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Abstract

Autoimmunity associated with severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) has been well-described 
as the mechanism of development of thyroid dysfunction following Coronavirus Disease 19 (COVID-19) infection and 
SARS-CoV-2 vaccination. However, the occurrence of thyroid eye disease (TED) after SARS-CoV-2 vaccination is 
scarcely described. The postulated mechanisms include immune reactivation, molecular mimicry and the autoimmune/
inflammatory syndrome induced by adjuvants (ASIA). We report a case of new-onset TED after receiving the SARS-
CoV-2 vaccine. 
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INTRODUCTION 

Since COVID-19 struck the world, as of December 12, 
2022, there have been 645,084,824 people affected, and 
it has claimed more than 6 million lives.1 SARS-CoV-2, 
the virus responsible for the disease, has been shown 
to cause a multitude of systemic disorders including 
immune dysregulation, such as autoimmune thyroiditis 
or Graves’ disease (GD).2 To address the COVID-19 
pandemic, vaccination against COVID-19 was started 
in December 2020, and an estimated total of 13 billion 
doses have been administered by the end of 2022.1 While 
COVID-19 vaccination has successfully reduced the 
number of cases and the severity of the disease, there 
have been many cases of new-onset or relapse of GD and 
subacute thyroiditis following COVID-19 vaccination 
reported.3-11 However, there are limited reports of thyroid 
eye disease (TED) after COVID-19 vaccination. We describe 
a patient with underlying GD who developed TED three 
weeks after injection of BNT162b2 (Pfizer-BioNTech) 
mRNA COVID-19 vaccine.

Case 

A 54-year-old, non-smoking, Chinese male with underlying 
Kallman Syndrome and Type 2 Diabetes Mellitus (T2DM) 
was diagnosed with GD without TED in 2003. He was 
given carbimazole for three years and achieved remission 
in 2006. He had relapsed with subclinical hyperthyroidism 

after 11 years in April 2017 with a thyroid stimulating 
hormone (TSH) level of <0.01 mIU/L (0.35-4.94) and a 
free T4 (fT4) level of 18.8 pmol/L (9-19.05). As a result, 
carbimazole was restarted but discontinued a year later. 
He remained clinically and biochemically euthyroid until 
June 2019 when he became overtly hyperthyroid again 
with a suppressed TSH of <0.01 mIU/L and elevated fT4 
of 29.73 pmol/L. He subsequently underwent radioactive 
iodine (RAI) therapy in September 2020. Two months 
later, he developed hypothyroidism and was started on 
levothyroxine replacement. He achieved euthyroidism 
with levothyroxine 150 mcg daily in June 2021 (7 months 
after levothyroxine replacement therapy initiation) with 
TSH of 0.36 mIU/L (0.35-4.94) and fT4 of 11.29 pmol/L 
(9-19.05). His baseline photograph prior to the vaccine is 
seen in Figure 1A.

On the months of July and August 2021, he received his 
first and second doses of BNT162b2 (Pfizer-BioNtech) 
mRNA COVID-19 vaccine, respectively. Three weeks after 
receiving the second dose of the vaccine, he experienced 
new-onset bilateral eyes redness, dryness, proptosis and 
diplopia, which were gradually worsening (Figure 1B). 
He has never contracted COVID-19 before the reactivation 
of the hyperthyroidism to the time of RAI therapy and 
before the onset of TED. There were also no other acute 
infections or recent surgery. He sought treatment at a 
private ophthalmology clinic in November 2021 when 
his eye condition became worse. He underwent magnetic 
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Intravenous MTP 500 mg was restarted and given weekly 
for 6 doses, followed by 200 mg weekly for another 6 doses. 
Azathioprine was started simultaneously. Congestive eye 
symptoms and diplopia significantly improved after the 
third dose of MTP (Figure 1D), with a CAS of 1 out of 10 
attributable to mild conjunctival injection.

Discussion

Thyroid eye disease (TED) is one of the extrathyroidal 
manifestations of autoimmune thyroid disease resulting 
from an autoimmune and inflammatory process. It is 
relatively rare, with females more commonly affected 
than males, and moderate-to-severe forms accounting 
5 to 6% of cases.12 Risk factors for developing TED 
include smoking, thyroid dysfunction, high serum level 
of thyrotropin receptor antibodies, RAI treatment, and 
hypercholesterolemia.12 While there are limited data 
comparing prevalence rates of GD and TED among different 
ethnic groups within populations, a meta-analysis and 
systematic review by Chin et al., reported that the pooled 
prevalence for thyroid eye disease was 44% in Asia, 38% 
in Europe and 27% in North America.13 

Since the start of the COVID-19 pandemic, SARS-CoV-
2-related thyroiditis has been increasingly recognized. 
Lui et al., reported that 15% of patients with mild to 
moderate COVID-19 had thyroid dysfunction, and 
SARS-CoV-2 could potentially exacerbate pre-existing 
autoimmune thyroid disease.14 There were also numerous 
reported cases of thyroid dysfunction due to new-onset 
or relapse of GD or subacute thyroiditis following the 
SARS-CoV-2 vaccination described in recent literature.3-11 

resonance imaging (MRI) of the orbits which showed 
bilateral extraocular muscle enlargement, especially of the 
inferior and medial rectus muscle (Figure 2) and proptosis. 
He was managed as TED for which he was given weekly 
intravenous (IV) methylprednisolone (MTP) 500 mg for 4 
weeks, followed by 750 mg weekly for 2 weeks. His TED 
improved after the treatment. Unfortunately, he defaulted 
to subsequent follow-up. 

In March 2022, his TED worsened, presenting with bilateral 
exophthalmos, chemosis, conjunctival injection, swollen 
eyelids and caruncles (Figure 1C). He was assessed to have 
active moderate-to-severe TED with a clinical activity score 
(CAS) of 4 out of 7. On further ophthalmologic assessment, 
his vision was intact, but there was diplopia on the upward 
gaze and secondary ocular hypertension. He had normal 
TSH, fT4 and fT3 levels (0.46 mIU/L [0.35-4.94], 16.47 
pmol/L [9-19.05] and 4.5 pmol/L [2.6-5.7], respectively). 
However, the TSH-receptor antibodies (TRAb) level was 
elevated at 3.60 IU/L (<1.75) and anti-thyroid peroxidase 
(TPO) antibodies of >600 IU/ml (0-34). Unfortunately, 
there were no baseline auto-antibody tests for comparison. 

Figure 2. Coronal MRI of the orbits demonstrating bilateral 
extraocular muscle enlargement especially the inferior 
and medial rectus muscles (yellow arrows) consistent with 
thyroid eye disease. 

Figure 1. (A) Patient’s photography (taken with the 
patient’s cellphone) in April 2021 before BNT162b2 mRNA 
COVID-19 vaccine indicating no obvious sign of clinical 
thyroid eye disease. (B) Patient’s photograph 3 weeks after 
the second dose of the vaccine indicating exophthalmos, 
eyelid swelling and upper eyelid retraction. (C) Clinical 
photograph of the patient at presentation in March 
2022, demonstrating bilateral exophthalmos, chemosis, 
conjunctival injection, upper eyelid retraction, swollen eyelids 
and caruncles. (D) Patient’s photography after third dose 
of IV methylprednisolone indicating marked improvement 
of the eye signs with no eyelid and caruncles swelling and 
chemosis, albeit with mild conjunctival injection. 
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commonly occur in genetically susceptible individuals, 
where the T lymphocytes are excessively sensitized to 
the TSH receptor thereby causing GD or TED.20 It is 
also possible that epigenetic changes or alterations in 
the patient’s microbiome, such as those demonstrated 
following mRNA SARS-CoV-2 vaccination, may play a role 
in TED pathogenesis.19 Lastly, Sriwijitalai and Wiwanitkit 
suggested that vaccination-induced increase in blood 
viscosity is another possible pathophysiological process.27 
Vaccines can significantly increase blood viscosity, and 
very high blood viscosity is associated with exophthalmos 
at a stable stage of hyperthyroidism.27 

The time of the onset of TED after mRNA SARS-CoV-2 
vaccination in the reported cases ranged from day 1 to 
day 60 following the first or second dose of vaccination 
(Table 1), whereas the symptoms onset of thyroid 
dysfunction ranged from 2 to 37 days after SARS-CoV-2 
vaccination.10,11 In our case, the TED symptoms started 
manifesting after 3 weeks from the second SARS-CoV-2 
vaccine and approximately one year after RAI treatment. 

The study by Traisk et al., reported that RAI treatment 
is a significant risk factor for the development of TED in 
Graves’ hyperthyroidism.28 The proportion of worsening 
or development of TED after 1 year was 31% in patients 
who received RAI therapy compared to 16% who received 
methimazole.28 While the study by Kung et al., reported 
that the mean time for development or exacerbation of 
TED after RAI was 6.7 ± 2.2 months (range, l-15 months).29 
The temporal relationship suggests that either the SARS-
CoV-2 vaccine or RAI could be the triggering event in our 
patient or the presence of both might have amplified the 
autoimmune and inflammatory cascades leading to TED. 
It was also found that hypothyroidism with elevated TSH 
is an important adverse factor for the development or 
exacerbation of TED. The adjunctive use of methimazole 
after RAI was unable to prevent the development or 
exacerbation of TED.29 In our case, the patient has already 
achieved a euthyroid state at the time of TED manifestation. 
Other authors also reported that their patients had received 
RAI treatment several years before and were already 
euthyroid before the onset of TED.15-17

Ten of the reported TED cases had a history of being 
treated for TED and were stable prior to the administration 
of SARS-CoV-2 vaccine. This contrasts with the other 
cases which documented new-onset TED. Our patient 
received a total of 12 doses of IV MTP, which afforded 
significant improvement of the patient’s eye symptoms 
after the third dose of the second cycle. Azathioprine 
was added simultaneously during the second cycle of 
MTP. Azathioprine has been shown to reduce the relapse 
rate after glucocorticoid withdrawal.12 Among the other 
16 reported cases, the clinical presentations ranged from 
mild, moderate-to-severe to sight-threatening disease, 
with the milder disease seen mostly in new-onset TED 
cases. Generally, most patients with mRNA SARS-CoV-2 
vaccine-associated TED had a favorable response to  

In contrast, TED after SARS-CoV-2 vaccination is rare. 
To date, there have been 16 cases of reactivation or new-
onset TED after SARS-CoV-2 vaccination reported.10,15-20 
A summary table (Table 1) is presented comparing the 
patient characteristics, clinical presentation and treatments 
of other similar post-vaccination TED patients together 
with the index patient of this report. 

The mechanisms of developing TED were postulated to be 
similar to how GD occurs after vaccination. The BNT162b2 
(Pfizer-BioNtech) mRNA COVID-19 vaccine induces spike 
protein-specific neutralizing antibodies associated with 
protective immunity.21 Vojdani et al., conducted a study 
in vivo and found that the SARS-CoV-2 spike protein, 
nucleoprotein, and membrane protein all cross-reacted 
with TPO, and many TPO peptide sequences shared 
homology or similarity with sequences in various SARS-
CoV-2 proteins.22 These findings suggest that the SARS-
CoV-2 vaccine may lead to the onset of autoimmune 
thyroid disease and TED via molecular mimicry between 
the SARS-CoV-2 spike proteins and thyroid proteins or TPO 
peptides.22 The antibodies against these viral targets may 
also cause thyroid tissue damage, leading to the release 
of further auto-antigens and the potential development of 
other auto-antibodies that may trigger TED, such as thyroid 
stimulating immunoglobulin (TSI), TRAb or anti-TPO.19,23,24 
This could explain the mechanism for this patient case, and 
in the 12 other patients out of the 16 reported cases who 
did not undergo total thyroidectomy. The four patients 
who underwent total thyroidectomy might have remnant 
thyroid tissue that could have served as an immune 
target. Also, it is important to note that our patient had 
both elevated TRAb and anti-TPO, whereas most of the 
reported cases had only either raised TRAb or TSI alone.

Another postulated mechanism was autoimmune/
inflammatory syndrome induced by adjuvants (ASIA). 
ASIA is an entity that incorporates diverse autoimmune 
conditions induced by exposure to various adjuvants 
that are found in many vaccines.25 Adjuvants are 
substances that can trigger autoimmunity via a variety 
of mechanisms, such as alteration of the host’s immune 
system, polyclonal activation of B cells, effects on cellular 
immunity, immunoregulatory cells, viral-induced 
antibodies and acceleration of molecular mimicry.25 These, 
in turn, lead to the promotion of inflammation through 
the activation of macrophages and fibroblasts, as well as 
the production of Th-1 cells and adipocyte differentiation, 
which are similar mechanisms seen in TED.26 In mRNA 
vaccines, polyethylene glycol (PEG) in conjugation with 
lipid nanoparticles may act as an adjuvant to trigger an 
autoimmune reaction following SARS-CoV-2 vaccination. 
Coincidentally, the reported TED cases and our case were 
given mRNA vaccines. 

Despite the myriad of individuals who received SARS-
CoV-2 vaccination, autoimmune thyroid diseases, such as 
GD and TED, are still relatively rare or underreported. It 
is hypothesized that these autoimmune conditions may 
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Table 1. Reported cases of thyroid eye disease after COVID-19 vaccination
Country Age / Sex Smoking 

status
Type of 

vaccine/dose
Post-vaccination
symptoms onset

History of 
GD / TED

Pre-vaccination 
thyroid status History of RAI History of total 

thyroidectomy
Laboratory test results at diagnosis

CAS Severity of TED Rx for TED Symptoms 
improvementTSH (RR) fT4 (RR) fT3 (RR) TRAb (RR) TSI (RR)

Our case Malaysia 54 / male N mRNA Pfizer 
/ 2nd

3 weeks Y / N Euthyroid with LT Y
(1 year ago)

N 0.46
(0.35-4.94 mIU/L)

16.47
(9-19.05 pmol/L)

4.5
(2.6-5.7 pmol/L)

3.6
(<1.75 IU/L)

NA 4/7 Moderate-
to-severe

MTP Yes (after 
3rd infusion)

Case 110 United 
States

51 / female N mRNA Pfizer 
/ 2nd

4 days N / N Euthyroid N N <0.01
(0.27-4.2 mIU/L)

3.72
(0.93-1.7 ng/dL)

12.6
(2-4.4 ng/dL)

5.04
(<1.5 IU/L)

NA 3/7 Mild Thyroidectomy Yes

Case 215 United 
States

50 / female N mRNA Pfizer 
/ 2nd

3 days Y / N Euthyroid with LT Y
(12 years ago)

N Normal Normal Normal NA 2.29
(<0.55 IU/L)

5/7 Moderate-
to-severe

Teprotumumab Yes (after 
2nd infusion)

Case 316 United 
States

66 / female N mRNA 
Moderna / 2nd

3 weeks Y / Y* Euthyroid with LT Y
(15 years ago)

N 0.04
(0.3-5.0 uIU/mL

1.7
(0.7-1.7 ng/dL)

NA 5.51
(<1.5 IU/L)

3.91
(<0.55 IU/L)

6/10 Moderate-
to-severe

Teprotumumab Yes 
(at 5 months)

Case 416 United 
States

53 / female N mRNA 
Pfizer / 1st

1 day N / N Euthyroid N N 0.99 uIU/mL
(0.3-5.0 uIU/mL

0.9
(0.7-1.7 ng/dL)

NA NA 3.21
(<0.55 IU/L)

NA Moderate-
to-severe

Teprotumumab Yes 
(at 8 months)

Case 516 United 
States

45 / female N mRNA 
Moderna / 1st

3 weeks Hashimoto / Y* Euthyroid with LT N N Abnormal Abnormal NA NA NA NA Mild-to-moderate No Rx Yes

Case 617 Italy 58 / female NA mRNA Pfizer 
/ 2nd

3 days Y / Y* Euthyroid with LT Y
(2 years ago)

N 1.17
(0.4-4.00 mIU/L)

1.26
(0.7-1.7 ng/dL)

3.54
(2.7-5.7 ng/dL)

6.82
(<1.5 IU/L)

NA 6/10 Moderate-
to-severe

Teprotumumab NA

Case 717 Italy 43 / male NA mRNA 
Pfizer / 1st

2 weeks Y / Y* Euthyroid 
with MMI

N N 2.316
(0.4-4.00 mIU/L)

0.96
(0.7-1.7 ng/dL)

3.4
(2.7-5.7 ng/dL)

20.7
(<1.5 IU/L)

NA NA Sight-threatening 
disease

NA NA

Case 818 United 
States

51 / female Former 
smoker

mRNA 
Moderna / 2nd

2 weeks Y / Y* NA NA NA NA NA NA NA NA 9/10 NA Prednisolone, 
teprotumumab, 

orbital 
decompression

Yes 
(13 months after 
teprotumumab, 
2 months after 

surgery)
Case 919 United 

States
50 / male N mRNA Pfizer 

/ 2nd
3 weeks Y / Y* Euthyroid with LT N Y 2.3 mIU/L NA NA NA 4.46

(<1.75 IU/L)
7/10 Moderate-

to-severe
MTP, 

tocilizumab and 
teprotumumab

Yes (after 3rd 
teprotumumab 

infusion)
Case 1019 United 

States
71 / female N mRNA 

Moderna / 2nd
3 days Hypothyroidism 

/ N
Euthyroid with LT N N Undetectable 1.4

(0.93-1.70 ng/dL)
3.9

(2.3-4.2 ng/dL)
NA 5.5 (≤1.3) 4/7 Moderate-

to-severe, 
progressed to 

sight-threatening 
disease

MTP followed by 
teprotumumab

Yes (after 3rd 
teprotumumab 

infusion)

Case 1120 France 70 / female NA mRNA Pfizer 
/ 2nd

60 days Y / Y* Euthyroid with LT N Y 1.65 mIU/L 20 pmol/l NA >40 IU/L NA 4/7 Moderate-
to-severe

Prednisolone, 
tocilizumab

Yes (after 
2 weeks of 
tocilizumab 

infusion)
Case 1220 France 43 / male NA mRNA 

Moderna / 1st
1 day Y / Y* Mild hypothyroid 

with CBZ
N N 4.04 mIU/L 6.2 pmol/l NA Absent NA 7/7 Sight-threatening 

disease
Tocilizumab Yes (after 

1st infusion)
Case 1320 France 73 / male NA mRNA 

Pfizer / 1st
21 days Y / N Euthyroid 

with CBZ
N N 2.4 mIU/L NA NA Normal NA 3/7 Mild Selenium,MTP Yes (after 

1st infusion
Case 1420 France 45 / female NA mRNA 

Moderna / 2nd
NR Y / Y* Euthyroid with LT N Y 0.76 mIU/L NA NA 151 IU/L NA 4/7 Moderate-

to-severe
Lubricants Yes (at 5 

months)
Case 1520 France 48 / male NA mRNA 

Moderna / 2nd
30 days Y / Y* NR N Y <0.01 mIU/L 21 pmol/l NA 28 IU/L NA 5/7 Sight-threatening 

disease
MTP, orbital 

decompression, 
teprotumumab

Yes (after 
1st infusion)

Case 1620 France 39 / female NA mRNA 
Pfizer / 1st

7 days N / N Euthyroid N N 0.3 mIU/L NA NA 5 IU/L NA 2/7 Mild Selenium Unchanged

GD: Graves’ disease; TED: thyroid eye disease; TSH: thyroid-stimulating hormone; fT4: free thyroxine; fT3: free triiodothyronine; TRAb: 
TSH receptor antibody; TSI: thyroid stimulating immunoglobulin; CAS: Clinical activity score; MMI: methimazole; CBZ: carbimazole; LT: 
levothyroxine; MTP: Methylprednisolone; NA: not available; Y: yes; N: no; RR: reference range.
*Stable disease after receiving Rx for TED

been instrumental in its prevention and control. By and 
large, the benefits of the SARS-CoV-2 vaccine outweigh the 
risks. Patients with known autoimmune thyroid disease 
should be monitored closely and periodically after the 
SARS-CoV-2 vaccination as they might develop TED and 
require prompt treatment to alleviate the symptoms and 
signs. Finally, further studies are required to identify the 
potential mechanisms of new-onset or reactivation of 
TED following the administration of mRNA SARS-CoV-2 
vaccines and to understand the possibility of ethnicity- 
related predisposition. 
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teprotumumab, including patients with the sight-
threatening disease.19,20 Three cases were given oral 
prednisolone, MTP and a combination of MTP and 
tocilizumab with a limited response, but symptoms 
improved favorably after teprotumumab treatment.18,19 
While teprotumumab has been proven effective in TED 
treatment, its use is restricted by cost and availability, 
and long-term efficacy and safety data are still lacking.12 

CONCLUSION

In conclusion, to the best of our knowledge, our patient 
is the first reported case of mRNA SARS-CoV-2 vaccine-
associated TED reported in Asia. Although the temporal 
relationship of developing TED after COVID-19 vaccination 
might be suggestive, other possible factors may be 
contributory, such as prior RAI treatment in our case. 
While there is no cure for COVID-19 yet, the vaccines have 
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