assay is currently the most commonly utilized
IGRA test in Asturias, Spain. Since December of 2019, and espe-
cially in the winter and early spring of 2020, we  have observed
an unusual increase in the number of QFT-Plus test results with
low IFN-� responses in the mitogen control tube and indetermi-
nate QFT-Plus test results. This period coincides with the time of
the COVID-19 pandemic in our region in Spain (Asturias). In this
context, we hypothesized that this unprecedented increase in the
number of low IFN-� responses to PHA was related to an uniden-
tified biological effect of COVID-19 or its treatment. To investigate
further, we measured the frequency of this unusual IGRA testing
result and studied the potential factors associated with low IFN- �
responses to PHA. Specifically, we prospectively reviewed charts
and measured sequential PHA responses in blood T cell subsets
in a cohort of hospitalized patients with suspected or confirmed
COVID-19 pneumonia during the peak of the COVID-19 pandemic.

Methods

Study subjects and setting

We  conducted an observational study at the Hospital Univer-
sitario Central de Asturias (Oviedo, Spain) in the Principado de
Asturias, a region of northern Spain with a population of one mil-
lion inhabitants, and with a TB incidence rate of 10 cases per
100,000 population. A research ethics committee of the Principado
de Asturias approved this study, and all hospitalized patients in
the prospective part of the study signed an informed written con-
sent. In this region, all IGRA tests are centrally processed at the
referral Mycobacteria laboratory of the Hospital Universitario Cen-
tral de Asturias, which serves all 8 public hospitals in the region.
We  reviewed all testing results and ordering indications of all QFT-
Plus (from 36,709 patients) conducted in our referral laboratory
from July 2016 until October 2021. We  also reviewed all charts of

patients hospitalized in our referral center with clinical or radio-
logical evidence of pneumonia, and/or acute respiratory distress
for two weeks in March 2020, which coincided with the time of the
first COVID-19 epidemic wave in the Asturias region.
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ARS-CoV-2 diagnostic testing

For molecular COVID-19 diagnosis, we used a real-time reverse
ranscriptase-polymerase chain reaction (RT-PCR) directed to two
argets located in the ORF1ab and N regions of the SARS-CoV-2.
amples from the upper (nasopharyngeal swab) and/or lower (spu-
um or tracheobronchial aspirate) respiratory tract were analyzed.
he human beta-globin gene was  utilized as the internal control for
his RT-PCR assay.

For serologic diagnosis, a chemiluminescent immunoassay
CLIA) for the qualitative detection of IgM and IgG antibodies to
ARS-CoV-2 was  used (DiaSorin, LIAISON® SARS-CoV-2 IgM and
IAISON® SARS-CoV-2 S1/S2 IgG).

OVID-19 disease severity definition

For the hospitalized patient cohort, COVID-19 disease severity
as classified as either non-severe (mild to moderate) and severe

including critical) based on a modified version of the WHO  interim
uidance 7. Mild disease was defined as an uncomplicated upper
espiratory tract infection (URI) with potential non-specific symp-
oms (e.g. fatigue, fever, cough and others) that does not require
ospitalization. Moderate disease was  defined as the presence of

ower respiratory tract disease or pneumonia without respiratory
istress and/or the need for supplemental oxygen, without signs
f severe pneumonia. Severe disease was defined as severe lower
espiratory tract infection or pneumonia with fever plus any one of
he following: tachypnea (respiratory rate > 30 breaths per minute),
espiratory distress, or oxygen saturation less than 93% on room air,
r PaO2/FiO2 ratio < 300. Critical disease is defined as the need for
ntensive care unit admission or the presence of acute respiratory
istress syndrome (ARDS), sepsis, or septic shock 7.

GRA testing

In our region, the two  main indications for requesting IGRA
esting are TB contact-tracing and diagnosis of LTBI in immuno-
uppressed patients and/or candidates for biological therapies 8,9.

QFT-Plus was performed as recommended by the manufacturer
Qiagen GmbH, Hilden, Germany). A cut-off level of IFN-� ≥ 0.35
U/ml in TB1 (includes peptides ESAT-6 and CFP10 modified to stim-
late CD4 + T cells) and/or TB2 (includes peptides ESAT-6 and CFP10
odified to stimulate both CD4 + and CD8 + T cells) tubes and ≥ 25%

han nil tube (negative control) is interpreted as a positive Quan-
iFERON (QFT) test result. We  defined a low IFN-� response to PHA
n the QFT tests by an IFN-� concentration ≥ 0.50 IU/mL (minimum
evel required by the manufacturer for a valid IGRA result) in the

itogen tube (positive control, includes PHA to stimulate T cells)
nd less than 50% below the average values of the majority of sam-
les processed in the same batch. A very low IFN-� response to PHA
as defined by IFN-� concentration < 0.50 IU/mL in the mitogen

ube.

mmune phenotyping

Peripheral blood cells were surface-stained with anti-CD45-
ITC/CD16 + 56-RD1/CD19-ECD/CD3-PC5 (Beckman Coulter, Brea,
A, USA) to define lymphocyte subsets, and anti-CD45RA-FITC,
nti-CD8-PE, anti-CCR7-APC (Biolegend, San Diego, CA, USA) anti-
D3-ECD (Beckman Coulter), anti-CD4-PerCP (BD Bioscience, San

ose, CA, USA) to define differentiation degree of T lymphocytes.
ne hundred microliters of peripheral whole blood from volunteers

ere stained with different combinations of labeled monoclonal

ntibodies for 20 min  at room temperature. Samples were red-
lood lysed with FACS Lysing Solution (BD Biosciences), washed

n PBS, and analyzed using Kaluza software in a Navios cytome-
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Figure 1. Low IFN-� Response to Phytohemagglutinin (PHA) in QuantiFERON TB Gold Plus (QFT) Assays and COVID-19 Pandemic Evolution in the Principado de Asturias
(Spain) from Spring of 2020 to Autumn of 2021 (Source: ASTURSALUD (www.astursalud.es), Principado de Asturias). A) Figure shows IFN-� response to PHA measured in
the  mitogen tube of QFT assay in patients from January 2018 to October 2021 (27,480 patient-samples). Blue line: Patients with very low IFN-� response to PHA (IFN-�
concentration (minus nil) in mitogen tube < 0.5 IU/mL; QFT indeterminate result). Red line: Patients with low IFN-� response to PHA (IFN-� concentration (minus nil) ≥ 0.5
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IU/mL  in mitogen tube and less than 50% below the average values). Red and blue arr
relationship with the onset of the COVID-19 pandemic. Green line indicates % of pat
assays  performed per month from January 2018 to October 2021 (monthly average

ter (Beckman-Coulter, Brea, CA, USA). Appropriate isotype control
antibodies were used for marker settings.

Statistical analysis

Correlations between variables were assessed using the non-
parametric Spearman test. Analyses were performed using the
PASW Statistics 17.0 statistical software package (IBM SPSS, NY,
USA), and P-values of 0·05 or less were considered significant.

Results

QFT-Plus results over time during the COVID-19 pandemic
Since December 2019, we noted a significant increase in the
number of samples with low IFN-� responses to PHA in the mitogen
tube (positive control) of the QFT-Plus assay with peaks overlapped
with the COVID-19 epidemics waves registered in our region from
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ndicate the historically maximal rate (%) of low and very low response to PHA (%) in
with QFT-positive results. B) Figure shows distribution of the 27,480 QuantiFERON
2; range: 398-842).

arch 2020 to October2021. This affected both the rate of very
ow (<0.50 IU/mL) and low (>0.50 IU/mL and less than 50% below
he average values) IFN-� response to PHA which respectively had
ever exceeded from 3% and 5% in the past (Figure 1A). The rate
f indeterminate QFT-Plus results went from our historical average
f 1.4% (from July 1, 2016, to November 30, 2019 [out of a total
f 23,134 patients]) to 4.2% (from December 1, 2019, to October
1, 2021 [out of a total of 13,375 patients]). Specifically, 505 sam-
les yielded indeterminate QFT-Plus results in that time period.
here were no technical problems identified 10 or changes in test-
ng practices that could explain these unexpected results. Of note,
he number of QFT-Plus tests performed (Figure 1B) and patients
ith positive QFT-Plus results remained virtually unchanged before

March to November 2019) and during the pandemic (March 2020

o October 2021) (13.95% vs. 12.2%, respectively) (Figure 1A). The
orresponding graphics to COVID-19 deaths evolution and from
he number of patients with low IFN-gamma response to PHA in

itogen tube of QFT overlapped in time (Figure 2).

http://www.astursalud.es/
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Figure 2. Evolution Over time of COVID-19 Deaths and of Patients with Low IFN-ga
Plus  (QFT).

Analysis of hospitalized patients with suspected or confirmed
COVID-19 pneumonia

We  studied a cohort of 90 sequentially hospitalized patients
for two weeks in March 2020 (first epidemic wave) with sus-
pected COVID-19 (33 patients had clinical and/or radiological
evidence of pneumonia, or acute respiratory distress but with
negative RT-PCR for SARS-CoV-2 results) or confirmed COVID-19
(57 patients with positive RT-PCR for SARS-CoV-2 results). There
were 48 adult men  and 42 women, and the average age was 63.9
years old (range 28-89). According to the WHO  case definition, 68
patients (75.5%) presented mild/moderate disease (37 were RT-
PCR-positive for SARS-CoV-2) and 22 (24.4%) severe/critical disease
(20 were RT-PCR-positive test, P< 0.05). Underlying comorbidi-
ties included hypertension (23%), diabetes mellitus (11%), chronic
obstructive pulmonary disease (9%), ischemic heart disease (7%),
and asthma (6%). We  compared the clinical and laboratory char-
acteristics of two groups of patients in accordance with RT-PCR
SARS-CoV-2 results (Table 1). Statistical significant differences
were observed in the number of days since symptoms onset, lym-
phocyte count, alanine aminotransferase, lactate dehydrogenase,
and mitogen tube response (P < 0.05).

A total of 49 out of 90 patients (54.4%) showed low or very low
IFN-� response to PHA, including 16 with QFT-Plus indeterminate
results (due to very low IFN-� response to PHA) and another 33
patients who, although they met  the manufacturer criteria to vali-
date the QFT results as negative (N = 29) or positive (N = 4), showed
low IFN-� response to PHA. The age range was very similar in both
groups (17 and 32 patients vs. 17 and 24 patients, for < 65 years
old and elderly respectively). In Table 2, we compared both the RT-
PCR SARS-CoV-2 results and the response to PHA in the QFT assay.
Abnormal radiological findings but no disease severity or other lab-
oratory abnormalities showed statistical significance association
with low mitogen response in the QFT assay. No patients received

immunosuppressive drugs prior to the blood collections for the QFT
assay.

a
t
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 Response to Phytohemagglutinin (PHA) in Mitogen Tube of QuantiFERON TB Gold

mmune profiling in a subgroup of elderly patients with COVID-19
n the prospective cohort

We  studied seventeen elderly patients (fifteen of them lived
n the same nursing home) that were admitted to the hospital for
bservation after being diagnosed of COVID-19. Study subjects
nderwent serial blood testing for QFT and whole-blood immune
rofiling. We found that production of IFN-� in whole blood
timulated with PHA varied greatly in these COVID-19 patients.

e quantified the different lymphocyte subsets to attempt to
dentify cells associated with abnormal IFN-� response to PHA.
HA is a polyclonal activator of T-cells and thus, B and NK-cell
ounts were not related to IFN-� production. The number of
D4 + T-cells subsets also did not correlate with IFN-� response to
HA in these patients; however, the total number of CD8 + T-cells
howed an statistical significant correlation with IFN-� levels
rho = 0.491, P = 0.04) (Figure 3A). Then, we  analyzed functionally
ifferent populations of T-cells separated by using combinations
f cell surface markers CD45RA and the chemokine receptor CCR7.
sing these markers, we subdivided the T-cells into naïve (naïve,
D45RA + CCR7 + ), central memory (CM, CD45RA-CCR7 + ), effector
emory (EM, CD45RA-CCR7-), and effector memory RA (EMRA,

D45RA + CCR7-) from less to more differentiated T cell stages 11

Figure 3B). The analysis of the CD4 + T-cells subsets revealed no
tatistically significant correlations; however, the number of EMRA
D8 + T-cells also showed an statistical significant correlation with

FN-� response levels to PHA in whole blood of these patients with
OVID-19 and abnormal QFT-Plus results (rho = 0.540, P = 0.03).

Ten out of seventeen study patients had a follow-up QFT testing
nd immune profiling a week later (Table-3; Figure 3C). A sta-
istical significant positive correlation was  again observed with
MRA CD8 + T-cell counts and IFN-� response levels to PHA (data
ot shown). In those patients with more than 100 EMRA CD8  + T-
ells/�L (5 out 10), the increase or decrease in the levels of IFN-�

nd in this lymphocyte subpopulation occurred in the same direc-
ion. On the contrary, those patients with less than 100 cells/�L
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Table  1
Prospective Cohort, Patients Characteristics (N = 90).

Suspected COVID-19 pneumonia with
negative or indeterminate COVID-19
testinga

No. (%)

Laboratory-confirmed
COVID-19 pneumonia
No. (%)

P valuea,b

Demographic information
Total No. 33 57
Age,  Mean [SD] 59.5 [17.7] 66.5 [11.7] 0.05
Sex
Male  16 (48.5) 32 (56.1) 0.51
Female 17 (51.5) 25 (43.9)

Symptoms
Days since symptoms onset, Mean [SD] 5.81 [3.74] 7.17 [2.59] 0.04
Upper airways symptoms 23 (69.7) 49 (86.0) 0.12
Fever  20 (60.6) 45 (78.9) 0.20
Dyspnea 19 (57.6) 37 (64.9) 0.81
Syncope 3 (9.1) 2 (3.5) 0.34

Comorbidities
Hypertension 10 (30.3) 20 (35.1) 0.81
Diabetes Mellitus 10 (30.3) 8 (14.0) 0.06

Radiological findings
Normalc 6 (18.2) 6 (10.5)
Unilateral infiltrate 9 (27.3) 36 (63.2) < 0.01
Bilateral  infiltrate 18 (54.5) 15 (26.3)

Laboratory findings
Leucocyte counts

Mean [SD] 9440 [6450] 6330 [2690] 0.05
Missing 4 (12.1) 2 (3.5)

Lymphocyte count
Mean [SD] 2150 [2920] 1000 [652] 0.04
Missing 9 (27.3) 7 (12.3)

Aspartate aminotransferase, U/L (4·0 – 41·0)
Mean [SD] 98.7 [179] 49.5 [33.4] 0.94
Missing 24 (72.7) 35 (61.4)

Alanine aminotransferase, U/L (4·0  – 41·0)
Mean [SD] 61.6 [113] 56.5 [40.7] 0.04
Missing 9 (24.3) 9 (15.8)

Lactate dehydrogenase, U/L (40·0 – 480·0)
Mean [SD] 438 [202] 538 [232] 0.03
Missing 8 (24.2) 6 (10.5)

C-reactive protein, mg/L (0·0  – 5·0)
Mean [SD] 74.0 [59.1] 83.0 [73.5] 0.87
Missing 1 (3.0) 5 (8.8)

Procalcitonin, ng/mL (0·0  – 0·50)
Mean [SD] 0.727 [1.30] 0.244 [0.426] 0.31
Missing 22 (66.7) 36 (63.2)

Fibrinogen, mg/dL (150·0 – 600·0)
Mean [SD] 692 [59.2] 649 [136] 0.29
Missing 25 (75.8) 32 (56.1)

D-dimer, ng/mL (208·0 – 500·0)
Mean [SD] 1220 [1480] 989 [901] 0.94
Missing 10 (30.3) 10 (17.5)

Ferritin, ng/mL (30·0 – 400·0)
Mean [SD] 633 [621] 789 [578] 0.15
Missing 16 (48.5) 27 (47.4)

Treatmentd

HCQ 17 (51.5) 48 (84.2)
AZM 17 (51.5) 47 (82.4)
LPV/RTV 16 (48.4) 49 (85.9)
CRO 0 (0) 35 (61.4)
LFX 0 (0) 6 (10.5)
BMPr  0 (0) 12 (21.0)
IFN 0 (0) 5 (8.7)
TOZ  0 (0) 5 (8.7)

QFT  results in each tube, IU/mL
Nil tube

Mean [SD] 0.297 [0.754] 0.124 [0.106] 0.52
Tb1  tube

Mean [SD] 0.979 [2.25] 0.512 [1.26] 0.17

653
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Table  1 (Continued)

Suspected COVID-19 pneumonia with
negative or indeterminate COVID-19
testinga

No. (%)

Laboratory-confirmed
COVID-19 pneumonia
No. (%)

P valuea,b

Tb2 tube
Mean [SD] 0.985 [2.27] 0.557 [1.38] 0.81

Mitogen tube
Mean [SD] 5.04 [2.80] 3.35 [2.80] 0.03

Abbreviations: PHA, phytohemagglutinin; HCQ, hydroxychloroquine; AZM, azithromycin; LPV/RTV, lopinavir/ritonavir; CRO, ceftriaxone; LFX, levofloxacin; BMPr, bolus
6-methylprednisolone; IFN, interferon alpha-2b; TOZ, tocilizumab; QFT, QuantiFERONTM TB Gold Plus.

a Suspected COVID-19 pneumonia was based on clinical and/or radiological evidence of pneumonia, or acute respiratory distress but with negative or indeterminate
RT-PCR for SARS-CoV-2 results from respiratory specimens during the first peak of COVID-19 pandemic in Asturias (March 2020).

b P-value comparison between patients with negative/indeterminate vs. positive RT-PCR for SARS-CoV-2 results for both groups by the Fisher’s Exact test or r x c Exact
contingency, or by the Wilcoxon rank test when appropriate.

c Diagnosis by chest computed tomography (CT).
d Drug combination, one or more of the drugs listed were administered together.

Figure 3. Immunophenotyping of Lymphocytes and T Cell Subsets and IFN-� Level Responses to Phytohemagglutinin (PHA).
A)  Pearson correlations between lymphocyte subsets counts and IFN-� level responses to PHA in whole blood of patients with COVID-19 pneumonia, including statistical
significant correlations in CD8 T-cell counts and IFN-� level responses to PHA (lower right-side quadrant; P < 0.05). B) Statistical significant positive correlations in EMRA
CD8  T-cell counts and IFN-� level responses to PHA (lower right-side quadrant; P < 0.05). C) EMRA CD8 + T-cell Counts (solid line with triangles) and IFN-� Response Levels

e of Te
very l

fi
o
o
c
w
i

(IU/mL) to PHA (dashed line with squares) at Days 1 and 7 After Hospital Admittanc
Left,  5 patients with initial normal response to PHA at day 1 (four of them had low/
to  PHA at day 1 (three of them had normal response to PHA at day 7).

showed no recovery in either the number of cells or IFN-� response
levels to PHA (Figure 3C).

Discussion

Since December 2019, we observed an unprecedented increase

in the rate of low IFN-� responses to PHA in the QFT-Plus assay.
These abnormal immune response findings were especially pro-
nounced during the first four waves of the COVID-19 epidemic in
our region from March to May  2021 (Figure 1A), suggesting that the

F
r
r

654
n QFT-monitored Patients (named A to J). Their Clinical Evolution is Also Included.
ow response to PHA at day 7); Right, 5 patients with initial low/very low response

ndings were related to biologic effects of COVID-19. We  have also
bserved that this low mitogen response in the QFT assay is more
ften present in patients with confirmed COVID-19 pneumonia
ompared with patients with suspected COVID-19 pneumonia but
ith negative RT-PCR test for SARS-CoV-2 virus, further support-

ng the association between COVID-19 and low mitogen responses.

urther, subgroup analysis showed that the presence of chest x-
ay abnormalities were associated with abnormal QFT mitogen
esponse in our univariate analysis, again suggesting that the low
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Table  2
Prospective Cohort, PHA Responses in QFT by Radiological, COVID-19 Disease Severity, and Laboratory Abnormalities Accord to RT-PCR SARS-CoV-2 Results.

Number of patients
included

RT-PCR-SARS-CoV-2
results

PHA normal
response

PHA  low/very
low response

P valuec QFT-Positive

Chest radiograph
n = 90

Chest X-rays findings
of pneumonia
78/90

51 Positive
4 Indeterminate
23b Negative

19
1
15

32
3
8b

0.01d
6 (1 PHA normal, 5 PHA
low/very low)
1  (1 PHA normal)
2 (2 PHA normal)

Normal chest
radiograph
12/90

6 Positive
2 Indeterminate
4 Negative

1
2
3

5
0
1

0.11
1 (1 PHA low/very low)
0
1  (1 PHA normal)

COVID-19 disease
severity
n = 90

Mild/Moderate disease
68/90

37 Positive
6 Indeterminate
25 Negative

17
3
16

20
3
9

0.38
5 (1 PHA normal, 4 PHA
low/very low)
1  (1 PHA normal)
3 (1 PHA normal)

Severe/Critical disease
22/90

20 Positive
0 Indeterminate
2 Negative

4
0
0

16
0
2

1.00
2 (2 PHA low/very low)
0
0

Lymphocyte count
(109L)
n = 74

≥1.0
33/74

20 Positive
2 Indeterminate
11 Negative

11
0
5

9
2
6

0.48
2 (2 PHA low/very low)
0
1  (1 PHA normal)

<  1.0
41/74

31 Positive
2 Indeterminate
8 Negative

8
1
4

23
1
4

0.23
5 (1 PHA normal, 4 PHA
low/very low)
0
0

Ferritin
n  = 47

≥400 ng/mL
35/47

27 Positive
1 Indeterminate
7a Negative

7
0
4

20
1
3a

0.24
5 (1 PHA normal, 4 PHA
low/very low)
0
0

<  400 ng/mL
12/47

4 Positive
2 Indeterminate
6 Negative

4
0
4

0
2
2

0.09
0
0
2 (1 PHA normal, 1 PHA
low/very low)

D-dimer
n  = 70

≥1 ng/mL
25/70

19 Positive
0 Indeterminate
6a Negative

3
0
3

16
0
3a

0.12
5 (1 PHA normal, 4 PHA
low/very low)
0
1  (1 PHA normal)

<  1 ng/mL
45/70

28 Positive
3 Indeterminate
14a Negative

15
1
9

13
2
5a

0.63
2 (1 PHA normal, 1 PHA
low/very low)
0
0

Procalcitonin
n  = 32

≥0.5 ng/mL
4/32

2 Positive
0  Indeterminate
2 Negative

0
0
0

2
0
2

1.00
0
0
0

<  0.5 ng/mL
28/32

19 Positive
3 Indeterminate
6 Negative

6
2
3

13
1
3

0.51
3 (1 PHA normal, 2 PHA
low/very low)
0
1  (1 PHA normal)

Alanine
aminotransferase
n  = 72

≥40 U/L
35/72

26 Positive
1 Indeterminate
8 Negative

9
0
5

17
1
3

0.22
4 (1 PHA normal, 3 PHA
low/very low)
0
1  (1 PHA normal)

<  40 U/L
37/72

22 Positive
1 Indeterminate
14 Negative

10
0
8

12
1
6

0.61
3 (3 PHA low/very low)
1  (1 PHA normal)
1 (1 PHA normal)

Lactate dehydrogenase
n = 76

≥480 U/L
32/76

25 Positive
1 Indeterminate
6 Negative

5
0
0

20
1
6

0.62
4 (1 PHA normal, 3 PHA
low/very low)
0
0

<  480 U/L
44/76

26 Positive
3 Indeterminate
15 Negative

15
1
12

11
2
3

0.15
3 (3 PHA low/very low)
0
1  (1 PHA normal)

Abbreviations: PHA, phytohemagglutinin; QFT, QuantiFERON TB Gold Plus; PHA very low, very low IFN-gamma response to PHA when IFN-gamma concentration (minus Nil)
in  mitogen tube < 0.5 IU/mL; PHA low, low IFN-gamma response to PHA when IFN-gamma concentration (minus Nil) ≥ 0.5 IU/mL in mitogen tube and less than 50% below
the  average values; PHA normal, normal IFN-gamma response to PHA when IFN-gamma concentration (minus Nil) ≥ 0.5 IU/mL in mitogen tube and at least more than half
of  the average value.

a One patient with positive serum anti-SARS-CoV-2 IgG-IgM results.
b Two patients with positive serum anti-SARS-CoV-2 IgG-IgM results.
c P value for comparison of clinical, radiological or laboratory findings between group with normal vs. low-response to PHA in QFT assay in patients with confirmed

COVID-19 pneumonia diagnosis (i.e. positive RT-PCR and/or serum anti-SARS-CoV-2 IgG-IgM results) and patients with negative or indeterminate RT-PCR SARS-CoV-2 test
results  by the r x c Exact contigency test.

d P = 0.01 for comparison of frequency of abnormal chest X-ray findings between group with normal vs. low-response to PHA in QFT assay in patients with both suspected
and  confirmed COVID-19 pneumonia diagnosis by the r x c Exact contingency test.
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Table 3
Clinical Data From 10 (named A to J) Patients* With Follow-up QuantiFERON TB Gold Plus During COVID-19 Pandemic.

Patient
ID

Symptoms  at
disease  onset

Chest
X-rays
findings

Gender  Age  Comorbidity  PO2  sat.
%

Flu-
vaccine

RT-PCR
SARS-
CoV-2

PHA  response
Day  1
Day  3
Day  7

Leucocytes
Day  1
-
Day  7

Lympho-
cytes
Day  1
-
Day  7

QFT  D-
dimer

LDH  Ferritin  Procalci-
tonin

ALT  Treatment

A  Asymptomatic  Basal  right
infiltrate

Female  83  UTIs  92  yes  Pos  7.61  Normal  5590  960  Pos  3524  199  180  0.06  21  HCQ

2.65 Low  -  -  AZM
2.67 Low  3340  360

B Abdominal
pain

Bilateral
infiltrate

Female  76  Diabetes  97  yes  Pos  6.97  Normal  4210  900  Neg  1033  260  733  0.05  24  Non-
specific
treatment

HTN 2.95  Low -  -
Psoriasis 1.97  Low  4010  840
CRF

C Myalgia  Bilateral
infiltrate

Male  56  None  93  yes  Pos  5.61  Normal  2650  270  Neg  228  N  578  0.08  19  HCQ

Fever 1.04  Low  -  -  AZM
0.69 Very  Low  5230  430  LPV/RTV

D Fever  Basal  left
infiltrate

Female  91  Atrial
fibrillation
arrhythmia

98  yes  Pos  5.31  Normal  5930  1260  Neg  5583  N  198  0.08  7  HCQ

Osteoporosis 5.66  Normal  -  -  AZM
4.33 Normal  7620  1420

E Asymptomatic  Bilateral
infiltrate

Female  85  Diabetes  type
2

97 yes  Pos  4.51  Normal  2840  810  Pos  269  227  529  0.1  21  HCQ

HTN 2.98  Low -  -
CRF 1.04  Very  Low  3520  680
Basal cell
carcinoma

F Dyspnea  Bilateral
infiltrate

Male  86  Prostate
cancer

95  yes  Neg  3.68  Low  4530  1380  Neg  3274  345  223  0.07  18  HCQ

Ictus (IgM/
IgG
pos)

2.98  Low -  -  LPV/RTV

CRF 0.30  Very  Low  7180  1610  CRO
HTN

G Asymptomatic  Bilateral
infiltrate

Female  91  Ischemic  car-
diomyophaty

95  yes  Pos  3.28  Low  4120  1860  Pos  547  326  NR  0.09  14  HCQ

Ovarian
cancer

0.18 Very  Low  -  -  LFX

7.87 Normal  9380  1910
H Cough  Bilateral

infiltrate
Female  74  HTN  98  yes  Pos  2.93  Low  5370  1350  Neg  6367  211  122  0.04  13  HCQ

Primary
hypothy-
roidism

5.75 Normal -  -  AZM

8.12 Normal  6390  2060  LPV/RTV
I Asymptomatic  Rx  normal

findigns
Female  81  Diabetes  type

2
95 yes  Pos  0.83  Low  7600  1100  Neg  6327  408  0.06  17  HCQ

HTN 4.53  Normal  -  -  AZM
8.15 Normal  5400  1470

J Asymptomatic  Bilateral
infiltrate

Male  71  HTN  100  yes  Pos  0.07  Very  Low  5350  1830  Pos  2524  169  838  0.42  15  HCQ

Hyperuricemia 0.19  Very  Low  -  -  AZM
Biliary
cirrhosis
Ischemic car-
diomyophaty

0.14  Very  Low  5260  1220

Abbreviations: Rx, chest X-rays; HTN, hypertension; CRF, chronic renal failure; UTIs, urinary tract infections; PHA, phytohemagglutinin; QFT, QuantiFERON TB Gold Plus; LDH, lactate dehydrogenase; ALT, alanine aminotransferase;
Pos,  positive; Neg, negative; N, normal; HCQ, hydroxychloroquine; AZM, azithromycin; LPV/RTV, lopinavir/ritonavir; CRO, ceftriaxone.

* Nine of them lived in the same nursing home and were admitted to the hospital for observation after being diagnosed of COVID-19.
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as well as by the high degree of vaccination coverage in our region.
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IFN-� responses to PHA were associated with true COVID-19 pneu-
monia.

Other studies have also reported a similar increase frequency
of low IFN-� response to mitogen and indeterminate QFT results
in hospitalized patients with COVID-19, including patients with
severe and critical COVID-19 and hyperinflammatory syndrome
12,13. Interestingly, indeterminate QFT results were more frequent
among COVID patients who died during hospitalization in a retro-
spective study from Spain (29.1% vs. 64.7%) 13, but these abnormal
QFT results were not associated with increased mortality in a study
from the United States 12. However, these studies did not adjust
these survival analyses to other known factors associated with
increased mortality in COVID-19, including older age, male sex, and
various comorbidities 14.

Reduced IFN-� responses to PHA stimulation are common
in certain clinical scenarios. Most often, they are observed in
immunosuppressed patients, both those with underlying immun-
odeficiency and those on immunosuppressive treatments 15,16.
Importantly, none of the patients in our cohort received immuno-
suppressive drugs for the treatment of COVID-19 prior to
undergoing IGRA testing. Specific immune dysfunctions are also
well-established to increase the rate of indeterminate IGRA tests,
including the low CD4 counts of HIV and the T cell exhaustion
exhibited among critically-ill patients and patients with active
lupus erythematosus 17,18. However, in our study, patients with
low IFN- � responses did not have reduced CD4 counts, and we
did not find an association between severity of COVID-19 and
low mitogen response, which argues against T-cell exhaustion.
However, T-cell exhaustion and complex immune activation are
common in patients with COVID-19 pneumonia, and we cannot
exclude these pathophysiological factors playing a role 19. In addi-
tion, in patients with inflammatory bowel disease, low serum
albumin, lymphopenia, and corticosteroid therapy have been asso-
ciated with increased odds to have indeterminate IGRA results
with low mitogen response in a multivariate analysis 20. In our
study, we did not analyze serum albumin levels but the presence
of lymphopenia had a trend towards statically significant asso-
ciation with a low mitogen response in the QFT assay. Another
study with critical COVID-19 patients found no direct associa-
tion between lymphopenia, inflammatory markers, or severity of
COVID-19 with QFT indeterminate results 12; however, some of
those critically-ill COVID-19 patients received immunosuppressive
treatments, which was not a cofounder in our study. Occasionally,
indeterminate response can be seen related to technical prob-
lems inherent to the assay variability of any immunodiagnostic
test (pre-analytical, analytical and post-analytical phases). How-
ever, we were unable to identify any analytical laboratory factor or
patient-related immunosuppressive factors to explain these study
laboratory findings.

In our prospective study cohort with T cell immune profiling
data, a reduction in total CD8 T cell counts and differentiated CD8
EMRA T-cell subset were statistically associated with the observed
reduction in IFN-� responses to PHA stimulation in the QFT-Plus
assay. Lymphopenia with preferential peripheral blood CD8 + T-cell
reduction has been described in COVID-19, but the mechanism
of the observed frequent reduction in IFN-� responses to PHA
activation in the QFT-Plus assay is not entirely clear 21. Recent
reports suggest the presence of T cell and NK cell dysfunction and
exhaustion phenotypes associated with a hyperactivation immune
state during COVID-19. This phenomenon is suggested by overex-
pression of CD69, a marker of activation, and TIM-3 on NK, CD4 and
CD8 T cells. TIM-3 is a negative regulator of immune cell function
and its ligands induces T and NK cell exhaustion in viral infections

22. Along these lines, another study showed that a small subset
of critically-ill COVID-19 patients with indeterminate QFT results
had increased IL-10 levels and reduced Th1-related cytokine
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evels, which the authors suggest a relationship with Th2 immune
esponses in this setting. However, recent immune profiling data in
atients with COVID-19 pneumonia showed not only increase Th2
esponse can be observed but also a global immune and inflamma-
ory activation process that includes complex immunoregulatory

echanisms and T-cell exhaustion that can affect Th1-immune
esponse, including IFN-� responses to activating factors 19.
n addition, there is CD8 T cell dysfunction in elderly patients

ith COVID-19, and EMRA CD8 + T-cell subsets also display a
enescence-associated secretory phenotype that may  contribute
o age-related inflammation in COVID-19 23,24. Interestingly, there
as  a trend towards an older age in the study group with low
itogen response in the QFT compared with the group with normal
itogen response in our study (Table 1). In this context, there

re increasing numbers of reported cases of COVID-19 and TB co-
nfection 25,26. In fact, there is also a concern that viral infections,
ncluding COVID-19, could have a pathophysiologic effect on TB
rogression and TB reactivation in LTBI 27–30. However, the clinical

mplications of these abnormal CD8 + T cell responses associated
ith COVID-19 for other infections, including potential for TB

eactivation in the future, are unclear at this time of the pandemic.
Importantly, some experts suggested that the use of IGRA to

creen for TB infections in patients with severe COVID-19 has
imited value11,31. Our study results show the overall number of
atients with a positive QFT result remained unchanged before
nd during the pandemic (13.95% vs. 12.2%, respectively). We  also
id not find there any significant difference in rates of “positive”
esponse to the QFT Mtb  specific antigens in those patients with
ow/very low PHA response in the mitogen tube before and dur-
ng the pandemic (6.2% vs. 7.9%; and 1.3% vs. 2.1%; for low and
ery low response to PHA, respectively). Moreover, some of our
ospitalized COVID-19 patients showed “positive” Mtb  antigen-
pecific responses (≥0.35 IU/mL) despite transiently or persistent
ow response to mitogen in repeat QFT testing (Table 3). Overall,
ur results suggest considering repeating QFT testing in 3-7 days
n patients with COVID-19 pneumonia with risk factors for Mtb
nfection, particularly in those patients with “positive” Mtb  specific
ntigen response.

Of note, the first confirmed COVID-19 case in Spain was  offi-
ially reported in February 2020 but we observed an unexpected
igh rate of abnormal QFT mitogen response since December 2019

n our study. If our hypothesis holds true, our study laboratory find-
ngs also suggest that the COVID-19 epidemic may have started
arlier in our region (Figure 1 A). This study finding also suggests
hat monitoring the rate of low mitogen response in the QFT-Plus
ssay can be utilized as an epidemiological screening tool for early
etection of COVID-19 epidemics that could trigger more specific
esting of suspected cases and undiagnosed patients with pneumo-
ia in the community. The complexity (logistics and cost) inherent
o a mass COVID-19 screening strategy is unquestionable. In our
egion, the results observed (at least with regard to the evolution
f the number of deaths due to COVID-19 and the temporal cor-
elation with the different pandemic waves) were, surprisingly,
dentical to those registered with about 2 million diagnostic tests
erformed for COVID-19 between March 2020 and October 2021,
ompared to 12,837 QFT assays (mean 642 test/month). Moreover,
n contrast with previous epidemic waves, during the fifth wave, the
umber of cases with RT-PCR SARS-CoV-2 positive increased in our
egion, while severe cases and mortality were significantly reduced,
nd also the number of patients with low IFN-gamma response
o PHA in the mitogen tube. This situation could be explained
ecause in most cases were young people with mild symptoms,
e think that these findings support the hypothesis of a poten-
ial population-based marker of COVID-19-related mortality but
dditional studies would be needed to determine if this marker is
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sensitive and specific for early detection and prediction of COVID-
19-related mortality at the population based level.

Our study has some potential limitations, including the observa-
tional nature of the study design and the relatively limited number
of hospitalized patients studied in the cohort part of the study. A
small number of subjects can lead to suboptimal power to differen-
tiate true differences in the study subgroups. Multiple comparison
analysis can also increase the risk of false discovery rates. However,
we believe that our study cohort was representative of patients
suspected of and confirmed COVID-19 pneumonia in our region
during the first peak of the pandemic given the referral nature of
our laboratory and hospital services. Our study also has several
strengths, including the centralized nature of our laboratory ser-
vices that allow us to capture the high frequency of QFT testing
utilization and LTBI screening results in our entire region during
the pandemic. In addition, our study benefited from the excellent
epidemiological tracking of COVID-19 cases and their laboratory
results in our region in Spain. In addition, the prospective nature of
our multifactorial and immune profiling investigations is another
important strength of our study.

In conclusion, our study findings suggest that low IFN-�
responses in the mitogen control tube of the QFT-Plus assay often
occur in COVID-9 pneumonia, which can be utilized as a surveil-
lance tool to track the COVID-19 pandemic waves. These abnormal
QFT-Plus results were likely related to a suboptimal number and
response of a subset of differentiated CD8 T cells to PHA associ-
ated with SARS-CoV-2 infections. The clinical implications of these
abnormal immune responses in COVID-19 for other infections,
including the potential for an increase in TB reactivation rates in
the future, are unclear at this time of the pandemic. However,
this abnormal mitogen response does not seem to affect the IFN-�
response to specific Mtb  antigens in COVID-19 patients, and thus,
we propose to revisit and redefine the QFT-Plus indeterminate test
results criteria in this setting.
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