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Abstract

The pathogenesis of COVID-19 involves both humoral and cellular immunological responses, with cell-mediated immu-
nity being discussed as the primary and most effective immune response to viral infection. It is supposed that COVID-19
vaccines also elicited effective cell immune response, and specifically IFNy secreted by SARS-CoV-2-specific T-helper 1
and Tcytotoxic cells. Using an interferon-gamma release assay (IGRA) test, we aimed to monitor cellular post-vaccination
immunity in healthy subjects vaccinated with BNT162b2 mRNA COVID-19 vaccine (Comirnaty). We tested 37 healthcare
workers (mean age 54.3 years, range 28—72, 22 females, 15 males) following COVID-19 mRNA COVID-19 vaccine and 15
healthy unvaccinated native persons as control subjects using QuantiFERON SARS-CoV-2 RUO test, performed approxi-
mately 1 month after vaccination. We also measured virus-neutralizing antibodies. Thirty-one out of 37 tested subjects had
significantly raised levels of SARS-CoV-2 specific IFNy against SARS-CoV-2 Agl and Ag2 1 month following COVID-19
vaccination. In addition, we found a significant difference between the IFNy levels in fully vaccinated subjects and the con-
trol group (p <0.01).We also found a substantial correlation (r=0.9; p <0.01) between virus-neutralizing antibodies titers
and IFNy concentrations released by T cells. We believe that IGRA tests are an excellent tool to assess the development of a
post-vaccination immune response when immunized against SARS-CoV-2. However, IGRA-based tests should be performed
within a few weeks following vaccination. Therefore, we can speculate that the application of these tests to assess long-term
immune response is debatable.
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Introduction

The newly emerged SARS-CoV-2 virus is known for its
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impacts the disease's progression and prognosis, especially
in patients with chronic diseases, including inflammatory
and autoimmune [3, 4].

However, many concerns existed regarding the efficacy
and safety of the novel COVID-19 vaccines, stepped in phase
III clinical trials, especially in patients with autoimmune and
inflammatory rheumatic diseases [5]. As a result, the first
COVID-19 vaccine approved for emergency use by the US
FDA on December 11, 2020, and by the EMA on December
21, 2020, is the mRNA-based vaccine Comirnaty developed
in collaboration between Pfizer and BioNTech. Accordingly,
the FDA and the EMA immediately authorized the Moderna
COVID-19 vaccine for use on December 18, 2020, and Janu-
ary 06, 2020. Both vaccines use a single-stranded mRNA
coding for the spike protein of the SARS-CoV-2.

There is a widespread misconception that the mechanism
of action of the mRNA vaccines is new and unexplored;
however, this is far from the case. As early as 1990, the first
article was published describing immunization with mRNA
in mice, which leads to intracellular translation of a pro-
tein. In 1992, the same process was demonstrated in rats
[6]. Experiments in mice with mRNA vaccines encoding
proteins of various viruses were published in 1993, 2012
(influenza virus), 2016 (rabies virus), 2013, 2016 (HIV),
and 2017 (Zika virus). In pigs, such experiments were pub-
lished in 2016 (rabies virus) and macaques in 2017 (Zika
virus). The first clinical trials on the efficacy and safety
of mRNA vaccines against the Zika virus were conducted
in 101 healthy volunteers in 2017 [6].The same year, the
results of a clinical trial examining the use of mRNA vac-
cines encoding influenza virus proteins in 23 participants
were published. In 2018, the FDA and EMA approved the
first Onpattro (Patisiran) mRNA vaccine for the treatment
of Transthyretin-Related Familial Amyloid Polyneuropathy
(TTR-FAP) in adults [6].

In 2020, Comirnaty was tested in a clinical trial involving
40,000 people, with a breakthrough (infection 2 weeks after
the second dose) found in 8 people. Thus determines more
than 95% efficiency [7].

The principle of action of the Comirnaty vaccine impli-
cates the administration of non-infectious non-replicating
mRNA. Understanding the mechanisms of action of COVID-
19 vaccines would help clinitians, especially immunologists
and rheumatologists, in their practice. Moreover, investigat-
ing the elicited immune response, mainly cellular immune
response, could be of practical benefit to measure the effec-
tiveness of mRNA vaccines.

The mRNA molecule contains a 5’ cap, untranslated
regions (UTR) before and after the genuine coding sequence,
and a poly(A) tail at the 3’ end of the single strand. The
mRNA carries a transcript encoding the Spike (S) protein
of the SARS-CoV-2 virus [7]. As with all mRNA vaccines,
this transcript encodes the corresponding protein using the
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myocyte translation apparatus [6, 7]. mRNA got packaged in
lipid nanoparticles (LPN), which degrade in endosomes, and
thus mRNA is released and enters the cytoplasm [8]. How-
ever, it is essential to note that mRNA is not retained in the
cytoplasm and does not enter the nucleus due to the exposi-
tion of RNase, which degrades it within a few days [7].

Meanwhile, in ribosomal complexes, mRNA translates,
resulting in the formation of the S protein. The myocyte pre-
sents it on its surface along with the HLA-I molecule. Cyto-
toxic T (Tc) cells attack the corresponding complex. Tc cells
secrete IFNy and act cytotoxic on the myocyte, allowing
the S-protein to enter the extracellular space (Fig. 1).Intra-
muscular administration of mRNA/LNP results in a local
inflammatory response in the muscle and the regional lymph
nodes. Antigen-presenting cells (APCs) are involved, among
which dendritic cells (DCs) play a significant role. They
absorb the S protein and present it together with HLA-II,
leading to recognition by T helper cells [9]. Thus, it targets
both Th2 cells secreting IL-4 and mediating the activation
of the humoral immune response, as well as Th1 cells secret-
ing IFNy and determining the cellular immune response.
Along with attracting APC, mRNA/LNP has a strong effect
on the innate immune system. Genes encoding the synthesis
of IL-1p, MyD88, as well as gene complexes responsible for
lipid uptake (LDLR), their processing (CTSL), and load-
ing (TAP-2) are activated [9]. The mRNA itself is a typical
pathogen-associated molecular pattern (PAMP) and acti-
vates endosomal (TLR-7) and cytoplasmic sensors (RIG-1)
[6] (Fig. 1). However, we have to mention also that methylp-
seudouridine supports the linear structure of vaccine mRNA
and thus, reduces immunogeneicity of vaccine because of
TLR7 and RIG-1 [10].

The main effect of their activation is enhanced syn-
thesis of type I interferons (IFNs-I). IFN-I activates the
genes responsible for synthesizing Mx proteins and the
chemokines CXCL-10 and CXCL-11 [9]. IFN-I also acts on
DCs. They mature and express high levels of HLA-II and the
costimulatory molecules CD80, CD86, all of which are asso-
ciated with their ability to present both HLA-I and HLA-II
molecules [6]. Moreover, under the influence of IFNs-I, the
unique ability of DCs to cross-present is enhanced, allow-
ing the antigenic presentation of the exogenous S peptide by
HLA-I on Tc lymphocytes [9].

Intramuscular administration of mRNA/LNP leads to
long-term production of the target protein, which determines
the effective interaction in the germinal centers of the lymph
nodes between T and B lymphocytes [6]. Tc cells and Thl
cells play a crucial role in the immune response after immu-
nization with mRNA vaccines. While Th1 lymphocytes got
primed upon presentation of the S protein by DCs, Tc cells
got activated by cross-presentation by DCs and by recogniz-
ing the S protein expressed by myocytes (Fig. 1). All this
allows us to try to answer the question “do I have cellular
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Fig. 1 Antigen-specific immune response after vaccination to SARS-
COV-2. After intramuscular vaccination, mRNA/LNP(lipid nano-
particles) enters myocytes. There, LNPs are degrading to release the
mRNA. It enters the endoplasmic reticulum, leading to translation of
the mRNA molecule by the ribosomes and generation of the SARS-
CoV-2 spike protein. It has the fate of an endogenous antigen that
is bound to the HLA-I molecule and presented on the cell surface.
Recognition of Tcytotoxic(CD8 + Tc) cells leads to cytotoxic destruc-
tion of myocytes. A certain amount of the produced spike protein is
secreted outside the myocytes. Spike protein enters the extracellular
space. It is absorbed by dendritic cells (DCs) and acts as an exoge-

immune protection” by examining the levels of specifically
secreted IFNy by these types of Thl and Tc cells. There-
fore, using an interferon-gamma release assay (IGRA) test,
the present study aimed to monitor cellular postvaccination
immunity in healthy subjects vaccinated with Comirnaty in
January/February 2021.

Methods
Study groups
We tested 37 healthcare workers at University Hospital

“XXX” (mean age 54.3 years, range 28-72, 22 females,
15 males) following COVID-19 vaccination with

nous antigen, presented to T-helper 1 and T-helper 2 (CD4 +) cells.
Myocyte mRNA activates interferon types I (IFN-I), which enhances
the ability of DCs to cross-present exogenous HLA-I epitopes at Tc
cells. We have to mention also that methylpseudouridine supports the
linear structure of vaccine mRNA and thus, reduces immunogeneicity
of vaccine because of TLR7 and RIG-1 [10]. Thick green arrows—
proceed; green dot arrow—secretion; blue arrow—influence/help.
APC antigen-presenting cell, TLR toll-like receptor, HLA human leu-
kocyte antigen, /FNy interferon-gamma, Thl T helper cell 1, Th2 T
helper cell 2, RIG I retinoic acid-inducible gene I, /FN-I interferon-
gamma type one

Pfizer-BioNTech COVID-19 vaccine to investigate cell-
mediated immune (CMI) response due to vaccination. In
addition, we tested 15 healthy unvaccinated native persons
as control subjects. The subjects received their vaccine
in the period January/February 2021. The QuantiFERON
SARS-CoV-2 RUO test was performed in April/March
2021, approximately 1 month after vaccination.

All subjects signed informed consent for inclusion
in the study. The study design and protocol were con-
ducted following the Declaration of Helsinki, previously
approved by the Ethics Committee of the University Hos-
pital “St. Ivan Rilski” (Ethics Approval Protocol Number
02/15.02.2021).

No sensitivity data were collected in our study.
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Methods

We used the QuantiFERON SARS-CoV-2 Blood Collection
Tubes and QuantiFERON ELISA intended for Research Use
Only (RUO) and not for diagnostic use. Diagnostic perfor-
mances have not been established yet.

Principle of the method

The QuantiFERON SARS-CoV-2 RUO solution is an origi-
nal combination of blood collection tubes containing innova-
tive specific peptides formulated to stimulate lymphocytes
in heparinized whole blood involved in cell-mediated immu-
nity. Plasma from the stimulated samples can then be used
for detection of IFNy using a simple ELISA.

We chose Control Set Blood Collection Tubes (QFN
SARS Control BCTs), Cat No 626015, comprising
QuantiFERON® Nil and QuantiFERON Mitogen BCTs
intended to be used as negative and positive controls in
conjunction with Starter Set Blood Collection Tubes (QFN
SARS-CoV-2 BCTs), Cat No 626115, comprising two Anti-
gen tubes, SARS-CoV-2 Agl and SARS-CoV-2 Ag2 using a
combination of Spike protein peptides stimulating CD4 and
CDS8 T lymphocytes; and QuantiFERON ELISA (QFN) for
detection of IFNy in plasma by enzyme-linked immunosorb-
ent assay (ELISA), Cat No 626410 to perform our study.

Procedure of the test

The QuantiFERON SARS-CoV-2 Starter Set (QFN SARS-
CoV-2) Blood Collection Tubes uses a combination of anti-
gens specific to SARS-CoV-2 to stimulate lymphocytes in
heparinized whole blood involved in cell-mediated immu-
nity. Plasma from the stimulated samples was used for the
detection of IFNy. Detection was measured using QuantiF-
ERON ELISA. The QFN SARS-CoV-2 Blood Collection
Tubes are not for use in diagnostic procedures.

The QuantiFERON ELISA (QFN ELISA) is a microplate
coated with specific material for a human plasma sample
(reported in International Units per ml; IU/ml). Analysis of
results was performed using the QuantiFERON R&D Analy-
sis Software (RUO), Version 5.3.0

Cut-off value

Cut-off values have not been yet established, and research is
ongoing. However, early data generated in independent stud-
ies (reference) suggest a cut-off between 0.15 and 0.2 IU/ml
for both Agl and Ag?2 tubes (Nil subtracted).

Virus-neutralizing antibodies in subjects were measured
by Alinity i (Abbott, U.S.A.), CMIA (Chemiluminescent
Microparticle Immuno Assay)—SARS-CoV-2 IgG II Quant
assay. Values above 50 AU/ml are positive.

@ Springer

Statistical analysis

Statistical analysis of raw data was performed with Graph-
Pad PRISM version 6 and RStudio. We used descriptive
statistics, Mann—Whitney, ANOVA, correlation analysis.
p <0.05 was considered significant.

Data collection was performed by the study’s investiga-
tors according to the hospital's policies and good clinical
practice. To avoid any potential sources of bias, data were
collected and coded uniformly, taking into account and
avoiding all sources of potential bias.

Results

Thirty-one out of 37 tested subjects had significantly
raised levels of SARS-CoV-2 specific IFNy in Agl and
Ag2 tubes (Nil subtracted) 1 month following COVID-
19 vaccination. Only six subjects (three men and three
women) had a cut-off lower than 0.15 IU/ml for both Agl
and Ag?2 tubes (Table 1). In the control group, all 15 sub-
jects had in their serum SARS-CoV-2 specific IFNy lower
than 0.15 IU/ml for both Agl and Ag2 tubes.

We found a significant difference between the IFNy
levels in fully vaccinated subjects and the control group
(Fig. 2A). The Mean + SD and Median, Min—-Max for the
specific IFNysecretion, expressed in IU/ml, is also shown
in Table 1.

Figure 2B presents the differences in IFNy levels in the
negative control tube, Agl tube, Ag2 tube, and the mitogenic
control tube for all vaccinated subjects enrolled in the study
using a scatter plot. In addition, ascatter plot displaying the
correlation (r=0.9, p<0.01) between virus-neutralizing
antibodies and IFNy differences measured by the QuantiF-
ERON SARS-CoV-2 RUO test is shown in Fig. 2C.

Discussion

The present study examined T cell immunity 1 month after
receiving the Comirnaty vaccine in healthy individuals
(healthcare professionals, particularly). We designed our
study this way because we took into account the kinetics
of the immune response. Firstly followed the recommen-
dations of the manufacturer stated that the Spike protein-
specific CD4 + and CD8 + Lymphocytes reach their peak
levels 14 days following the second BNT162b2 mRNA
COVID-19 vaccineand also we set a 1-month time limit to
decrease the data variability. Also we took and extrapolated
the previous finding made by Stephens and colleagues, that
SARS-CoV-2 activates T cells in the first week of infection,
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Table 1 Mean + SD and Median, Min—-Max for the specific IFNy, IU/ml secretion of all 37 tested vaccinated subjects

Patient no.  Negative control tube (IFNy. IU/ml)  Agl tube (IFNy. IU/ml)  Ag2 tube (IFNy. IU/ml)  Mitogenic contol tube (IFNy IU/ml)
1. 0.01 2.54 3.03 10
2. 0 0.02 0.03 9.31
3. 0 0.62 1.29 10
4. 0 0.6 1.04 9.82
5. 0.08 0.73 1.21 10
6. 0.99 1.82 1.53 9.81
7. 0 0.42 0.99 10
8. 0.05 0.97 1.23 9.8
9. 0.01 3.12 3.44 10
10. 0 0.14 0.24 9.45
11. 0 0.14 0.28 9.65
12. 0 0.11 0.17 10
13. 0.02 0.22 0.18 9.52
14. 0.04 0.39 1.46 10
15. 0.18 1.82 1.88 10
16. 0 0.46 0.54 10
17. 0.03 0.18 0.31 10
18. 0.01 2.71 2.61 10
19. 0.01 0.38 0.53 10
20. 0 0.4 0.43 10
21. 0.02 0.19 0.11 10
22. 0.03 0.19 0.25 10
23. 0.06 0.03 0.05 9.69
24. 0.01 0.03 0.02 10
25. 0.1 0.73 1.15 10
26. 0.04 1.45 2.16 10
27. 0.01 2.38 2.02 10
28. 0.02 0.15 0.51 9.11
29. 0.03 0.45 0.33 10
30. 0.14 0.07 0.23 7.35
31. 0.01 0.12 0.17 7.93
32. 0 3.16 5.39 8.21
33. 0 0 0.02 8.48
34. 0.67 1.51 2.71 8.15
35. 0 0.1 0.1 8.59
36. 0.04 0.09 0.04 8.18
37. 0 0.92 2.32 9.18
Total Mean +SD=0.07+0.19 Mean+SD=0.8+0.94 Mean+SD=1.1+1.21 Mean+SD=9.5+0.74
Total Median, Min—-Max =0.01; 0-0.99 Median=0.4; 0-3.16 Median=0.53; 0.2-5.39 Median=9.51; 7.35-10

and virus-specific memory CD4 + cells and CD8 +T cells
reportedly peak within 2 weeks [11].

The subjects included in the study are predominantly
rheumatologists and clinical immunologists from one of
Bulgaria's leading university hospitals. From one point of
view, they wished to check if they had a good level of protec-
tion against SARS-CoV-2 infection and reassure themselves
that it is safe to meet their patients in person and provide
them with the best quality health service. Along with that,

the specialists could advise their patients strongly to get
vaccinated for COVID-19, relying not only on the present
evidence-based data but on their own experience concern-
ing the postvaccine T-cellular immunity directed towards
SARS-CoV-2.

The durability of this type of immunity has been the sub-
ject of much speculation and outright conspiracy theories [7,
12]. According to the literature, after suffering COVID-19,
the development of immunity is observed for at least 1 year

@ Springer
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Fig. 2 Differences in SARS-CoV-2-specific IFNy levels between the
native control group compared to the vaccinated group for both Agl
and Ag2 tubes of the QuantiFERON SARS-CoV-2 RUO test (A);
Scatter plots demonstrating the IFNy levels in the negative control

[13]. Therefore, it would be logical to achieve similar results
after vaccination. Our data show that 6 out of 37 subjects did
not show T cell immunity in peripheral blood. At the same
time, none of these individuals became ill with COVID-19.
We believe that the lack of cellular immune response in the
peripheral blood in these individuals is related to several
main factors.

First, we assumed that the cut-off value level of SARS-
CoV-2 specific IFN-y was 0.15-0.2 IU/ml. This value is still
based on empirical observations [14] and cannot be consid-
ered definitive. It means that the validation of the kit is still
in progress, and the cut-off value could be lower, turning
some of the negative values into positive ones. The second
factor is related to the time of the study. We obtained our
results in a study conducted 1 month after the COVID-19
vaccination. Another study of 20 healthcare workers who
received the Comirnaty vaccine with the same test showed
that all the participants developed a cellular immune
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tube, Agl tube, Ag2 tube, and the mitogenic Contol tube for all vac-
cinated subjects enrolled in the study(B); Scatter plot displaying the
correlation between antibodies and IFNy differences measured by the
QuantiFERON SARS-CoV-2 RUO test (C)

response [15]. However, these results are based on a study
performed in the days immediately following vaccination.
The third factor is related to the second and focuses on the T
cell immune response location. According to a recent study,
7 days after immunization with Comirnaty, plasmablasts
with antigenic specificity against Spike protein's receptor-
binding domain (RBD) were detected in the blood. They
increase progressively until the third week, after which they
begin to decrease.

On the other hand, the same type of plasmablasts are
found in the germinal centers of the axial lymph nodes at
least 15 weeks after vaccination, and their number does not
decrease [16]. Similarly, antigen-specific T cells secreting
IFNY should be observed in the blood shortly after the anti-
genic stimulus and then localized primarily in the lymph
nodes (Fig. 3). Of course, these cells perform "patrolling"
functions, periodically leaving the lymph nodes and enter-
ing the bloodstream. However, in our opinion, there is no
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sor vaccine, and sometime after acquiring immunity, immune cells
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in the blood. Over time, specific memory cells got localized in the
lymph nodes. Regularly, some of them “patrol” in the peripheral

guarantee that the test would be performed at this very
moment to register them. Therefore, in the absence of an
antigen stimulus, there is the likelihood that the IGRA test
could not capture these cells (Fig. 3). It is essential to con-
sider all these peculiarities of the immune response to avoid
speculations such as “vaccines do not work™.

In our opinion, the detection of antigen-specific T cells
secreting IFNy in the blood provides definite certainty for
the presence of a cellular immune response. Therefore, if
the secretion of IFNYy is in large quantities, we could specu-
late that there will be a recent encounter with SARS-CoV-2.
However, we still can not interpret the test in cases with no
cellular immune response in the peripheral blood. The major
limitation of our study is the sample size. Additionally, we
tested our subjects one moth after vaccination, thus, we can-
not provide full information on what the IFNg levels would
be on 3rd, 6th or 12th month after vaccination. However,
we belive that limitations of the study are not fatal to draw
our hypothesis and they are opportunities to inform future
research.

To sum up, based on our results, studies from other study
groups and the current knowledge of the immune responses
against viruses and SARS-CoV-2 particularly, we believe that
IGRA tests are an excellent tool to assess the development of
a post-vaccination immune response when immunized against
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blood. SARS-CoV-2-specific T cells can be found again abundantly
in the peripheral blood upon a new encounter with the virusor after
revaccination. In the red quadrant—SARS-CoV-2-specific memory T
cytotoxic cells that secrete IFNy are the cells that can be found by
IGRA-based SARS-CoV-2 test in a relatively small time window
after virus or vaccine re-challenge

SARS-CoV-2. Still, IGRA-based tests should be performed
within a few weeks following vaccination. We can speculate
that the application of these tests to assess long-term immune
response is debatable.
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