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Abstract

Aim To describe a case series of thyrotoxicosis likely triggered by SARS-CoV-2 vaccination and to warn physicians about
this potential correlation. To report clinical, laboratory and imaging findings and provide further information that goes in
line with the underlying mechanisms.

Methods Single-center case series based on all the information collected in the hospital medical records, as well as the
temporal sequence between the onset of symptoms and COVID-19 vaccination.

Results We report 8 cases with thyrotoxicosis after SARS-CoV-2 vaccination. 4 cases of Graves’ disease (GD), 2 cases of
subacute painful thyroiditis (SAT), 1 case of concurrent GD and SAT and 1 case of atypical subacute thyroiditis. Five patients
received BNT162b2 mRNA vaccine, 3 patients 1273 mRNA vaccine. The onset of symptoms following vaccination ranged
from 10 to 14 days in six of eight patients and from 7 to 8 weeks in two patients.

Conclusions Several hypotheses have been proposed to explain the potential correlation between SARS-CoV-2 vaccination
and thyrotoxicosis, including immune system hyper-stimulation, molecular mimicry and Autoimmune/Autoinflammatory
Syndrome Induced by Adjuvants (ASIA). We should pay greater attention to thyroid disorders in patients receiving vaccine
against SARS-CoV-2.

Keywords SARS-CoV-2 vaccination - Thyrotoxicosis - Subacute painful thyroiditis - Graves’ disease - Autoimmune
syndrome - Adjuvants

Introduction

COVID-19 pandemic is one of the greatest challenges that
the world faces. Since its emergence as a global pandemic,
global COVID-19 death toll surpasses 5 million [1]. As the
pandemic has progressed, it has also become increasingly
well known that SARS-COV-2 affects not only the respira-
tory system, but also a wide spectrum of organs, includ-
ing the endocrine system. In this regard, thyroid disorders,
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phospho-calcium metabolism disorders and even severe dia-
betic ketoacidosis in individuals with new-onset diabetes
have been reported [2—4].

In addition, and despite their lower prevalence, potential
cases of thyroid disorders following SARS-CoV-2 vaccina-
tion are becoming more frequent and have been reported
recently [35, 6].

The present study describes a case series of thyrotoxicosis
likely triggered by SARS-CoV-2 vaccination in the period
between May and September 2021. Our case series provide
further information that goes in line with the underlying
mechanisms proposed to explain SARS-CoV-2 vaccination
and thyroid disorders correlation.
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Materials and methods

A single-center case series of eight adult patients who pre-
sented with thyrotoxicosis after SARS CoV-2 vaccination in
the period between May and September 2021.

We aim to report demographic, clinical, laboratory and
imaging findings, using data collected in the hospital medi-
cal records, as well as the temporal sequence between the
onset of symptoms and COVID-19 vaccination.

Results
Baseline characteristics

Eight cases with thyrotoxicosis after SARS-CoV-2 vaccina-
tion in the period between May 2021 and September 2021.
Five were females, the mean age was 56.6 years, ranging
from 42 to 71 years. Seven of eight patients had normal
thyroid function before vaccination, with no data of thyroid
antibodies. None of the eight cases had family history of
thyroid disease. One patient had subclinical hypothyroid-
ism, with no data of thyroid antibodies. Five patients had
received Pfizer BNT162b2 mRNA vaccine while the other
three patients had received Moderna 1273 mRNA vaccine
(Table 1).

Biochemical diagnosis and clinical presentation

We identified eight patients with thyrotoxicosis after SARS-
CoV-2 vaccination. None of these patients reported any
previous history of viral upper respiratory infection. Mean
free T4 value was 3.28 +1.12 ng/dl [0.54—1.24] with sup-
pressed TSH. two patients (cases 4 and 6) were referred for
evaluation of neck pain radiating to ears, asthenia, mild fever
and clinical picture suggestive of thyrotoxicosis with raised
C-reactive protein (CRP) and erythrocyte sedimentation rate
(ESR), consistent with subacute painful thyroiditis (SAT).
In five patients (1, 5, 7 and 8) TSH-receptor antibodies were
positive (mean TSHR-Ab 4.05+0.83 U/L [N < 1.75]), acute
phase reactants (ESR/CRP) were negative and symptoms
were suggestive of Graves’ disease (GD). One patient (case
3) underwent symptoms consistent with atypical subacute
thyroiditis with no pain or swelling but clinical picture sug-
gestive of thyrotoxicosis, mild fever, raise CRP (30 mg/dl
[N<10) and ESR (88 mm/h [N < 10]) and negative TSHR-
Ab. In one patient (case 2) Graves’s disease and subacute
painful thyroiditis coexisted and were concurrent (TSHR-
Ab 3.8 U/L, CRP 120 mg/dl and ESR 75 mm/h), with neck
pain and mild fever, and clinical symptoms suggestive of
thyrotoxicosis, including weight loss, palpitation and hand
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tremor. In this patient urine and respiratory infections were
excluded. None of the patients with Graves' disease diagno-
sis had Graves’ orbitopathy. No significant differences by
age, gender or vaccine were observed. All laboratory results
and clinical features of the eight cases are shown in Table 1.

Symptom’s onset

Symptoms developed after the first dose in six of the eight
cases (cases 2, 3, 4, 5, 6 and 8). In the two patients that
symptoms developed after the second dose (cases 1 and 7),
the diagnosis was Graves’s disease. Concerning the onset
of symptoms following vaccination, it ranged from 10 to
14 days in six of eight patients, and from 7 to 8 weeks in
two patients (Table 1). These two patients’ diagnoses were
Graves’ disease, and both were vaccinated with Pfizer
mRNA-BNT162b2 vaccine.

Imaging studies

Thyroid ultrasound was available at the time of thyrotoxi-
cosis in seven patients. In the two cases of subacute painful
thyroiditis (cases 4 and 6) thyroid ultrasound revealed an
unstructured thyroid with diffuse hypoechoic areas and with
diffuse hypovascularization. The three patients with Graves’
disease and an available thyroid ultrasound at the time of
thyrotoxicosis (cases 1, 5 and 7) had an enlarged thyroid
with increased vascularity. In patient 3 (atypical thyroidi-
tis diagnosis) thyroid ultrasound revealed heterogeneous
echogenicity with diffuse hypoechoic areas and hypovas-
cularization. In patient 2 (concurrent GD and SAT), thyroid
ultrasound was only available 5 weeks after the onset of
symptoms, thyroid was enlarged with heterogeneous echo-
genicity and diffuse hypoechoic pattern. Thyroid iodine scan
revealed a diffuse markedly increased uptake over both lobes
in patients with GD diagnosis (cases 1 and 5), and a decrease
uptake in patients with SAT (cases 4 and 6), not being avail-
able at the time of thyrotoxicosis in all other cases. Imaging
results are shown in Table 1.

Treatment and patient follow up

SAT patients (cases 4 and 6) and patient with atypical suba-
cute thyroiditis diagnosis (case 3) were treated with non-
steroidal anti-inflammatory drugs. Twoweeks later, cases
4 and 6 medical examination revealed an improvement in
hyperthyroidism with a decrease in acute phase reactants,
and 4 and 5 weeks after clinical onset (respectively), subclin-
ical hypothyroidism was established in case 4 and thyroid
function was normal in case 6. Patient 3 follow-up at week
6 revealed a subclinical hypothyroidism and normalization
of APR, with no symptoms and no indication of treatment at
this stage. Patients with diagnosis of Graves’ disease (cases
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1,5, 7 and 8) and patient with concurrent Graves’s disease
and subacute painful thyroiditis diagnosis (case 2) under-
went treatment with antithyroid drugs (methimazole), and
methimazole and non-steroidal anti-inflammatory drugs,
respectively; with progressive dose reduction, in line with
thyroid function improvement and symptoms. In cases 1
and 5 the presence of TSHR-Ab remained positive 2 months
later; nevertheless, serum levels were lower than previ-
ous values (from 3.6 to 1.9 U/L and from 4.39 to 2.1 U/L,
respectively). TSHR-ADb evolution data in cases 2, 7 and 8
are not available yet. All patients are still being followed up.

Discussion

Several hypotheses have been proposed to explain how
SARS-CoV-2 may trigger thyroid disorders including
the systemic immune-inflammatory response, and next to
SARS-CoV-2 infection, SARS-CoV-2 vaccination seems to
share a common mechanism.

An increasing number of series, both including overt
subacute thyroiditis and atypical thyroiditis [7, 8] as well
as thyroid autoimmune disease after COVID-19 infection
[9, 10] has been described in the past year. It is noteworthy
that SAT has been highlighted as a plausible underestimated
manifestation of COVID-19 [2].

The mechanism by which COVID-19 induces thyroid
dysfunction involves different mechanisms that can pro-
duce damage and alter endocrine function, including a direct
action of the virus in thyroid tissue and an immunological
response against the virus.

First and well-known, SARS-CoV-2 Spike Protein (S pro-
tein) binds ACE2 receptor, which has an important expres-
sion in several endocrine tissues including thyroid, leading
to an increase of thyroid disorders in subjects with COVID-
19 infection [11]. Therefore, thyrotoxicosis could result from
SARS-CoV-2 direct action on thyroid gland, as described in
other viral infections.

It is noteworthy that, as recently described, SARS-CoV-2
infection can lead to both overt subacute thyroiditis consist-
ing of typical presentation with neck pain radiating to ears,
myalgia, mild fever and thyrotoxicosis with raised C-reactive
protein (CRP)/erythrocyte sedimentation rate (ESR); but
also, to a non-classical/atypical subacute thyroiditis with
no pain or swelling but thyrotoxicosis and an increase of
acute-phase reactants [12] described in up to one third of
patients [8].

Alternatively, thyrotoxicosis could also result from an
increased thyroid autoimmunity after SARS-CoV-2, and
Graves’ disease could be due to an immunological cascaded
triggered by the acute inflammatory response to SARS-
CoV-2, including the cytokine storm.

The inflammatory phenomenon during the infection has
been described to be mediated by a cytokine release syn-
drome that takes place and leads to a significant increase in
circulating IL-6, ILIRA, CCL2 and CCL8 (which recruit
monocytes and macrophages) and CXCL9 and CXCL16
[chemoattractants of T or natural killer (NK) cells] [13]. It
is noteworthy that an increase level of IL6 have already been
reported in Graves’ disease [14].

As with SARS-CoV-2 infection, different forms of
thyrotoxicosis after SARS-CoV-2 vaccination have been
described, including overt subacute thyroiditis and atypi-
cal thyroiditis, as well as autoimmune hyperthyroidism
(Graves’ disease) [5, 15], as we show in our case series. The
general features of these are similar to thyrotoxicosis cases
reported in SARS-CoV-2 infection. Most of these forms of
thyrotoxicosis have been reported with mRNA-based vac-
cines, what goes in line with our case-series, although we
have to point out that some cases have also been described
after inactivated SARS-CoV2 and vector-based vaccines
[16, 17]. Nonetheless, it is important to highlight that in
some patients, symptoms related with thyroiditis may have
been identified as post-vaccination symptoms and, in con-
sequence, many thyroiditis diagnoses may have been over-
looked. Further investigations are needed to clarify these
important concerns such as which is the real risk of thyroidi-
tis depending on COVID-19 vaccine types.

Concerning Graves’ disease, in our case series none of the
patients had Graves’ orbitopathy, albeit it has been described
in one patient in the literature, with the hypothesis that
COVID-19 could have triggered an autoimmune response
against thyroid and ocular antigens, through molecular
mechanisms underlying the action of the virus itself, as well
as through the induction of a long-lasting stress status [10].

Two mechanisms for the association between SARS-
CoV-2 vaccination and thyroid disorders have been
proposed.

First, immune-mediated complications after SARS-
CoV-2 infection are induced by immune system hyper-stim-
ulation and molecular mimicry between the human proteome
and SARS-CoV-2 components [15]. S protein has become
a major target for the development of SARS-CoV?2 vaccine.
The majority of vaccines against SARS-CoV-2 encode the
viral spike protein, employing it as the antigen to lead to a
protective immune response against SARS-CoV-2. Recent
studies [16, 18] suggest that thyroid peroxidase peptide
sequences in thyroid tissue share similarity with SARS-
CoV-2 proteins. This could contribute to a cross-recognition
between the modified SARS-CoV-2 spike protein encoded in
RNA vaccine and the thyroid target proteins, due to molecu-
lar mimicry, leading to an autoimmune thyroiditis.

Second, the exposure to vaccine adjuvants used as immu-
nogenicity enhancing agents of the vaccine formulation [19,
20] has been proposed to be capable of inducing diverse
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immune reactions [16, 21, 22]. This leads to the so-called
Autoimmune/Autoinflammatory Syndrome Induced by
Adjuvants (ASIA). It is difficult to ascertain the accuracy
of this hypothetical autoimmune disorder as a pathogenic
link between vaccination and thyrotoxicosis and it cannot be
considered as a universally accepted pathogenic mechanism.
Nevertheless, and on the basis of the literature review, it
has been one of the most frequently repeated postulations.
In this context, it is worth mentioning that at low rates and
despite that case—control studies are still scarce, HPV vac-
cine has been related to primary ovarian failure [23] and to
Guillain-Barré Syndrome [24], albeit not implying a causal
association. The difficulty in proving a causal relationship
between the clinical manifestations of the diseases and the
use of adjuvants in vaccines should be noted since several
studies do not confirm the role of adjuvants in the develop-
ment of autoimmune diseases [25].

With regard to time interval after vaccination, as recently
reported in other author case series [5], subacute thyroiditis
after SARS-CoV-2 vaccination took place 10-14 days after
vaccination. The described time course goes in line with
the majority of patients in our case series, with an onset of
symptoms 10—14 days after vaccination. In two patients of
our case series the onset of symptoms ranged from 50 to
60 days. These two patients’ diagnoses were Graves’s dis-
ease. Literature review concerning cases reports in different
countries regarding thyroid dysfunction after SARS-CoV-2
vaccination has shown a maximum time of onset after vac-
cination of 56 days [21]. In contrast and as it has recently
been described [10], subacute thyroiditis triggered not by
COVID-19 vaccination but by COVID-19 infection, seemed
to take place 2-3 weeks after viral infection, and classic sub-
acute thyroiditis (postviral) usually occurs within 2—8 weeks
following viral infection [16].

Last, we have to emphasize that considering the high
number of vaccine doses administered at the same period of
time (May—September 2021), eight cases of thyrotoxicosis
in 5 months is a relatively limited number. By October 2021
and following the Spanish vaccination strategy, 87.9% of
the population over 12 years of age was already fully vac-
cinated [26]. In this context, we looked for the diagnoses of
thyrotoxicosis performed in our Centre in the same period,
resulting in 56. All 56 cases with a confirmed diagnosis of
thyrotoxicosis had received at least one dose of the vaccine.
Nevertheless, in no case did thyrotoxicosis occur before
8 weeks after vaccine administration, in contrast to our case
series and to other cases in the literature. In any case, we
would like to point out that despite the temporal sequence
between the administration of the vaccine and the onset of
symptoms, as well as the increasing number of cases being
reported, the association in at least some of the described
cases might be casual and simply chronologically associated
with, albeit not caused by vaccination. In addition to this,
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it is noteworthy that following World Health Organization
Immunization Safety Surveillance guidelines, an adverse
event following immunization (AEFI) is defined as any
untoward medical occurrence which follows immunization,
which does not necessarily have a causal relationship with
the usage of the vaccine [27]. Therefore, it is important to
point out that thyroid disorders following COVID-19 vacci-
nation represent a clinical event with a reasonable time rela-
tionship to vaccine administration, but that does not imply a
cause-effect relationship [25].

Further research is needed to investigate the prevalence
and pathogenesis of thyroid dysfunction following vaccina-
tion against COVID-19. Nonetheless and as a final thought,
we truly believe that we must be aware that the SARS-CoV-2
vaccination may precipitate a thyrotoxicosis with different
underlying etiologies. This may include overt subacute thy-
roiditis, atypical thyroiditis, and autoimmune hyperthyroid-
ism, like in our case series, with concurrence of GD and
SAT being possible. Therefore, based on our case series
and as previously reported in the literature, we should pay
greater attention to potential thyroid disorders in patients
receiving vaccine against SARS-CoV-2 and closely monitor
thyroid function in these patients.
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