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Abstract

Coronavirus disease 2019 (COVID-19) advances to affect every part of the globe and remains a challenge to the human race.
Severe acute respiratory syndrome-coronavirus-2 (SARS-CoV-2) was shown to affect many organs and organ systems
including the thyroid gland as these parts highly express angiotensin-converting enzyme 2 (ACE2) protein, which functions as
a receptor for initially entering the virus into the cells. Furthermore, some categories of the population including older people
and persons with comorbidities are prone to be more vulnerable to COVID-19 and its complications. Recent reports showed
that SARS-CoV-2 infection could cause Graves’ disease (autoimmune hyperthyroidism) in post-COVID-19 patients. Factors
that may boost the mortality risk of COVID-19 patients are not completely known yet and a clear perception of the group of
vulnerable people is also essential. This review briefly summarizes the features of Graves’ disease such as symptoms, risk
factors, including environmental, genetic, immunological, and other factors, associated disorders, and therapeutic options. It
comprehensively describes the recent advances in SARS-CoV-2-induced Graves’ disease and the pivotal role of autoimmune
factors in inducing the disease. The review also discusses the possible risks of SARS-CoV-2 infection and associated COVID-
19 in people with hyperthyroidism. Furthermore, it explains thyroid disease and its association with the severity of COVID-19.
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Abbreviations Introduction

COVID-19 coronavirus disease 2019

SARS- severe acute respiratory The COVID-19 is a severe acute respiratory syndrome that
CoV-2 syndrome-coronavirus-2 is triggered by a sense-stranded RNA virus, SARS-CoV-2
ACE2 angiotensin-converting enzyme 2 [1]. Globally, this disease has emerged as a pandemic and as
ILs interleukins of May 11th, 2021, ~159,727,874 people are affected and
NICU non-intensive care unit 3,319,141 people have succumbed to this disease while the
ATDs antithyroid drugs majority of them were from North America, Europe, and
ATA American Thyroid Association India although the outbreak began from China. The overall
AACE American Association of Clinical Endocrinology ~ mortality rate of COVID-19 infected people ranges from
TNF-a tumor necrosis factor-o ~0.07-9.3% [2]. Moreover, both the infection and death
Thl T helper cell 1 rates are expected to proportionally increase further as the
Th2 T helper cell 2 disease rapidly spreads across different continents, and
AITD autoimmune thyroid disease failure to contain the virus may lead to more cataclysmic
TCR t cell receptor effects than expected.

RT-PCR  real-time PCR
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Notably, patients with preexisting comorbidities were
shown to have severe disease, which often results in death.
Many vital organ-related comorbidities including diabetes
mellitus, hypertension, heart disease, and chronic lung
disease have been reported to be associated with COVID-19
related mortality. A recent work analyzed 1590 COVID-19
cases and found that the subjects with comorbidities dis-
played poorer clinical outcomes compared with the control
group. The poor prognosis of COVID-19 was observed
when older age was combined with severe disease [3].

The SARS-CoV-2 exploits ACE2 much like a receptor for
its initial entry [1]. ACE2 expression was demonstrated to be
higher in the epithelial cells of the lungs, heart, kidneys, blood
vessels, small intestine, testes, adipose tissue, and the thyroid
gland [4]. It is likely that the thyroid gets affected by the virus
as thyroid cells ubiquitously express the ACE2 protein, the
viral receptor (Fig. 1). A retrospective and single-center study
evaluated thyroid functions and IL-6 levels in 287 COVID-19
cases admitted in non-intensive care units (NICU) and the
results revealed that COVID-19 could significantly correlate

with a high risk of thyrotoxicosis due to the systemic immune
activation that is commonly induced by the SARS-CoV-2 viral
infection [5]. Recent reports showed that SARS-CoV-2 could
affect the thyroid gland and cause Graves’ disease, an auto-
immune hyperthyroidism in post-COVID-19 cases [6, 7].

Graves’ disease: basics in brief

Thyroid hormones critically regulate cell metabolism, heart
rate, body temperature, blood pressure, and many other vital
physiological processes [8]. Graves’ disease—an auto-
immune disorder that affects thyroid, which is the foremost
common explanation for hyperthyroidism. This affects
mostly females than males in a 5-10:1 ratio and peaks in
middle-age though it could affect lower age groups as well
(children and adolescents). Although the overall prevalence
of hyperthyroidism is ~2-3% in the general population, it is
rapidly increasing in women while the prevalence is ~5% in
older women. The hyperthyroidism condition is more
commonly seen in smoking people. Among the different
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Fig. 1 SARS-CoV-2 and the thyroid gland. The schematic diagram
shows the possible route of thyroid gland infection. Viral receptor
protein, ACE2 is highly expressed in thyroid similar to other organs
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including the nasopharynx and lungs that facilitate a direct viral
infection. Infection in other organs may also transmit the virus and/or
the immune cells that in turn attack thyroid gland
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Table 1 Factors involved in Graves’ disease (autoimmune hyperthyroidism)

Environmental factors Genetic Immunological factors Other factors
factors

Cigarette smoking CTLA-4 Activation of T cells by polyclonal stimuli Female gender

Exposure to radiation CD-40 Cross-reacting epitopes on environmental and thyroid antigens Psychic trauma

Direct exposure to ethanol (injection) HLA Class-1I In appropriate HLA-DR expression Sympathetic

Immune-checkpoint inhibitors TG gene Inheritance of HLA, CTLA-4 and other immune hyperactivity

treatment TSHR gene response genes TSH

Iodine Mutated T or B cell clones Weight loss

Therapeutic use of IL-1a, IL-2, IFN Persistence of some autoreactive T cells and B cells

a and y Stimulation of the thyroid by cytokines

Therapeutic use of HIV drugs
Therapeutic use of alemtuzumab

Re-exposure of antigens by thyroid cell damage
Reduced or dysfunctional regulatory T cells

IL interleukin, IFN interferon, HIV human immunodeficiency virus, CTLA-4 cytotoxic T-lymphocyte associated protein 4-A, CD40 cluster of
differentiation 40, HLA human leukocyte antigen, 7G thyroglobulin, TSHR thyroid stimulating hormone receptor, T cell T lymphocytes, B cell B

lymphocytes, TSH thyroid stimulating hormone

causes of hyperthyroidism, toxic nodular goiter and Graves’
disease are frequently detected in older and younger
women, respectively [9].

Graves’ disease is mainly characterized by diffuse goiter
and hypersecretion of thyroid hormones. Symptoms
develop gradually and mainly consist of unintended loss of
weight, intolerance to heat, weakness in the muscle,
insomnia, tachycardia, increased sweating, irritability, rest-
lessness, nervousness/anxiousness, and fatigue. In addition,
patients with this disease may exhibit the symptoms of
brittle nails, hair loss, hyperreflexia, increased appetite, and
frequent bowel movements, irregular menstrual cycles in
females, and erectile dysfunction in males. Graves’ disease
is sometimes associated with protrusion of the eyeballs from
their sockets referred to as Graves’ ophthalmopathy. Rarely,
Graves’ disease develops thickened, reddish skin lesions
called pretibial myxedema. Graves’ disease might cause
congestive heart failure and osteoporosis [10].

Despite Graves’ disease is an autoimmune issue, many
other components including environmental, genetic, and
immunological factors may also significantly contribute to
this disease (Table 1). Graves’ disease is frequently asso-
ciated with high titres of thyroid-stimulating immunoglo-
bulins, which activate the TSH receptor in a manner similar
to TSH itself (Table 2). It is generally treated with antith-
yroid drugs (ATDs) like thionamides, radioactive iodine, or
thyroidectomy depending on a number of factors including
the age of the patient and degree of the illness. Methimazole
is the most commonly used ATD to treat this condition,
which is approved by the American Thyroid Association
(ATA) and the American Association of Clinical Endocri-
nology (AACE) as first-line therapy notably in young
patients (<18 years old), while propylthiouracil is admi-
nistered at special cases particularly in preterm pregnancies
and thyroid storm. Radioactive iodine is most commonly
used to treat Graves’ disease in the U.S.A. Surgery

(thyroidectomy) is used as a definitive therapy to remove a
part or entire thyroid gland that may often result in hypo-
thyroidism and needs a life-long supplementation of thyroid
hormones. Beta-blocker (propranolol) are prescribed to
block the hormone, which is secreted earlier in the blood-
stream, and therapy is not withdrawn when thyroid hor-
mone reaches within the normal range. Per available
guidelines, for patients on ATDs, once euthyroidism is
attained, therapy is continued for 12-18 months with
patients and ascertained that the patients remain in an
euthyroid state before attempting treatment discontinuation.
Corticosteroids, prednisone is used to treat severe Graves’
ophthalmopathy cases to decrease tissue inflammation
around the eyes [10, 11].

SARS-CoV-2 induces Graves’ disease

Recently, a study published two patients with Graves’ dis-
ease in connection with the COVID-19 [6]. Additional cases
were subsequently reported. As of today, five cases of
SARS-CoV-2 infection-induced Graves’ disease (auto-
immune hyperthyroidism) have been described by three
independent groups while two from Spain and one from the
U.S.A. [6, 7, 12]. All of these cases of hyperthyroidism
were diagnosed in females at least 30-60 days from the day
of COVID-19 inception. All of these patients were in the
age range of 21-61 years. Of five cases, three displayed
earlier issues of thyroid disorder (Graves’ disease), and all
the episodes were treated with anti-thyroid drugs (ATDs).
One case had a previous history of Graves’ ophthalmopathy
that was reported to be treated with glucocorticoids for
3 months and she was euthyroid till the onset of COVID-19.
However, all cases were shown to be treated appropriately
and were in remission for many years, and thyroid hormone
profile was within the normal range during the previous
visits to the clinic. For COVID-19 diagnosis, all the cases
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Table 2 Antibodies involved in Graves’ disease (autoimmune

hyperthyroidism)

Antibodies Level of presence
TSAb Elevated
TSBAb Elevated

TBII Elevated rarely
Anti-TPOAb Elevated (80%)
Anti-TGAb Elevated (50%)
Antibodies reacting to the iodide symporter ~ Detectable
Antibodies binding to the iodide symporter ~ Detectable
pendrin protein

Antibodies recognizing components of eye  Detectable

muscle and/or fibroblasts
Antibodies to DNA

Antibodies reacting to parietal cells

Detectable (low titer)
Detectable (infrequent)

Antibodies binding to platelets Detectable

TSAb thyroid stimulating antibody, 7SBAb TSH-stimulation blocking
antibody, TBII thyrotropin-binding inhibitory immunoglobulin,

anti-TPO antibody anti-thyroid peroxidase antibody, anti-TGAb
anti-thyroglobulin antibody, DNA deoxyribonucleic acid

were reported to be tested by real-time reverse transcription-
polymerase chain reaction (RT-PCR) using the nasal swab
samples. Although two cases were not positive initially,
after 4 days, the examination of lung ultrasound revealed
interstitial pneumonia consistent with COVID-19 positivity
in one case. Alternatively, IgM and IgG antibodies towards
SARS-CoV-2 were also tested to be positive in the same
patient. The other case has been confirmed as COVID-19
positive later by positive IgG and bilateral pneumonia.

All the patients commonly developed palpitations. In
addition to this symptom, two cases had nervousness, one
case showed fatigue and another case developed a tremor.
Profiling the thyroid hormones ascertained reduced serum
thyroid-stimulating hormone (TSH), increased triiodothyr-
onine (FT3), and thyroxine (FT4). In addition, anti-thyroid
stimulating hormone receptor-antibody (anti-TSHR-ADb),
thyroperoxidase (TPOAb), and thyroglobulin antibodies
(TgAb) were detected to be positive. lodine uptake was
increased with uniform tracer uptake with the range of
30-61% at 2 h and 45.7-62% at 24 h after administration of
BIT (100 pCi). Thyroid ultrasound showed hypervascularity
of the thyroid paranchyma. All the assessed patient’s clin-
ical profiles, enhanced thyroid uptake, and positive TSHR-
Ab were consistently indicated Graves’ disease (auto-
immune hyperthyroidism). All the patients were treated
with a range of 10—40 mg daily dose of methimazole (MMI)
for three months. Patients reached euthyroidism three
months later and continued to take medication daily dose of
5 mg MMI and ophthalmopathy did not deteriorate. In two
cases, propranolol was shown to be combined with MMI
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that could help to improve both the symptoms and thyroid
function (Table 3).

SARS-CoV-2-induced Graves’ disease: the pivotal
role of autoimmune factors

Graves’ disease often causes hyperthyroidism particularly
in females of mid-age. Among the five COVID-19-
associated Graves’ disease cases, three patients displayed
a past record of Graves’ disease nonetheless, they were in
remission for many years and reported maintaining normal
thyroid function until they contracted the infection. Alter-
natively, stress has also been implicated in the relapses of
Graves’ disease [13]. Furthermore, many viral infections
have been considered environmental factors and reported to
play a central role in the pathogenesis of autoimmune-
related thyroid disorders [14]. Thus, the concurrently pre-
sented five cases show that the SARS-CoV-2 infection
could have triggered autoimmune hyperthyroidism, Graves’
disease. Many COVID-19-induced autoimmune diseases
include autoimmune hemolytic anemia, Guillain—Barré
syndrome, and autoimmune thrombocytopenic purpura
have been reported for the past year particularly since the
SARS-CoV-2 outbreak in December 2019. In addition,
many cases of subacute thyroiditis have been recently
reported [15—-17]. The rapid research outcome on COVID-
19-related autoimmune diseases suggests that the SARS-
CoV-2 virus could play a part as a driver of latent or new-
onset autoimmunity. As commonly observed in other
autoimmune disorders, SARS-CoV-2 infection-related
hyper-inflammatory condition is likely could have set off
an immunological avalanche that activates/reactivates the
autoimmune hyperthyroidism, Graves’ disease. Consistent
with this phenomenon, enhanced levels of IL-6 have been
detected in Graves’ disease by previous studies [18].
Similarly, SARS-CoV-2-associated hyper-inflammatory
cascade has also been found to be regulated particularly
by type 1 T helper cells (Thl) and IL-6 [19]. Conversely,
Graves’ disease pathogenesis has possibly been shown to be
mediated by the autoimmune response of Th2 [20]. It is
conceivable that cytokines may exercise multiple and
complex signaling effects upon binding with their receptors
in the cell. The recent understanding of the pivotal functions
of the novel T lymphocytes (Th17 and Th22) and their
cytokines in autoimmune thyroid disease (AITD) patho-
genesis reveals to revisit the Thl and Th2 archetype in the
pathophysiology of not only the Graves’ disease but also
the Hashimoto thyroiditis [21].

Initially, the phenotypic expression of thyroid auto-
immunity has been thought that it is the balance between the
immune responses of Thl and Th2. A predominant Thl-
mediated immune response is likely to trigger apoptotic
pathways in thyroid follicular cells that could result in the
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destruction of thyroid cells. On the other hand, Th2-
mediated immune activity is likely to activate antigen-
specific B lymphocytes to make TSHR-Abs that results in
thyroid cell proliferation and hyperactivity of the thyroid
gland. For example, in some cases, stress has been reported
to shift the Th1 and Th2 balance towards Th2 that favors the
development of Graves’ disease, while the relief of stress/
immune-suppressive effect reverses the effect towards Thl
resulting in postpartum autoimmune thyroiditis [22]. T cells
have been shown to maintain the chronic inflammation in
Graves’ disease as the Th1l and Th2 cells were detected in
the intrathyroidal infiltrate and reacted readily to both
TSHR peptides and TSHR antigen [23-33]. T cell receptor
(TCR) genes have been detected in the T cells, which
infiltrate the thyroid gland in Graves’ disease [28, 29],
reflecting the clonal expansion and it suggests a funda-
mental nature of T cell response in this process. Some
differences have also been found in the use of specific TCR
in some patients because T cells could identify the TSHR,
only when the major histocompatibility complex (MHC)
molecules are in the right context [30, 34].

Moreover, regulatory CD4" T cells (Tregs) inhibit
effector T cells, and any deficiency in Tregs results in the
development of autoimmunity [35]. Expression of a chain
of the IL-2 receptor (CD25), mostly on the surface of cells
(CD4" T) and forkhead family transcription factor (FoxP3)
are critically important for the evolution and perpetuation of
Treg function. It has been found that the naive CD4" T cells
could differentiate into Th1, Th2, Th17, and Tregs, and it is
exclusively dependent on the context of cytokine milieu.
Studies on cell lines and animal models established that
CD4™ T cells exhibit polarization of some cytokines mainly
toward Th17 cells which produce cytokine, IL-17. These
studies also revealed that IL-12, IL-4, transforming growth
factor-p (TGF-), and IL-6+TGF-f skew toward Th1, Th2,
Tregs, and Th17 cells, respectively [36-39]. Besides, rather
than the differentiation of Treg, Th17, or Thl activity was
expected to be accountable for the evolution and progres-
sion of the autoimmune disease [39].

Development of Graves’ disease has been documented in
a patient who had transplanted CD347 selected autologous
stem cells and another two cases of Graves’ disease out of
25 cases who were transplanted with autologous hemato-
poietic stem cells suggesting the importance of the Th17
cells in Graves’ disease [40, 41]. Notably, enhanced levels
of IL-6 and TGF-p cytokines were shown to be detected
prior to the elevated Th17 levels in those cases reflected that
priming of these cells (autologous stem-cells) by IL-6, and
TGEF-p was needed to trigger the pathogenic Th17 cells and
consecutive evolution of autoreactive TSHR-specific B cells
(Fig. 2). Consistently, a current study evidenced that SARS-
CoV-2 infection-associated hyper inflammation could
induce Th17 [19]. These results suggest that the viral-
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induced Graves’ disease (autoimmune hyperthyroidism) is
likely to be mediated by Th17. Nevertheless, further studies
are warranted to affirm this conclusion.

Hyperthyroidism patients: are they highly
vulnerable to SARS-CoV-2 infection?

The cardiac renin—angiotensin—aldosterone system (RAAS)
has been reported to be activated in hyperthyroidism and
that could escalate cardiac renin function and angiotensin II
(Ang II) levels [42]. Besides, the cardiac angiotensin II
receptor type 2 (AT2 receptor) was shown to be upregulated
in response to hyperthyroidism, suggesting that there are
alterations of key molecules of the major axis of RAAS in
hyperthyroidism. Use of angiotensin-converting enzyme
(ACE) or angiotensin II receptor type 1 (ATI receptor)
inhibitory drugs were shown to depreciate RAAS in cardiac
cell proliferation due to enhanced thyroid hormone and
suggest that RAAS acts a pivotal part in thyroid hormone-
mediated cardiac hypertrophy [42].

Furthermore, it has been demonstrated that hypertrophy-
induced autoregulatory factor could hyperactivate ACE.
Angiotensin 1-7 levels in plasma were unaltered by hyper-
thyroidism, yet, the amount of cardiac Ang 1-7 was elevated
in cardiac hypertrophy triggered by thyroid hormones. Also,
significantly enhanced enzymatic activity of ACE2 was
detected in the hearts of hyperthyroid animals that could be
the reason for elevated Ang 1-7. Consistently, the enhanced
cardiac Ang 1-7 levels were shown to be conjugated by
elevated Mas receptor proteins. These results reflect that
counter-regulatory components of the RAAS are accelerated
in hyperthyroidism that could contribute to regulate cardiac
hypertrophy in response to thyroid hormone [43].

The role of ACE2 in the association between cardiac
hypertrophy and COVID-19 is plausible. ACE2 consists of
a peptidase (PD) and collectrin-like domain (CLD) ending
with a transmembrane-helix that has a cellular portion (~40
residues) in the N- and C-terminal, respectively. The ACE2
is highly localized in the epithelial cells of the lungs, heart,
kidneys, blood vessels, small intestine, testes, adipose tissue
and thyroid gland, and it controls vasoconstriction and
blood pressure [4]. Peptidase domain of ACE2 enzyme
catalyzes the Ang II into a smaller molecule, Ang 1-7 and
to some extent Ang I into Ang 1-9 that is subsequently
primed by some different enzymes into Ang 1-7. In addi-
tion, ACE2/Ang 1-7 plays a key role in anti-inflammation
and anti-oxidant conditions to protect the lungs against
acute respiratory distress syndrome (ARDS) [44]. The
ACE2 expression is increased in patients with hyperthyr-
oidism possibly due to cardiac hypertrophy and hence this
might explain the enhanced predisposition to critical lung
injuries and ARDS in people suffering from COVID-19 and
hyperthyroidism.
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<« Fig. 2 SARS-CoV-2 infection-mediated Graves’ disease (autoimmune

hyperthyroidism). The illustration shows the outline of various factors
and steps possibly involved in the SARS-CoV-2 infection-mediated
development of autoimmune hyperthyroidism, Graves’ disease. Spe-
cific lymphocyte production and pro-inflammatory pathway activation,
and Treg downregulation may promote thyrocytes for the generation
of thyroid antibodies that induce apoptosis, which leads to thyroiditis
on one side, and on the other side, the antibodies trigger cell pro-
liferation that results in hyperthyroidism

elevated in those patients to counterbalance the increased
levels of Ang-I and Ang-II because of an adaptive response.
Furthermore, various drugs including pioglitazone, ibuprofen,
and liraglutide were also reported to upregulate ACE2 in
animals [45]. Therefore, elevated ACE2 would facilitate the
entry of SARS-CoV-2 into pneumocytes. Consistent with this
idea, a recent study concluded that severely ill patients infected
with COVID-19 displayed a higher incidence of hypokalemia
resulting from the waste of renal potassium. This might be due
to downregulation of ACE2 followed by SARS-CoV-2 entry
may result in diminished degradation of Ang I, increased AT2
receptor expression, enhanced aldosterone secretion, and
consequently elevated loss of urinary potassium. It has been
proposed that early normalization of serum potassium in
COVID-19 patients may predict a better prognosis [46].
Therefore, enhanced expression of ACE2 aberrantly drives
two physiological processes, on the one hand, it helps intru-
sion of SARS-CoV-2 in the cells, on the other hand, it is
helpless to safeguard against injury of lungs since the ACE2
enzyme gets degraded by the SARS-CoV-2 which collectively
enhances the risk of complications and destabilizes the patient
to a fatal condition (Fig. 3). Many mechanistic insights have
been shown that hyperthyroidism could induce cardiac
hypertrophy and an increased ACE2 expression [4, 42, 43].
Moreover, the expression of ACE2 was demonstrated to be the
critical component for the SARS-CoV-2 infection [1]. These
studies together postulate that people with hyperthyroidism are
apparently at greater risk for SARS-CoV-2 infection and
related COVID-19 complications. In accordance with this
view, a recent study reported the first case of SARS-CoV-2-
related thyrotoxic crisis in a patient with a previous history of
Graves® disease [47]. In most cases, thyroid storms might
emerge owing to prolonged hyperthyroidism with no treatment
essentially they get triggered off because of an acute inherent
issue [48] or treatment denial is one of the primary drivers in
earlier-detected hyperthyroidism cases in the course of an
infection [49]. As in this studied case, SARS-CoV-2 may also
induce a thyrotoxic crisis in people with a previous history of
Graves’ disease suggesting that the prominence of SARS-
CoV2 in precipitating thyroid storm.

Antithyroid medications and COVID-19

Hyperthyroidism and Graves’ disease patients are com-
monly treated with methimazole or propylthiouracil (PTU).

@ Springer

Though the antithyroid drugs are effective in treating
Graves’ disease, they may cause side effects even at low
doses of the medication. Mainly, some of these side effects
are potentially serious. For example, agranulocytosis is a
serious side effect that is noticed among 0.2-0.5% of people
taking any one of these drugs [49].

Likewise, patients who receive antithyroid medications
may also have fever or sore throat [50]. As these signs of
illness could also overlap with the symptoms of COVID-19,
many patients who take these drugs may be concerned that
they are infected with SARS-CoV-2 and become panic.
Alternatively, patients may confuse symptoms of COVID-
19 with side effects of ATDs. Therefore, people with
hyperthyroidism should ensure that they have better control
of hyperthyroidism with adequate medication which can
improve good heart health and this may boost host-
mediated immune response. Thus, it is desirable that all
people having underlying comorbidities including hyper-
thyroidism should take extra precautions not to contract the
virus as thus far therapeutic medications are not found.

Thyroid disease is associated with the severity of
CoVID-19

A recent study performed a meta-analysis with a total of
2169 cases with COVID-19 disease which included the
patients from eight different reports [50-57]. Results
obtained from the meta-analyses showed that preexisting
thyroid disease is likely connected with an enhanced vul-
nerability of SARS-CoV-2 infection and suggested that
thyroid disease presence can be considered as an important
factor for COVID-19 disease risk stratification models [58].

It is noteworthy that the thyroid hormones are essential for
the innate immune response regulation and any changes in the
levels of thyroid hormone proportionately deregulate the
innate immunity [59]. Innate immune responses have been
demonstrated as front-line factors of the body to combat the
SARS-CoV-2 infection and associated COVID-19, which is
frequently reflected by significantly elevated levels of CD14"
monocytes, macrophages, neutrophils, and reduced levels of
natural killer (NK) cells in SARS-CoV-2-affected cases [60].
Besides, it has been observed that the pro-inflammatory
cytokines including TNF-oa and IL-6 were considerably
enhanced in cases having thyroid disease [61]. Consistent with
the notion, enhanced levels of cytokines have been found in
severe COVID-19 patients and associated with the progression
to poor outcomes [62]. On the other hand, corticosteroids’
utility as an immunosuppressive therapeutics in COVID-19
cases has clearly been shown to be associated with a high rate
of bacterial infection, a longer stay in the hospital, and higher
mortality [63]. Beyond the bounds, the innate immune system
is also likely accountable for mediating the presumptive organ
damage of autoimmune diseases. Mainly, this cascade
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stream signaling including the RAAS that results in cardiac

generates pro-inflammatory cytokines that magnify the local
inflammation signal in addition to triggering proximal par-
enchymal or other immune cells. Furthermore, the generation
of matrix-degrading and proteolytic enzymes or reactive
oxygen species (ROS) leads to tissue damage, albeit microbial
cues are one of the prerequisites to develop autoimmune dis-
ease [64].

Other factors recently implicated in inducing
Graves’ disease

Immune-related unwanted secondary effects are called
immune-related adverse events (irAEs) and thyroid dis-
orders are often caused by irAE [65]. On the other hand,
adjuvants particularly vaccines were reported to ignite
various undesirable immune response that causes a
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hypertrophy which enhances expression of ACE2, Ang II, and Mas
receptor by counter-regulatory components of the RAAS. Highly
expressed ACE2 accelerates cellular access to SARS-CoV-2. This is
followed by rapid replication of the virus and downregulation of ACE2
expression this results in reduced degradation of Ang II leading to
elevated aldosterone secretion and waste of renal potassium which
markedly increases the rates of cardiac and renal-associated morbidity
and mortality of COVID-19 patients

spectrum of autoimmune disorders (AIDs) which also
include thyroid diseases [66]. Recently, two SARS-CoV-2
vaccine-induced Graves’ disease cases were reported [67].
This incidence was observed in two health care workers
after 2-3 days of Pfizer-BioNTech (BNT162B2 SARS-
CoV-2) vaccination. These patients well-responded to the
conventional therapies (propranolol 40-60 mg, thiamazole
10 mg with/without diltiazem 120 mg, and ivabradine 5 mg
daily) and recovered [67]. This autoimmune/inflammatory
condition induced by adjuvants termed autoimmune
syndromes-induced by adjuvants (ASIA). Most of the
constituents of the vaccines are safe but a few substances
including polyethylene glycol (PEG) are likely to act as an
adjuvant by inducing an immune response, despite scarce
[68]. Yet, the currently noticed, Graves’ disease in vacci-
nated cases certainly indicates that it is a pathological
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phenomenon of autoimmune conditions induced by adju-
vants. In fact, similar clinical conditions have already been
observed in cancer patients who were treated with immune-
checkpoint inhibitors (ICPis). Particularly, the ICPis
including anti-CTLA-4 (ipilimumab and tremelimumab)
and anti-programmed cell death protein-1 (anti-PD-1)
(pembrolizumab and nivolumab) were shown to induce
Graves’ hyperthyroidism/Graves’ ophthalmopathy in
immune-checkpoint inhibitor-treated cancer patients. They
were reported to be medically managed either with
glucocorticoids or methimazole/carbimazole while rarely
performed thyroidectomy [69]. These findings suggest that
factors inducing autoimmune and/or inflammatory condi-
tions may also have a risk to trigger Graves’ disease
regardless of their diversity.

Conclusions and future prospective

Recent studies reveal that the SARS-CoV-2 infection could
cause Graves’ disease, an autoimmune hyperthyroidism in
the post-COVID-19 cases. Various autoimmune factors
may mediate complex pathogenic signaling in autoimmune
hyperthyroidism. Future studies are warranted to rule out
the autoimmune factors and molecular pathways implicated
in SARS-CoV-2-induced autoimmune hyperthyroidism.
Further, related findings suggest that people with hyper-
thyroidism are likely at an enhanced risk of severe and
deadly COVID-19 disease regardless of the underlying
other etiological factors. Various comorbid conditions
including thyroid disease have been reported to enhance the
risk of a part of larger human communities in the world to
SARS-CoV-2 and its related COVID-19 complications that
may collectively result in high mortality. The direct func-
tional relationship of thyroid gland with COVID-19 is
rapidly evolving and this scenario alerts researchers and/or
physicians in this field for careful observation of other and
unrecorded clinical phenomena in relation to COVID-19.
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