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ABSTRACT 

The thyroid gland may generate, store, and release hormones (such as Triiodothyronine and Thyroxin also called T3 and T4 hormones respectively) 
into the bloodstream and let them go to the body's cells. Every enzymatic process in the production and secretion of thyroid hormones is controlled 
by Thyroid stimulating hormone (TSH). All people worldwide are susceptible to thyroid disease, which is often accompanied by hyperthyroidism 
and hypothyroidism. The thyroid's structural proximity to the upper airways, a main route for coronavirus entry, holds up the idea that the thyroid 
gland might be a target for Covid-19 or SARS-CoronaVirus-2. When the thyroid gland makes and secretes too much thyroid hormone, it is referred 
to as hyperthyroidism and if the patients do not take any precautions, hyperthyroidism may lead to cardiac hypertrophy. The Covid-19 epidemic 
had a substantial influence on our daily lives and has unexpectedly changed the way of medical research. This review aimed to discuss the effects of 
SARS-CoronaVirus-2 on the Thyroid Gland in the Context of Hyperthyroidism and related causing diseases, highlighting the common causing 
diseases of hyperthyroidism along with their treatments. We also highlight the impact of SARS-CoronaVirus-2 and its mRNA immunization. So that 
future studies should focus on the number of important advances and improved drug management in the treatment of Thyroid relating diseases, 
which may or may not be triggered by the coronavirus and its immunization.  
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INTRODUCTION 

The thyroid is a pivotal endocrine organ of the human body, it is 
situated in the anterior neck's lower region [1] inferior to the larynx 
or between the 2nd and 3rd tracheal rings. The thyroid cartilage of the 
trachea (also called windpipe), which was characterized as having a 
"shield-like" shape (the Greek word for the shield is "thyreos"), 
inspired the name of this shield-shaped organ. It has two sections 
called lobes that park yourself on the left and the right sides of the 
tracheal wall, respectively. The isthmus, a thin band of thyroid tissue 
that crosses the front surface of the trachea, serves as the connection 
between both lobes. Each lobe is typically a few mm thick and 
measures around 3–4 cm in length by 2 cm wide. The isthmus often 
has a height of up to 15 mm and a thickness of only a few mm [2].  

For the hormones (such as T3 and T4) to reach the body cells, the 
thyroid gland may generate, store, and release them into the 
bloodstream. The thyroid gland produces the thyroid hormones T3 
and T4 in about a 1:7 molar ratio, respectively. TSH controls every 

enzymatic phase in the synthesis and secretion of T3 and T4. T4 is 
largely a prohormone and has direct effects on specific brain tissues. 
T4 is largely transformed into T3 in the kidney, liver, pituitary gland, 
and skeletal muscle by a process known as 50-monodeiodenation. 
T3 is the biologically active form of thyroid hormone. Both T3 and 
T4 circulate in blood just about completely (>95%) bound to 
thyroxine-binding globulin and a family of other hormone-binding 
proteins. It has recently been demonstrated that 50-mono-
deiodinase, which catalyzes the conversion of T4 to T3 in both the 
liver and pituitary, can be altered in some cardiac disease conditions 
in addition to the traditional TSH regulation of thyroid hormone 
metabolism [3]. 

All people worldwide are susceptible to thyroid disease, which is 
often accompanied by hyperthyroidism and hypothyroidism, 
especially in pregnancy and childhood [4]. A clinical ailment known 
as hyperthyroidism (fig. 1) is characterized by a hypermetabolic 
state carried on by an increase either in free triiodothyronine (FT3) 
or free thyroxine (FT4) and in both FT3 and FT4 in the blood [5]. 

  

 

Fig. 1: The diagram shows the divergence of the normal and hyperthyroid glands [5] 

 

Hyperthyroidism frequently manifests as decreased cerebral 
performance, depression, weight loss, anxiety, and irritability. 
According to studies, those with sub-clinical hyperthyroidism 
have an advanced risk of dementia at a two-year continuation as 

well as angina or myocardial infarction. Toxic multi-nodular 
goiter, painless thyroiditis, toxic adenoma, and graves disease 
are typical endogenous causes of hyperthyroidism [6] as shown 
in table 1. 
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Table 1: Common reasons or causing diseases of hyperthyroidism along with their Mechanism 

Causes Mechanism References 
Graves disease  Antibodies that activate the TSH receptor during an autoimmune process cause thyroid 

hormone to be produced excessively. 
[7] 

Transient or Painless thyroiditis 
 

The immune system attacks thyroid tissue, releasing already-made thyroid hormones as a 
result. 

[8] 
 

Toxic adenoma (Plummer disease) thyroid nodule with Gs alpha gene mutation or somatic TSH receptor [9] 
Toxic multi-nodular goitre development of clonogenic cells with a mutation that stimulates the TSH receptor [10] 

 

It is widely known that the thyroid and viral infection interrelate 
complicatedly through hormones and immunomodulatory signaling 
molecules. In clinical and physiological circumstances, these 
connections have been demonstrated [11]. Biological concentrations 
of 3,3',5-triiodo-L-thyroxine (T3), and L-thyroxine (T4) upsurges the 
generation and release of cytokines, which are also a part of the 
"cytokine storm" that may characterize systemic viral infections 
[11]. 

Widespread in humans and other mammals, coronavirus is a non-
segmented, enveloped positive sense RNA virus that belongs to the 

family Coronaviridae and the order Nidovirales [12]. The thyroid's 
structural proximity to the upper airways, a main route for 
coronavirus entry, holds up the idea that the thyroid gland might be 
a target for Covid 19 or SARS-CoronaVirus-2 (here, SARS is referred 
to as severe acute respiratory syndrome) [13] as shown in fig. 2. It 
has been previously documented that deviations in thyroid function 
and interruption of the follicular architecture were present in a 
significant proportion of SARS-CoronaVirus-2 patients [13]. 

Complications seen in hyperthyroidism resulting in cardiovascular, 
adrenergic, and cutaneous symptoms are mentioned in table 2. 

 

 

Fig. 2: Thyroid follicular cells' ACE-2 receptors and SARS-CoronaVirus-2 entrance [13] 

 

Table 2: Symptoms and indications of hyperthyroidism 

Cardiovascular Atrial fibrillation, tachycardia, an irregular heartbeat, peripheral edema (in heart failure), dyspnea, and orthopnea [5] 
Adrenergic 
 

Trembling, palpitations, jitteriness, anxiety, diaphoresis, tachycardia, heat intolerance, lid lag, staring, and hyper 
defecation are some of the symptoms (not diarrhea) 

[5] 

Cutaneous 
 

Onycholysis (Plummer nails), hyperpigmentation that is patchy or all-over pathognomonic signs (especially on neck 
and face) of Graves disease include: thyroid acropachy and pretibial myxedema (thyroid dermopathy) Graves ailment 
can also cause patchy vitiligo. 

[6] 

Hypermetabolism Despite increased appetite and fever, there is weight loss (in thyroid storm) [14] 
Neuromuscular  Activation of proximal muscles is feeble and peripheral reflexes are rapid with an accelerated relaxation phase. [6] 
Neuropsychiatric  Anxiety, hurried speech, psychosis, and sleeplessness  [14] 
Ocular  
 

Incomplete eye closure while sleeping as conveyed by the patient's partner, increased tearing, photophobia, increased 
susceptibility to smoke or wind, gritty feeling in the eyes or the sand. Exophthalmos, periorbital edema, decreased 
color perception, impaired vision, and diplopia are pathognomonic symptoms of Graves disease. 

[15] 

 

We searched the studies in three databases, including Google 
Scholar, PubMed, and Elsevier websites, for the last ten years to find 
all related articles on hyperthyroidism and Covid-19. Papers with 
any language having an English abstract were included in the first 
step of the search. We used the following words and terms, 
including: “COVID-19”, “Hyperthyroidism”, “Thyroid gland”, and 
“Vaccination”. Inclusion criteria in the present study were the 
studies assessing the epidemiology, etiology, pathophysiology, 
prevention, and treatment of hyperthyroidism, but the papers with 
insufficient data, the abstract without full text, in conformity 
between methods and results, the inappropriate explanation of the 
findings were excluded from this review. 

Hyperthyroidism's pathogenesis and etiology 

When the thyroid gland makes and secretes too much thyroid 
hormone, it is referred to as hyperthyroidism, normal or high 
thyroid radioactive iodine uptake is a defining feature [15]. The most 

recurrent cause of hyperthyroidism in those who live in iodine-rich 
zones is Graves disease. Other frequent causes include 
autonomously operating thyroid adenoma and toxic multinodular 
goiter. Younger individuals, who have greater thyroid hormone (i.e., 
T3 and T4) levels and are more probable to exist with overt 
hyperthyroidism than subclinical hyperthyroidism, are more likely 
to have less frequent causes [14]. 

Graves disease (GD) 

The utmost common reason for hyperthyroidism and the most 
spectacular semiology is Graves disease [16]. GD, commonly referred 
to as von Basedow disease, is an illness marked by ocular 
abnormalities (Graves' orbitopathy; GO), an overactive and enlarged 
thyroid gland (Graves' hyperthyroidism), and localized dermopathy 
(pretibial myxoedema; PTM) [17]. It is evident that thyroid-
stimulating antibodies (i.e., TSA), bind to and activate the thyrotropin 
receptor on thyroid cells, which are induced Graves' hyperthyroidism 
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[18]. Weight loss despite regular eating habits, tremors, anxiety, heat 
sensitivity, irritability, erectile dysfunction or diminished libido, 
changes in menstrual cycles, weariness, palpitations, frequent bowel 
movements, and others are typical symptoms [19]. 

Treatments 

Management of graves disease, along with their doses and adverse 
properties/effects mention below in table 3. 

 

 

Fig. 3: The flow chart shows the algorithm for the assessment of thyrotoxicosis/hyperthyroidism [14–30] 
 

Table 3: Management of graves’ hyperthyroidism 

Treatments Doses Adverse properties or effects References 
Iodine 131 
radioactive 
 

typically based on clinical evaluation, however 
other facilities base dose calculations on 
absorption and turnover studies 

Temporary exacerbation of ophthalmopathy, transitory 
hypothyroidism (temporary or permanent), thyroiditis 
brought on by radiation, hypoparathyroidism, radiation 
overexposure in children, and thyrotoxic crises 

[20] 
 

Subtotal 
thyroidectomy or 
near-total 
thyroidectomy 
 

The surgical removal of both thyroid lobes, save for 
a small portion of thyroid tissue, is known as a 
"near-total thyroidectomy" (on one or both sides 
less than 1.0 ml). 3 to 5 g of the thyroid glands less-
affected side are left after subtotal thyroidectomy. 

Problems from anesthesia, hypoparathyroidism, 
laryngeal edema, hemorrhage, and recurrent laryngeal 
nerve injury 

[21] 
 

Antithyroid 
medications 
(carbimazole or its 
metabolite MMI, or 
PTU) 
 

a single, fixed high dose (e. g., 5-30 mg of MMI per 
day or 5-40 mg of carbimazole per day) is 
administered along with thyroxine to prevent 
hypothyroidism or dose reduced until 
euthyroidism is reached (titration regimen). 
 

Major 
Vasculitis, lupus-like syndrome, acute hepatic necrosis, 
thrombocytopenia, agranulocytosis, acute hepatitis, 
cholestatic hepatitis, and insulin-autoimmune syndrome 
Minor 
Nausea, rash, fever, urticaria, anorexia, arthralgia, 
strange flavors, and odors 

[22] 
 

 

Toxic nodular disease  

The common root of thyrotoxicosis in elderly people, particularly 
those living in iodine-scarce regions, is toxic nodular goiter or toxic 
nodular disease [14]. An enlarged gland has several nodules of various 
sizes, as the name suggests. Although lymphocytic stromal infiltration 
may be present both within the non-nodular thyroid and in the 
nodules or nodular thyroid, the nodules typically exhibit papillary and 
follicular hyperplasia [5]. Toxic multinodular goiter, in which 
numerous independently functioning thyroid nodules emit too much 
thyroid hormone, and toxic adenoma, in which a single thyroid nodule 
is hyperactive, are other prevalent causes of hyperthyroidism [23].  

Treatment 

Radioactive iodine ablation or surgery can be used to treat toxic 
nodular goiter. Antithyroid medications are a possibility, but they 

must be taken continuously for the rest of one's life because it is 
doubtful that hyperthyroidism will go away [24]. 

Subacute thyroiditis (SAT) 

(Chronic thyroiditis) for many years, the pathophysiology and 
factors that determine the clinical passage of SAT, also known as de 
Quervain's thyroiditis or granulomatous thyroiditis, remained 
unknown [25]. This illness, which is frequently a painful cause of 
hyperthyroidism, is thought to be related to systemic and/or thyroid 
infection that is typically viral in nature. Patients with this illness 
frequently complain of neck pain, which may relate to the chest or 
the jaw. Clinical evidence of hyperthyroidism symptoms is 
frequently seen in the early stages of this illness. The follicular 
epithelium is destroyed when the gland is replaced by an 
inflammatory granulomatous process, and thyroid hormone that has 
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been held in ruptured follicles within the colloid is released into the 
bloodstream [5]. 

Treatment 

Self-limiting illnesses like subacute thyroiditis typically go away on 
their own within six months. Antithyroid drugs and radioactive 
iodine ablation have no place in the management of thyroiditis. If 
necessary, β blockers can be administered to manage adrenergic 
symptoms. A nonsteroidal anti-inflammatory medicine (NSAID) may 
be used to treat the pain brought on by subacute thyroiditis [26]. 

Drug-induced hyperthyroidism 

Hyperthyroidism brought on by drugs. Since the 1960s, the iodine-
abundant compound i.e., amiodarone, has been used in medical 
settings and is still often given as an anti-arrhythmic medication. With 
a female: male ratio of up to 1:3, amiodarone-induced thyrotoxicosis 
seems to be more common in males and is more prevalent in iodine-
abundant areas [14]. IFN (Interferon)-α/β, lithium, immunological 
checkpoint mediators, highly active antiretroviral treatments, tyrosine 
kinase inhibitors, and humanized monoclonal antibodies used to treat 
various sclerosis are additional medications that can result in 
thyrotoxicosis [27]. While immune-modifying medications like IFN-
α/β, highly active antiretroviral actions, and alemtuzumab can 
temporarily produce thyrotoxicosis through destructive thyroiditis, 
they can also cause graves disease through less obviously understood 
immunological reactivation pathways [28]. 

Sub-clinical hyperthyroidism 

Subclinical thyroid hypertrophy. Thyrotropin levels are repressed, 
thyroid hormone (i.e., T3 and T4) levels are naturally in the upper to 
middle range of normal, and FT3 and FT4 levels are normal in 
subclinical hyperthyroidism [29]. Exogenous subclinical 
hyperthyroidism brought on by excessive use of levothyroxine, 
liothyronine, or desiccated thyroid may be the result of unintentional 
overtreatment, deliberate usage (typically done covertly) by the 
patient, or deliberate use to inhibit thyrotropin production. Compared 
to endogenous subclinical hyperthyroidism, exogenous subclinical 
hyperthyroidism is much more prevalent. Serum T3 levels in 
endogenous instances are often normal or at the higher end of the 
reference range, but T3 levels in levothyroxine-treated patients are 
frequently in the middle or lower portion of the reference range [30].  

Treatment 

Subclinical hyperthyroidism's underlying cause should determine 
the course of treatment. Because spontaneous remission is unlikely 
to occur, radioactive iodine ablation is a preferred therapy choice for 
individuals with toxic multinodular goiter or a solitary autonomous 
nodule. Effective therapies for graves disease patients include 
radioactive iodine ablation therapies and antithyroid drugs [31]. 

Iodine-induced hyperthyroidism (hyperthyroidism brought on 
by iodine) 

The Jod-Basedow phenomenon, also known as iodine-induced 
hyperthyroidism, is more prevalent in elderly people with nodules 
or nodular goiter and in areas with chronic iodine deficit where the 
population is getting iodine supplementation [14]. A crucial 
micronutrient in the coalescence of thyroid hormones (i.e., T3 and 
T4) is iodine. The WHO referred to as World Health Organization has 
set a suggested daily allowance for it of 150 g for individuals other 
than pregnant patients; of this amount, roughly 80 g is required to 
maintain optimal thyroid hormone synthesis, while the remaining 
grams account for fecal and urinary losses [32]. Radiographic 
divergence agents can also result in iodine-induced hyperthyroidism 
in addition to iodine supplementation. The likelihood of developing 
iodine-induced hyperthyroidism after receiving a radiographic 
contrast agent is greatest in people with precedent multinodular 
goiter or people from iodine-scarce regions [33]. 

Hyperthyroidism in pregnancy (Pregnancy-related 
hyper thyroidism) 

An estimated 2.5% of cases of subclinical thyrotoxicosis and 0.2% of 
cases of overt thyrotoxicosis occur during pregnancy. The frequent 
reason for thyrotoxicosis during pregnancy is graves’ disease [34]. 

GD, which is brought on by thyroid activation by gestational 
transient thyrotoxicosis (GTT) and TSH receptor antibodies (TRAbs) 
are the two utmost frequent sources of hyperthyroidism in pregnant 
women [35]. Anti-TSH-receptor antibodies should be examined for 
the following, as they frequently confirm the diagnosis: Absence 
indicates transient gestational hyperthyroidism, but presence 
indicates Graves' disease. The mother and fetus may occasionally 
experience significant difficulties as a result of hyperthyroidism 
during pregnancy. Studies have shown an increased menace of pre-
eclampsia and heart failure [36].  

Treatment (Therapy) 

In maximum cases, women with gestational thyrotoxicosis don't need 
to be treated. Because of the temporary nature of the anomalies, the 
danger of maternal and fetal hypothyroidism, and the potential for 
teratogenicity, Antithyroid drugs (ATDs) are not advised [37]. Early 
research revealed that Propylthiouracil (PTU) was less permeable to 
the placenta than Methimazole (MMI), and as a result, PTU has long 
been recognized as the preferable ATD for treating pregnancy-related 
hyperthyroidism. However, later research employing in vitro perfusion 
methods was unable to show differences between PTU and MMI's 
placental transfer kinetics, and both constituents were testified to have 
similar effects on fetal thyroid function [35]. 

Thyroid storm 

The ‘Thyroid Storm’ appeared in the literature around the 1920s. 
For Instance, in 1928, Lahey gave an early statement putting 
forward the statement that remarks concerning the thyroid crisis 
and its regulation are prompted by the fact of multiple patients 
reporting to the hospital with advanced stages of thyroid crisis as so 
many of these patients were inoperable despite every measure taken 
in the medical books. At that time, the standard measures to treat 
this condition were Iodine, morphine, fluids, and glucose [38]. Toxic 
multinodular goiter, toxic adenoma, and graves disease can 
occasionally result in a thyroid storm, a severe hyperthyroid 
condition. When defining whether a thyroid storm is existing, the 
Burch-Wartofsky score is useful [6]. Dysfunctional cardiovascular 
system, thermoregulatory system and central nervous system, and 
gastrointestinal-hepatic system have been the latest definitions. In 
1993, Burt and Wartofsky developed a novel scoring system to 
systemize the diagnosis. In the current scenario, physicians have to 
face constant difficulties in identifying this condition and medical 
groups around the world are trying to establish clear diagnostic 
benchmarks based on universal clinical parameters [39]. 

Thyroid gland as a consequence of sars-coronavirus-2 

The WHO avowed COVID-19 caused by SARS-CoronaVirus-2 to be a 
global epidemic on the 11th of March, 2020 [49]. The ACE2 (i.e., 
Angiotensin-converting enzyme 2) receptor is the route through 
which the SARS-CoronaVirus-2 can enter human cells [50]. It was 
discovered that the epithelial cells of the thyroid gland, adipose 
tissue, small intestine, testicles, heart, and blood arteries expressed 
ACE2 higher than those of other tissues [51]. Therefore, thyroid 
follicular cells possibly will be a target for covid virus (SARS-
CoronaVirus-2) entrance as a result [13]. Recent research has shown 
that COVID-19 may affect many different parts of the body, inclusive 
of the endocrine organs, which may be a detriment by a variety of 
mechanisms involving direct virus injury to the gland or a direct 
impression on the hypothalamus-pituitary gland axis, systemic 
inflammation brought on by the production of cytokines and 
chemokines, vascular derangement, and immunological responses as 
shown in fig. 5 [52]. Cell culture tests revealed that the thyroid gland 
expressed more of the enzymes TMPRSS2 (i.e., Transmembrane 
protease serine 2) and ACE2 than the lung. Therefore, COVID-19 may 
target the thyroid gland [53]. Additionally, a retrospective analysis of 
287 consecutive COVID-19 sufferers who were hospitalized in non-
intensive care units and had their thyroid function examined revealed 
an elevated frequency of hyperthyroidism and an inverse connection 
of thyrotropin levels [54]. The COVID-19 disease had a significant 
impression on our daily lives and has suddenly changed the direction 
of medical research. Additionally, we encountered a wealth of medical 
material that was frequently at odds with itself, even on the subject of 
thyroid health [55]. 
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Fig. 4: Flow chart shows the other common causes or etiology of hyperthyroidism along with their mechanisms [40–48] 

 

 

Fig. 5: SARS-Coronavirus-2-induced thyroid dysfunction. The image depicts both the direct infection of the thyroid and the viral receptor, 
host protein ACE2, which is highly expressed in the gland. Injury to the follicular and parafollicular cells, the building blocks of the 

thyroid, is the direct result of a viral infection, which leads to thyroid dysfunction. Infections that target the host's lungs or other organs 
lead to a "cytokine storm" that activates many pro-inflammatory pathways, causing the thyroid to become dysfunctional as well [52] 

 

Role of SARS-corona virus-2 inducing hyperthyroidism 

Hyperthyroidism is overblown by the stimulation of TSH receptors 
by antibodies referred to as Graves disease or as a repercussion of 
the autonomous production of thyroid hormones by thyroid nodules 
[56], if the sufferers do not take any precautions, hyperthyroidism 
may lead to cardiac hypertrophy. According to reports, 

hyperthyroidism activates the heart RAAS (i.e., Renin-angiotensin 
aldosterone system), which could worsen cardiac Angiotensin II 
(Ang II) levels and its renin function. Additionally, it has been 
demonstrated that the cardiac Ang II receptor type 2 known as the 
AT2 receptor, is increased in response to hyperthyroidism, 
indicating that the primary RAAS axis major molecules are altered in 
hyperthyroidism. Because thyroid hormone production is increased 
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when Ang II receptor type 1 known as the AT1 receptor inhibitors 
and ACE stands for angiotensin-converting enzymes are used, it is 
possible that RAAS plays a crucial role in thyroid hormone-mediated 
cardiac hypertrophy [57] as shown in fig. 6. It has been revealed that 
ACE can be hyperactivated by hypertrophy-induced autoregulatory 
factors. These findings show that the RAAS's counter-regulatory 

mechanisms are increased in hyperthyroidism, which may help to 
control how the heart responds to thyroid hormone [51]. After 
getting the SARS-CoronaVirus-2 immunization or covid vaccine, 
several kinds of thyrotoxicosis, including overt sub-acute thyroiditis, 
atypical thyroiditis, and autoimmune hyperthyroidism (Graves' 
disease), have been reported [58, 59]. 

 

 

Fig. 6: SARS-CoronaVirus-2-induced hyperthyroidism leads to cardiac hyperthyroidism. The illustration on the left side shows a normal 
thyroid function. RAAS is one of the cellular physiological processes that is regulated by thyroid hormone, and this pathway is less 

susceptible to SARS-CoronaVirus-2 infection the illustration on the right side shows a SARS-CoronaVirus-2 induced hyperthyroidism 
leads to cardiac hypertrophy [57] 

 

GD can be brought on by SARS-CoronaVirus-2 mRNA immunization 
(covid vaccine) and the SARS-corona virus-2 (covid virus) 

An auto-immune thyroid condition called Graves disease is brought 
on by the existence of thyroid-stimulating antibodies or receptors. 
Graves' disease may begin or relapse as a result of the stimulation of 
an autoimmune response, regardless of context, which includes 
when COVID-19 infection is present [60]. One probable explanation, 
in particular, is the theory that some frequent viral infections, such 
as the influenza virus and the Epstein-Barr virus, cause epigenetic 
fluctuations in genes linked to GD vulnerability, such as the 
thyrotropin receptor and thyroglobulin gene [61]. This suggests that 
the commencement of autoimmune thyroid disorders (AITD) linked 
to the SARS-CoronaVirus-2 contagion should be anticipated. Indeed, 
after the SARS-CoronaVirus-2 contagion and covid vaccination 
against it, certain cases of GD and other AITD have been documented 
[62]. The coronavirus ailment 2019, which has stunned the entire 
planet to its core, may be brought under control with the help of 
vaccines. However, professionals have started to closely monitor any 
complexities that could be connected to improved vaccination at 
previously unheard-of levels [61]. Because the peptide sequences of 
thyroid peroxidase (TPO) and the viral proteins are comparable and 
homologous, it has been found that TPO reacts with the membrane 
protein, the spike protein, and the nucleoprotein of SARS-2 
coronavirus [63, 64]. Consequently, the SARS-2 coronavirus spike 
protein formed within the host cells to elicit an immune response in 
contradiction of it could incite autoimmune reactions via the process 
of molecular mimicry, which led to graves disease [65]. Graves' 
illness has been linked to COVID-19 in time, suggesting that SARS-
CoronaVirus-2 may cause autoimmune thyroid problems [66]. 

Graves’ ophthalmopathy (GO) 

The primary extrathyroidal symptom of Graves' illness is thyroid-
associated orbitopathy, also recognized as Graves' ophthalmopathy 

(GO). The signs and symptoms of GO include everything from double 
vision to loss of vision to gritty, irritated, and red eyes. Proptosis and 
lid retraction are frequent. Up to 90% of those with the condition 
have upper eyelid retraction due to fibrosis and inflammation of the 
Mullers and elevator’s muscles. Enlargement of the orbital fat i.e., 
type 1 orbitopathy, the extraocular muscles i.e., type 2 orbitopathy, 
or both are the causes of proptosis [67]. Hepatitis B, the human 
papillomavirus, and the H1N1 vaccines can all cause autoimmune 
hyperthyroidism, and the hyperimmune milieu that results from the 
SARS-CoronaVirus-2 mRNA immunization (covid vaccine) can lead 
to the development of autoimmune thyroid illnesses. The precise 
pathogenetic pathways for GO to first manifest, return, or worsen 
after receiving SARS-CoronaVirus-2 mRNA immunization (covid 
vaccine) [68]. 

SARS-CoronaVirus-2 mRNA immunization (covid vaccine) and 
the SARS-CoronaVirus-2 triggered SAT 

Subacute granulomatous thyroiditis, commonly known as De 
Quervain's thyroiditis or giant cell thyroiditis, is a self-limiting or 
self-discipline inflammatory condition of the thyroid gland that 
typically develops after or concurrently with viral infection [69]. 
These abnormalities, including sub-acute thyroiditis, are thought to 
be caused by the interaction of the immune system and thyroid 
hormones as well as the direct cytotoxic effect of the virus [11]. 
Clusters of sickness have been documented during viral infection 
outbreaks, and sub-acute thyroiditis is alleged to be triggered by a 
postviral inflammatory process or a viral infection. This 
circumstance is quite similar to the COVID-19 pandemic event [70]. 
Interactions with ACE2 receptor-In addition to the lungs, many other 
organs, such as the thyroid, express ACE2 receptors [51]. It is 
thought that ACE2 is essential for the pathophysiology of lung 
damage brought on by coronaviruses. ACE2 receptors in the thyroid 
may therefore represent a different mechanism of harm [71]. It is 
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believed that the pathophysiology of SAT caused by SARS-
CoronaVirus-2 infection is similar to that of SAT caused by other 
viral infections, either by a postviral inflammatory response or 
through a direct viral infection that targets the thyroid of 
hereditarily vulnerable people. Psychoanalysts should be aware that 
SARS-CoronaVirus-2 infected patients may develop subacute 
thyroiditis as a result [72]. The most frequently used treatments for 
COVID-19 induced SAT comprised analgesics, α-adrenoceptor 
blockers, and short-term corticosteroids. Although now 
hydroxychloroquine is not a recommended therapy, it has been 
reported that hydroxychloroquine and steroids were used in 
conjunction in one case. Other authors writing COVID-19-related 
Sub-acute thyroiditis used steroids for various causes and dates 
[73]. The most prevalent thyroid-related clinical condition linked to 
COVID-19 appears to be subacute thyroiditis [74]. One of the most 
successful public health interventions is immunization, which 
prevents lifelong disability and saves many lives. Because vaccines 
are very safe, very effective, and generally economical, they have 
enabled not only a decrease in the prevalence of illnesses but also a 
decrease in the mortality and morbidity associated with them [75]. 
Numerous vaccinations have been created, including those utilizing 
cutting-edge technology (virus-vector-based vaccines and mRNA-
based), which can provide a strong defense against severe COVID-19 
forms. Numerous tribunals have demonstrated the general safety 
and effectiveness of the COVID-19 vaccinations that are now on the 
market. However, after the administration of several types of COVID-
19 vaccinations, a small number of cases of post-immunization 
problems, such as thyroid abnormalities, have been noted [76]. TPO 
reacts with the membrane protein, nucleoprotein, and protein of 
SARS-CoronaVirus-2. A number of thyroid peroxidase-related gene 
sequences show similarities with gene sequences in several covid 
proteins, according to BLAST matching. As a result, the development 
of autoimmune thyroiditis may be facilitated by antibodies produced 
against SARS-CoronaVirus-2 [77]. SARS coronavirus cross-reactivity 
with thyroid protein may cause the development of thyroiditis 
following COVID-19 vaccination or SARS-CoronaVirus-2 
immunization. Women made up 73.6% of COVID-19 patients with 
the SARS-CoronaVirus-2-related SAT, who were mostly patients 
aged 18 to 63 [78]. 

Thyroid nodules and cancer relating to SARS-CoronaVirus-2 

With a palpable incidence of between 3% and 7%, thyroid nodules 
(TNs) are one of the endocrine system's more prevalent disorders. 
In randomly chosen individuals, the prevalence of high-resolution 
ultrasonography ranges from 19% to 67%, with global annual 
growth trends. Thyroid cancer affects 5% to 15% of TNs [79]. The 
detection of thyroid incidentalomas-thyroid nodules discovered 
during imaging taken for purposes unrelated to the thyroid-has been 
put forth as a key factor in the increased incidence of thyroid cancer 
[80]. The likelihood of developing a major illness and passing away 
increases with age and the existence of other medical disorders in 
COVID-19 cases. Cancer patients are thought to be among the most 
susceptible groups to infection and the disclosure of more severe 
indications, presumably as a result of immune system weakness 
brought on both directly by the side effects of anticancer treatment 
and indirectly by tumor growth. However, there is little information 
about the effects of COVID-19 contagion on those who have thyroid 
cancer or a history of it [81]. A greater rate of death from COVID-19 
and catastrophic results in cancer patients were documented in 
reports from the United States and China that described the 
therapeutic, demographic, and clinical outcomes of the cancer 
patients. Despite the slow-growing nature of thyroid cancer, more 
recent research has revealed that thyroid cancer is frequently 
diagnosed among COVID-19 patients brought to hospitals. These 
findings, however, are preliminary, and thyroid cancer and COVID-
19 infection have not yet been linked causally. They are mostly 
blamed for the high incidence of thyroid nodules and malignancy 
[82, 83]. The likelihood of COVID-19 infection and consequences can 
be further impacted by treatment. Immune function is impacted by 
I131 both immediately and over time, which may have an impact on 
patients' COVID-19 results. Treatment with I131 can raise IL-6, a 
cytokine linked to severe pulmonary illness and death from COVID-
19, in thyroid cancer patients who also have thyroid autoimmunity. 

A spike in IL-6 and ferritin in patients who performed particularly 
badly was associated with death [84, 85]. 

Future prospective 

To create a meaningful risk/benefit analysis and accurate thyroid 
disorder statistics, prospective research should be conducted using 
vaccinated and unvaccinated populations. Further research indicates 
that nevertheless of underlying other etiological factors, sufferers 
with hyperthyroidism are likely at an increased risk of developing 
fatal and severe SARS-CoronaVirus-2 disease. However, the WHO did 
not advise hospitalized COVID-19 sufferers to undergo routine 
thyroid function testing. Nobody distinguishes how long the COVID-
19 contagion will last, but in the near future, high demand for 
healthcare services unrelated to COVID-19 is anticipated. In our 
view, patients with symptomatic COVID-19 should take the testing of 
the functioning of the thyroid into consideration. 

CONCLUSION 

In conclusion, the etiology and pathophysiology of hyperthyroidism, 
as well as its common causes and therapies, were reviewed. It is 
crucial for both the clinician and the pathologist to be aware of these 
illnesses as diagnostic factors, even though the majority of them are 
rare, particularly when compared to toxic nodular or multi-nodular 
goiter and graves' disease. Theoretically, the connection of the HPT 
axis and thyroid must be considered when dealing with COVID-19, 
SARS-CoronaVirus-2 can affect any organ throughout the viraemic 
phase. The sort of change that predominates in thyroid damage 
appears to be mostly determined by the COVID-19 severity. In 
particular, mild COVID-19 that causes damaging thyrotoxicosis and 
neck pain (also known as classical subacute thyroiditis) typically 
develops during or shortly after. There will probably be cases of 
thyroid abnormalities as an outcome of vaccine-independent and/or 
vaccine-associated processes as the world currently engages in the 
largest mass vaccination campaign. 
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