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Abstract

The Food and Drug Administration (FDA) approved the first SARS-CoV-2 mRNA vaccine (Pfizer-BioNTech) in December
2020. New adverse events have emerged since these vaccines have reached market. Although no clear association between
messenger ribonucleic acid (mRNA) vaccines and autoimmunity has emerged, the significance of such an association
warrants further exploration. After obtaining consent, a standardized survey on baseline characteristics and other relevant
variables was conducted on unvaccinated individuals who were scheduled for vaccination and had not previously contracted
COVID-19. Blood samples were collected from participants prior to the first dose, prior to the second dose, and 1 month
after the second dose. All collected samples were tested for antinuclear antibody (ANA) titers using indirect immunofluo-
rescence microscopy kits, and antiphospholipid (APS) immunoglobulin M (IgM) and immunoglobulin G (IgG) levels using
an enzyme-linked immunoassay (ELISA) technique. ANA titers were positive for 9 participants out of 101 (8.9%) in the
first pre-vaccination draw. For the second draw, the number of participants testing positive for ANA decreased to 5 (5%).
For the last draw, 6 (5.9%) participants tested positive for ANA titers. One participant tested positive for APS IgM at the
first pre-vaccination draw, 2 tested positive at the second draw, and 2 at the third draw. As for APS IgG titers, all participants
tested negative in the three draws. McNemar’s test for two dependent categorical outcomes was conducted on all variables
and did not show a statistical significance. The McNemar test of these two composite variables (i.e., ANA/APS, first draw
vs. ANA/APS, second and third draws) did not show statistical significance. The 2-sided exact significance of the McNemar
test was 1.0. The Friedman test also showed no significance (p=0.459). No association was found between BNT162b2 vac-
cine administration and changes in APS and ANA titers. The benefits of the BNT162b2 vaccine significantly outweigh any
possible risk of autoimmune dysregulation considering the current evidence.
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preliminary results [2, 3], no such vaccine was successful
in reaching the market prior to the severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) vaccine. The US
Food and Drug Administration (FDA) issued the first emer-
gency use authorization on December 11, 2020, for the use
of a messenger RNA (mRNA) vaccine (BNT162b2) against
SARS-CoV-2 produced by Pfizer-BioNTech [4]. The ini-
tial report by the Advisory Committee on Immunization
Practices concluded that the vaccine is safe for use with an
acceptable range of side effects [4].

Although initial trials have confirmed the safety of the
vaccine [5], the risk of emerging adverse events cannot be
discounted, especially given the relatively short surveil-
lance period prior to FDA emergency use authorization.
Moreover, older vaccines were linked in separate reports to
the occurrence of several autoimmune disorders following
vaccination [6]. Systemic lupus erythematosus, rheumatoid
arthritis, multiple sclerosis, and Hashimoto thyroiditis have
been observed following the administration of the HBV
vaccine[7-11]. In addition, reactive arthritis, polyarteritis
nodosa, and Guillain-Barré syndrome have been observed
after the influenza vaccination [8, 12]. Similar autoimmune
syndromes following other vaccines were also reported [13].
In addition, the incidence and prevalence of autoimmune
disorders are increasing worldwide [14], and experts may
be inclined to label vaccines among the usual suspects [13,
15]. Several mechanisms have been hypothesized to underlie
the autoimmune dysfunction following vaccine administra-
tion. One hypothesis suggests that the immune system is
exposed to a non-self-antigen—this antigen being vaccine
component or an incidental superimposed infection trig-
gers an autoimmune reaction given that the individual is
genetically predisposed [16, 17]. The reaction is the result
of similar molecular structures between a given agent and
self-antigens, thus eliciting a faulty immune reaction against
self-antigens. This phenomenon is referred to as molecu-
lar mimicry [18, 19]. Other theories linked immune dys-
regulation following vaccine administration to the release
of cytokines, activation of certain immune receptors, or the
exposure of sequestered self-antigens[13, 20-22]. However,
the exact underlying mechanism and risk factors of autoim-
munity following vaccination are still not well defined [19].

Vaccination seems to be the most effective option to end
or control the ongoing pandemic. This implies a wide-scale
use of mRNA vaccines, among other types. Recently, vari-
ous nations have allowed access to booster doses of the
vaccines, with some countries exploring the option of even
more doses [23]. Based on the literature presented above, we
suggest that an association between the new SARS-CoV-2
vaccine and autoimmune antibodies—ANA and APS anti-
bodies specifically—is worth exploring. We believe that
the wide-scale use of these vaccines and booster campaigns

makes it imperative to examine such correlations in an expe-
dited manner.

In this study, we try to determine if a correlation between
administration of the Pfizer-BioNTech SARS-CoV-2 vac-
cine (BNT162b2) and an elevation in autoimmune anti-
bodies—specifically the antinuclear antibody (ANA) titers
and antiphospholipid (APS) immunoglobulin M (IgM)
and immunoglobulin G (IgG) levels—exists. We also aim
to investigate the side effects of the vaccine and any pos-
sible correlation with the autoimmune antibodies under
investigation.

Materials and methods
Data sources

Investigators randomly contacted consenting unvaccinated
individuals who were scheduled through the Ministry of
Health platform to take the vaccine. Demographic and base-
line characteristics, past medical history, medication profile,
and family history for autoimmune diseases were collected
from participants through phone calls via a standardized sur-
vey prepared by the investigators. Information provided in
this survey was used to determine if the participant fits the
inclusion/exclusion criteria.

The participants were surveyed on their family history
of autoimmune disorders and autoinflammatory disorders
with a particular focus on rheumatoid arthritis, Crohn’s
disease, ulcerative colitis, systemic lupus erythematous,
psoriasis, familial Mediterranean fever, multiple sclerosis,
type 1 diabetes mellitus, Guillain—Barre syndrome, Graves’
disease, Hashimoto’s thyroiditis, myasthenia gravis, and
vasculitis. Participants were also surveyed for any allergies
and for exposure to any medication that might interfere with
their immune response to the vaccine. Individuals that were
receiving immune modulators or immunosuppressive medi-
cations and people living with HIV were considered immu-
nocompromised and thus excluded from the study. Individu-
als receiving inhaled corticosteroids were not considered
immunocompromised and thus included in this study.

The participants were also surveyed on their history of
COVID-19 infection. Participants who reported a previ-
ous COVID-19 infection were not included in this study.
COVID-19 infection was also assessed in follow-up sur-
veys and participants reporting COVID-19 infection were
excluded. However, COVID-19 infection was not confirmed
by PCR or antibody testing.

Follow-up surveys were conducted after the first and
second shot of the vaccine. The surveys mainly focused on
the side effects experienced by the participants following
the shots.
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Inclusion criteria

Individuals older than 18 years old or younger than 65 years
old were included. Individuals who did not receive any
COVID-19 vaccine and have never tested positive for
COVID-19 by PCR or serology were included. Individuals
with no previous history of immunocompromising condi-
tion or currently taking any immunosuppressive medication
were included. Also, individuals who were not receiving
any medication that is intended to prevent COVID-19 were
included.

Exclusion criteria

Individuals younger than 18 years old or older than
65 years were excluded. In addition, individuals that had
previously received any COVID-19 vaccine or had pre-

viously tested positive for COVID-19 either by PCR or
serology were excluded. Pregnant or lactating women,
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Fig. 1 Blood draws and laboratory analysis (created with Biorender.com)
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BNT162b2 vaccine #1

immunocompromised individuals, and patients taking
any medication intended to prevent COVID-19 were also
excluded.

Blood sample collection

The first blood sample was obtained on the day of vaccina-
tion prior to receiving the first BNT162b2 dose. A second
blood sample was then obtained in a similar fashion before
the second dose of the vaccine 3—4 weeks later (mean:
21.4+1.78 days). A third and final sample was obtained
1 month (mean: 33 +3.97 days) after the second vaccine
dose. All 3 collected samples were tested for ANA titers
using indirect immunofluorescence microscopy kits (EURO-
IMMUN; Liibeck, Germany), and APS IgM and IgG levels
using an ELISA technique (ORGENTIC; Mainz, Germany)
(Fig. 1).

For ANA levels, an indirect immunofluorescence
microscopy assay (EUROIMMUN) was used. The serum
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was collected from blood samples and serially diluted,
and then, IgG ANA antibodies were added. Fluorescein-
ated anti-IgG antibodies were added after the slide was
washed and then viewed under fluorescent microscopy
after being washed again (Fig. 2). The results of the test
were reported as a composite of the dilution factor of the
participant serum and the pattern of binding of antibod-
ies. A dilution factor of 1:100 and above was considered
positive [24, 25].

For APS levels, a quantitative APS ELISA test
(ORGENTIC) was used. The antiphospholipid screen-
ing kit detects four antibodies typically associated with
antiphospholipid syndrome. The antibodies are specific to
cardiolipin, phosphatidic acid, phosphatidylinositol, and
phosphatidylserine. The kit detects IgG and IgM anti-
bodies targeted against these four antigens. The results
of this test can range from O to 100 IgG phospholipid
units (GPL-U)/mL for IgG titers and 0—100 IgM phos-
pholipid units (MPL-U)/mL for IgM titers. The cutoff was
10 GPL-U/mL for IgG titers and 10 MPL-U/mL for IgM
titers as specified by the manufacturer’s protocol [26].
The test is sensitive to various APS antibodies, but does
not distinguish between the different types [26].
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Fig.2 ANA titers and pattern analysis (created with Biorender.com)

serum dilution

Homogenous

Statistical analysis

Normality and descriptive statistics were conducted. Means
and standard deviations were used to report continuous vari-
ables, while frequencies and percentages were used to report
categorical variables. McNemar’s test for 2 dependent cat-
egorical outcomes was used to compare the results of our
outcomes of interest at different time points (ANA and APS
levels between draw 1 and draw 2, ANA and APS levels
between draw 2 and draw 3). Additionally, the Friedman
test, used to compare K dependent categorical outcomes,
was used to confirm the results of the McNemar test. All
statistical analyses were conducted using IBM SPSS ver-
sion 28.0, and the alpha level was set at < 0.05 for statistical
significance.

Ethical considerations.

The study was approved by the Lebanese American Uni-
versity institutional review board (LAU-IRB) (IRB# LAUM-
CRH.JM2.8/Feb/2021). Both verbal and written consents
were secured from all participants. All personal and medi-
cal information of the participants was kept confidential.
Participants with high ANA or APS titers were informed of
the result and referred to a specialist. The initial survey and
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follow-up on vaccine side effects were conducted by phone
to adhere with quarantine guidelines and ensure the safety
of participants.

Results
Baseline characteristics

Of the 113 participants initially recruited, 12 were lost to
follow-up or withdrew from the study. The final analysis
was conducted on the remaining 101 participants. Base-
line characteristics of the participants are reported in
Table 1. Males constituted 43.6% of the sample, whereas
female participants constituted 56.4%. The mean age was
37.6 years (SD=11.9), with 28 participants between the
age of 18 and 26 years, 20 participants between the age of
27 and 35 years, 22 participants between the age of 36 and
44, 16 participants between the age of 45 and 53 years, and
15 participants between the age of 54 and 62. More than
50% of the participants had an abnormal body mass index
(BMI), whereby three individuals (3%) were underweight,

Table 1 Characteristics of participants

n=101 Frequency (%), mean +SD
Gender Frequency (%)
Male 44 (43.6)
Female 57 (56.4)
Total 101 (100)
Age (years) Mean +SD
Mean age total group 37.61+11.92
Mean age females 39.14+10.92
Mean age males 35.63+12.97
BMI Frequency (%)
Underweight 3(2.97)
Normal 49 (48.5)
Overweight 29 (28.7)
Obese 20 (19.8)
Participants with allergies Frequency (%)
Total 30 (29.7)
Receiving treatment 10 (9.9)

FH of autoimmune disorders 18 (17.82)
Side effects Frequency (%)
Following first dose 59 (58.41)
Following second dose 47 (36.53)

Legend: n, total number of participants; N, numerical value; %, per-
centage; SD, standard deviation; -, value not applicable; BMI, body
mass index (underweight refers to BMI less than 18.5; normal BMI
refers to BMI 18.5 and less than 25; overweight refers to BMI values
including 25 until less than 30; obese refers to BMI values above 30);
FH, family history
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29 individuals (28.7%) were overweight, and 20 individu-
als (19.8%) were obese. Forty-seven participants (46.5%)
reported a previously diagnosed health condition. The
total number of individuals with allergies amounted to 30
individuals (29.7%) with 10 individuals (9.9%) receiving
treatment for their allergies. The total number of partici-
pants with a family history of autoimmune disorders was
18 individuals (17.8%).

Side effects

Following the first dose, 59 individuals (58.4%) reported
side effects and 47 individuals (46.5%) reported side
effects following the second dose of the vaccine. The side
effects included fever, fatigue, myalgias, arthralgias, throat
pain, diarrhea, abdominal pain, vomiting, pain at injec-
tion site, flu-like symptoms, rash, dizziness, headache, and
lymphadenopathy. Five participants (5%) reported gastro-
intestinal side effects following the first dose, while none
of the participants reported any gastrointestinal side effects
following the second dose. As for pain at the injection site,
38 participants (37.6%) reported pain after the first dose,
while only 14 participants (13.9%) reported pain follow-
ing the second dose. Neurological symptoms, including
headache and dizziness, were reported in 11 participants
(10.9%) following the first dose and nine participants
(8.9%) following the second dose. Six participants (5.9%)
reported fever following the first dose, and 22 participants
(21.8%) reported fever following the second dose. Also,
10 participants (9.9%) reported fatigue following the first
dose, and 28 participants (27.7%) reported fatigue follow-
ing the second dose. Table 2 illustrates the individual per-
centages of the side effects reported by the participants.

Table 2 Reported side effects

n=101 Frequency (%)
Side effects following the first dose

Gastrointestinal 5(5%)
Pain at injection site 38 (37.6%)
Neurological 11 (10.9%)
Fever 6 (5.9%)
Fatigue 10 (9.9%)
Side effects following the second dose

Gastrointestinal 0 (0%)
Pain at injection site 14 (13.9%)
Neurological 9 (8.9%)
Fever 22 (21.8%)
Fatigue 28 (27.7%)

Legend: n, total number of participants; %, percentage
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ANA and APS titers

Of the blood samples related to the first draw, i.e., prior to
taking any dose of the vaccine, ANA titers were positive
for 9 participants out of 101 (8.9%). For the second draw,
prior to the second dose of the vaccine, the number of par-
ticipants testing positive for ANA was only 5 (5%). For the
last draw, 33 days after the second dose, 6 (5.9%) partici-
pants tested positive for ANA titers. The ANA positivity of
the participants was variable in terms of titers and pattern
(nuclear patterns including homogeneous, coarse speckled,
fine speckled, centromere, and nucleolar and cytoplasmic
patterns including diffuse and fine speckled) [27]. In addi-
tion, 3 participants consistently tested positive for ANA in
all three samples. One participant tested positive for APS
IgM at the first draw, 2 tested positive at the second draw,
and 2 tested positive at the third draw. Only 1 participant
tested positive for APS IgM in all 3 draws, with increasing
titers with each draw (17 MPL-U/mL, 40 MPL-U/mL, and
60 MPL-U/mL in draw 1, draw 2, and draw 3 respectively).
As for APS IgG titers, all participants tested negative in the
three draws.

Statistical model and analysis

The McNemar test for two dependent categorical outcomes
was conducted on all variables and did not show a statistical
significance. For ANA titers compared in the first draw vs
second draw, first draw vs third draw, and second draw vs
third draw, the 2-sided exact significance was 0.727, 0.453,
and 1.0 respectively. As for APS IgM titers in the first draw
vs second draw, first draw vs third draw, and second draw
vs third draw, the 2-sided exact significance was 1.0 for
all combinations. Regarding the ANA and APS (IgM and
IgG) titers compared in the first draw vs second draw and
first draw vs third draw, the 2-sided exact significance was
1.0 and 0.727 respectively. Then, two composite variables
were created. The first variable combined ANA and APS
positivity at baseline (first draw); the second variable was a
combination of ANA and APS positivity at the second and
third blood draws. The McNemar test of these two composite
variables (i.e., ANA/APS, first draw vs. ANA/APS, second
and third draws) did not show statistical significance. The
2-sided exact significance of the McNemar test was 1.0. The
Friedman test also showed no significance (p =0.459).

Discussion

The results of this study do not reveal any association
between the investigated autoimmune markers (ANA and
APS) and the BNT162b2 mRNA vaccine. The McNemar
test of the composite variables, ANA and APS at baseline

versus ANA and APS in the second and third draws com-
bined, was not significant (2-sided exact significance =1.0).
The McNemar test for ANA and APS (IgM and IgG) titers
compared in the first draw vs second draw, first draw vs third
draw, and second draw vs third draw variables was also not
significant (Table 3). In contrast, numerous reports from the
literature have documented a rise in autoantibodies and the
emergence of autoimmune diseases following vaccination
with traditional vaccines [28-30]. Human papillomavirus
(HPV), influenza, and hepatitis B (HBV) vaccines were
among the most studied in the literature. Two case series
reported an association between the HPV vaccine and auto-
immune disorders, mainly systemic lupus erythematous and
dysautonomia [29, 30]. Furthermore, the HBV vaccine has
been linked to the development of autoimmune conditions
such as Guillain—Barre Syndrome (GBS) in rare cases[31].
In addition, the influenza vaccine was found to increase the
levels of autoantibodies in some individuals with already
elevated titers and may lead to the emergence of new anti-
bodies in healthy individuals [28]. However, the influenza
vaccine was not found to have an overall effect of increasing
autoantibody levels within a given population [28].
Moreover, a recent meta-analysis found no correlation
between the HPV vaccine and autoimmunity [32]. Also,
two other cohort studies found no association between HPV
vaccination and autoimmune disorders [33, 34]. However,

Table 3 Statistical model results

Statistical tests p value
(McNemar’s
test)

Draw 1 Draw 2

ANA titers

Positive ANA 8 6 0.727

APS IgM titers

Positive IgM 1 2 1.0

APS IgG titers

Positive IgG 0 0

ANA and APS IgM and APS IgG titers

Composite 9 8 1.0

Draw 1 Draw 3

ANA titers

Positive ANA 8 5 0.453

APS IgM titers

Positive IgM 1 2 1

APS IgG titers

Positive IgG 0 0

ANA and APS IgM and APS IgG titers

Composite 9 7 0.727

Friedman test 0.459

Legend: ANA, antinuclear antibodies; APS, antiphospholipid antibod-
ies; IgM, immunoglobulin M; /gG, Immunoglobulin G
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an association between GBS and the HBV vaccine was con-
firmed in one of the studies [34]. The design, outcome, and
vaccine of interest of these studies [28, 33, 34] do not align
with the components of this study. Nevertheless, the findings
of this study along with the aforementioned studies [28, 33,
34] do not suggest a strong association between vaccina-
tion in general and autoimmune dysregulation. The rarity
of large studies supporting a causal relationship between
vaccines and autoimmune dysfunction can be explained
by several points. First, the incidence of autoimmune dis-
orders triggered by vaccines is very low, such that it does
not exceed the incidence of autoimmune disorders in the
general population [35]. Second, the autoimmune manifes-
tations following vaccination are not predictable except in
select cases—HBYV vaccine and GBS [34]—which makes
studying such phenomena extremely challenging [36]. Third,
even if autoimmune disorders do emerge following vaccina-
tion, the trigger of such dysregulation is subject to doubt
and is usually attributed to more common etiologies such
as infections [35]. Thus, it is important to emphasize that a
lack of statistically significant causal relationship in large
epidemiological studies does not eliminate the possibility
that a causal relationship exists in individual cases.

In our study, there was no clear pattern of rising levels
of ANA and APS titers, except for one female participant
who had a significant increase in APS IgM levels after each
dose (17 MPL-U/mL, 40 MPL-U/mL, and 60 MPL-U/mL
in draw 1, draw 2, and draw 3 respectively). This patient did
not report any side effects aside from transient fatigue and
malaise. However, an isolated case of increasing APS IgM
is not sufficient to draw associations between the BNT162b2
vaccine and autoimmune markers. It is possible that other
external chronologic factors contributed to this rise. Also, it
is imperative to note that antibody panel results (i.e., labo-
ratory criteria) should be correlated with clinical criteria
of antiphospholipid syndrome to confirm a diagnosis of
antiphospholipid syndrome and such antibodies are com-
monly found detected as incidental findings [37]. Impor-
tantly, no individuals experienced seroconversion or de novo
production of IgG APS, which is consistent with a previous
small study on mRNA vaccines. The lack of seroconversion
may in fact allude to the transient nature of autoimmune
marker changes [38].

However, a few selected cases reported the development
of specific antibodies following vaccination with SARS-
CoV-2 mRNA vaccines. For instance, one case reported the
formation of anti-glomerular basement membrane nephritis
with IgA nephritis following the second dose of the mRNA-
1273 SARS-CoV-2 vaccine in a previously healthy female
patient [39]. Other cases included antineutrophil cytoplas-
mic autoantibody (ANCA) glomerulonephritis and anti-glo-
merular basement membrane nephritis following the second
dose of Moderna SARS-CoV-2 mRNA vaccine [40, 41].

@ Springer

Until the time of writing, only isolated cases of autoantibody
formation following SARS-CoV-2 mRNA vaccination were
reported in the literature [39—41]. Such reports do not neces-
sarily provide proof of a correlation between autoantibody
formation and mRNA vaccines and large cohort studies are
needed to investigate such correlations, if any. Moreover, a
prospective cohort study from Germany on different types of
SARS-CoV-2 vaccines including homologous and heterolo-
gous vaccine type administration did not find a correlation
between SARS-CoV-2 vaccines and autoantibodies associ-
ated with common autoimmune disorders [42]. The study
included participants receiving mRNA, vector type, and two
heterologous shots of SARS-CoV-2 vaccines and did not
find any association between these vaccines and the new-
onset formation of autoantibodies commonly associated with
lupus erythematosus, rheumatoid arthritis, celiac disease,
and antiphospholipid syndrome [42]. The small sample size
and the observational nature of the study [42] limit the abil-
ity to support strong conclusions; thus, larger cohort studies
are needed to better solidify the lack of correlation between
autoantibodies and SARS-CoV-2 vaccines.

On the other hand, the association between vaccines and
autoimmune diseases is hard to quantify. The absence of an
established association between vaccines and autoimmunity
decreases the chances of such conditions being attributed
to the vaccine of interest. It is possible that autoimmune
conditions arising after vaccination could be subacute or
have a delayed presentation [43]. Thus, in the search for such
conditions, investigators should consider the wide variety of
possible autoimmune conditions and do so over a generous
timeline. However, the complexity of this theory makes it
difficult to study on a small sample of patients. Moreover, it
is important to examine the underlying mechanisms sugges-
tive of such an association. mRNA vaccines have the poten-
tial to induce potent type I interferon (IFN) responses [44,
45] which have been linked with inflammation and poten-
tially immune dysregulation [20, 21]. Yet, a clear association
between mRNA vaccines and immune dysregulation needs
to be established before delving further with such theories.
At the time of writing, none of the participants of this study
has reported developing any acute or subacute immune con-
dition after the vaccine.

Vaccines aside, COVID-19 infection itself has been
linked to immunologic dysregulation manifested as a rise in
ANA and antiphospholipid (APL) antibody levels [18]. The
severity of COVID-19 has been associated with the rise of
concentration of these antibodies [18]. The mechanism of
action of mRNA vaccines is based on producing epitopes
also represented on pathogens, thus eliciting an immune
response against them [46]. Like the viral infection itself,
mRNA vaccines may cause immune cells to mistakenly
produce antibodies against self-antigens [18]. Other possi-
ble mechanisms of autoimmunity have been proposed, such
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as the binding of RNA molecules to Toll-like receptors in
endosomes and retinoic acid inducible gene-I (RIG-I) and
melanoma differentiation-associated protein 5 (MDAS) in
the cytosol [22]. Both mechanisms lead to inflammatory
cascades involving type I IFN and the nuclear transloca-
tion of the transcription factor nuclear factor (NF)-kB [22].
However, in the context of autoimmune changes, it is crucial
to distinguish any associations established with the virus
itself versus those established with the vaccine. Although
mRNA vaccines result in generation of epitopes on the cell
membrane that are similar to the ones triggered by the tar-
geted virus [46], the significance of this relation is not yet
established. In addition, the mRNA vaccine carries only
the code for the spike protein (S), as opposed to the entire
SARS-CoV-2 genome [47]. In our study, it is worth noting
that all individuals that have been previously diagnosed with
COVID-19 by PCR or by serology were excluded. Also, par-
ticipants that caught SARS-CoV-2 during the study period
were excluded, thus minimizing any bias rising from a con-
comitant COVID-19 infection. Interestingly, a study on SLE
patients from Sweden found SARS-CoV-2 antibodies with
low neutralizing capacity in pre-pandemic samples [48]. The
fact that patients tested positive for anti-SARS-CoV-2 anti-
bodies before the virus spread and thus before the virus was
introduced to these patients [48] is intriguing. However, this
finding can be explained by two theories. We suggest that
this could the result of the autoimmune dysfunction in these
patients, whereby autoantibodies are produced against self-
antigens and incidentally might have some activity against
SARS-CoV-2 antigens. This is referred to as molecular
mimicry [18, 19]. We also suggest that these patients might
be exposed to other members of the SARS viruses’ family
that have spread before SARS-CoV-2. Previous exposure to
other coronaviruses that share similar antigens results in the
production of antibodies that might bind to a certain extent
to the SARS-CoV-2 antigens, thus eliciting an immune
response [49]. Coronaviruses are a common cause of upper
respiratory tract infections and might have been undetected
at the time of infection in these patients [50]. We believe
that the very weak neutralizing ability of these antibodies*®
supports both theories.

When assessing autoimmune markers in the Lebanese
population, the only study conducted at the national level
reported that 26.4% of the Lebanese population have an
ANA titer > 1:100 in all age groups (ranging from < 18
to>70 years old) [25]. In the current study, only 8.9% of
the participants had an ANA titer > 1:100. The significance
of such a difference was not tested as it is not related to the
main outcome of this study.

Although the initial trials on the BNT162b2 vaccine con-
firmed its safety, some adverse events were reported after its
approval. The emergence of unexpected side effects could
therefore be explained by the lack of prior experience with

similar vaccines and limited post-market surveillance. Upon
the initiation of the vaccine campaigns, acute anaphylaxis
was reported in the UK and the USA, with an incidence
of roughly 1 in 100,000 individuals [51]. Shortly thereaf-
ter, the CDC recommended that persons with a history of
anaphylaxis be excluded from vaccination [52]. Recently,
reports of adverse events linked to COVID-19 mRNA vac-
cines have supported concerns for conditions with a pos-
sible autoimmune pathophysiology, including myocarditis
[53-55], autoimmune hepatitis [56, 57], glomerular disease
[58], and panuveitis [59]. However, none of the participants
in our study experienced any of the above side effects. In
our study, side effects were reported after the first (58.4%)
and second dose (46.5%) of the vaccine and included fever,
fatigue, myalgias, arthralgias, throat pain, diarrhea, abdomi-
nal pain, vomiting, pain at injection site, flu-like symptoms,
rash, dizziness, headache, and lymphadenopathy. All these
side effects were transient and self-resolving. The initial
report by Polack et al. [5] reported similar results. The lack
of serious adverse events among this study’s participants can
be explained by the relatively small sample size. Most of the
reports in the literature are case reports and case series [53,
54, 56-59] except in the case of myocarditis [55, 60].

These newly detected autoimmune manifestations may
be an early alert for the existence of other adverse reactions.
Healthcare professionals should therefore be cognizant of
the possibility of emerging long-term adverse reactions.
Interestingly, most of the reported adverse events of mRNA
vaccines [51, 53-59] can be empirically explained by an
autoimmune mechanism. However, the absence of any solid
association between vaccines in general and autoimmune
dysregulation or autoimmune markers makes the autoim-
mune theory less likely. Granted, immune dysregulation—
which echoes autoimmune diseases’ complex symptoms,
presentations, and markers—may be difficult to identify
[61].

Elevated autoimmune markers predispose individuals to
a higher risk of certain autoimmune diseases [62], although
many patients remain seronegative for autoantibodies [63].
This finding can have two explanations; the first explana-
tion is that the autoimmune disease in question, its subtype,
or variant is in fact seronegative [63]; the second explana-
tion is that the autoantibodies or markers associated with
the autoimmune disease in question are not identified yet
[63]. Conversely, individuals with high ANA titers (among
other autoimmune markers) do not necessarily suffer from an
autoimmune disease [64]. In fact, autoantibodies of differ-
ent types can be found in normal individuals and sometimes
termed natural autoantibodies. These antibodies originate
from B1 cells and are thought to be produced as a result
of a cross-reaction with bacterial and tumor antigens that
are similar to self-antigens. Such antibodies are believed to
play a role in sustaining innate immunity and maintaining
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peripheral tolerance (AMITAL 2007). Thus, it is important
to emphasize that autoantibody seropositivity does not nec-
essarily implicate a diagnosis of an autoimmune disorder.
Moreover, some asymptomatic individuals with elevated
autoimmune markers might be in the initial stages of auto-
immune disease and symptoms are expected to flare at any
time. They may also be at a phase where the symptoms were
attributed to other causes and are currently dormant [65,
66]. Adding to the complexity of the relationship between
autoimmune diseases and autoantibodies is the fact that the
elevation in certain autoantibodies such as ANA is asso-
ciated with non-pathologic factors such as female sex and
aging [25, 67, 68]. Limitations of the study are mainly
related to the sample size as well as the self-reporting of
certain variables. However, the inclusion and exclusion cri-
teria implemented reduced the risk of bias from confounding
factors including older age, history of immunocompromising
condition or medication, and previous COVID-19 infection.
Samples from patients were taken before receiving any dose
of the BNT162b2 vaccine, after the first dose, and after the
second dose. Thus, the effect of the vaccine on ANA and
APS titers can be compared to baseline and the effect of
added doses can be assessed. Moreover, participants were
followed up systematically to survey for any side effect post
vaccination. Another strength of the study is related to the
selection of participants who were not previously infected
with COVID-19, thus providing a clearer picture of the
effect of the mRNA vaccine itself on the studied markers.

Conclusion

This study did not find any association between ANA and
antiphospholipid antibody levels and the BNT162b2 vac-
cine. Although the literature does not support an association
with autoimmune conditions, larger studies with longer fol-
low-up duration and involving booster doses are required to
establish the safety of these vaccines more firmly. Given the
massively skewed benefit-to-harm ratio of these vaccines,
it is still strongly recommended that all eligible individuals
receive their complete COVID-19 vaccination series.
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