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Abstract

Purpose SARS-CoV-2 infection can be associated with destructive thyroiditis and triggers thyroid autoimmunity. More
recent evidence suggests that SARS-CoV-2 vaccines may also be associated with permanent or transient thyroid dysfunc-
tion in susceptible individuals.

Methods We observed three patients who developed/exacerbated autoimmune thyroid diseases (AITDs) shortly after
receiving mRNA-based vaccines against SARS-CoV2. Clinical histories are reported, and relevant literature in the field is
summarized.

Results Our case series gives a description of the full spectrum of autoimmune disorders that may occur after SARS-CoV-2
vaccines administration, ranging from a case of new-onset Graves’ disease to autoimmune hypothyroidism in two patients
with pre-existing AITDs. Our three patients had a personal and/or family history of autoimmune disorders, suggesting that
genetic predisposition is an important risk factor for the development of AITDs following vaccination. Moreover, our real-
life experience demonstrates that persistent hypothyroidism may occur in the long run and should be overlooked; subjects
with a previous AITDs are at risk of developing it. Reviewing the pertinent literature up to date Graves’ disease is the most
common vaccine-related AITDs with up to 51 cases reported in the literature, occurring mainly in female patients with no
personal history of AIDTs, while only a case of autoimmune hypothyroidism has been reported so far.

Conclusions SARS-CoV-2 vaccines can trigger autoimmune reactions and the present case series contributes to make clini-
cians aware of full spectrum of AITDs that may occur following vaccination. Thyroid function monitoring is recommended,
mainly in subjects with a personal/family history of AITDs.

Keywords COVID-19 - SARS-COV-2 vaccine - Autoimmune thyroiditis - Graves’ disease - Hypothyroidism - ASTA
syndrome

Introduction

Coronavirus disease 2019 (COVID-19) pandemic, caused by
the novel coronavirus SARS-CoV-2, emerged in Wuhan in
December 2019, rapidly covered the whole world and it is
still ongoing [1]. During the COVID-19 pandemic thyroid
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gland alteration/dysfunction represented a quite common
endocrine complication, as a consequence of either direct or
indirect effects of SARS-CoV-2 infection [2—4]. Indeed, fol-
licular thyroid cells may represent a direct target for SARS-
CoV-2 infection since they express the angiotensin convert-
ing enzyme 2 (ACE2) that is the receptor for cellular entry
of the virus [5]. Also, antibodies against the SARS-CoV-2
spike protein have been shown to cross-react with thyroid
peroxidase, suggesting that mechanisms of molecular mim-
icry could be responsible for thyroid auto-inflammatory
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damage [6, 7]. Moreover, COVID-19 is associated with a
systemic inflammatory response, involving innate immune
cells, T helper (h)1/17 and Th2 lymphocytes, which may
involve the thyroid gland [8]. As a consequence, a wide
spectrum of SARS-CoV-2-related thyroid disorders has been
described, ranging from subacute thyroiditis to autoimmune
thyroid diseases and associated features of thyrotoxicosis
and/or hypothyroidism [2—4, 8].

In the effort to face the pandemic, a number of vaccines
have been developed with various technologies, including
mRNA-based vaccine (Pfizer/BioNTech BNT162b2 or
Moderna mRNA-1273), viral vector vaccine (Vaxzevria
ChAdOx1, AstraZeneca or Janssen or Cansino Biotech),
and inactivated virus (Sinovac Biotech CoronaVac or Bharat
Biotech BBV152) [9]. In the last year, following massive
diffusion of SARS-CoV-2 vaccines administration, an
increasing number of case reports have suggested a possible
association between SARS-CoV-2 vaccines and thyroid dis-
orders, replicating the spectrum of thyroid dysfunction that
have already been described to occur during SARS-CoV-2
infection [10-13].

We describe three patients with autoimmune thyroid dis-
eases (AITDs) developed/exacerbated shortly after receiving
mRNA-based vaccines against SARS-CoV-2. In addition,
we also reviewed the pertinent literature.

Case series
Case 1

A 50-year-old man without personal history of thyroid dis-
ease and/or autoimmune diseases was referred to our endo-
crinology clinic because of the sudden onset of fatigue, pal-
pitations, distal tremor, insomnia, anxiety, nervousness and
irritability. He has received a first dose of anti-SARS-CoV-2
vaccine (Pfizer BioNTech) two weeks before the onset of
symptoms. There was a history of autoimmune hypothyroid-
ism and vitiligo in the mother. At clinical examination, the
patient was clinically hyperthyroid, with a diffusely enlarged
thyroid gland. Thyroid function tests (TFTs) demonstrated
suppressed TSH, elevated free triiodothyronine (fT3) and
free thyroxine (fT4), and positivity of anti-thyroperoxi-
dase (Ab-TPO) and anti-TSH receptor (TRAb) antibodies
(Table 1). Ultrasound (US) examination showed a diffuse
enlargement of the thyroid, associated with hypoechogenic-
ity and increased vascularity, and 99m-technezium scintig-
raphy revealed an enlarged gland with diffuse hypercaptation
of the radiotracer (Fig. 1). There was no thyroid eye dis-
ease (TED), dermopathy, and/or acropachy. Graves’ disease
(GD) was diagnosed, and therapy with methimazole (MMI,
30 mg/day) was started, with progressive attenuation of
symptoms and signs of thyrotoxicosis and normalization of
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FT3 and FT4 values. As thyroid function improved, the daily
dosage of MMI was gradually decreased and the patient is
still under low-dose MMI treatment (5 mg/day) with normal
thyroid function at last evaluation.

Case 2

A 55-year-old woman with Hashimoto’s thyroiditis (HT)
in spontaneous euthyroidism. She had been diagnosed with
HT at the age of 40; her mother and a sister were suffering
from the same thyroid disease. At time of diagnosis TTFs
were within normal range, and she has been followed up
for the following years without therapy. In April 2021, she
received the first dose of Moderna mRNA-1273 vaccine.
After ten days she suddenly developed fatigue, tremors and
palpitations. Thyroid function tests demonstrated suppressed
TSH, elevated FT4 and FT3 levels (Table 1). On scintigra-
phy, tracer uptake was markedly reduced, compatibly with
destructive thyroiditis (Fig. 2, panel A). No treatment was
prescribed. Four weeks later, FT4 and FT3 normalized,
while TSH increased to 6.5 ulU/mL (Table 1). Six months
after, serum TSH was still over the upper limit of normal
range and slight increased (10.8 ulU/mL), consistently
with persistent subclinical hypothyroidism. Levo thyroxine
(L-T4) treatment was started with normalization of TFTs at
the subsequent check 3 months later.

Case3

A 61-year-old man with pre-existing GD, under control
without therapy. There was a history of autoimmune hypo-
thyroidism in the mother and a daughter. At the age of 38
he had been diagnosed with GD without TED and had been
treated with MMI for the following 24 months, gradually
tapering the dosages until discontinuation. In the subsequent
years, he experienced a stable remission of hyperthyroid-
ism. At the beginning of 2021, he received two doses of
the Pfizer/BioNTech vaccine, completing his vaccination
program (third dose) in October 2021. Fifteen days after
he referred to our outpatient clinic complaining of fatigue
and muscle weakness, decreased concentration, loss of
memory, depression, increased sensitivity to cold, constipa-
tion. Symptoms had appeared some months earlier but were
ignored, and had worsened over the last weeks. Physical
examination revealed normal body weight (body mass index
24.5 kg/m?), normal body temperature (36.4 °C), bradycar-
dia (pulse rate: 52/min), reduced differential blood pressure
(110/80 mmHg), dry skin, mild periorbital oedema and a
diffuse painless goitre. TFTs revealed overt hypothyroidism
with TPOAD positivity (Table 1), and neck US showed a
heterogeneous echo-structure with diffuse hypoechogenicity
and increased vascularity of the gland (Fig. 2, panel B). All
findings were consistent with autoimmune hypothyroidism
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Table 1 Clinical and biochemical features of our patients

Case 1 Case 2 Case 3
Age (years) 50 55 61
Sex M F M
Clinical presentation Fatigue, palpitations, distal tremor, Fatigue, tremors Fatigue and muscle weakness, decreased
insomnia, anxiety, nervousness and and palpita- concentration, loss of memory, depres-
irritability tions sion, increased sensitivity to cold,
constipation
Time to onset of symptoms after vac- 14 10 15
cination (days)
Personal history of autoimmune disease No Yes Yes
HT GD
Family history of autoimmune disease ~ Yes Yes Yes
TFTs
At onset of symptoms
TSH (IUml) 0.001 0.006 37.97
FT4 (ng/dl) 2.0 4.56 0.56
FT3 (pg/ml) 10.47 6.82 2.0
Tg-Ab (IU/) 385.49 11.0 356
TPO-Ab (IU/) 529.50 344 1590
TRAB (1U/) 5.0 <1.0 -
At follow-up six months later
TSH (IU/) 1.06* 10.8 2.45%
FT4 (ng/dl) 0.92 0.80 1.1
FT3 (pg/ml) 3.58 24 2.78

HT Hashimoto’s thyroiditis, GD Graves’ disease, TFTs Thyroid Function Tests, 7SH Thyroid stimulating hormone (normal values: 0.25-4.5),
FT3 free Triiodothyronine (n. 2.0-4.0), FT4 free Thyroxine (n.v. 0.7-1.48), TRAb Thyrotropin receptor antibody (n.v.<1.0), Anti-TPO Anti-
Thyroid peroxidase antibodies (n.v. 0-10), Tg-Ab anti-thyroglobulin antibodies (n.v. 0—40)

*Under methimazole therapy, *under L-Thyroxine therapy

Fig.1 Case 1. Thyroid US
demonstrates an enlarged, hypo-
echoic gland, without nodules
(panel A), while.”™Tc-pertech-
netate thyroid scintigraphy
reveals an increased and diffuse
uptake in both lobes (panel B)

10 cm
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netate thyroid scintigraphy dem-
onstrated very low uptake of
the tracer due to inflammation-
driven cytolysis (Case 2). Panel
B: Thyroid US demonstrates

a heterogeneous echostructure 4
with diffuse hypoechogenicity " .
(Case 3) who T

Fig.2 Panel A: ®™Tc-pertech- B R PV P

and L-T4 therapy was started at an initial dosage of 50 ug/
day, gradually increased up to the current dosage of 100 pg/
daily, obtaining restoration of euthyroidism.

Discussion

SARS-CoV-2 infection has been demonstrated to cause a
wide range of autoimmune/inflammatory thyroid disorders
via direct entry of the virus in the follicular cells, molecu-
lar mimicry, or dysregulated immune responses [8]. Simi-
larly, an association between SARS-CoV-2 vaccination and
inflammatory and autoimmune disorders has been emerging
in the last year. Typical subacute thyroiditis (SAT) represents
to be the most common thyroid disease secondary to vac-
cine administration, with more than 60 cases reported in the
literature, and affects mostly women [11-13]. Most patients
(about 70%) were vaccinated with a mRNA vaccine, and
developed SAT after a median of 10 days after the first or
second dose. Vaccine-associated SAT does not differ from
the classic form of virus-related SAT in terms of clinical and
epidemiological features and outcomes. These were usually
self-limiting cases of mild/moderate severity that could be
easily treated with symptomatic therapy or a short course of
anti-inflammatory drugs, with overall favourable outcomes
[11-13].

More recently, an increasing number of cases of AITDs
potentially triggered by SARS-CoV-2 vaccines adminis-
tration have been reported [13, 14]. Among these, GD is
the most common one, accounting for about one-third of
the thyroid abnormalities observed after vaccination [13].
Reviewing the pertinent literature, up to date 51 cases of
Graves’ disease following vaccination against COVID-19
have been reported in the literature [13—19]. As briefly sum-
marized in Table 2, most of patients were females (39 F,
76.57% and 12 M, 23.5%), with no previous history of thy-
roid disease; the median age was 42 years (range 28—73 yr).
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The onset of hyperthyroidism occurred 1-63 days after the
first (26 pts, median: 10 days) or the second dose (25 pts,
median: 13 days) of vaccine. According to vaccine type,
39 subjects (76.5%) had received an mRNA-based vaccine
and nine (17.6%) the vector-based one, while the remain-
ing three subjects (5.9%) had received an inactivated vac-
cine (Table 2). Clinical presentation was dominated by the
typical signs and symptoms of hyperthyroidism (palpitation,
anxiety and insomnia, diarrhoea, weight loss), and both bio-
chemical features (low TSH, elevated FT3 and FT4, TRAb
positive) and thyroid ultrasonography or scintigraphy imag-
ing were consistent with the diagnosis of GD. The patients
were managed with anti-thyroid drugs and beta-blockers, as
appropriate, with favourable responses in all cases. Among
these GD patients, three developed a new onset TED, while
one male patient experienced a relapse [12—18]. However,
some other cases of TED new-onset or recrudescence after
vaccination have been reported, not associated with the
occurrence of hyperthyroidism (Table 2). Two middle-age
females with a silent personal history developed signs and
symptoms of TED after receiving their first or second dose
of mRNA-based vaccine [20, 21]. Also, three middle-age
female patients and a 43-year-old male with a history of
inactive TED with stable thyroid function tests experienced
a flare of TED few days after the administration of mRNA-
based SARS-CoV-2 vaccine [21, 22].

A few cases of painless thyroiditis were also reported [13,
23], and only one case of overt hypothyroidism associated
with acute thyroid swelling may be due to silent thyroidi-
tis precipitating overt autoimmune hypothyroidism [24]. A
clear increase in HT occurrence and hypothyroidism fol-
lowing vaccination has not been reported yet, but this is not
surprising may be due to its chronic and slow course with
hypothyroidism usually occurring years after the appear-
ance of thyroid autoantibodies [25]. Moreover, it might be
underestimated more frequently than hyperthyroidism or
SAT, which are characterized by a rapid onset of clinical
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Table 2 Summary of the cases of autoimmune thyroid disorders (AITDs) occurred after COVID-19 vaccination and reported in the literature

Autoimmune thyroid
disorder

Number of patients ~ Sex (%) median age

(range)

Known pre-existing
thyroid disease

Time from vaccine to
AITDs onset

Vaccine type

Graves’ disease (GD) N=51 12 M (23.5%), 44.7 yr
26 after first dose (30-70)
25 after second dose 39 F (76.5%), 42 yr
(28-73)
Thyroid eye disease N=10 With hyper
(TED) 4 with Hyper 3 F, 37 yr (34-59)
6 without Hyper 1M, 59 yr
Without hyper
5 F, 53 yr (45-66)
1 M,43yr
Painless thyroiditis N=8 5'F, 38 yr (29-59)

7 after first dose
1 after second dose

3 M, 33 yr (32-34)

Autoimmune hypothy- N=1
roidism

F, 63 yr

None (new onset), After first dose mRNA (n=39, 76.5%)
n=34 10 days (1-50) Vector-based (n=9,
GD (recurrence,) After second dose 17.6%)
n=12 13 days (2-63) Inactivated (n=3,
Previous HT, n=3 5.9%)

Previous SAT, n=2

With hyper After first dose (n=5) mRNA (n=10, 100%)

3 new onset 14 days (1-21)

1 relapse After second dose

Without hyper* (n=5)

2 new onset 21 days (3-25)

4 relapse

None After first dose mRNA (n=6, 75%)
12 days (7-21) Vector-based (n=2;
After second dose 25%)
10 days

None After second dose mRNA
6 weeks

GD Graves’ disease, Hyper hyperthyroidism, HT Hashimoto’s thyroiditis, SAT subacute thyroiditis, TED thyroid eye disease

*The four patients who experienced a relapse of TED not associated with hyperthyroidism were three GD patient who had been previously
treatment with radioiodine and were euthyroid under L-Thyroxine therapy at the time of vaccination, and one GD patient already under medical
therapy with methimazole. The two new-onset case were a female with no previous history of thyroid disease and/or TED and another female
patient with a previous diagnosis of HT under control without any treatment and no previous TED

symptoms that facilitate diagnosis [25]. Long-term prospec-
tive studies could clarify the impact of SARS-CoV-2 infec-
tion and vaccines on TH epidemiology.

Our case series gives a description of the full spectrum
of autoimmune disorders that may occur after SARS-CoV-2
vaccines administration, ranging from new-onset Graves’
disease to autoimmune hypothyroidism in patients with pre-
existing autoimmune disorders. All three patients had a per-
sonal and/or family history of autoimmune disorders, con-
firming that genetic predisposition is an important risk factor
for the development of AITDs following vaccination. Even
if two out of three of our patients were males, female gender
is another well-recognized risk factor, as it emerges from
the revision of the current literature. Two patients, namely
case 1 and 2, presented with typical signs and symptoms of
thyrotoxicosis, due to autoimmune hyperthyroidism (GD)
in the male patient and to destructive painless thyroiditis in
the female. Since the clinical presentation of GD and thy-
roiditis is similar, early differentiation of these two entities
is important for timely initiation of treatment. Indeed, GD
requires medical treatment with anti-thyroid drugs to block
the excessive thyroid hormone synthesis, while painless thy-
roiditis does not and rather should be followed without any
treatment. In case 2, the occurrence of painless thyroiditis
precipitated persistent hypothyroidism as a consequence of
inflammatory damage of the gland superimposed on a pre-
existing autoimmune disease, whereas in patient 3, vaccine
administration might have triggered reactivation of AITD

with a shift from pre-existing GD to over-hypothyroidism
with the typical features of HT. All patients responded well
to medical treatment and became euthyroid within few
weeks, with no need to discontinue their vaccination pro-
gram when scheduled. All cases showed a clear temporal
relationship between the administration of the vaccine and
the onset of symptoms, suggesting that AITDS may repre-
sent an adverse event after SARS- CoV-2 vaccines in sus-
ceptible individuals. A history of AITDs and/or positivity
of thyroid autoantibodies may represent risk factors for the
development of vaccine-related AITDs, as already described
for other treatments [26], but further prospective studies and
larger cohorts are needed to verify this hypothesis.

Like infections, vaccines can trigger the development of
autoimmunity by several mechanisms, including molecu-
lar mimicry, epitope spreading, polyclonal activation,
bystander activation, and presentation of cryptic antigenic
determinants [27]. In the case of SARS-CoV-2 vaccines, a
cross-reactivity between the virus spike protein targeted by
the vaccines and antigens expressed on the surface of the
thyroid follicular cell has been postulated [6, 28]. Vojdani
et al. reported cross-reactivity to human antigens, includ-
ing thyroid peroxidase, of antibodies against spike protein
S, nucleoprotein and membrane protein, and demonstrated
that numerous thyroid peroxidase peptide sequences shared
homology or similarity with sequences in various SARS-
CoV-2 proteins [28]. Based on these findings, they suggested
that the cross-reactivity between thyroid cell antigens and
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the spike protein of the coronavirus might represent a pos-
sible link between COVID-19 infection and an increase in
autoimmune diseases. By the same mechanism, due to the
molecular mimicry, SARS-CoV-2 vaccination might trig-
ger autoimmune thyroid disorders in genetically predisposed
individuals [6, 7]. These phenomena could be enhanced by
adjuvants in the context of the post-vaccination so-called
ASIA syndrome. First described in 2011, the autoimmune/
inflammatory syndrome induced by adjuvants (ASIA) refers
to a number of autoimmune disorders induced by exposure
to adjuvants added to vaccines to enhance their immuno-
genicity [29]. Indeed, vaccine adjuvants can trigger adverse
autoimmune reactions in predisposed individuals, as a
consequence of dysregulation of both innate and adaptive
immune systems [29, 30]. Since the ASIA syndrome was
described, a wide range of autoimmune conditions have been
reported to occur after the administration of HBV, HPV and
influenza vaccines [31] and more recently SARS-CoV-2 vac-
cine. Among endocrine manifestations, cases of HT, ovar-
ian insufficiency, typel diabetes mellitus, and autoimmune
adrenal insufficiency have already been described with the
use of various vaccines, while GD has been reported only
after SARS-CoV-2 vaccine administration [13-19, and the
present paper]. Peculiarly, ASIA syndrome is often asso-
ciated with a personal or familial history of autoimmune
diseases [31].

In conclusion, it might be hypothesized that SARS-CoV-2
vaccines (mainly mRNA-based) can trigger AITDs, either
as a new-onset disease or a recurrence of previously diag-
nosed ones. To date, mostly cases of Graves’ disease have
been reported in the literature but growing evidence and
our real-life experience suggest that SARS-CoV-2 vaccines,
as other vaccines, can cause autoimmune hypothyroidism
in susceptible individuals. The purpose of the present case
series is to make clinicians aware of full spectrum of AITDs
that may occur following vaccination, so that onset of symp-
toms with a temporal relationship with the administration
of the vaccine are not overlooked and treated timely. How-
ever, it should be pointed that up to date, about 70 cases
of AITDs following SARS-CoV-2 vaccination have been
recorded in the face of several billion vaccine doses that have
been administered globally so far [32]. Thus, at a population
level, the benefits of mass vaccination largely outweigh any
issues concerning thyroid side effects, and the possible and
rare occurrence of thyroid disorders should certainly not
discourage vaccination.
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