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ABSTRACT

Nowadays, data concerning the risk of autoimmune disease after SARS-CoV-2 (COVID-19) vaccination is
controversial. The aim of this single centre prospective follow-up study was to evaluate whether
healthcare workers (HCWSs) vaccinated with BNT162b2 mRNA and mRNA-1273 will show a development
and/or a persistence of autoantibodies, focussing on the detection of antibodies against nuclear antigens
(antinuclear antibodies, ANA). We enrolled 155 HCWs, however only 108 of them received the third dose
and were considered for further analysis. Blood samples were collected before vaccine inoculation (T0),
at 3 (T1) and 12months (T2) after the first dose. All samples were analysed for the presence of a) ANA
using indirect Immunofluorescence [IIF] (dilutions of 1:80, 1:160. 1:320 and 1:640), and anti-smooth
muscle antibodies (ASMA); b) anti-myeloperoxidase (anti-MPO), anti-proteinase 3 (anti-PR3) and
anti-citrullinated peptide antibodies (aCCP) [FEIA]; ¢) anti-phospholipid antibodies (anticardiolipin [aCL],
anti-beta-2- glycoprotein | [anti-B3-2GPI] (Chemiluminescence). Line-blot technology was performed using
the following kit: EUROLINE ANA profile 3 plus DFS70 (IgG). Our research suggests that mRNA based
anti-SARSCoV-2 vaccines can induce the production of de novo ANA in 22/77(28,57%) of subjects and
that the percentage of positivity seems to be directly correlated to the number of vaccine expositions:
6/77 (7,79%) after 2 doses; 16/77 (20,78%) after 3 doses. Since it is known that hyperstimulation of the
immune system could lead to autoimmunity, these preliminary results seem to further sustain the idea
that the hyperstimulation of the immune system might lead to an autoinflammatory mechanism and
eventually to autoimmune disorders. However, the link between SARS-CoV-2 vaccination and the
development of autoimmune diseases needs to be further investigated.
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containment of this pandemic[3]. Therefore, the vaccination
campaign started in Europe from the 27" of December
2020[4]. To date, 30 COVID-19 vaccines have received
emergency use authorisation in at least one country and
more than 5 billion people have been vaccinated. Evidence
from clinical trials and observational studies overwhelmingly
support the safety and efficacy/effectiveness of numerous
COVID-19 vaccines[5], especially against disease severity
and death in fully vaccinated individuals.

It is well known that vaccination can be followed by

1. Introduction

Coronavirus disease 2019 (COVID-19) related to coronavi-
rus 2 (SARS-CoV-2) infection, and characterised by severe
acute respiratory syndrome, had a dramatic effect on the
world’s population leading to the most significant global
health crisis[1]. Since March 11, 2020, when the pandemic
status was declared by the World Health Organisation
(WHO), the virus has caused severe critical health problems
in several countries. This is also due to the series of multi-

ple waves of COVID-19 outbreaks. SARS-CoV-2’s rapid
global spread and alarming clinical severity have accelerated
the demand for vaccines that safely and effectively prevent
the disease or reduce its severity[2]. The development of
vaccines against SARS-CoV-2 infection proved to be the

adverse events and can also cause transient or permanent
autoimmune diseases[6,7]. The transitory appearance of
autoantibodies has been observed in association with vari-
ous environmental triggers, including vaccination[8]. The
development of autoantibodies due to vaccination is related

most effective and promising measure for a sustainable either to cross-reactivity between antigens or to the effect of
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the adjuvant[9,10]. One of the most commonly inducible
antibodies following infection and vaccination are the anti-
phospholipid antibodies[11].

It has been already shown that viruses are a remarkable
component of environmental factors that take part in the
production of autoimmune antibodies, as well as autoim-
mune disease. Specific types of viruses can cause widespread
non-specific lymphocytes B and T activation, promoting the
production of autoantibodies and cytokines. For instance,
the presence of the Epstein Barr Virus and the Parvovirus
B19 correlates with Hashimotos thyroiditis[12], the human
T-lymphotropic virus-1, and the Human Foamy Virus with
Graves  disease[13], and herpes simplex with postinfectious
autoimmune encephalitis[14]. Similarly, SARS-CoV-2 shares
features with autoimmune diseases in clinical manifestations,
immune responses, and pathogenic mechanisms[15]. Robust
immune reactions participate in the pathogenesis of both
disease conditions. Autoantibodies as a hallmark of autoim-
mune diseases can also be detected in COVID-19
patients[16,17]. Thus, after a systematic review analysis, we
found an association between COVID-19 and the tendency
of patients to develop multiple types of autoantibodies [18-
20] and autoimmune diseases[21,22], such as Guillain-Barré
syndrome[23], systemic lupus erythematosus [24] and auto-
immune hepatitis[25]. Indeed, an increase in new-onset
autoimmune phenomena after COVID-19 vaccination have
been reported recently (e.g. immune thrombotic thrombocy-
topenia, autoimmune liver diseases, IgA nephropathy, rheu-
matoid arthritis, and systemic lupus erythematosus)[26-37].
Molecular mimicry, the production of autoantibodies and
the role of some adjuvants seem to be the principal contrib-
utors to these autoimmune phenomena[38].

Nucleic acid therapies have emerged as promising alternatives
to conventional vaccine approaches. Therefore, genetically engi-
neered nucleic acids are now used to generate immune responses
safely. Comirnaty (BNT162b2) of Pfizer-BioNTech [39-41] and
COVID-19 vaccine mRNA-1273 of Moderna/NIAID belongs to
mRNA-based vaccines[42,43]. BNT162b2, a lipid
nanoparticle-formulated nucleoside-modified mRNA vaccine, has
been proved to significantly protect from SARS-CoV-2 [30]. It
encodes the receptor-binding domain (RBD) of the spike proteinl
of SARS-CoV-2. Dagan and collaborators have reported that
mass vaccination with BNT162b2 is effective in COVID-19, and
protects from most of the COVID-19 outcomes including severe
conditions[44]. Notably, BNT162b2 is also very effective after
14days of the second dose inoculation, against the COVID-19
and against its variants Alpha (B.1.1.7) and Beta (B.1.351), 89.5%
and 75% respectively. In addition, it has a high protection level
also in cases of severe and critical conditions[40]. The mRNA-1273
vaccine has successfully induced anti-SARS-CoV-2 immune
response in all recipients[42]. This lipid nanoparticle-encapsulated
mRNA vaccine is safe, and no safety concerns were observed,
apart from a few transient local and systemic reactions.
Furthermore, mRNA-1273 vaccines resulted to be safe also for
people affected with chronic diseases[43].

The vaccines BNT162b2 and mRNA-1273 were the first ones
to be approved and the first mRNA-based vaccines ever[39, 45].
Currently, their effects and possible ability to stimulate an auto-
immune reaction are still poorly understood. Therefore, in this

study we aimed to investigate their effects on the autoimmune
profile of vaccinated healthcare workers (HCWs). Thus, we
evaluated whether after three shots of mRNA COVID-19 vac-
cine these subjects demonstrated the production and/or a per-
sistence of autoantibodies, particularly antibodies against nuclear
antigens (antinuclear antibodies, ANA).

2. Methods
2.1. Ethics committee approval

The ethics committee of the “SS Antonio and Biagio and
Cesare Arrigo” Hospital, Alessandria, Italy approved this
study, and it was conducted under the ethical principles of
the Declaration of Helsinki.

2.2, Study participants

All study participants worked at the “SS Antonio and Biagio and
Cesare Arrigo” Hospital, Alessandria, Italy, and signed the
informed consent for the study. From the 12% to 14" of January
2021 we enrolled 155 HCWs, but only 108 of them received the
third dose and were considered for the further analysis. However,
all 108 HCWs developed mild or no symptoms after receiving
the vaccinations. Thus, blood samples of the 108 HCWs vacci-
nated with COVID-19 mRNA BNT162b2 (Pfizer- BioNTech) and
mRNA 1273 (Moderna) were collected before the vaccine inocu-
lation (T0), at 3 (T1) and 12months (T2) after the first dose
according with the vaccination programme. Only 77 resulted to
be naive from SARS-CoV-2 infection (60 females and 17 males,
age range 26-67years, median age 48). Blood samples were taken,
collected and immediately centrifuged to obtain serum. The
serum samples were stored at —20°C until further analysis.

2.3. Blood autoimmunity tests

All samples were analysed for the presence of a) antinuclear
antibodies (ANA) using indirect Immunofluorescence [IIF] on
the substrate Hep-2 EUROIMMUN; (dilutions of 1:80, 1:160.
1:320 and 1:640), and anti-smooth muscle antibodies (ASMA
1:80, 1;160) (IIF, Euroimmun); b) anti-myeloperoxidase
(anti-MPO), anti-proteinase 3 (anti-PR3) and anti-citrullinated
peptide antibodies (aCCP) ([FEIA], Thermo Fisher Scientific);
¢) anti-phospholipid antibodies (anticardiolipin [aCL],
anti-beta-2- glycoprotein I [anti-3-2GPI] (Chemiluminescence,
Werfen). d) Line-blot technology was performed using the fol-
lowing kit: EUROLINE ANA profile 3 plus DES70 (IgG). The
test is specific for the following antigens: nRNP/Sm, Sm, SS-A,
Ro-52, SS-B, Scl-70, PM-Scl, Jo-1, CENP B, PCNA, dsDNA,
nucleosomes, histones, Protein P ribosomal, AMA-M2, DFS70.
e) Anti-RF was measured using a fully automated spectropho-
tometric/immunoturbidimetric and ion selective electrode
measurement system (Advia XPT analyser; Siemens).

2.4. Statistical analyses

Clinical data were collected using the REDCap software
(REDCap version 10.2.3©2020 Vanderbilt University)[35,36].
Excel software was used to assess the presence of



autoantibodies in the vaccine cohort. The statistical analysis
was performed using Graphpad prism 9 Software. In detail,
the U Mann Whitney test was considered to compare the
results within one time point (T1 or T2), whereas Friedman
statistical tests was used to analyse T1 versus T2.

3. Results

This study, enrolled 155 subjects. Of these, 108 subjects were
available for analysis at all time points. All subjects completed
the full vaccination cycle and the booster dose (Figure 1).
Thirty-one of the 108 subjects were excluded from the anal-
ysis because they were infected with SARS-CoV-2 before
starting the vaccination cycle or after the booster dose (15
and 16 subjects respectively). A total, of 77 HCWs (60 females
and 17 males, age range 26-67 years, median age 48) with no
history of COVID-19 infection and no previous autoimmune
disease were included in the analysis.

All the subjects were vaccinated with 2 doses of BioNtech/
Pfizer BNT162b2 mRNA. Half received a third dose of the
same vaccine, whereas the other half received Moderna
(Spikevax). Blood samples were taken before vaccination
(TO) and at 3 (T1) as well as 12months (T2) after the first
dose. Therefore, at T1 all the subjects received two doses of
vaccine and at T2 three doses.

Considering the total number of subjects enrolled (77), at
T0, 25/77 were positive for ANA (23 maintained this posi-
tivity also at T1 and T2) and 52/77 were negative (Figure 2).

At T1, 46/52 remained negative, whereas 6/52 became
ANA positive (5 were positive also at T2). At T2, 30/46
were still negative, instead 16/46 became ANA positive. In
addition, there was also a statistically significant increase in
ANA presence. (p-value: 0,0076).

At T1 and T2, five ANA patterns were considered: homo-
geneous; speckled; cytoplasmatic; nucleolar; other (e.g. mid-
body, centrosomes, spindle poles). At T1, the homogeneous
pattern was observed in 5/6 samples, the speckled in 4/6
and the cytoplasmatic in 1/6 (Figure 3 A, D). At T2, the
type of pattern observed increased: homogeneous was
observed in 12/21, speckled in 6/21, nucleolar in 2/21, cyto-
plasmic in 1/21 and other patterns in 7/21 (Figure 3 C, E).
The most common pattern was the homogeneous pattern,
although one patient had more than one pattern. The homo-
geneous pattern is usually associated with the presence of
anti dsDNA, nucleosomes, and histones antibodies. All the
T2 homogeneous positive samples were tested with a confir-
matory assay and resulted negative for these autoantibodies.

Enrolled HCPs
n=155

3 dosesvaccine

n=108

None contact with SARS CoV-2
n=77

COVID-19 during the study
n=31

Figure 1. Flow chart of the population enrolled in the study.
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Figure 2. ANA presence at TO, T1, and T2.

The ANA presence was evaluated at TO (before the vaccination), at T1 (after 2 doses of
vaccine) and at T2 (after the booster dose). The graph shows a statistically significant
increase of ANA presence from T1 to T2 (** p<0.05).

We also evaluated the pattern distribution, which showed no
statistical significance both within each time point (T1 and
T2; p-value: 0,11642) and between them (T1 versus T2;
p-value: 0,07364). In terms of antibody titres, none of the
patterns analysed showed a statistical increase from T1 to T2.

We also evaluated other classic autoantibodies performed
on solid phase technologies such as anti-rheumatoid factor
(anti-RF), anti-myeloperoxidase (anti-MPO), anti-proteinase
3 (anti-PR3) anti-citrullinated peptide antibodies (aCCP),
anti-phospholipid antibodies (anticardiolipin [aCL] and
anti-beta-2- glycoprotein [anti-Beta2]) and ASMA (anti-alpha
smooth muscle actin). Only aCL and ASMA antibodies
showed a slight increase between T0 and T1, but this was
not statistically significant (Figure 4).

The results highlighted that only ANA antibodies were
increased after mRNA vaccination; however, their distribu-
tion and titre were not statistically significant.

4. Discussion

Conventional vaccine approaches have largely failed to pro-
duce effective vaccines against viruses that cause repeated
and chronic infections, such as HIV-1. Therefore, the devel-
opment of more potent and versatile vaccine platforms has
become crucial. Nucleic acid therapeutics have emerged as
promising alternatives to conventional vaccine strategy. In
this regard, mRNA vaccines have emerged as a promising
alternative to conventional approaches due to their high effi-
cacy, ability to be rapidly developed, potential for low-cost
production and safe administration. BNT162b2 and
mRNA-1273 vaccines were produced in a short period of
time that can be considered a record[46]. The safety of
these vaccines is still a matter of debate and there are sev-
eral reports of autoimmune diseases that develop after
SARS-CoV-2 vaccinations. Although the exact mechanism of
post-vaccination autoimmune diseases is unknown, some
possible mechanisms have been presented. These include an
abnormal immune response induced by molecular mimicry,
particularly in susceptible individuals[47]; and bystander
activation, whereby microbial agents release sequestered
self-antigens from host tissues that activate antigen-presenting
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A
T1 homogeneous speckled cytoplasmatic
Total 5 < 1
% relati::::;at;l)pattem 50,00 40,00 10,00
n subject
patient 1 positive positive
patient2 positive positive
patient3 positive
patient4 positive positive
patient5 positive positive
patient6 positive
C
T2 homogeneous speckled nucleolar cytoplasmatic others
Total 12 6 2 1 7
* 'elaztet:::;;ﬂ:d'"(';g’ sitivel 42,86 21,43 7,14 3,57 25,00
n subject
patient1 positive positive
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patient5 positive
patient6 positive
patient7 positive
patient8 positive
patient9 positive positive
patient 10 positive
patient11 positive
patient12 positive
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patient14 positive
patient 15 positive positive
patient 16 positive
patient17 positive
patient 18 positive
patient 19 positive
patient 20 positive
patient21 positive positive
patient22 positive positive
E N Homogeneous
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Em Other
B3 Nucleolar
42.86% 3 Cytoplasmatic
3,57 % —— =P
7,14%

Figure 3. Pattern distribution of ANA positive samples at T1 and T2 (A, C, D, E). representative picture of a homogeneous positive sample at T2 (B).

The tables and the graphs summarised the relative percentage of the total patterns identified at T1 (A, D) and T2 (C, E). Patient4 resulted positive at T1 but negative at T2. The homo-
geneous pattern was observed in 50% of the positive samples at T1 and 42,86% at T2. The speckled one was detected in 40% at T1 and 21,43% at T2 and the cytoplasmatic in 10%
and 3,57% respectively. In addition, at T2, the 7,14% of the samples had a nucleolar pattern, whereas the 25% showed other types of ANA positivity.



1569

. o 1o

3
< 104
7} -
k) ] ,
g ]
€ 5
=1 4
c 3

i

0- olo 0 0 n 0

T T T
RF MPO PR3 CCP ASMA aCL aB2
autoantibodies presence

Figure 4. Distribution of positive blood autoimmunity tests at T0O and T1.

The presence of the blood autoimmunity markers was evaluated at TO (before the vacci-
nation), at T1 (after 2 doses of vaccine). RF: rheumatoid factor; MPO: myeloperoxidase;
PR3: proteinase 3; CCP: anti-citrullinated peptide antibodies; ASMA:-alpha smooth muscle
actin; aCL: cardiolipin; aB2: betaglycoprotein.

cells and dormant autoreactive T-helper cells[48,49]. For
instance, multiple sclerosis has been reported following both
COVID-19 infection and vaccination, as well as monoclonal
antibodies targeting both diseases may be the future golden
standard[6, 50]. Appropriate testing of vaccinated individu-
als is crucial, as today’s societies are already susceptible to
disease as more people become symptomatic[51].

In this single centre prospective follow-up study, we have
focussed our attention on the effects of the mRNA based
anti-SARS-CoV-2 vaccines on the development of potential
autoimmune events in HCWs. We found that the common
autoantibodies (i.e. MPO, PR3, aCCP, anticardiolipin [aCL],
anti-beta-2- glycoprotein I, ASMA), showed no significant
difference already at TO, T1. However, when we checked the
presence of ANA, it emerged that a significant number of
HCWs, developed de novo autoantibody production after
receiving three doses of mRNA vaccines. Interestingly, the
positivity developed at T1 was maintained over time. Most
ANA positive samples showed a homogeneous pattern; how-
ever, the pattern was not associated with to any of the
known related antigens. Interestingly, we found that already
at TO, 35% of HCPs were ANA positive before vaccination.
This data is in contrast when compared to literature (REF
below) in which reported positivity rate of healthy individ-
ual when performing Hep-2 ANA is around 15%[52]. One
possible explanation may be that some of those positive
HCPs might have also encountered the COVID-19 infection
before TO, thus explaining the elevated positivity rate of
healthy individuals before vaccination. We can speculate that
there may be another antigenic target responsible of this
pattern and in the future, it will be interesting to elucidated
and characterise which one it is.

Since autoantibody positivity does not imply the develop-
ment of clinical manifestation, we planned to perform a per-
spective study to monitor these positive individuals and
determine where they will develop any clinical sign of connec-
tive tissue disorders or autoinflammatory related conditions.
Finally, we should consider the fact that every study has its lim-
itations, and in this study no other autoimmune antibodies were
analysed, but also, the possibility for false-positive and false neg-
ative serological test results is evident, as indicated in current
literature.[53,54].
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5. Conclusions

In conclusion, this study suggests that mRNA based
anti-SARS-CoV-2 vaccines can induce the production of de
novo ANA in 22/77(28,57%) of subjects and that the per-
centage of positivity seems to be directly correlated to the
number of vaccine exposures: 6/77 (7,79%) after 2 doses;
16/77 (20,78%) after 3 doses. As it is known that immune
stimulation can act as a double-edged sword, meaning infec-
tious and endogenous defense versus autoimmune related
hyper-stimulation[55,56], our preliminary results and the
presence of de novo ANA antibodies in HCWs seem to be
more prone to sustain this second consequence: hyperstim-
ulation. However, the link between SARS-CoV-2 vaccination
and the development of autoimmune diseases needs to be
further investigated .
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