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Abstract 

Global Coronavir us disease 2019 (COVID-19) vaccination efforts are being intensified to combat the pandemic. 
As the frequency of immunization against COVID-19 has increased, some adverse effects related to vaccination 
have emerged. Within this context, this article reviewed 62 Graves’ disease (GD) cases following COVID-19 vaccina-
tion, to probe the potential association between the vaccination and the onset of GD. A comprehensive search 
of the PubMed, Web of Science, and Scopus databases was conducted to collect GD cases following COVID-19 
vaccination up to June 7, 2023. Among the 62 GD cases included in this review, there were 33 (53.2%) new-onset GD 
and 10 (16.1%) relapsed GD patients following mRNA vaccination, 14 (22.6%) new-onset GD and 4 (6.5%) relapsed 
GD patients following viral vector vaccination, and 1 (1.6%) relapsed GD patients following inactivated vaccination. 
Median durations to symptoms onset for new-onset and relapsed GD were 12 (range: 1–60) and 21 (range: 5–30) 
days following mRNA vaccination, while 7 (range: 1–28) and 14 (range: 10–14) days following viral vector vaccination, 
respectively. While the definitive pathogenesis of GD following COVID-19 vaccination remains unclear, it might be 
associated with cross-immune responses triggered by molecular mimicry, and an adjuvant-induced autoimmune/
inflammatory syndrome. However, due to the limited number of observed GD cases following COVID-19 vaccination 
and the lack of systematic experimental studies, a causal relationship between COVID-19 vaccination and the onset 
of GD has not been definitively confirmed. It should be highlighted that most of GD patients following COVID-19 vac-
cination experienced positive outcomes after treatment. In the broader context of ending the COVID-19 pandemic 
and reducing mortality rates, the benefits of COVID-19 vaccination significantly outweigh mild risks such as treatable 
GD. Adherence to the COVID-19 vaccination schedule is therefore imperative in effectively managing the pandemic.
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Introduction
COVID-19, an acute respiratory infectious disease insti-
gated by severe acute respiratory syndrome coronavirus 
2 (SARS-CoV-2) [1], poses a formidable global challenge. 
As of 7 June 2023, the World Health Organization 
reported an excess of 700 million COVID-19 cases and 
over six million associated fatalities all over the world [2]. 
As the pandemic spreads, researchers have found that 
SARS-CoV-2 infection can affect not only the respiratory 
system but also multiple organs, including the endocrine 
glands [3–6]. At present, the emergence of conditions 
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such as GD, subacute thyroiditis, and diabetes mellitus 
in association with COVID-19 has been reported [7–14]. 
In response to this global crisis, COVID-19 vaccina-
tion efforts are being intensified globally to control the 
COVID-19 pandemic. In a meta-analysis, Zheng et  al. 
[15] found that the effectiveness of COVID-19 vaccines 
against SARS-CoV-2 infection, COVID-19-related hos-
pitalization, intensive care unit hospitalization and death 
was 89.1%, 97.2%, 97.4%, and 99.0%, respectively, among 
fully vaccinated populations. Thus, COVID-19 vaccina-
tion emerges as a crucial strategy for curtailing SARS-
CoV-2 infection and related adverse outcomes,which can 
provide substantial population protection.

Based on statistics from Our World in Data, as pub-
lished by the University of Oxford, 70.1% of the global 
population have received at least a single dose of 
COVID-19 vaccine, with a total of 13.41 billion doses 
administered worldwide, and 102,962 doses administered 
daily [16]. With the rise in COVID-19 vaccination rates, 
several associated adverse effects have been observed, 
including fever, fatigue, muscle aches, and some autoim-
mune diseases [17–22]. Hyperthyroidism refers to thy-
rotoxicosis caused by the thyroid gland itself producing 
excessive thyroid hormones, and GD is the most com-
mon etiology of hyperthyroidism [23, 24]. GD falls under 
the umbrella of autoimmune thyroid diseases, character-
ized primarily by the presence of thyrotropin receptor 
antibody (TRAb) in the serum [24–26]. While the patho-
physiology of GD remains unclear, recent studies suggest 
that genetic, epigenetic, and environmental factors may 
all be significant contributors to the disease [27–30]. 
Recently, there has been a succession of reported cases 
of GD following COVID-19 vaccination [32–64]. How-
ever, it is unclear whether COVID-19 vaccination has 
any effect on the occurrence and development of GD. 
This article reviewed 47 new-onset GD cases and 15 
relapsed GD cases following COVID-19 vaccination in 
order to explore whether there is a correlation between 
COVID-19 vaccination and GD onset and the pathogenic 
mechanisms.

Methods
We performed a comprehensive literature review to iden-
tify all reports of GD cases following COVID-19 vaccina-
tion by searching for indexed articles up to 7 June 2023 
in databases including PubMed, Web of Science, and 
Scopus. Only articles written and published in English 
were considered. The search strategy employed various 
keywords both individually and in combination, namely: 
SARS-CoV-2, COVID-19, thyroid, Graves’ disease, auto-
immune thyroid disease, hyperthyroidism, thyrotoxico-
sis, vaccine, and vaccination. The main inclusion criteria 
were as follows: 1. case reports, case series, and original 

articles with adequate case data; 2. letters and comments 
to the editor published in international journals with 
adequate case data. The main exclusion criteria were as 
follows: 1. cases with inadequate data; 2. cases with over-
lapping patient data; 3. patients previously infected with 
SARS-CoV-2. From an initial selection of 71 articles, 33 
articles met our inclusion criteria, and a total of 62 GD 
cases following COVID-19 vaccination were included in 
the analysis.

For each patient, we collected demographic data 
including sex and age, the type of administered COVID-
19 vaccine (mRNA vaccine, viral vector vaccine, inac-
tivated vaccine), the onset time of hyperthyroidism 
symptoms following COVID-19 vaccination, symptoms 
and signs at presentation, thyroid function tests (TFTs) 
such as free thyroxine (fT4), free triiodothyronine (fT3), 
and thyroid-stimulating hormone (TSH), thyroid anti-
body tests such as thyroid-stimulating immunoglobulin 
(TSI), thyroid peroxidase antibodies (TPOAb), and thy-
roglobulin antibodies (TgAb), as well as other diagnostic 
examinations such as thyroid ultrasonography and thy-
roid scintigraphy."

Specific medical therapies and clinical or hormonal 
follow-up data were also recorded. Based on the 2016 
American Thyroid Association guidelines for diagnosis 
and management of hyperthyroidism and other causes 
of thyrotoxicosis [24], the diagnostic criteria for GD 
included: (a) TFTs consistent with hyperthyroidism; 
(b) positive TRAb or TSI; (c) the presence of a thyroid 
scan showing high radioactive iodine or 99mtechnetium 
uptake; or (d) a thyroid ultrasound showing diffuse 
hypervascularization of the glandular parenchyma.

New‑onset and relapsed GD following COVID‑19 
vaccination
Among the 62 GD cases following COVID-19 vaccina-
tion, the mean age was 42.98 ± 14.34  years, with 45/62 
(72.6%) of the patients being female and 17/62 (27.4%) 
male (Table  2). All patients tested positive for TRAb or 
TSI. Although GD can affect all ages, it is notably more 
prevalent among women of reproductive age, and the 
female-to-male ratio is 5–10: 1 [30, 31]. This gender and 
age distribution of GD cases following COVID-19 vac-
cination aligned with that of classical GD cases. The 
distribution of new-onset and relapsed GD after admin-
istration of COVID-19 mRNA vaccines and viral vec-
tor vaccines was illustrated in Table 1. However, neither 
reports have presented new-onset GD cases after receiv-
ing inactivated vaccines, nor were there any new-onset 
and relapsed GD cases after protein subunit vaccine 
administration. Of the 62 GD patients after receiving 
COVID-19 vaccines, six female patients and two males 
were diagnosed with hyperthyroidism through TFTs 
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Table 1 Distribution of the new-onset and relapsed GD after COVID-19 vaccination according to the vaccine type

a  The age was presented as the mean ± SD, while the onset time was expressed as the median (min–max)
b  One female patient, who had received two doses of the COVID-19 inactivated vaccine followed by one dose of the mRNA vaccine, developed symptoms two days 
after mRNA vaccination. That patient was therefore excluded
c  Seven patients—five females and two males—were asymptomatic after COVID-19 mRNA vaccination, yet hyperthyroidism was found through routine thyroid 
function tests. Those patients were therefore excluded
d  One female patient, who had received two doses of the COVID-19 inactivated vaccine followed by one dose of the viral vector vaccine, developed symptoms four 
days after mRNA vaccination. That patient was therefore excluded
e  One female patient who remained asymptomatic following the COVID-19 viral vector vaccination was found with hyperthyroidism by routine thyroid function tests. 
That patient was therefore excluded

The patient with new-onset GD following inactivated vaccine has not been reported as yet

GD Graves’ disease, COVID-19 Coronavirus disease 2019

Vaccine type New‑onset GD Reference Relapsed GD Reference

No (%) Age (years, 
mean ± SD)

Onset time 
of symptoms 
(days; Median, 
min–max)

No (%) Age (years, 
mean ± SD)

Onset time 
of symptoms 
(days; Median, 
min–max)

mRNA vaccine 33/62 (53.2) 42.58 ± 11.97a 12 (1–60)a, b, c [32–54] 10/62 (16.1) 43 ± 19.41a 21 (5–30)a, c [34, 35, 37, 62]

Viral vector vac-
cine

14/62 (22.5) 45.79 ± 17.56a 7 (1–28)a, e [49, 55–61] 4/62 (6.4) 32.25 ± 9.32a 14 (10–14)a, d [57, 63, 64]

Inactivated vac-
cine

– – – – 1/62 (1.6) 44 7 [34]

Table 2 Age of subjects and the onset time of GD-related symptoms following COVID-19 vaccination according to the gender of 
patients

a  The age was presented as the mean ± SD, while the onset time was expressed as the median (min–max)
b  The percentages were calculated individually according to gender and the onset time of symptoms
c  One female patient, who had received two doses of the COVID-19 inactivated vaccine followed by one dose of the mRNA vaccine, developed symptoms two days 
after mRNA vaccination. That patient was therefore excluded
d  Seven patients—five females and two males—were asymptomatic after COVID-19 mRNA vaccination, yet hyperthyroidism was found through routine thyroid 
function tests. Those patients were therefore excluded
e  One female patient, who had received two doses of the COVID-19 inactivated vaccine followed by one dose of the viral vector vaccine, developed symptoms four 
days after mRNA vaccination. That patient was therefore excluded
f  One female patient who remained asymptomatic following the COVID-19 viral vector vaccination was found with hyperthyroidism by routine thyroid function tests. 
That patient was therefore excluded

GD Graves’ disease, COVID-19 Coronavirus disease 2019, F female, M male

GD Gender No Age (years, 
mean ± SD)

Number of 
cases with 
disease onset 
after 1st dose 
(%)

Onset time 
of symptoms 
after 1st 
dose (days; 
Median, min–
max)

Reference Number of 
cases with 
disease onset 
after 2nd 
dose (%)

Onset time 
of symptoms 
after 2nd 
dose (days; 
Median, min–
max)

Reference

New-onset GD F 33 44.55 ± 13.73a 18/33 (62.0)b, 

c, d, f
7 (1–50)a, c, d, f [32, 34–36, 40, 

42, 44, 48, 55, 
57, 59, 60]

11/33 (38.0)b, 

c, d, f
13 (1–60)b, c, d, f [32, 35, 41, 43, 

45, 53, 54, 57]

M 14 41.14 ± 13.73a 6/12 (50.0)b, d 14 (5–21)a, d [46, 50, 51, 58, 
60, 61]

6/12 (50.0)b, d 12.5 (2–28)a, d [34, 38, 39, 49, 
56, 58]

Total 47 43.53 ± 13.75a 24/41 (58.5)b, , d, f 8.5 (1–50)a, c, d, f [32, 34, 35, 
40, 42, 44, 46, 
48, 50, 51, 55, 
58–61]

17/41 (41.5)b, 

c, d, f
13 (1–60)a, c, d, f [32, 34, 35, 38, 

39, 41, 43, 45, 49, 
53, 54, 56–58]

Relapsed GD F 12 39.75 ± 17.42a 6/8 (75.0)b, c, e 8.5 (5–21)a, d, e, f [34, 35, 61, 62] 2/8 (25.0)b, c, e 26.5 (25–28)a, 

d, e, f
[35, 37]

M 3 47.33 ± 12.58a 2/3 (66.7)b 17.5 (14–21)a [35, 57] 1/3 (33.3)b 30 [34]

Total 15 41.27 ± 16.46a 8/11 (72.7)b, c, e 12 (5–21)a, d, e, f [34, 35, 57, 62, 
63]

3/11 (27.3)b, c, e 28 (25–30)a, 

d, e, f
[34, 35, 37]
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rather than by presenting hyperthyroidism-related symp-
toms. Two female patients had received two doses of 
COVID-19 inactivated vaccines before the mRNA and 
viral vector vaccines. Excluding the aforementioned 10 
patients, the remaining 52 patients developed common 
hyperthyroidism symptoms after receiving COVID-19 
vaccines, such as weight loss, palpitations, and hyperhi-
drosis, with a median symptom onset time of 12  days. 
The median durations to symptoms onset for new-onset 
(12 days vs 7 days) and relapsed GD (21 days vs 14 days) 
were longer following COVID-19 mRNA vaccine admin-
istration than viral vector vaccination. In female patients, 
the incidences of both new-onset and relapsed GD fol-
lowing the first dose of COVID-19 vaccines were higher 
than those after the second dose (Table 2).

The main characteristics of the 47 new-onset GD 
patients associated with COVID-19 vaccination were 
summarized in Table  3. In the reported new-onset GD 
cases, the main clinical manifestations, thyroid func-
tions, and thyroid ultrasonography were consistent 
with those of the classical GD cases (Table  3). Notably, 
a female patient (Case 5), who was inoculated with two 
doses of the COVID-19 inactivated vaccine, followed 
by a dose of the mRNA vaccine, experienced hyper-
thyroidism symptoms, such as palpitations in two days 
after the mRNA vaccination (Table  3) [33]. Among all 
the new-onset GD patients following COVID-19 vac-
cination, 3 female patients (Cases 17, 26, and 47) and 2 
males (Cases 15 and 31) did not exhibit hyperthyroidism 
symptoms after COVID-19 vaccination [37, 39, 47, 49, 
52]. Their hyperthyroidism was incidentally identified 
due to routine TFTs (Table  3). According to literature, 
most of those patients found symptoms relieved follow-
ing anti-thyroid drug (ATD) treatment [34, 35, 37–39]. 
It is worth noting that 3 female patients (Cases 8, 9, and 
11) developed hyperthyroidism symptoms after the first 
COVID-19 mRNA vaccine dose and were diagnosed as 
new-onset GD [35], as another 2 female patients (Cases 
42 and 44) after the first COVID-19 viral vector vaccine 
dose did [60]. These patients had also received their sec-
ond doses of COVID-19 vaccines when their conditions 
stabilized post-ATD treatment. Their conditions did not 
worsen or require adjusting the doses of ATD and beta-
blocker after receiving the second doses [35, 60]. Filippo 
et al. [65] conducted a case–control study and found that 
among 64 patients who developed new-onset GD after 
COVID-19 vaccination, and 20/64 (31.2%) patients expe-
rienced post-vaccine early-onset GD (PoVEO) within 
4 weeks. The patients with PoVEO GD exhibited unique 
clinical characteristics as compared to the other 44 
patients, including older age at onset, higher male preva-
lence, and a better initial biochemical and immunologic 
response to ATD treatments. However, in contrast to 

those clinical trials, our study is a review of the existing 
patients, which has aimed to observe the clinical char-
acteristics of new-onset GD cases following COVID-19 
vaccination. Based on their clinical characteristics, we 
analyzed the potential impacts of COVID-19 vaccines on 
the development of GD. The limited series suggest that 
for new-onset GD patients following the first COVID-19 
mRNA and viral vector vaccine injections, a second dose 
may be administered once the hyperthyroid conditions 
are adequately controlled. Nonetheless, constant moni-
toring of thyroid functions should be kept after the sec-
ond dose administration.

Table  4 summarized the main characteristics of the 
15 relapsed GD cases associated with COVID-19 vacci-
nation. Among those cases, a female patient (Case 14), 
who had received two doses of inactivated COVID-19 
vaccines followed by a viral vector vaccine, developed 
hyperthyroidism symptoms like palpitations four days 
after viral vector vaccination (Table  4) [36]. However, 
among all the relapsed GD patients following COVID-19 
vaccination, 3 female patients (Cases 4, 5, and 7) did not 
present any hyperthyroidism symptoms after COVID-19 
vaccination (Table  4) [35]. Their hyperthyroidism was 
incidentally identified due to routine TFTs. Studies have 
suggested that approximately 50% of GD patients treated 
with ATD would experience relapse and it typically 
occurs between 6 and 18  months after the cessation of 
ATD treatment [66–68]. Among the 15 cases of relapsed 
GD after COVID-19 vaccination, a male patient and a 
female (Cases 1 and 2) relapsed approximately 12 months 
after ceasing ATD treatment [34]. This potentially repre-
sents the natural course of GD. However, in the 3 female 
patients (Cases 9, 10, and 15), their GD relapse occurred 
at the  17th,  7th, and  12th years, respectively, after ceasing 
ATD treatment [34, 37, 62]. This underlines the neces-
sity for further investigations into the potential correla-
tion between COVID-19 vaccination and GD relapse. 
Furthermore, a 30-year-old female (Case 14) was diag-
nosed with GD in October 2018 and has been treated 
with 2.5  mg of methimazole daily to maintain euthy-
roidism. She received two doses of COVID-19 inacti-
vated vaccine on April 7 and 26, 2021, and her thyroid 
function remained normal after COVID-19 vaccination. 
However, following a dose of the viral vector vaccine on 
July 19, 2021, she developed symptoms such as palpita-
tions and weight loss four days later. By self-increasing 
the methimazole dose to 5  mg, she managed to relieve 
some symptoms, but her fT3 level remained elevated and 
TRAb was positive one month after adjusting the dose of 
methimazole [56]. Due to the limited number of reported 
GD cases following COVID-19 vaccination, and the lack 
of GD cases after receiving the protein subunit vaccine, it 
is currently impossible to clarify the causal relationship 
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between COVID-19 vaccination and the onset of GD. 
Fortunately, most patients who developed GD following 
COVID-19 vaccination experienced positive outcomes 
after ATD treatment. In the broader context of ending 
the COVID-19 pandemic and reducing mortality rates, 
the benefits of COVID-19 vaccination significantly out-
weigh mild risks such as treatable GD.

Possible pathogenesis of COVID‑19 vaccination‑related GD
Currently, the pathogenic mechanisms of  COVID-19 
vaccination-related GD has not yet been fully elucidated. 
Several studies suggest that new-onset and relapsed 
GD following COVID-19 vaccination may be linked 
to several potential mechanisms as follows [32–40, 56, 
57, 62]. One possible mechanism could be molecular 
mimicry. The antigen structure of the COVID-19 vac-
cine closely resembles some autoantigens, eliciting an 
immune response that could erroneously target host 
cells with similar autoantigens [32–36, 38, 39, 57]. There 
are four genera of the coronavirus family: α, β, γ, and δ 
coronaviruses [69, 70]. SARS-CoV-2, the causative agent 
of COVID-19, is a member of the Coronaviridae family. 
This virus is enveloped and possesses a positive single-
stranded RNA genome [71–73]. The genome’s length 
varies between 26 and 32 kb, including 6 to 11 open read-
ing frames [74]. It encodes four essential structural pro-
teins—spike, envelope, membrane, and nucleocapsid, all 
of which play critical roles in the assembly and infectivity 
of SARS-CoV-2 [69, 75, 76]. Among these proteins, the 
spike protein is particularly important in facilitating the 
virus’s pathogenicity [77, 78]. It operates as a trimeric 
fusion type I glycoprotein, binding to the angiotensin 
converting enzyme 2 (ACE2) on the host cell membrane 
through its receptor-binding domain (RBD) on the S1 
subunit [79]. The binding of the RBD to the ACE2 recep-
tor on the host cell membrane instigates the shedding 
of the S1 subunit. This event prompts the S2 subunit to 
adopt a stable post-fusion conformation. The consequent 
structural changes within the S2 subunit facilitate the 
integration of the viral lipid membrane into the host cell 
membrane. This action thereby allows the viral RNA to 
enter the host cell for replication [80–82]. Hence, due to 
its crucial role in the infection process, the spike protein 
is the primary immunogen in the development of the 
COVID-19 vaccine [83]. Vojdani et  al. [84] found that 
SARS-CoV-2 antibodies could immunoreact with multi-
ple tissue antigens, including those of the thyroid gland. 
They employed the Basic Local Alignment Search Tool 
provided by the National Institutes of Health/National 
Library of Medicine to conduct a sequence matching 
analysis. Their findings revealed that the amino acid 
sequences of the SARS-CoV-2 spike protein, nucleopro-
tein, and membrane protein share a similarity ranging 

from 50 to 70% with that of thyroid peroxidase [84]. 
Given that the spike protein plays a pivotal role as an 
immunogen in the development of the COVID-19 vac-
cine [83], there is a possibility that the COVID-19 vaccine 
could incite an autoimmune response against thyroid tis-
sue through molecular mimicry, thereby contributing to 
the onset of GD. It is important to note that molecular 
similarity does not necessarily result in the development 
of GD. A systematic review, including 48 new-onset and 
15 relapsed GD cases following COVID-19 vaccination, 
proposed that individual susceptibility appears to play a 
critical role in the development of GD following COVID-
19 vaccination, regardless of the underlying pathogenic 
mechanisms [85]. Therefore, other factors such as genetic 
susceptibility may also contribute to the development of 
GD. However, it should be noted that unlike our study, 
this systematic review did not exclude patients with a his-
tory of SARS-CoV-2 infection. In our study, we specifi-
cally excluded patients who had previously been infected 
with SARS-CoV-2 to further eliminate the potential 
impact of SARS-CoV-2 infection on the pathogenesis of 
GD.

Moreover, another pathogenesis connected to Auto-
immune/Inflammatory Syndrome Induced by Adjuvants 
(ASIA) has been proposed in the literature [32–40, 56, 
57, 62]. The term ’ASIA’, first proposed by Shoenfeld et al., 
describes the aberrant autoimmune response post-expo-
sure to a vaccine adjuvant [86]. Common types include 
post-vaccination syndrome, Gulf War syndrome, and 
macrophagic myofasciitis syndrome [87]. According to 
the diagnostic criteria outlined in Table 5, all 62 patients 
with new-onset or relapsed GD after COVID-19 vacci-
nation satisfied the diagnosis of ASIA [32–64]. In 2013, 
Perricone et  al. [88] first revealed that adjuvant stimuli, 
such as aluminum and tetramethylpentadecane, could 
provoke autoimmunity. For instance, aluminum hydrox-
ide was associated with postinoculation phenomena, and 
silicone was associated with silicosis. In the cohort of 
patients with relapsed GD after COVID-19 vaccination, 
a 44-year-old female (Case 15) stood out. With a medi-
cal history of GD spanning 13  years, she was adminis-
tered the first dose of COVID-19 inactivated vaccine 
on June 10, 2021. A mere week later, symptoms such as 
hyperhidrosis, palpitations, and fatigue manifested. Sub-
sequently, she was diagnosed with relapsed GD based on 
laboratory and imaging tests [34]. Given that the inacti-
vated vaccine employs aluminum hydroxide as the adju-
vant [89], her GD relapse might be attributed to ASIA 
triggered by adjuvant-induced enhancement of immune 
response. However, Perricone et  al. [88] suggested that 
adjuvant-induced autoimmunity could involve multiple 
mechanisms, including genetic predisposition. Emerging 
as one of the most promising vaccine types, the mRNA 
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vaccine has been proven with a robust capacity to induce 
both cellular and humoral immunity [90–92]. The func-
tionality of the mRNA vaccine necessitates its entry into 
the cell cytoplasm. In this context, Lipid Nanoparticles 
(LNPs) play an indispensable role as carriers, encapsu-
lating mRNA molecules and facilitating their targeted 
delivery to specific cells for subsequent action [93]. Ani-
mal experiments by Alameh et  al. [92] indicated that 
LNPs could enhance the responses of follicular helper T 
cells and germinal center B cells, suggesting the poten-
tial contribution of LNPs as adjuvants to ASIA syn-
drome. Furthermore, polyethylene glycol (PEG), a lipid 
adjuvant in COVID-19 mRNA vaccines, can stabilize 
LNPs, and PEG exposure may also provoke an amplified 
immune response leading to thyroid autoimmunity [40]. 
PEG reactions have been reported, but this condition is 
exceedingly rare [94]. Despite these insights, the related 
mechanisms remain unclear, and await large-scale clini-
cal epidemiological studies and systematic experiments 
to clarify the relationship between the development of 
GD and COVID-19 vaccination.

Limitations
We must acknowledge the limitations of our study. Firstly, 
due to the limited number of existing papers and clinical 
cases, our results may not fully represent all instances of 
GD that could potentially appear after COVID-19 vac-
cination. Secondly, there are variations in the number 
of individuals receiving different types of COVID-19 
vaccines across different regions, which may lead to an 
overestimation of GD risks associated with certain types 
of COVID-19 vaccines. Lastly, the proposed pathogenic 
mechanisms presented in this review are merely attempts 
to describe the progression of this immune event. Due 
to a lack of systematic experimental studies, we cannot 
establish a clear causal relationship between COVID-19 

vaccination and the onset of GD. Despite these limita-
tions, our study still provides preliminary information on 
GD following COVID-19 vaccination, laying a founda-
tion for further research.

Conclusion
In summary, the COVID-19 vaccination may promote 
the onset of GD through pathogenic mechanisms such as 
cross-immune responses triggered by molecular mimicry 
and ASIA caused by LNPs with adjuvant activity. How-
ever, due to the limited number of observed GD cases 
following COVID-19 vaccination and the lack of system-
atic experimental studies, a causal relationship between 
COVID-19 vaccination and the onset of GD could not 
be definitively confirmed yet. When compared to the 
total vaccinated population, the occurrence rates of new-
onset and relapsed GD after COVID-19 vaccination were 
extremely low, and most of those GD patients following 
COVID-19 vaccination experienced positive outcomes 
after treatment. Therefore, the extensive benefits of 
COVID-19 vaccination significantly outweigh mild risks 
such as treatable GD. For patients who have developed 
GD following the first dose, and those with a history of 
GD, the COVID-19 vaccine should be actively adminis-
tered once their conditions are stabilized after treatment. 
It should be reminded to immediately seek medical atten-
tion and have thyroid functions monitored if symptoms 
of hyperthyroidism develop after COVID-19 vaccination. 
Treatment regimen may be adjusted as necessary. Cur-
rently, clinical epidemiological studies with large sample 
sizes and systematic experimental studies are needed to 
elucidate the correlation between COVID-19 vaccina-
tion and GD occurrence, and the underlying pathogenic 
mechanisms.

Table 5 Suggested criteria for the diagnosis of ASIA

Reference: Perricone et al. [88]

ASIA Autoimmune/inflammatory syndrome induced by adjuvants, HLA Human leukocyte antigen

Major Criteria Minor Criteria

Exposure to an external stimuli (Infection, vaccine, silicone, adjuvant) prior to clinical manifestations The appearance of autoantibodies 
or antibodies directed at the suspected 
adjuvant

The appearance of’typical’ clinical manifestations:
  Myalgia, Myositis or muscle weakness
  Arthralgia and/or arthritis
  Chronic fatigue, un-refreshing sleep or sleep disturbances
  Neurological manifestations (especially associated with demyelination)
  Cognitive impairment, memory loss
  Pyrexia, dry mouth

Other clinical manifestations

Removal of inciting agent induces improvement Specific HLA (i.e. HLA DRB1, HLA DQB1)

Typical biopsy of involved organs Evolvement of an autoimmune disease
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Abbreviations
COVID-19   Coronavirus disease 2019
SARS-CoV-2   Severe acute respiratory syndrome coronavirus 2
GD   Graves’ disease
fT4   Free thyroxine
fT3   Free triiodothyronine
TSH   Thyroid-stimulating hormone
TRAb   Thyrotropin receptor antibody
TSI   Thyroid-stimulating immunoglobulin
TPOAb   Thyroid peroxidase antibodies
TgAb   Thyroglobulin antibodies
TFTs   Thyroid function tests
T4   Thyroxine
T3   Triiodo thyronine
ATD   Antithyroid drug
TED   Thyroid eye disease
ASIA   Autoimmune/inflammatory syndrome induced by 

adjuvants
LNPs   Lipid nanoparticles
PEG   Polyethylene glycol
HLA   Human leukocyte antigen
F   Female
M   Male
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