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ABSTRACT

The coronavirus disease 2019 (COVID-19) pandemic caused by
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
has led to the development of various vaccines. Reports have
emerged suggesting a possible association between SARS-
CoV-2 vaccination and the onset of thyroid diseases. This re-
view explores the clinical aspects of thyroid disorders following
SARS-CoV-2 vaccination, including a case report of a patient
with concomitant subacute thyroiditis (SAT) and Graves’ dis-
ease (GD) with blocking thyrotropin receptor autoantibodies
(TSH-R-AD) following SARS-CoV-2 vaccination. SAT, character-
ized by transient inflammation of the thyroid gland, has been
reported after SARS-CoV-2 vaccination. GD, an autoimmune
hyperthyroidism, has also been observed post-vaccination,
often with stimulating TSH-R-Ab. Graves’ orbitopathy (GO) has
been associated with SARS-CoV-2 vaccination in patients with
a history of immune thyroid disease. The unique case under-
scores a very rare thyroid condition of functional hypothyroid-
ism in possible relation to SARS-CoV-2 vaccination and the
usefulness of functional analysis of TSH-R-Ab that can provide
valuable insights into disease pathogenesis and help to guide
treatment. This review highlights the need for continued mon-
itoring and awareness of potential thyroid-related complica-
tions following SARS-CoV-2 vaccination.

Introduction

Coronavirus disease 2019 (COVID-19) caused by the severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2), first appeared
in December 2019, has spread around the world with persisting
impact on various health issues [1] and several vaccines were de-
veloped in a hitherto unpreceded successful effort to fight the pan-
demic [2]. Since 2021, a possible association between SARS-CoV-2
infection, vaccination and new onset of thyroid diseases has been

suggested through individual case reports and small patient series.
Thereby the spectrum of reported SARS-CoV-2 associated thyroid
disorders ranges from inflammatory subacute thyroiditis (SAT) to
immune hyperthyroidism in form of Graves’ disease (GD) with and
without orbitopathy (GO) [3, 4]. In this review, we discuss clinical
aspects of thyroid disorders in the context of SARS-CoV-2 vaccina-
tion including a case report on patient with concomitant SAT and
GD with transient thyrotoxicosis followed by rapidly evolving per-
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sistent hypothyroidism due to blocking thyrotropin receptor au-
toantibodies (TSH-R-Ab).

Occurrence of SAT after SARS-CoV-2-Vaccination

SAT is a condition characterized by transient inflammation of the
thyroid gland, often following a viral infection [5]. Manifestation of
SAT after SARS-CoV-2 vaccination has been reported in several pa-
pers since 2021 [3, 6-8] and typically presents with neck pain, ma-
laise and transient thyrotoxicosis. In a systematic review, 51 pa-
tients with new-onset SAT after SARS-CoV-2 vaccination were in-
cluded. The majority were women (74.5 %), with a median age of
39.5 years [3]. SAT occurred after a median of 10 days following
vaccination [3]. Thyrotoxicosis was observed in 88.2 % of patients
initially, but this decreased to 31.6 % during follow-up over 4-8
weeks [3]. Corticosteroids were administered to tamper SAT symp-
toms in more than half of the documented treated patients [3]. An-
other study reported 11 cases of SAT after SARS-CoV-2 vaccination
[6]. The average time to symptom onset after vaccination was 22
days. SAT occurred after both messenger RNA (mRNA) and inacti-
vated virus vaccines [6]. Remission of SAT was reported in the ma-
jority of cases with subsequent hypo- or euthyroidism occurring
within a median of 11.5 weeks [7].

Autoimmune thyroid disease after
SARS-CoV-2-Vaccination

GDin relation to SARS-CoV-2 vaccination has been reported in the
literature, mostly in small case series and manifesting with thyro-
toxicosis due to stimulating TSH-R-Ab [9-11].

In recent studies on Graves’ disease (GD) following SARS-CoV-2
vaccination, a systematic review identified a total of 60 diagnoses,
comprising 48 new diagnoses of GD and 12 GD recurrences [12]
highlighting the substantial number of cases. Twelve patients from
a single tertiary institution in Singapore developed hyperthyroid-
ism, either as new-onset or relapse of previously well-controlled
GD, after receiving the first SARS-CoV-2 mRNA vaccination. The
median time to onset of thyrotoxicosis was 17 days, ranging from
5 to 63 days post-vaccination. The majority (11/12) of patients
were female with a median age of 35.5 years [9]. Interestingly, most
patients were able to receive the second dose of the vaccine with-
out experiencing further exacerbations. The same study identified
21 additional cases of Graves’ disease following SARS-CoV-2 vac-
cination. Among these cases, 16 individuals experienced new-on-
set hyperthyroidism, 3 had worsening of pre-existing Graves’ hy-
perthyroidism, 1 patient converted from hyperthyroidism to hypo-
thyroidism after vaccination, and anotherindividual was diagnosed
with newly acquired Graves’ disease along with concurrent suba-
cute thyroiditis [9].

Another study, focusing on early-onset GD within 4 weeks of
COVID-19 vaccination, revealed distinctive features in this patient
group, such as an older age at onset, a higher prevalence of males,
and an initially favorable response to treatment [13].

Another case series from Turkey reported the clinical course of
seven adult GD patients, including relapsed and newly diagnosed
cases following SARS-CoV-2 vaccination. The median time from
vaccination to symptom onset was 7 days. Previous autoimmune
thyroid disease (AITD) was documented in 4 of these patients [11].

Graves orbitopathy, the most frequent extrathyroidal manifes-
tation of GD [14] has also been observed in association with SARS-
CoV-2 vaccination [15]. Recently a French group reported on six
patients (mean age of 53 years) with GO following vaccination [16].
All of these had a previous history of immune thyroid disease. GO
manifested as new-onset in 2 patients and recurrence in 4 patients
with an average time of 23.8 days from vaccination to onset of eye
symptoms. Thyrotoxicosis was confirmed in one patient, while the
others were on thyroxine substitution. Four patients had elevated
TSH-R-Ab levels. Treatment varied based on the severity and activ-
ity of GO, including selenium, intravenous glucocorticoids, tepro-
tumumab, tocilizumab, and orbital decompression, resulting in
significant improvement in GO signs and symptoms [16].

In another report of 2 GO cases [17], one patient had a pre-ex-
isting history of GD with GO, while the other had a known history
of autoimmune thyroiditis (AIT) without GO [17]. Lastly, two cases
of GO were reported; both patients had a history of Graves’ disease,
and the worsening of the GO occurred two weeks after receiving
the SARS-CoV-2 vaccination[18].

Furthermore, a notable case report presented a patient who de-
veloped both GD and autoimmune diabetes mellitus following
SARS-CoV-2 vaccination, considering various mechanisms that
might lead to these autoimmune disorders [19].

Concomitant onset of SAT and GD with blocking
TSHR-antibodies

Within the literature of thyroid dysfunction following SARS-CoV-2
vaccination, reported cases have highlighted occurrence of SAT and
GD with stimulating TSH-R-Ab [3, 4, 9]. However, a recent case of
a German patient who developed both SAT and GD concurrently,
with persisting hypothyroidism and blocking TSH-R-Ab, illustrates
that the spectrum of immune thyroid disorders may be more com-
plex.

A 63-year-old Caucasian male with no previous history of thy-
roid disease received the first and the second dose of the BNT162b2
SARS-CoV-2 (Pfizer-BioNTech) vaccine on 19 January 2021 and 9
February 2021, respectively. In April 2021, he developed fatigue
and tiredness followed by discomfort in the left neck, that lasted
for two weeks and disappeared without treatment. At this point,
no further investigation was done. Mid May 2021 symptoms re-
curred, this time with significant pain on movement in the right
neck, followed by new onset of hyperhidrosis, palpitations and sub-
sequently weight loss. There was bilateral sensitivity of the neck on
palpation. Magnet resonance imaging (MRI) of the neck was unre-
markable, except for some contrast uptake in the right thyroid lobe.
At laboratory investigation, C-reactive protein (CRP) and erythro-
cyte sedimentation rate (ESR) were elevated.

Subsequent evaluation in August 2021 revealed overt hyperthy-
roidism with positive TSH-R-Ab, thyroid peroxidase (anti-TPO) and
thyroglobulin (anti-TG) antibodies (> Table 1). TSH-R-Ab was meas-
ured using the Abbott Alinity i Thyroid-Stimulating Hormone Re-
ceptor Antibody (TRAb) Chemiluminescent Microparticle Immu-
noassay (CMIA) kit. Ultrasound imaging showed a normal-sized thy-
roid gland (thyroid volume 20 ml) with inhomogeneous texture
suggestive of thyroiditis (> Fig. 1), no nodules, and no cervical lym-
phadenopathy. Thyroid scintigraphy showed decreased 99mTc
pertechnetate uptake (> Fig. 2). There was no thyroid eye disease.
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> Table 1 Thyroid function tests.

Normal value 02.08.21 17.08.21 31.08.21
TSH 0.27-4.20 plU/ml <0.03 0.57 433
fT3 2.0-4.8pg/ml 6.6 1.6 1.2
T4 0.9-1.8ng/d! 3.6 0.6 0.7
TSH-R-Ab <1.81U/l 7.3 7.5
Tg-Ab <115 1U/ml 1.051
Anti-TPO <34 1U/ml 206

09.09.21 05.10.21 19.01.22 25.02.22 30.08.2022
28.5 3.52 4.96 1.84 1.81
2 3 2 2,2 2.3
1 1,5 1.3 2 1.6
5.5 2.1
88 134
36 24

TSH: Thyroid stimulating hormone; fT3: Free triiodothyronine; fT4: Free thyroxine; TSH-R-Ab: Thyrotropin receptor antibodies; Anti-TPO: Anti-thyroid

peroxidase antibodies; Tg-Ab: Anti-thyroglobulin antibodies.

right

left

> Fig. 1 Initial thyroid ultrasound showing an inhomogeneous normal large thyroid (thyroid volume 20 ml) with irregular and ill-defined hypoecho-

genic areas suggestive of thyroiditis.

Family history was negative for autoimmune thyroid diseases.
Based on clinical symptoms and laboratory examinations, a diag-
nosis of SAT was established, and the patient was started on ibu-
profen and propranolol, resulting in improvement of symptoms.
The reduced uptake on thyroid scintigraphy was considered to
argue against GD [20].

Remarkably, follow-up after two weeks showed rapid develop-
ment of overt hypothyroidism with low serum fT3 and fT4 concen-
trations. Levothyroxine (LT4) substitution was initiated, and the
daily dose was subsequently increased to achieve biochemical eu-
thyroidism (> Table 1). In November 2021, the patient received a

booster vaccination with AstraZeneca’s SARS-CoV-2 vaccine with
no impact on his thyroid function parameters.

At four months follow-up, the patient was euthyroid on 150 ug
LT4 with positive TSH-R-Ab. Ultrasound showed a decrease in thy-
roid volume (thyroid volume 11.4ml) (> Fig. 3). Our department
was approached for a second opinion. Because of the unusual con-
stellation, GD with blocking TSH-R-Ab was suspected. Hence, TSH-
R-Ab functionality was determined through cell-based bioassays
as previously described [21]. Both bioassays use Chinese hamster
ovary (CHO) cells expressing a chimeric TSHR (Mc4) and cyclic
adenosine 5'-monophosphate (cAMP) response element (CRE)-de-
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» Fig. 2
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Thyroid scintigraphy showing decreased 99mTc pertechnetate uptake.
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> Fig. 3 One-year follow-up thyroid ultrasound showing a decrease in thyroid volume (thyroid volume 11.4 ml).
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> Table 2 Conventional binding and functional TSH-R-ADb status.

Normal 20.12.2021 24.01.2022 22.02.2022
value

TSH-R- <2.58 U/l 4.1 3.6 3.1

Ab

TBAb < 34% Inhib 61 55 57

TSAb < 140 SRR % 141 167 121

All TSH-R-Ab measurements shown in > Table 2 were done at the
accredited and certified thyroid lab of the Johannes Gutenberg
University Medical Center, Mainz, Germany. TSH-R-Ab: Binding
thyrotropin receptor antibodies; TBAb: Blocking TSH-R-Ab; TSAb:
Stimulating TSH-R-Ab.

pendent luciferase. Serum TSAb concentrations were measured
with a chimeric TSHR bioassay using the FDA-cleared cell-based
assay (Thyretain, Quidel, San Diego, CA, USA) according to the
manufacturer’s instructions. Serum TBADb levels were measured
using the CE-marked cell-based assay (Quidel) according to the
manufacturer’s instructions. The TSH-R-Ab functionality assess-
ment[21] revealed the presence of blocking (TBAb) and borderline
stimulating (TSAb) TSH-R-Ab in the patient’s serum (> Table 2).

HLA class | type revealed alleles (> Table 2), which have been
associated with AITD in previous studies such as the HLA-DRB1*03
allele [22]. In addition, the presence of the HLA-DQ2 haplotype,
also detected in our patient is observed in both AITD as well as ce-
liac disease [22]. Overall, the HLA typing results in the patient sug-
gest a higher predisposition to the development of AITD.

In January 2022, the patient’s peripheral blood mononuclear
cells (PBMC) showed an increase in total cell count and FACS anal-
ysis revealed a relatively high proportion of B-cells suggesting the
possibility of B-cell activation or expansion, which may be related
to the underlying autoimmune disorder.

At the last follow-up of TSH-R-Ab function in February 2022,
only blocking TBAb were detected, and at the last follow-up of thy-
roid hormones and antibody levels in August 2022, the patient was
euthyroid on LT4 125 pg/d with persistent GD.

Discussion

Since the beginning of the COVID-19 pandemicin 2019 and the in-
troduction of SARS-CoV-2 vaccination in late 2020, a possible as-
sociation between new onset of thyroid dysfunction, notably SAT
and GD, infection and administration of the vaccine has been sug-
gested [4]. Further vaccination did not seem to impact negatively
on thyroid function, since no recurrence of SAT has been reported,
while data on GD are sparse [7].

SARS-CoV-2-associated thyroiditis was first reported in 2020,
most prominently in COVID patients treated on the intensive care
unit (ICU) at a Milan hospital, who showed disproportionately low
TSH levels in combination with normal or elevated serum fT4 con-
centrations, clearly distinguishing them from ICU patients with
non-thyroidal illness syndrome. On follow-up of eight COVID pa-

tients with thyroid dysfunction, two exhibited signs of autoimmune
thyroiditis and six were euthyroid without detectable thyroid-re-
lated antibodies, but with diffuse hypoechoic thyroid texture on
ultrasound [23]. The causes and pathomechanism of SAT are not
fully understood but have been suggested to reflect post-viral in-
flammatory response in patients with genetic predisposition
[5,24].

As summarized above, several studies have reported cases of
SAT or GD following SARS-CoV-2 vaccination, with a short time in-
terval of 4 to 14 days and 5 to 63 days, respectively between vac-
cination and onset of thyroid dysfunction [3, 9]. In the reported
German patient, the time interval between the first and second
SARS-CoV-2 vaccination and symptomatic thyroiditis was longer
than usual. Considering the course of disease, thyroid disease in
this patient could be related to SARS-CoV-2 vaccination, but other
causes cannot be excluded.

As possible pathophysiological mechanisms of thyroid disease
following SARS-CoV-2 vaccination, two main hypotheses have been
proposed: molecular mimicry and adjuvant-induced autoimmune/
inflammatory syndrome (ASIA) [19, 20]. Molecular mimicry refers
to the similarity or homology between certain SARS-CoV-2 pro-
teins and human proteins. This genetic resemblance can lead to an
immune response targeting both viral and human tissues, poten-
tially resulting in autoimmune thyroid diseases [19, 20]. A study in-
vestigating immune reactivity found that anti-SARS-CoV-2 anti-
bodies reacted with various human tissue antigens, including those
found in the gastrointestinal, thyroid, and neural tissues [20]. Ad-
juvant-induced autoimmune/inflammatory syndrome (ASIA) is an-
other proposed mechanism. Adjuvants are substances used in vac-
cines to enhance the immune response. In some individuals, expo-
sure to adjuvants can lead to immune dysregulation and the
development of autoimmune diseases [25].

The German patient reported here is remarkable for several rea-
sons: A limited number of cases has been described in the litera-
ture, in which GD with stimulating TSH-R-Ab indeed occurred after
SAT [26-28]. In the published literature however, there is no report
on presence of TBAb or persistent Graves’ hypothyroidism after
SARS-CoV-2 vaccination, so the German patient is unique in this
respect. Furthermore, TSH-R-Ab, whether stimulating or blocking,
pathognomonic for GD, were present when our patient clinically
had SAT with TH excess. However, due to the local symptoms with
cervical pain and increased inflammation values, we assumed a SAT
and since thyroid scintigraphy showed no uptake, one likely expla-
nation is that initially and temporarily destructive thyroiditis over-
ruled GD. Of the 51 patients included in the first systematic review
of SAT secondary to SARS-CoV-2 vaccination, none was TSH-R-Ab-
positive [3].

After transient thyrotoxicosis, the here reported patient rapid-
ly developed persistent hypothyroidism, which now persists over
more than 12 months requiring permanent weight adapted full re-
placement dosage of daily 125 pg pf levothyroxine. SAT itself can
result in long-term hypothyroidism due to severe destruction of
functional thyroid tissue [29]. In a series of patients who developed
SAT after SARS-CoV-2 vaccination with follow-up over 8 to 16
weeks, four of ten patients for whom data were available, still had
hypothyroidism [3]. We suggest however, that the persistence of
hypothyroidism in the German patient is due to persistent TSH-R
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blocking antibodies, underscoring an unusual case of GD. TSH-R-
Ab can be stimulatory (TSAb), blocking (TBAb) or neutral. The stim-
ulating TSH-R-Ab are characteristic of immune hyperthyroidism,
while blocking TSH-R-Ab confer immune hypothyroidism [30].

The use of cell-based bioassays for the detection and measure-
ment of TSH-R-Ab is advantageous because, compared with the
conventional binding immunoassay, this assay is more sensitive at
lower concentrations of TSH-R-Ab and is exclusively specific at dis-
tinguishing the functionality of TSH-R-Ab [31].

Since TSH-R-Ab functionality was only determined in the course
of the disease, one could speculate whether the initially detected
TSH-R-Ab in the German patient had blocking or stimulating activ-
ity or both [32-34]. Studies have shown that differentially func-
tioning TSH-R Ab can coexist in the same patient [35, 36]. The bal-
ance between TBAb and TSAb determines whether a patient has
hypo- or hyperthyroidism at any given time [36]. In the here re-
ported case, borderline positive stimulating and high concentra-
tions of blocking antibodies were observed at first measurement.
However, TSAb disappeared rapidly while positive TBAb sustained
in further measurements hence explaining biochemical hypothy-
roidism and LT4 substitution.

The clinical significance of the presence of TBAb in the context
of autoimmune thyroid diseases is a subject of ongoing research
and an issue for disease definition. Due to their blocking nature,
TBADb are naturally associated with some degree of thyroid atrophy
[37], also observed in the German patient. Whether this is transient
or further propelled by additional destructive thyroiditis is not
known. In a case series, in which 34 TBAb-positive patients with hy-
pothyroidism were studied over a 10-year period, half of the
TBADb-positive patients with hypothyroidism continued to have per-
sistently positive TBAb serum levels and hypothyroidism, from
which they did not recover [38]. In the German patient, the persis-
tence of TBAb leading to hypothyroidism and thyroid volume re-
duction was still present at the last follow-up, 12 months after first
diagnosis of thyroid dysfunction.

Conclusion

This review summarizes published reports on SAT and GD follow-
ing SARS-CoV-2 vaccination. Although the temporal sequence of
the cases described so far may suggest a possible association be-
tween new onset of symptoms, thyrotoxicosis and SARS-CoV-2 vac-
cination, a causal relationship is not proven. Research regarding
possible side effects of vaccination are key elements of public
health practice. Triggering of auto-immune processes is possible
butin view of the billions of SARS-CoV-2 vaccinations administered
to date may be considered a very rare event. This is also backed by
safety data and previous publications addressing impact of SARS-
Cov-2 vaccination in Turkish, Hong Kong and Singaporean individ-
uals with and without autoimmune thyroid disease [7, 9]. Howev-
er, the reported German case illustrates that these exceedingly rare
events should not be overlooked in the general population. Fur-
thermore, though not routinely available functional analysis of
TSH-R-Ab may clarify unusual thyroid function in patients with im-
mune thyroid disease. Additionally, monitoring TBADb serially may
affect the accurate management of this patient. In fact, serocon-

version with disappearance of these functional (blocking) TSH-R-
Ab will have an impact on daily LT4 dosage and potentially even
thyroid volume.
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