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Abstract: Coronavirus disease-2019 (COVID-19) is asymptomatic in most cases, but it is
impartible and fatal in fragile and elderly people. Heretofore, more than four million people
succumbed to COVID-19, while it spreads to every part of the globe. Severe acute respira-
tory syndrome-coronavirus-2 (SARS-CoV-2) induces various dysfunctions in many vital
organs including the thyroid by utilizing ACE2 as a receptor for cellular entry. Emerging
reports clearly show the involvement of SARS-CoV-2 in diverse thyroid disorders. Thus, this
review article aims to review comprehensively all the recent developments in SARS-CoV-2-
induced pathogenesis of thyroid diseases. The review briefly summarizes the recent key
findings on the mechanism of SARS-CoV-2 infection, the role of ACE2 receptor in viral
entry, SARS-CoV-2-activated molecular signaling in host cells, ACE2 expression in the
thyroid, cytokine storm, and its vital role in thyroid dysfunction and long-COVID in relation
to thyroid and autoimmunity. Further, it extensively discusses rapidly evolving knowledge on
the potential part of SARS-CoV-2 in emerging various thyroid dysfunctions during and post-
COVID-19 conditions which include subacute thyroiditis, Graves' diseases, Hashimoto’s
thyroiditis, thyrotoxicosis, and other recent advances in further discerning the implications
of this virus within thyroid dysfunction. Unraveling the pathophysiology of SARS-CoV-2-
triggered thyroid dysfunctions may aid pertinent therapeutic options and management of
these patients in both during and post-COVID-19 scenarios.

Keywords: thyroid, COVID-19, hyperthyroidism, hypothyroidism, SARS-CoV-2, ACE2,
inflammation, IL6, subacute thyroiditis, Graves’ disease, Hashimoto’s thyroiditis,
thyrotoxicosis, p38/MAPK, thyroid cancer

Introduction

A novel sense—stranded RNA-containing virus was initially identified from China at
the end of 2019 (31st December) called “severe acute respiratory syndrome-cor-
onavirus-2” (SARS-CoV-2). It is the root cause for abrupt but severe pulmonary
illness in humans that has emerged as a pandemic health issue, named “coronavirus
disease-2019” (COVID-19)." From its primary outbreak, this could reach more than
200 nations globally. As of 1st October 2021, more than 4,786,203 lives succumbed
to COVID-19 disease while it has infected 233,908,734 people worldwide.”
Although primarily a respiratory infection, SARS-CoV-2 affects many organs
such as the brain, lungs, heart, kidney, colon, adrenal glands, thyroid, etc. This
multi-organ involvement often leads to death.** The paucity of research findings in
the literature on the SARS-CoV-2 infection and its downstream effects remains a
major limitation in establishing treatment options for this deadly infection. This
review briefly describes the mechanism of human cellular infection of SARS-CoV-
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2 and discusses in detail virus-induced pathogenesis caus-
ing various thyroid diseases.

Molecular Mechanism of Cellular
Infection of SARS-CoV-2: The

Mediator, ACE2 and Its Role

Spike glycoprotein (S), ~180-kDa protein (1273 amino
acids) that generally occurs as trimeric form and it is a
part of envelope protein and projected externally to form a
structure similar to “corona” that facilitates the SARS-

CoV-2 entry. The virus hijacks human angiotensin-con-
verting enzyme 2 (ACE2) to play the receptor-like role
for its initial cellular entry, followed by efficient binding
and membrane fusion (Figure 1). Particularly, the ectodo-
main of the “S” protein was shown to tightly bind to the
ACE2 at the peptidase domain (PD).> Similarly, the ACE2
was also demonstrated as a viral entry-receptor for another
variant, SARS-CoV-1 in early 2003.°

The ACE2 is a transmembrane type I glycoprotein
(mono-carboxypeptidase) localized on the cell surface and
contains 805 amino acids which are primarily involved in
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Figure | Molecular mechanism of SARS-CoV-2 infection. (A) Schematic diagram of SARS-CoV-2. (B) “Spike” protein structure and its various operative parts. (C) Cryo-EM structure
of “spike” — ectodomain was visualized, S1/S2 junction and S2 cleavage sites were marked by NGL viewer (PDB ID: 7CN9). (D) Schematic diagram of “spike” protein (S) with various
functional domains. (E) The diagram shows the entry of SARS-Co-V-2 into a host cell. “Spike” recognizes ACE2 protein and binds to it via the S| subunit. Subsequently, the S| is cleaved at
the S1/S2 junction with unique amino acid motifs, R682, R683, and Ré85, or within the S2 subunit by TMPRSS2 and furin that facilitates the structural restriction of S| on S2. Neuropilin-|
(NRP1) was shown to attach furin-cleaved substrates (SI) in the “C-end rule” CendR motif that potentiates SARS-CoV-2 infectivity. This process releases the internal fusion peptide
attached to the spike TM domain for successful viral and cellular membrane fusion. This enables the viral genome to enter the host cell. (F) Diagrammatic representation of TMPRSS2-
mediated cleavage of ACE2. The TMPRSS2 could cleave ACE2 at amino acids 697—7 16 and that results in chopping of a 13 kDa ACE2 fragment and facilitate viral infectivity. The fragment
can be easily detected in the cell culture medium.
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angiotensin (Ang) ontogenesis. The peptide-based Ang hor-
mone directly controls vasoconstriction and enhances pres-
sure in the blood vessels. The ACE2 was initially discovered
by two groups independently in the year 2000.”* ACE2
protein has two major domains: of which, a peptidase domain
(PD) is located at the N-terminal while a collectrin-like
domain (CLD) is found at C-terminal which is ending with
a transmembrane helix that includes an intracellular portion
approximately with forty residues.” The PD of ACE2 plays a
primary role in cleaving Ang I to yield Ang-(1-9), resulting
biomolecule is secondly processed by other enzymes (ACE,
angiotensin-converting enzyme, and neprilysin, zinc-depen-
dent metalloprotease) to become Ang-(1-7), a vasodilatory
heptapeptide. The ACE2 can also directly cleave the robust
molecule of vasoconstriction, Ang II to give Ang-(1-7).%’
Although ACE2 catalyzes both Ang II and Ang I, it much
more efficiently catalyzes only Ang II which is 400 times
higher than Ang L.'° The ACE2 also has potent cleaving
activity on other peptides which include apelin-13, apelin-
36, B-casomorphin, des-Arg9-bradykinin, dynorphin, and
neocasomorphin.'' ACE-inhibitors are widely used as anti-
hypertensive drugs but they usually do not have the ability to
inhibit ACE2 due to distinct structural variation in the cata-
lytic domain even though ACE2 exhibits ~40% structural
similarity with ACE.’

Two important steps are comprised in SARS-CoV-2
infection which consists of initial recognition of the receptor
(ACE2) and efficient fusion of cell membrane. The viral “S-
protein” on the exterior portion of SARS-CoV-2 initiates the
receptor identification and fusion of the cell membrane pro-
cess. The viral “S-protein” complex consists of heterodi-
meric proteins namely “S1” and “S2” (subunits 1 and 2,
respectively). The “S1” comprises a receptor-binding
domain (RBD) which could directly bind with the ACE2
via peptidase domain (PD). Subsequently, receptor trans-
membrane protease serine 2 (TMPRSS2) chops “spike” at
two points S1/S2 (a point of S1 and S2 subunit intersection)
and S2 (a restriction site within the S2 subunit) and this step
is critical for cellular viral entry.'' The TMPRSS2 gene is
mostly regulated by androgen and highly expressed in the
prostate while minimally expressed in the other organs
including the colon, kidneys, liver, lung, and pancreas. It
has been localized in extracellular vesicles even though the
TMPRSS?2 is mainly membrane-bound.'? This indicates that
the protease could get into other tissues away from its origin-
ally expressed sites to facilitate the ACE2 proximity in viral
infection. Moreover, TMPRSS2 is shown to be stoichiome-
trically contiguous to ACE2."* Right after the S1 subunit

detachment from the “S” protein, the remaining viral S2
subunit goes through a conformational change which
exposes the transmembrane (TM) domain of S2 to the host
cellular membrane. This results in viral transmembrane
domain fusion with the host cellular membrane which trig-
gers infusing the viral particle and release of its content
including the RNA into the cell that drives subsequent repli-
cation and infection to other cells. The TMPRSS2 was
demonstrated to be critical also for other coronaviruses and
influenza viral infection while only the proximity of both the
ACE2 and TMPRSS2C could facilitate the viral infection.
Camostat mesylate, a TMPSRR2 inhibitor and was shown to
block the priming of “S” protein and partly inhibit the sub-
sequent entry of SARS-CoV-2."* Furin, a cellular protease
has been demonstrated to cleave the spike glycoprotein at the
S1/S2 junction resulting in two associated polypeptides, S1
and S2 which were shown to be critical for spike-protein (S)-
mediated cell-cell fusion and human cell entry.'> Neuropilin-
1/2 (NRP1/2), transmembrane receptors implicated in angio-
genesis, axon guidance, and vascular permeability and are
highly expressed in respiratory and olfactory epithelium
while epithelial and endothelial cells show foremost.
Recently, NRP1/2 has been demonstrated to bind directly
furin-cleaved S1 fragment of the spike protein at the “C-
end rule” (CendR), a carboxyl (C)-terminus (R/K-XX-R/K)
motif-containing key array of amino acids (682 R-R-A-
R _685) could potentiate SARS-CoV-2 infectivity. Small-
molecule inhibitor or monoclonal antibodies-mediated inhi-
bition of this interaction was shown to suppress the viral
infection.'®!7

Apart from the SARS-CoV-2, the other two members
of the same family (coronaviridae) including SARS-CoV,
and NL63 exploit the ACE2 as a receptor for their human
cellular entry.'"® Both SARS viruses (CoV-1 and CoV-2)
show ~80% amino acid conservation between them sug-
gesting that their natural tendency in binding affinity
towards ACE2. Conversely, among the human population,
the presence of some natural single nucleotide polymorph-
isms (SNPs) (rs73635825 (S19P) and rs143936283
(E329G) in ACE2 was shown to reduce the binding affi-
nity towards the viral “S” protein suggesting natural pro-
tection against pandemic COVID-19."” The ACE2 has a
major role in the “compensatory axis” of the RAAS
(ACE2-Ang (1-7)-Mas), a vasodilator signaling, counter-
acting the effects of the classical pathway for vasoconstric-
tion (ACE/Ang-II/AT1 receptor), in regulating blood
pressure, chronic heart failure, and cardiac hypertrophy.°
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Deregulated Pathways in COVID-19
Disease: The Potential Therapeutic
Targets

The rapid development of antiviral therapies is a necessity
for nations across the globe. Inadequacy of empirical
scientific literature on the genetic and biochemical signa-
ture of SARS-CoV-2-mediated host cell signaling prevents
the development of antiviral therapies. Recently, a study
performed phosphoproteomic experimentation of SARS-
CoV-2-infected host cells (Vero E6) utilizing mass spectro-
metry and revealed various unique phosphorylated protein
molecules invariably in both monkey cells (host) and
viruses. Among them, viral infection mainly activated
crucial cellular signaling networks include p38 MAPK, a
class of MAPKs that could respond to various stimulus
factors (cytokines, heat and osmotic shock, and UV) and
casein kinase 2 (CK2) pathways. This p38 MAPK is

mainly required for cellular differentiation, growth, devel-
opment, apoptosis including autophagy. Further, viral pro-
tein promoted the development of various cytokines and
blocked many mitotic kinases, which collectively could
result in cell cycle arrest. The SARS-CoV-2 infection
also induced the CK2-mediated filopodial formation that
facilitated the process of budding viral particles as illu-
strated in Figure 2. The study also targeted the deregulated
kinase pathways with many drugs that revealed therapeutic
targeting of the p38, CK2, cyclin-dependent kinase
(CDK), tyrosine-protein kinase receptor UFO (AXL), and
1-phosphatidylinositol 3-phosphate 5-kinase (PIKFYVE)
kinases could display a potent antiviral efficacy against
the COVID-disease.?! Similarly, another study also per-
formed phosphoproteomics analysis to determine signaling
changes in the virus-infected host cell. They discovered
changes in phosphorylation of viral proteins that phospho-
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Figure 2 SARS-CoV-2-induced signaling pathways. Diagram of the SARS-CoV-2-mediated p38/MAPK, Rho/Rock, and casein kinase Il signaling pathways involved mainly in
the viral replication. The p38/MAPK pathway executes a vital role in cell proliferation while the Rho/Rock, and casein kinase Il signaling pathways are implicated in the
cytoskeleton reorganization of normal cells. The Rho/Rock signaling is reduced upon infection.
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driven deregulated cellular pathways in the host. The
findings revealed that growth factor receptor (GFR) sig-
naling particularly the PI3K and MAPK are hyperactivated
(Figure 2). Further, various drug-protein network analyses
identified the GFR pathway as the key target for antiviral
therapeutic intervention. Inhibition of downstream of GFR
signaling using five drug molecules inhibited mainly the
viral dsRNA synthesis, and release of viral RNA into the
supernatant ultimately resulting in suppression of the
SARS-CoV-2 replication in cells suggesting that the GFR
pathway is crucial for viral replication.”>** These key
studies demonstrate that GFR-related p38MAPK and
PI3K signaling is important targets in seeking therapeutic
intervention. Like other organs and organ systems, the
GFR-related MAPK and PI3K signaling pathways and
cytoskeleton modifying proteins implicate in potential
aspects also in the normal cellular functions of the thyroid
gland. Given the importance of these signaling, it is plau-
sible that SARS-CoV-2-mediated deregulation of these
pathways could cause thyroid dysfunction upon viral
infection.

ACE2 is Highly Expressed in the
Thyroid Gland

A recent study performed the expression analysis of ACE2
in thirty-one tissues derived from normal people and com-
pared males versus females, younger versus older people
within that tissue samples. Besides, the study also corre-
lated the expression of ACE2 versus enrichment levels of
“immune signature” within each tissue. The study found
that ACE2 protein expression is widely detected in differ-
ent kinds of tissues including lung tissue. ACE2 expres-
sion was observed to be upregulated within thyroid tissues
in addition to the cardiac, renal, small intestine, testis, and
adipose tissue.>* A medium level of ACE2 expression was
detected in the adrenal gland, bladder, colon, liver, and
lungs while the minimal level was seen in the brain, blood
vessels, blood, bone marrow muscle, and spleen.3 In thyr-
oid, enrichment analysis manifested that the expression
level of ACE2 was inversely connected with the “killer”
T cell (CD8") in the feminine gender. Expression levels of
ACE2 and interferon response makeup in the thyroid were
significantly associated favorably in masculine and inver-
sely in feminine genders. Moreover, no difference in the
expression levels of ACE2 was found regardless of gender
and age difference in many other tissues.” These results
suggest that not only the lungs but also the thyroid is a

bullseye for SARS-CoV-2 infection next to its related
pathogenesis (Figure 3). Similarly, the TMPRSS2 also
displays a top-level of its mRNA in the thyroid tissue
without reference to gender difference.** This once again
may facilitate the viral infection to the thyroid that could
lead to thyroid dysfunction during and post-COVID-19
cases.

SARS-CoV-2 Infection and Cytokine
Storm: A Vital Role in Thyroid

Dysfunction

A recent systematic review analyzed seven independent
reports consisting of 1237 cases with COVID-19 which
clearly revealed the presence of thyroid dysfunction in a
significant percentage of COVID-19 cases.” In addition,
thyroid dysfunction in ~15% of mild-to-moderate cases of
COVID-19 and incident thyroid dysfunction and autoim-
munity in COVID-19 survivors have recently been
observed.”?’ As illustrated in Figure 3, the thyroid
gland is likely dysfunctional as a consequence of either
direct or indirect effects of SARS-CoV-2 infection. The
thyroid gland can be directly infected by the SARS-CoV-2
as the ACE2, TMPRSS2, and other factors facilitating
viral entry are highly expressed in it.* Consistently, the
SARS-CoV-2 RNA has recently been detected within the
thyroid gland and it supports the notion that direct infec-
tion of the thyroid gland by SARS-CoV-2.2® This infection
could induce cytokine storm which in turn may attack the
thyroid gland. On the other hand, the thyroid gland is
indirectly affected when the lung/respiratory system-
mediated SARS-CoV-2 infection triggers cytokine storm
and this could affect the thyroid gland. Cytokine storm
plays a key role in both direct and indirect effects on the
thyroid gland. Cytokine storm — a condition wherein
uncontrolled over-responsive immune, inflammatory, coa-
gulation, and complement systems cause robust secretion
of proinflammatory cytokines in the bloodstream much
higher than normal level often due to pathogenic
infection.?” This cytokine storm triggers epithelial and
endothelial cell injuries by inducing intensive apoptosis
that leads to vascular leakage mainly due to enhanced
permeability resulting in multiple organ failures.*® This
hyperactivation and hypersecretion of immune and/or
inflammatory cytokine molecules could cause a hyperin-
flammatory condition that induces not only severe damage
to many vital organs but also causes death which has been
frequently associated with the COVID-19.30% Although
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Figure 3 The SARS-CoV-2-induced thyroid dysfunction. The diagram displays both the direct infection of the thyroid as the viral receptor, the host protein ACE2 is highly
expressed in the thyroid. Direct viral infection damages both the follicular and parafollicular cells that result in thyroid dysfunctions. Alternatively, host lung and other organ-
mediated infections induce a “cytokine storm” due to the activation of various pro-inflammatory pathways, which in turn, affects the thyroid and causes its dysfunction.

many cytokines (secreted by dendritic cells and mono-
nuclear macrophages) such as interleukins (IL1, IL6, ILS,
and IL17)), chemokines (CCL2-CCL4, CCL8-CCL10),
tumor necrosis factor-alpha (TNF-o) and interferon
(IFN)-y have been shown to be involved in a cytokine
storm, only some of them (IL1f, IL6, TNF-0, and IFN-y)
are mainly implicated in COVID-19-induced cytokine
storm,30-33-35

The molecules that activate and boost innate immune
signaling are called damage-associated molecular patterns
(DAMPs). They are classified into five classes based on
their receptor/sensors and are released from the injured
cells/tissues include mtDNA and cytosolic RNA, heat

shock proteins (HSPs), eATPs, ROS, actin cytoskeleton,
oxidized proteins/lipids, etc.>° The DAMPs function as
ligands and are sensed by various mononuclear macro-
phage and dendritic cell surface receptors (pattern recog-
nition receptors, PRRs: toll-like receptor, TLR, and
retinoic acid-inducible gene-1-like receptor, RLR). Upon
activation, these receptors induce and orchestrate inflam-
mation response against infection by activating key tran-
scription factors of immune-related signaling pathways
which cause upregulation of cytokines, chemokines, and
adhesion molecule-coding genes.’*® This hyperactivated
proinflammatory cascade of cytokines triggers acute-phase

responses via inducing innate immunity and the cytokines
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also stimulate infiltration and transportation of monocytes
and T lymphocytes to the infected site.***” The IL6 and
IFN-y are mainly involved in adaptive immunity (T cell-
mediated) wherein, particularly T helper lymphocytes
(Thl, Th2 and Th17) and CD8+ T cells, cytotoxic T
lymphocytes (CTLs) have been shown to be implicated
in immune defense towards intracellular pathogens
(viruses and bacteria). Increased immune responses of T
helper lymphocytes (Th1/Th17) and IL17-mediated cyto-
kine signaling have been detected in SARS-CoV-2
infections. > % Interestingly, these immune factors
were shown to be associated with various autoimmune
autoimmune  thyroid

endocrine  diseases,

41,42

including
disorders.

As observed in COVID-19, cytokine activation is also
implicated in various autoimmune-mediated thyroid disor-
ders suggesting viral infection may play a role in latent or
new-onset autoimmunity.*'** The viral infection-mediated
hyper-inflammatory condition is likely to set off an immu-
nological avalanche that could activate the autoimmune
hyperthyroidism and the enhanced levels of IL-6 detected
in Graves’ disease reflect this phenomenon.** Consistently,
the COVID-19-mediated hyper-inflammatory condition
was reported to be modulated mainly by Thl and IL-6.**
Nevertheless, the pathogenesis of autoimmune hyperthyr-
oidism was found to be regulated by the autoimmune
response of Th2.* Moreover, Thl and Th2 imbalance
and enhanced production of Thl and Thl7 in peripheral
lymphocytes and enhanced level of Th1/Thl7-associated
cytokines (IL17, IL21-IL23, IFN-y, and TNF-a) in serum
have been documented in autoimmune thyroid disease
cases.**>® The activity of Th17 or Thl has been postu-
lated to be responsible for the development and progres-
sion of autoimmune disease.”

However, the current knowledge on Th17 and Th22
and their cytokines in the pathogenesis of autoimmune
thyroid disease recommend revisiting the Thl and Th2
role in the pathophysiology of thyroid disorders including
Graves” hyperthyroidism and Hashimoto thyroiditis.>
Recently, the mechanisms  of

possible  pathogenic

immune-mediated thyroid disorders associated with
SARS-CoV-2 infections are extensively discussed by
Ruggeri et al.** A clinical point of view on COVID-19-
related thyroid disorders was precisely documented by
Giovanella et al.>> They suggest for future longitudinal
studies to rule out the long-term viral effect on the thyroid
gland. Further, it would also be interesting if future studies
recapitulate these clinical

findings in experimental

settings, in vitro and in vivo that may pave the way for
new avenues towards molecular therapies targeting these
disorders. Moreover, data on SARS-CoV-2/COVID-19-
induced thyroid dysfunctions or thyroid pathology are
emerging and they are discussed in the subsequent topics.

Long-COVID: Thyroid Gland and

Autoimmunity

The majority of the COVID-19 cases completely recover
in less than 12 weeks after initial infection but some of
them have persistence of a broad range of symptoms that
last many weeks or months even after recovery and this
event is called post-acute sequelac of SARS-CoV-2, post-
COVID-19 syndrome, post-acute COVID-19 syndrome,
and most commonly it is termed as “long-COVID”.>® As
cases of COVID-19 recovery is increasing, there is a
chance to evolve the long-COVID as a pandemic of the
“pandemic”.”® Long-COVID cases may show various
symptoms including fatigue (53%), shortness of breath
(43%), joint pain (27%), chest pain (22%), low vision
(17%), cough (16%), loss of smell (15%), Sjogren’s syn-
drome (14%), rhinitis (13%), loss of taste (10%), red eyes
(10%), lack of appetite (8%), headache (9%), sputum
production (8%), lack of appetite (8%), skin lesions
(7%), sore throat (7%), vertigo (6%), muscle pain (6%),
and diarrhea (3%) and other unidentified issues.>’ The log-
COVID may develop due to either persistence of residual
issues even after recovering from acute infection or new
issues/syndromes may develop even though initially had
mild/asymptomatic COVID-19.3%%°

The COVID-19 affects many organs and organ systems
thus it is plausible that the sequelae can develop in many
organs including the thyroid following COVID-19.°¢°
Thyroid gland has gained considerable attention in relation
to COVID-19 at both acute and convalescent-phase. The
HPT axis has been clinically linked with the acute phase of
COVID-19, in which a remarkable number of studies are
accumulated particularly on nonthyroidal illness and thyr-
oiditis. Nonetheless, only a few studies are documented on
the status of the thyroid gland in the convalescent phase of
COVID-19.

Initially, incident thyroid dysfunction and autoimmu-
nity have been observed among 122 COVID cases during
the convalescence phase.?’ Subsequently, the same group
evaluated both the prevalence and predicting factors of
long-COVID and possible functions of thyroid and auto-
immunity in long-COVID. The study included 250 adults
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with no previous history of thyroid disorders and per-
formed thyroid function tests and antithyroid antibody
measurements in all cases prior to admission and at fol-
low-up (median: 89 days). Of these cases, 20% displayed
long-COVID and observed positivity of incident antithyr-
oid peroxidase (anti-TPO) though incident thyroid dys-
function was uncommon. These studies suggest that a
possible role of thyroid autoimmunity after COVID-19
and also raise the possibility that anti-TPO could go
ahead of thyroid dysfunction. However, further studies
with more sample size and lengthy follow-up are required
to give a fine conclusion.®'

Furthermore, a recent case—control study found a sig-
nificant correlation between hypothyroidism and pro-
longed SARS-CoV-2-induced anosmia and suggested that
the smell dysfunction is likely due to the direct virus-
induced damage on both the thyroid and olfactory nerve.®*
Moreover, this no olfactory function or slow recovery is
likely because of viral-induced thyroid damage resulting in
depletion of thyroid hormones may impair the regenera-
tion and maturation of olfactory neural cells at least in a
subset of cases with thyroid dysfunction. These primary
observations warrant prospective studies in the future to
precisely evaluate the incidence and predictors of long-
COVID and the
autoimmunity.

role of thyroid function and

Thyroid Dysfunctions in COVID-19

Cases

The COVID-19 is a severe infectious and widespread
disease that boasts massive consequences at various ranges
on several organs including the thyroid. The SARS-CoV-1
also exploits similar infection machinery and causes more
severe respiratory disease but it exhibits low infectivity.
Previously, the SARS-CoV-1 has been shown to affect
many organs including the thyroid.®*** Triiodothyronine
(T3) and thyroxine (T4) measurements were reported to be
lower than controls in SARS-CoV-1-infected patients irre-
spective of phases (acute and convalescent) suggesting
that the infected people have an underlying sick-euthyroid
syndrome. Moreover, SARS patients in intensive care
units with sick-euthyroid syndrome exhibited low thyroid
weight due to reduced follicular size of thyroid which was
also associated with colloid depletion.® Further, an
autopsy study conducted on five SARS patients displayed
remarkable destruction of thyroid cells including follicular
and parafollicular cells.®* The former type of cell damage

is likely to cause a low T3 and T4 while the latter cell type
(parafollicular) destruction could result in decreased calci-
tonin in serum. The SARS was shown to cause reversible
central hypothyroidism at least in 5% of cases affecting/
deregulating the hypothalamic—pituitary—thyroid (HPT)
axis function.®® This was mainly due to the chronic corti-
sol hypersecretion (secondary to viral infection) which
may lead to a decreased hypothalamic—pituitary—adrenal
(HPA) axis activity although transient.®® The HPA axis
influences the HPT axis mainly in two ways which cause
a differential effect. Firstly, acute stress-induced secretion
of glucocorticoids directly stimulates pituitary thyrotrope
that results in increases in circulating thyroid-stimulating
hormone (TSH), which mediates transient activation of the
HPT axis. Secondly, chronic/prolonged stress-induced
secretion of glucocorticoids inhibits the production of
thyrotropin-releasing hormone (TRH) in the hypothalamus
and hence TRH fails to stimulate the release of TSH from
the anterior pituitary that results in perpetually reduced
HPT activity. Alternatively, enhanced intrahypothalamic
corticotropin-releasing hormone (CRH) secretion due to
stress could enhance somatostatin secretion this may also
reduce TSH production, despite its effect is weaker than
growth factors. Besides, glucocorticoid-mediated stimula-
tion of the HPA axis for a prolonged time also decreases
the T4-to-T3 (biologically active) change.®’

An earlier study showed that the follicular epithelial
and parafollicular cells of the thyroid of SARS patients
were significantly injured with apoptosis.®* Further, it has
been shown that TSH, total T3 (TT3), and total T4 (TT4)
in SARS patients display remarkably low compared to the
control group in both the progression and recovery phases
of SARS discase.®® Besides, the pattern of quantity and
intensity of staining of TSH-positive cells were demon-
strated to be reduced in the pituitary gland of SARS
patients that reflects the depleted TSH level in SARS
patients could be due to the changes in the pattern of
TSH-secreting cells of the pituitary gland.®® It seems that
not only the thyroid but also the pituitary fall as a direct
victim of SARS by causing non-thyroidal illness syndrome
(NTIS) or low T3 syndrome. This phenomenon is because
of either a direct effect of the SARS virus on the cells of
the pituitary or an indirect effect that could result from the
hyperactivation of many circulating pro-inflammatory
cytokines due to the SARS infection.””’" The NTIS is an
adaptive physiological mechanism instead of true thyroid
dysfunction which is mainly characterized by a reduced
level of T3 in serum with a decreased or inappropriately
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normal TSH levels. The T4 is likely to decrease with
prolonged NTIS and/or increased severity. The NTIS or
low T3 syndrome has been shown to be significantly
correlated with poor prognosis and death risk.”" This phe-
nomenon is mostly executed by the differential effect of
inflammation-associated cytokines (IL1f, IL6, IFN-y, and
TNFa) on the HPT axis via reducing the T4-to-T3 conver-
sion and enhancing the T4 and T3 deactivation.””> This
mechanism is exclusively carried out by decreasing the
enzymatic activity of two important biochemical factors
(5’-monodeiodinases, D1 and D2) actively involved in T4-
to T3 conversion and concomitantly fostering the bio-
chemical activity of D3 deiodinase which is important
for deactivating the T4 and T3.”' Besides, the accumula-
tion of cellular oxidative stress because of enhanced pro-
duction of reactive oxygen species (ROS) has been shown
to be correlated to NTIS.”* On the other hand, the NTIS
condition is more often considered a euthyroid sick syn-
drome — an adaptive response via compensatory axis that
helps to reduce the metabolic rate and ATP utilization in
severely sick conditions, regardless of acute and chronic
phase. Moreover, it is plausible that SARS therapeutic
could lead to broken/deregulated cellular signaling result-
ing in vital hormonal alteration beyond the normal phy-
siological range in the pituitary-thyroid axis feedback
loops. These results raise the feasibility that SARS-CoV-
2 infection tends to have a detrimental effect on the thyr-
oid and its normal physiological function.

A recent study reported analyses of the clinical data of
50 COVID-19 patients encompassing the presence and
absence of a previous thyroid disorder. This group was
compared with a control group, healthy cases who came
over the clinic to regular checkups and pneumonia patients
without “COVID-19”, but the extremity of the illness was
comparable to that of COVID-19. The levels of thyroid
hormone were measured in both during and post-COVID-
19 scenarios. This study found that the TSH levels of
COVID-19 cases (28/50, 56%) were very lower than the
values of the normal range. A significantly reduced thyroid
hormone levels (TSH and TT3) have been detected in
COVID-19 cases when compared with the control and
pneumonia with no COVID-19 cases. Moreover, the
study found that the TSH and TT3 levels were directly
proportional to the disease severity. However, the TT4
level in COVID-19 patients did not exhibit any significant
differences when compared to the control group. Despite
no thyroid hormone replacement therapy, all the patients
displayed normal values of thyroid hormones (TSH, FT3,

FT4, TT3, and TT4) after recovery and numerical values
were similar to the control groups. Besides, the coexis-
tence of thyroiditis leading to FT4 release from the thyroid
gland, juxtaposed on an underlying non-thyroidal illness
(NTIS), a T4-
thyrotoxicosis.”> Interestingly, atypical thyroiditis asso-
ciated with the SARS-CoV-2 infection has recently been
reported. Muller et al were the first to describe the pre-

syndrome condition known as

sence of “atypical thyroiditis” developing during COVID-
19, which is mainly characterized by “T4 thyrotoxicosis”
due to the presence of thyroiditis juxtaposed to low T3
syndrome secondary to the severity of illness; this explains
the presence of low TSH and FT3 levels associated with
normal or elevated levels of FT4. This condition was
named “atypical thyroiditis” since, differently from the
classic form of subacute thyroiditis was characterized by
the absence of neck pain, predominance among males, and
correlated with the illness severity.”® The thyroid hormone
changes (TSH and TT3) discovered in several cases of
COVID-19 disease could be vital disease manifestations
for the course of the COVID-19. The low level of TSH in
the COVID-19 patients may also be exerted by another
factor, chronic stress that could result due to glucocorti-
coids and hypoxemia as the majority of COVID-19
patients (31/50) were treated with methylprednisolone
(57.3 mg/day) although a low dose. As SARS-CoV-2 is
highly conserved in basic structural elements and inducing
pathogenesis with SARS-CoV, it is prone that SARS-CoV-
2 could attack TSH-secreting pituitary cells as it was
previously reported in SARS patients in spite of the mole-
cular mechanism remains largely unknown. On the other
hand, some of the shortcomings such as failure to assess
the FT3, FT4, and TSH at the time of admission, testing of
thyroid hormones during the course of glucocorticoid
medication, and lack of thyroid hormone profile for mild
COVID-19 cases together do not qualify to exclude the
impact of hormonal alterations in pituitary-thyroid axis
loop. A recent study profiled the thyroid hormone levels
in 100 COVID-19 patients for determining if they could
predict all-cause mortality. Obtained results revealed that
the level of FT3 was remarkably lower (<3.10 pmol/L) in
severely ill COVID-19 cases compared to non-severely ill
cases and it remarkably correlated with all-cause mortality.
However, other thyroid functional characteristics including
FT4, TSH, and FT3/FT4 were not significantly linked.”’
Their findings set forth that FT3 can be a prognostic
marker and it could also assist in stratifying severely ill
COVID-19 cases for better management as low FT3
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independently predicts all-cause mortality. Nonetheless,
the low T3 syndrome is a defense mechanism that the
body puts in place during the acute phase which appar-
ently does not require thyroid hormone replacement with
levothyroxine.

Moreover, analysis of serum biomarkers in a longitu-
dinal study revealed that COVID-19 patients with thyroid
disease exhibited interminably relatively higher levels of
the inflammatory response and cardiac injury biomarkers.
COVID-19 subjects bearing thyroid disecase were identi-
fied to progress into a critical subtype of the disease,
significantly higher fatality rate (P < 0.0001) and lengthier
hospital stay (>28 days) (P = 0.048) compared with those
without thyroid disease suggesting that thyroid disease
could be linked to an unfavorable prognosis.”® In line
with this, ~15% of 191 patients presenting mild-to-mod-
erate COVID-19 disease showed thyroid dysfunction
while a low FT3 was significantly associated with sys-
temic inflammation, suggesting a role in prognostic
significance.”® This is also due to the SARS-CoV-2-
mediated direct impact on thyroid activity could result in
the aggravation of preceding-thyroid disease (autoim-
mune). Apart from this, the euthyroid sick syndrome has
also been displayed to be significantly associated with
inflammatory markers.””> Contrary, recent research from
the UK reported only a mild reduction in TSH and FT4
in the COVID-19 patients while the majority of them have
exhibited euthyroidism.”® Similarly, a group from the
United States found no correlation between hypothyroid-
ism patients and COVID-19.%° These findings propose
further research into the probable corollaries of the virus
on the thyroid as the obtained results are inconclusive as
of now.

Besides, the SARS-CoV-2 could also cause hyperacti-
vation of the immune response through different T-cell
lymphocytes (Th1/Th17) that results in activation and
release of various pro-inflammatory cytokines including
interleukins (IL1-IL6) and tumor necrosis factor o
(TNFa), and this process collectively induces “cytokine
storm”.®!" In particular, the IL6 was elevated in the acute
phase suggesting that it can lead to thyrotoxicosis as this
condition is highly associated with IL6 elevation.®
Moreover, any alteration in the thyroid hormone transport
proteins, and due to structural and biochemical alterations,
altered TSH-secreting pituitary cells may result in aberrant
biochemical thyroid profiles, mainly the “low triiodothyr-
onine (T3) syndrome” and “euthyroid sick syndrome”
wherein, low free triiodothyronine (FT3) has been shown

to be associated with enhanced IL6 while the free thyrox-
ine (FT4) is normal/fairly decreased and TSH is normal/
low.®® Generally, these anomalies reported in thyroid para-
meters of non-thyroid-related conditions are transient
which are not normally therapeutically intervened.® Still,
the post-cytokine storm could cause the deregulation of the
immune system that may result in diverse autoimmune
thyroid disorders.®?

Thyroid Dysfunctions Also in Post-
COVID Cases

In addition to a prominent association between SARS-
CoV-2 and thyroid disease during the course or the acute
phase of COVID-19, recent reports observed various thyr-
oid diseases associated with the post-COVID-19 phase,
and these are discussed in the following topics.

SARS-CoV-2 Induces Subacute
Thyroiditis in Post-COVID-19
Patients

Subacute Thyroiditis: A Brief Note

Subacute thyroiditis — painful inflammation of the thyroid
gland. This transient state is self-limited.** It has 4 phases
and usually lasts 4—6 months. The initial phase of thyro-
toxicosis results in acute thyroid pain and tends to go for
3—6 weeks or even longer and ultrasonography could be
adapted for the differential diagnosis of thyrotoxicosis as
this tool is non-invasive and cost-effective.*® The next
phase is transient asymptomatic euthyroidism. The third
phase is hypothyroidism and this lasts for some weeks to
months and can even be permanent in ~5%. The end phase
is the convalescence phase. Across this period thyroid
gland functions become normal.

Subacute thyroiditis is mostly engendered by an infec-
tion of the virus. It is mainly anteceded by a primary
respiratory infection. Various viruses are linked with sub-
acute thyroiditis, for example, coxsackievirus, cytomega-
(CMV),
Epstein-Barr virus (EBV), influenza, mumps, and parvo-

lovirus echovirus, adenovirus, enterovirus,
virus B19.%° Women show three to five times more sus-
ceptibility than men between the age of 30-50 years.
Moreover, this subacute thyroiditis is topographical and
seasonal. This increasingly occurs in the summertime and
autumn seasons.®’

This disorder clinically presents the inception of
intense pain in the area of the thyroid gland and exacer-

bates when the head is turned or swallowed and usually
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radiates to other nearby parts.*® In general, a significantly
elevated erythrocyte sedimentation rate (ESR) is seen and
hypermetabolism can be detected. Mainly, the thyroid has
been reported to be solid, nodule-like, and remarkably
delicate. The number of white blood cells (WBCs) has
generally been detected within the normal range or mar-
ginally increased. More than 50% of patients represented
thyrotoxicosis in the most acute phase and T4 was highly
enhanced compared with T3 while TSH levels were very
low or undetectable. The thyroglobulin level is high and
radioactive iodine uptake (RAIU) is markedly low and
mostly less than 2% at 24 hrs.®

The ATDs are not prescribed as subacute thyroiditis is
a disorder that is caused by a virus that results in the
release of preformed thyroid hormone but not new T3
and T4 synthesis. Beta-blockers are mainly used as ther-
apeutic options to relieve the symptoms of this condition.
In mild cases, nonsteroidal anti-inflammatory (NSAIDs)
are administered to reduce inflammation and pain.
Prednisone (2040 mg/day) is recommended for patients
with severe pain for more than 2-4 weeks.®® Twenty
percent of these patients feel thyroid pain if they discon-
tinue prednisone.®® RAIU could help the physician
whether the patients are at higher risk for relapse indicat-
ing that low-level uptake of RAIU could display ongoing
inflammation and recommendation for continuing steroid
therapy.™®

Subacute Thyroiditis in Post-COVID-19

Cases

Several viruses were known to cause subacute thyroiditis,
whether SARS-CoV-2 has any association with thyroid
was completely unknown until the first report came from
Brancatella et al in 2020. The group showed for the first
time that the SARS-CoV-2 infection could cause subacute
thyroiditis.** Following this initial observation, many
other studies also reported the subacute thyroiditis asso-
ciated with SARS-CoV-2.*%*"""! The cases were con-
firmed twice with the RT-PCR mostly using the nose/
throat swabs. Further, analyses of viral panels for the
respiratory system showed negative results in these
patients. Various sets of urine and blood cultures showed
no other viral infection. Apart from these, hepatitis (HBV),
Brucella, and human immunodeficiency virus (HIV)
screening were negative. These patients presented with
normal chest X-rays and computed tomography (CT). As
summarized in Table 1, SARS-CoV-2 infection-induced

subacute thyroiditis cases were in the age range of 18 to
69, and the majority of them were women (73.6%, 28/38).
The onset of symptoms and diagnosis of subacute thyroi-
ditis from the SARS-CoV-2 infection ranged from 3 days
to 49 days. Of 38 subacute thyroiditis cases, 21 cases were
detected in post-COVID-19 condition, 7 cases were iden-
tified during the acute phase, 5 cases were found at the end
of the acute phase, and no information was available for
the remaining 5 cases. All the patients had a high fever,
palpitations with neck pain except one case which showed
only neck pain and palpitation. Enhanced ESR and
C-reactive protein (CRP) were predominantly detected.
Majority of the cases presented with higher levels of FT4
and lower to untraceable levels of TSH suggesting overt
thyrotoxicosis in the acute phase. In some cases, the ratio
of FT3/FT4 was low with elevated thyroglobulin (Tg)
level reflecting the consequence of the destructive process.
Except for a few cases, TSH receptor antibodies (TSHR
Ab) were mostly absent. The thyroid peroxidase (TPOAb)
and thyroglobulin antibodies (TgAb) were positive in
some cases yet within the normal range. Ultrasound exam-
ination of the thyroid displayed a relative heterogeneous
diffuse decrease of vascularity and parenchyma. These
cases showed a lower level or absence of radionuclide
tracer uptake. Overall, the thyroid profile, inflammatory
markers, and blood parameters of the COVID-19 cases
reflected subacute thyroiditis and were managed by anti-
inflammatory treatments with the NSAID or prednisone
(1625 mg/day) for 4 weeks and progressively tapered.
The patients with anxiety, palpitations, or tremor were
mostly treated with a beta-blocker, propranolol (40-120
mg) while thionamides were avoided. Patients with con-
comitant COVID-19 and subacute thyroiditis were admi-
nistered with hydroxychloroquine 200 mg bid for 5 days in
addition to prednisone.”® The time period from the diag-
nosis of subacute thyroiditis to recovery ranged from 2 to
4 weeks. As displayed in Figure 3, subacute thyroiditis is
the probable basis of direct viral infection and/or effect of
viral protein-induced “cytokine storm”.

SARS-CoV-2 Causes Graves’ Disease

An autoimmune disease wherein immune cells attack the
thyroid which drives the production of an excess hormone
that the body normally requires that yields hyperthyroid-
ism. This is more frequently observed in middle-aged
women. Recent pandemic COVID-19 was shown to trig-
ger the immune system suggesting that SARS-CoV-2
could hyperactivate latent or new-onset autoimmunity.

6202 "

Dove!

Journal of Inflammation Research 2021:14


https://www.dovepress.com
https://www.dovepress.com

Murugan and Alzahrani

Dove

(ponunuon)
169020T Suneoms
‘e 39 SUIXOIAYIOA3| suoneydied
eedURIg joasop Moy | Joye skep 9¢ 40 #7001 VN VN VN VN VN | VN VN VN VN VN oN ured >N 4 67 9
Buneamg
BUAYISY
16 9020 suoneadjey
e (p/Bw o) (ojoueidosd y Nl §l /80 ured spaN
Ejpreoue.lg pue p/3w §7 auosiupa.d 43ye skep 0g 40 96'86 VN Bw 6L Juw o] VN > pue qw/ni ol > 08 w/ni 8¢ Jowd g8 T/lowu '€ qw/niw 100> °N 12A24 4 (4 'S
uoneidiey
eIxa0Uy
BUAYISY
169020T el
e +SPM § 10 Wi 980 o1 pareipes uped ooN
ElpIeUEg P/3w §7 duojosiupaig | 4oy sAep 9| 40 €101 VN | IBWTI |y VN | >pwiwniol> | €5, | Twniog | Vewdog | 0wy g6z W/ 10 oN 2834 4 8¢ k4
>pPau pue juiof
Jenqipuewolodway
$[09M § 10} Aep/edu0 19| Jo uonedyed |nyurey
3w 9| suojosiupa.g smukieyd
06 020T “skep snojewayphig
e 32 uBje) § 403 PIq 8ui 00T 30|98 61-AIANOD pue 4 paaRQg ured ypaN
njounysy auInbo.ojypAX0PAH PIA 40 €101 Pz TBw ol | ww el 009's1 pa1ep ION [ ¥N N | Yowd £z | rowd 25T TW/NIW 800°0> oN 4am34 4 I €
1044ana
42108 uonendy
+$)99M } Joy Aep/ Jenpou eluwWosu|
450202 7 pue skep ¢ 4o} pe1>a19p %01 suonendieq
‘2 32 o3jodd) Aep/3w 0 auojosiupa.gd 43ye sAep i VN VN VN V'N VN P315233p 10N VN N Ju/d g'g Ju/ed 9%z /nw 800 -uou ‘sap 1934 4 69 T
eweuido.nouAyIadAy
pazelos|
Mmel ayy o3 Suneipes
ured >3u JopRuy
69 ®0T0T uonendjey
‘|3 SIFIM G 10} qw/ni Tozl 8 wini andney
ejeUEIg p/Bw g7 auojosiupa.g aoye skep ¢ 4o §66 VN Bw 9 | yww op 00Z11 pue Jw/n| 01> 95 §1> | owd £g | jowd 7L Tw/nIW H00> oN 4ara4 4 il
sqy
uinqoj3o4dy
up30Ig -nuy qy
3ARdEaYy 1 4ad pue 3sepixosad H-HSL
a3A94 aH D us3 28M ploady-puy 81 nuy €14 y1d HSL
61-AIAOD aseasiq
Jo 3asuQ proaAyy
oy eyy 30 hioysiy °N
IduIRRY juswiead] sisoudeiq # 9|1Joad poojg pue sidjiely Aiojewieu] ‘s3sa) uonduNyg prodhy g SNnolAdlg swojdwig xas 28y -ase)

s3uaREy 6]-AIAOD-3SOd Ul SBIPIOJAY] 3InJeQNS JO 3IUIPIdY|

snoLieA | 9|qeL

6203

https:

14

Journal of Inflammation Research 2021

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove

Murugan and Alzahrani

"HISIM T Ul PII2A0IY

BIUBLISE DU9A3S

Je0.Y) BUOS

‘Y 9 Asans suoneadjey
16020T 4y30q ‘|ojouradoud jo Bw ay 01 pa3d219p mel ayy
‘e 39 oueny OF pue utiidse jo 3w 00§ 4oy skep 5T 4, €101 V'N TBw gL) w9 x Tl Pa32939p 30N V'N N V'N Towd g9 7/NW 1000 > °N el ured SpaN El 8T €
'qIx023[2>
03 paydIIMS J23e|
pue pIoe diweudsely
‘61-AINOD uonedjeq
960202 104 auINbo.ojy2Ax0IPAY 61-AINOD TP pa12219p Suljloms
‘e 39 uen[ ueg pue suoxeLye YIM J9A%) ON V'N B 60'S V'N [ewLIoN Pa32939p 10N V'N N V'N qw/3d 89'| w/nIiso0 °N d >pau orRIuy El Ly T
56020T
‘|e 39 radLIRg ay an8ney
-sodured V'N 4aye skep 0g VN WPAYOI /8w 99 juwgs [euioN P310333p 30N VN V'N VN WPAUY 3|qead333pUn ured pau 349435 4 LE il
1949 Y34
uonedjed
46 020T +S[99M 4 10} P pa1a19p w 3u nureq
‘uaAng p/3w Tg duojosiupa.g 4aye skep 07 4o ¥6°001 WA ST Bu 69 Y/ww o 090°11 P312333p 30N VN °N Ty PRY19°E qw/niw $00°0> ON 13A24 W oF 0
eipaeAyRL
£6020T 8w g7 |ojousre (eAne3au) 1 d yau Joiuy
e 30 senely Aep/Bwi og auojosiupaigd 4aye skep g 4o 9866 WA LEl 8w Tz VN 09511 pa12213p 10N VN orl> | nowdygl | owd gy UNW 100> oN JoAa4 W 43 6
suoneydjeq
faxuy
siowau|
andney
Tw suoiBa. [ed1AI9D JOLIIUE
260202 PM } 10} 1 /3d p212919p qu Ul SS9UJIDPUD) PUE UlRy
‘e 33 14988y p/3w g suojosiupa.g 4oye skep gf 4o 566 VN /3w g'g Y/wuw 09 1601 X 99 P310333p 30N 88l °N /2 go'L PBU 69T /NW 9000 ON 13A24 4 34 8
50| YSIOAA
Awpixuy
eluwosu|
BUaYISY
169020 suoneadieq
e 39 +SPIM § qu ured >oaN
yeiedueg | Joj p/Sw Gz auosiupalg | Joye skep T 4o 9686 VN 18w g VN VN VN VN nist> | owdgg | owu gz Tw/niw 100 oN sara4 4 9% L
'sqy
nqoj3o4Ayy
uj04d -huy v
EXVAELEN ] q 4ad pue asepixosad W-HSL
42n94 9H -2 ys3 oaM 1oAYy -Buy 31 -_uy €14 v1d HSL
61-AIAOD aseasiq
J0 395U0 PloAy L
[ayy sPyy 30 Aao3siy oN
EEIEREIT Juswiyead) sisouseiq # 9|Jo4d poojg pue sidjely AJojewiwrejul ‘s3sa) uondung proakyy snoiasig swoydwiAs xag ady ased

"(penunuod) | d1qeL

14

Journal of Inflammation Research 2021

https:
Dove!

6204


https://www.dovepress.com
https://www.dovepress.com

Murugan and Alzahrani

Dove

(panunuo))
ured >au JolRIUY
cor 120T "IPIM § Ul suoneadjey
e 3@ paJades pue skep (| Joy bl angney
4anodqeayos Aep/Bui 57 duojosiupa.g 43ye skep 0g 4.#'001< VN /3w gg Y/wuw 9g 00 VN VN V'N flowd 57 Towd €7 qnw 00> VN 12A24 LE (4
ured >pau JoIuy
cor 120T DPIM § Ul suoneydjeq
NLEE] paJades pue skep (| Joy 1 andney
4nodqeiyos | Aep/3ui g auojosiupaid | Jaxe sA®p OF | 4 ¥'001< VN JBw gL |y oL 005 VN | VN VN | nowdgg) | owd g6 InNw £00 VN Jonay 9% 6l
*skep G .0} y g A4aad
8w § auoseyiawexsp ured 5paN
+599M 4§ IOy pad239p eIpJedAyde|
1pooAeq Alrep 8w §z suosiupaig skep |2< 4.€101 WA 1Y 18w 6'LE Y/wuw g8 [euioN P310333p 30N VN N VN VN INW 1000 > ON 13Ad4 €€ 8l
ured >au JolRIUY
suoneydjeq
Jowa.) puey [esre|ig
sayoepeaH
*sAep 7 [eniul 1oy y 9 2dUBI[OIUI TEDH
Aioas Sw 09 usjoadng! epadopy
101'120T PUE +$199M 4 1o} 4y /601 ani l l andney
‘B 39 LRy Ajrep 8w 0y duosiupaig skep 87 4.€01 26 18w y9¢ Juw o] x 6L'S wW/NIL96 < V'N orr > /lowu 6€°¢ /lowd £9:09 /Niw 100 > °N 550] YZIoAN i4 Ll
panunuodsip
puE PaM 9 10§
Arep (3w o) |ojousty
“4+599M 9 10} Ajrep Y3ea.q JO SsaulIoyS
(8w o) suosiupaud ured >paN
0010202 pasea.du] "skep ¢ .10} 550 YSIAA
R p (3w g7) |ojousse ay eIpJedAyde|
poowyaly | pue (8w o7) suosiupaug | Joye skep g 4,101 VN 18w b jww pg [ewioN pa12939p 10N VN VN VN Bu by INw 100 oN 1ona4 34 91
‘Aep/3w o4 |ojoueidoid
+lpuow | oy Jowaa|
Aep/3w Qg auojosiupa.y Buneams aAIssaIX]
D UlWEIA puE SI9|qEd eIpedAYRL
66 020T [ 3 ouiz ‘upwolyize 61-AINOD 4 ._\ ured 5paN
Auoqenieyd ie.idingy ‘sosadeuy YIM 4.€7101 18 921 18w 99 ol 01x58'8 V'N V'N V'N V'N VN $00°0> OoN JaAdg 89 M
's50| JYBIGAA
eIxa0uy
9dURIB[OIUI TEDH
uopeldjeyq
L'e]
6020T JoaM | oy siiyd anq ay B angney
e32 8uoyd | jojouridoid pue unidsy | Jaye skep O 4oA%4 ON g€l 18w b fwwe | /01 X279 i VN VN VN WPBuET NW 1000 oN ured >pau JoIuy L€ 1

6205

https:

14

Journal of Inflammation Research 2021

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove

Murugan and Alzahrani

(VN4 49 Lvs pauwuiyuod
ploaAya 3y u
501120T skep g| 4o} e suaSoysoddy pue
[e 32 nauqy P/3wi §| 3¢ duosjupa.g 43ye skep 0| VN VN VN V'N VN VN VN V'N VN PAug VN ON 4gjn3a..)) swoaduwiks oN 4 vE [:14
‘(pawiopiad
501 120T shep 4 Joj sem YN 390| PIoJAY 1)
‘& 39 nauqy p/3w | 3¢ duosiupa.y 4ayye skep gz 4,001 V'N VN V'N V'N V'N V'N V'N V'N V'N V'N V'N “ured [e21A193 JoLIBIUY El 143 LT
pa1eRIul BUOSIUPaIY
“paJades eOYLIBIP 550] YSIOAA
501 170T € 32 pue SaMm 1 0 Ajiep 61-AINOD anq P an3ney
smayely 8w g sjozewyIvy YIM J9Ad) ON Y'N WPBw g B g VN Y'N V'N Y'N Y'N PR IT aw/nin 6200 °N BWAYLY W L9 9T
“UIXOIAYIOAD|
POM 39 "SPIM
9 J4a)ye paddols pue
Aep/3w 0g ajozewiqued V'N snuUyy
o1 1T0T EET san[eA [eaLawnN eIpJedAyde|
‘& 39 ysoyo ¥ Jaye :uondudsa.g 4a)ye skep gz 47001 V'N /8w 9¢ ywuw zg 000°€1 V'N V'N V'N V'N V'N ‘wsiptoaAynadiy °N JoA34 W 0S ST
ured >dau Joiuy
o' 120T SfPIM Ul suoneadey
‘e 39 pa.adey pue skep (| Joy 1 an3ney
anodqe.yog Aep/3w T suojosiupa.g 4aye skep 0g 4 .¥001< V'N 18w €T Y/wuw eg 00¥'€l V'N VN V'N flowd |°g| T/owd yg| q/Nw ETo V'N Jardg El 143 14
ured »dau Joiuy
€01 120T SPRAIM { Ul suoneadieq
‘e 19 paJadey pue skep (| Joy 1 an3ney
anodqe.yog Aep/Bw T suojosiupa.g 4aye skep 0g 4 .¥001< V'N 18w s Yjwuw 9/ 009'Z1 V'N VN V'N flowd 9|7 Towd 297 INwW Lo VN JaAdg W [43 x4
ured »dau Joiuy
01 10T SpPIM Ul suoneadjey
‘e 39 pa.adey pue skep (| 4oy 1 an3ney
anodqe.yos Aep/Bw T suojosiupa.g 4aye skep og 4 .¥001< V'N 18w gy Y/wuw gg 008'%1 V'N VN V'N flowd £€7 Towd g1 /NwW 100> VN JoA3] El i4 w
ured »dau Jopiuy
¢ 1202 SjpM Ul suonendey
‘e 39 pa.adey pue skep (| 4oy 1 an3ney
Anodqeayos Aep/Bui §T duojosiupa.g 4aye skep o€ 4 .#001< VN 3w gl Y gy 00Z'6 VN VN V'N /lowd €6 Towd 24T anwzio VN J9A%4 W 113 1T
sqy
uinqoj304dy
uRj0ld -huy
aARdEaYy T 43d pue asepixoaad
4244 9H - ys3 oM 1oAYy -Ruy 31 €14 v1d HSL
61-AIAOD aseasiq
J0 395U0 PloJAy L
Yy sPnyY 30 AuoysiH oN
EEIEFEIT Juswiyead) sisouseig # 9|Joad poojg pue siajely AJojewiwrejul ‘s3sa) uondunyg proakyy snoiaaig swoydwiis xag ady asen

‘(penunuod) | dlqeL

14

Journal of Inflammation Research 2021

https:
Dove!

6206


https://www.dovepress.com
https://www.dovepress.com

Murugan and Alzahrani

Dove

(panunuod)
‘paJades pue (kep
/3w g|) auojosiupaid
111202 01 paypums T TW/NI IS
‘e 30 oneg pue sQ|vSN 4| Joe skep | 4,4001 PR LT PAw9E | ywwee | L01x 001 pue Jw/n 0'¢> VN Jw/d g7 PBuTE Ju/nim o0 oN ured >au JoLiuy 1€ 8¢
eluwWosu|
o1 120T Alrep suoneadeg
[e 32 l[eySey 2w ]| auxoudyiors] 4aye skep 74 PIIW VN VN VN VN aw/ni 69 VN VN VN WPAuE /Niw 100 VN J9A%4 I LE
601 10T '[B 3@ V(01 eIpJedAYde|
p-oljuual) | x 8w 0 auojosiupaig Jaye skep 7 4.98'66 VN 98 Y/wuw ze x 611 £ VN 60> Jowd gz J/iowd g7z UNIW 100 °N J3r34 oF 9¢
a0 120T T2 32 anSney
selg-zado 8w (g 9|ozesdawo JaA3y suoneydieg
w3y | pueSw g jojoueidoud spe.d P Wl ye q qowd 1 Jonay
¥ 2D 8w 009 uajoudng 4aye skep gf -moT VN Bw 50°1 Yuw g an jozé6L pue qw/Nl §°S1 VN /Nioro> VN /lowd €6°/7 Jw/nr 8000 ON ured 5pau JouRIUy 9€ S€
UONESUIS WLIBAN
Aupqeata
Buneamg
FETCH]
101170 T2 32 skep g 1oy 1 ssof YZIAN
1Insay pa4as /3w | suojosiupa.g VN ¥'N N VN /w08 VN P315239p 10N VN VN flowd 79| Jowd gep VN ON ured ypaN 14 ve
uoneidjey
Aupqeata
Suimoliems
201 120T "B 3@ bl uaym sJes U ured
1nsay pakag skep 7g 10} utidsy Y'N Y'N ¥'N V'N Y/wuw g9 Y'N Pa32939p 10N V'N Y'N flowd €1 Jowd |'ge V'N °N ured >paN 6T €€
12AD4
Apqeati)
SSOUEIAA
Suimoliems
101 1T0T "B 3@ skep 6T 1o} bl UM IB3 33| U1 Urey
1nsay pakag ByBw | suojosiupa.g Y'N Y'N Y'N Y'N Y/wuw oL Y'N Pa32939p 30N V'N Y'N flowd Ty Towd | gy V'N °N ured >paN 14 [43
Suneamg
uoneidjey
Buimoy|jems
101 120T T2 32 uaym ured Jea 1Sty
53y paAag skep Gz 40} unidsy VN ¥'N v'N VN Y/uw gg VN P315233p 10N VN VN Jowd 96 Jowd |'g7 VN ON ured ypaN 114 1€
UONESUIS WLIBAN
uoneldjeq
101 120T T2 32 Sumol[ems usym ureq
1Insay pa4as sep | 4o} unidsy VN VN N VN Y/uw g9 VN P315239p 10N VN VN VN Jowd g9z V'N ON ured ypaN [43 [
901 120T (VN4 Aq pawyuod)
Ie 32 n2uqy V'N Jaye skep 97 PN VN VN V'N VN VN VN V'N VN VN V'N V'N ured [e2jA123 JopRIY 6€ 34

6207

https:

14

Journal of Inflammation Research 2021

Dove:


https://www.dovepress.com
https://www.dovepress.com

Murugan and Alzahrani

Dove

Reference

Treatment

Diagnosis

After the

Onset of

COVID-19

Fever

98.6 °F

Hb

13.8-17.2
gdL (M)

12.1-15.1
g/dL (F)

Reactive

Protein

<2 mglL

ESR

13 mm/h

Table | (Continued).
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Notes: N.A., not done/not available in the publication; +, progressively tapered; not detected, negative; #, values are given as such from the publications except, “Temperature” which was converted from Celsius to Fahrenheit.

Abbreviations: F, female; M, male; FT3, free triiodothyronine; FT4, free thyroxine; TSH, thyroid-stimulating hormone; Anti-TSHR Ab, anti-thyroid stimulating hormone receptor antibody; Ab, antibody.

More recently, Mateu-Salat et al, for the first time,
showed that SARS-COV-2 is a driver for Graves’ disease
in post-COVID-19 cases.''? Previous studies have demon-
strated the presence of some virus-like particles in the
follicular epithelium derived from subacute thyroiditis
patients.®* Nonetheless, as of today, how the SARS-CoV-
2 attacks the thyroid remains completely unknown. The
virus exploits ACE2 as a receptor for its initial cellular
entry. It has been found that the ACE2 protein is highly
expressed in the thyroid similar to the cardiac tissues,
blood vessels and lungs thus enhance the chances of get-
ting SARS-CoV-2 infection to the thyroid.>* Therefore,
normally people have the risk of getting thyroid disease
including subacute thyroiditis and Graves’ disease in the
post-COVID-19 scenario.

On the other hand, hyperthyroidism was shown to
trigger the overexpression of the ACE2 due to vital reg-
ulation of the counter-regulatory components of RAAS
(renin-angiotensin-aldosterone  system), which also
induces angiotensin 1-7 levels and Mas receptor.'”” It
suggests that people with thyroid disease, particularly
hyperthyroidism, are a condition that could predispose
the enhanced chances of acquiring SARS-CoV-2 infection
while normal people readily get thyroid disease in the
post-COVID-19 scenario.

As listed in Table 2, a study for the first time reported
two cases of Graves’ disease which was identified after
SARS-CoV-2 infection. Of two, one case had a previous
history of Graves’ disease albeit she was free of disease
for >30 years.''> Recently, another study also described
two cases of Graves’ disease in post-COVID-19 condition,
and both the cases had a previous history of Graves’
disease but they were free of disease for one year in one
case and four years in another case.''* All the post-
COVID-19 cases with Graves’ disease showed the TSH
of <0.01 mIU/mL which was below the level of normal
value, 0.3—5 mIU/mL suggesting severe hyperthyroidism.
These cases were shown to be recovered after the conven-
tional ATDs treatment.''%!!4~119

Environmental risk factors including viruses and stress
are often implicated in autoimmune thyroid diseases.'?’ As
depicted in Figure 3, SARS-CoV-2 infection-mediated
hyperactivation of the pro-inflammatory conditions might
reactivate Graves’ disease via triggering an immunological
cascade. Nevertheless, it remains not completely under-
stood as only the inflammatory condition-associated
immune response is partly studied in Graves’ disease.
Viral inflammatory condition is mainly induced by
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cytokines, Thl, and IL-6 while the pathogenesis of
Graves’ disease is seemingly regulated by Th2 autoim-
mune response. On the other hand, an enhanced amount
of IL-6 was shown within the Graves’ disease cases indi-
cating differential and complex effects of cytokines via
their cellular receptors.'”' Consistently, T-cell subsets,
Th17 and Th22 were markedly implicated in the diverse
clinical course of the autoimmune-thyroid diseases
(AITDs) including, Hashimoto thyroiditis and Graves’
disease suggest that rewiring the role of the Th1-Th2 on
the AITD pathogenesis.***'*?

Furthermore, it is reasonable to suggest that hyperthyr-
oid patients may have the paramount risk for SARS-CoV-2
infection and worst disease progression as these patients
have hyperthyroidism-induced deregulated RAAS. This
raises the possibility that susceptibility to the virus could
be attributable to the cause of hyperthyroidism-induced
overexpression of ACE2 or thyroid disease, particularly
Graves’ disease is the effect of viral pathogeneses.
Consistently, the SARS-CoV-2-mediated thyrotoxic crisis
was recently reported in a patient with a previous condition

of Graves’ disease.'?

Moreover, this warrants the impor-
tance of obtaining a clear thyroid hormone profile in the
initial days of viral infection or onset of COVID-19 in
clinical settings and that would clearly define the preexist-
ing thyroid condition as most SARS-CoV-2-induced thyr-
oid diseases arise one-to-two months later the infection.

Contemplating pre-existing medical conditions mainly
thyroid ailments, biochemical profile of thyroid, and opti-
mal therapeutic plan may curtail the morbidity and mor-
tality associated with SARS-CoV-2 and thyroid disease.
Future studies are required to clarify “cause or effect”, that
would shed light on dark matter, SARS-CoV-2 and thyr-
oid. As per recent guidelines, hyperthyroid patients with
COVID-19 disease can be continued with anti-thyroid
drug treatment regardless of their care in hospitals, special
care centers for COVID-19, or home quarantine. Because
uncontrolled hyperthyroidism could add to the severity of
COVID-19 disease that may result in an unfavorable out-
come. The drugs methimazole (MMI) and propylthiouracil
(PTU) are recommended for oral administration of
COVID-19 patients as intravenous solutions of MMI or
PTU are scarcely available in the majority of the
countries.'** This report once again reminds the physicians
and/or researchers can be more conversant of the possible
link between SARS-CoV-2 and Graves’ disease, and other
possible unidentified thyroid dysfunction which could fall
under this umbrella.

The SARS-CoV-2 Infection Causes

Hashimoto’s Thyroiditis

Recently, the first case of Hashimoto’s thyroiditis in the post-
COVID-19 scenario was reported.*> A forty-five-year-old,
non-smoking, gentleman was diagnosed with COVID-19
through an RT-PCR test from a nasopharyngeal swab. A
week later, he recovered from the mild COVID-19 complica-
tions, yet possessed acute-onset of extreme fatigue with mus-
cle feebleness without other related symptoms and he was not
under any medication including supplements. He has no per-
sonal history of thyroid disorders. A careful check revealed
that the man was not feverish, hemodynamically steady, exhib-
ited normal electrolyte level with no anemia, cardiac, respira-

tory,
hypothermia, and the person was found to be clinically euthyr-

abdominal, neurological issues, bradycardia,
oid without goiter. Further profiling of thyroid hormones
revealed an enhanced TSH (6.49 plU/mL) and decreased
FT4 level (9.19 pmol/L) indicating atypical primary hypothyr-
oidism. Moreover, as his thyroid peroxidase antibody value
crossed the top detectable range (>2000 IU/mL) that con-
firmed Hashimoto’s thyroiditis (Table 3). Several other lab
factors measured were within normal range while the chest
X-ray was unremarkable. After five weeks of levothyroxine
25mcg/ once a day, patient reported that he felt energized. Yet,
his thyroid profile stood out deregulated despite it considerably
progressed.®®> On the other hand, this report did not provide
any information on thyroid functional profiles (antibodies and
TSH) performed before infection. Thus, it is also possible to
speculate that Hashimoto’s thyroiditis was already present
before infection. Subsequently, many cases of Hashimoto’s
thyroiditis associated with SARS-CoV-2 infection were
reported.'!%!117:125:12¢ Begides, the duration taken from the
initial respiratory-illness to Hashimoto’s thyroiditis outset
was shown to be very similar in other cases of autoimmune
complications which were shown to be consistent with the
span of “cytokine storm”.'*”"'*! Thus, the hyperinflammatory
condition is often sparked by the COVID-19 disease that
possibly predisposes these infected cases to get autoimmune-
related issues (Figure 3). Further, this report also reminds the
physicians once again that autoimmune conditions as antici-
pated ailments of SARS-CoV-2, though COVID-19 cases
exhibit mild symptoms.

SARS-CoV-2 Propels Thyrotoxicosis

Whether SARS-CoV-2 directly influences thyroid or
COVID-19-induced “cytokine storm” triggers thyroid dys-
function is mostly unclear (Figure 3). The “cytokine
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storm”-mediated effect on the thyroid has more possibili-
ties as SARS-CoV-1 was shown to have an effect on the
thyroid. Recently, a retrospective study evaluated the thyr-
oid profiles and serum interleukin-6 (IL-6) values of 287
COVID-19 cases who were treated in non-ICU and found
that 58 patients (20.2%) were found with thyrotoxicosis
(excess of thyroid hormone (TH) and low TSH), and 15
patients (5.2%) were detected with hypothyroidism, while
214 patients (~75%) were unremarkable (normal). TSH
measurements were inversely correlated to patients’ age
and IL-6. Besides, thyrotoxicosis was remarkably corre-
lated to IL-6 elevation.®* These findings postulate that this
may be because of SARS-CoV-2 infection-induced sys-
temic immune activation. Another group aimed to evaluate
the thyrotoxicosis prevalence in the high intensity of care
unit (HICU) patients with COVID-19 positive and nega-
tive cases as it could be a chance for identifying the
subacute thyroiditis cases. To rule out this, the study
compared HICU patients in 2020 (HICU-20 group) and
2019 (HICU-19 group) as presence or absence of COVID-
19 cases, respectively. The findings showed that a consid-
erable number of COVID-19 cases with the HICU require-
ment displayed thyrotoxicosis with low serum TSH apt
due to SARS-CoV-2-induced subacute thyroiditis — sug-
gestive of a non-thyroidal illness syndrome (NTIS).
Likewise, HICU-20 group patients presented a similarly
low number of pre-existing thyroid disorders (autoimmune
and non-autoimmune) with a low prevalence when com-
pared to the HICU-19 group. These results suggested that
these thyroid issues are neither a risk factor for viral
infection nor COVID-19 severances.’®

Triiodothyronine for Treatment of
COVID-19 Cases

The majority of the people recover themselves without or
with minimal treatments after SARS-CoV-2 infection. Even
so0, a small percentage of these patients become critically ill
and need hospitalization and even treatment with the sup-
port of an intensive care unit (ICU). The SARS-CoV-2
infection could induce sepsis that results in cell damage
because of viral entry and its replication and hypoxia. The
viral infection and hypoxia both are shown to be mediated
by the p38 MAPK, a pro-apoptotic pathway. In addition,
therapeutic agents such as inotropes and vasoactive drugs
are often used in intensive care settings and this, in turn,
activates the p38 MAPK pathway.?!=#8!-82132133 Thjg
hyperactivated signaling enhances the mortality rate by

damaging multiple vital organs regardless of current treat-
ment options (Figure 4). Moreover, epinephrine and dobu-
tamine are frequently used for sepsis patients howbeit were
shown to be markedly interconnected with enhanced death
rate and cardiac arrhythmia.'**

Furthermore, a number of dysfunctions, including heart
attack, shock, TH-metabolism, NTIS, etc., are frequently
observed in sepsis conditions while low levels of T3 in the
blood were investigated to be linked with enhanced
fatality.'*> Furthermore, decreased FT3 level was indepen-
dently shown to predict all-cause mortality.”” In fact, the
T3 was demonstrated to have cardioprotective effects in
mice."*® NTIS is considered to have a physiological role in
cell defense and has been identified that the thyroid hor-
mone could enhance the endurance of cells to hypoxia
events by inhibiting the p38-MAPK stimulation and accel-
erate tissue repairment via “controlled AKT activation”."?’
Thus, it was of general interest to clinically validate this
effect and hence people who were subjected to angioplasty
have been enrolled for a clinical trial. Furthermore, the
study has already been completed but showed no adverse
effects on the patients.'*”'?®

For instance, the thyroid hormone was reported to
impede herpes simplex virus infecting ability and promote
host-mediated immunity machinery through enhancing
natural killer (NK) cells by inducing interferon-effect on
NK cells.'* Conversely, extensive use of corticosteroids
in patients of ICU helps to prevent inflammation of lungs,
on the other hand, reduces the immune response and
clearance of the pathogen and this practice is being con-
tinued as alternatives are uncommon. This facilitated a
new phase-1I clinical trial to examine the consequences
of high dose T3 (intravenous) in curing severely ill
COVID-19 cases (Clinical Trial ID: NCT04348513).

Thyroid Disease Management:
Challenges During and Post-COVID-

19 Scenario

Certainly, the COVID-19, irrespective of the first or sec-
ond episode, has highly disrupted the regular stream of
thyroid surgeries that enhances the patient’s anxiety
regarding diagnosis and prompt treatment. Moreover, the
non-emergency operations and elective interventions are
feasible to postpone and this raises new and unacceptable
challenges."*° Particularly, mild airway compression due
to large goiters could be subacute or chronic they are not
symptomatic withal if that patient needs sudden intubation
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due to acute COVID-19-induced respiratory distress may
be a fatal airway arrangement.'*' Patients who have large
goiters are more stressed and much concerned about their
surgeries when differed due to the COVID-19 pandemic.

In general, autoimmune thyroiditis, surgical removal of
the thyroid (total thyroidectomy), and radioisotope treat-
ment may result in primary hypothyroidism in adults while
central hypothyroidism is rarely found. The hypothyroid-
ism patients must be supplied with enough thyroid hor-
mones during the lockdown period and the dose of
levothyroxine can be increased (30-50%) in pregnancy
cases and regularly monitored assessing the TSH and
other clinical parameters to restrain the progression of
hypothyroidism.'** Hypothyroidism cases infected with
SARS-CoV-2 do not require any unique diagnostic and
treatment options except for the continuation of the treat-
ment of pre-existing hypothyroidism during viral infec-
tion. Recent reports showed that hypothyroidism patients
did not exhibit any heightened risk of SARS-CoV-2
infection.'**'** Conversely, it is conceivable that autoim-
mune thyroiditis because of SARS-CoV-2 infection-
induced “cytokine storm” may develop primary hypothyr-
oidism. On the other hand, the disrupted pituitary axis
upon SARS-CoV-2 infection may cause pituitary insuffi-
ciency that may result in insufficiency in both thyroid and
corticotropic which necessitates levothyroxine and hydro-
cortisone therapy, respectively.®®

Likewise, hyperthyroidism patients with SARS-CoV-2
infection can continue ATD therapy regardless of hospita-
lization or home quarantine because unrestrained
hyperthyroidism with COVID-19 disease may predict
poor outcomes.'** Further, it is plausible that hyperthyr-
oidism patients could be at higher risk as ACE2 — angio-
tensin 1-7 — Mas receptor axis was shown to be
hyperactivated because of hyperthyroidism.''? Yet, future
studies are warranted to ascertain this aspect.

In the post-COVID scenario, due to the long lockdown
and treating primarily the COVID-19 cases in the health-
care facility, patients with other diseases including thyroid
diseases are expected to highly increase. Thus, patients
with likely thyroid diseases may come to the health-care
facility after prolonged waiting for their slot, at least a
lapse of 6—8 months with advanced thyroid disease that
may lead to a worse prognosis which is also expected to
enhance morbidity and mortality. Further, any deficiency
in adapting these patients in the endocrine health-care

facility may have a negative effect on the patient’s health.

Thyroid Cancer: Potential Impacts
During and Post-COVID-19
Scenario

Thyroid Cancer and Susceptibility to
SARS-CoV-2

Direct involvement of this virus in cancer including thyr-
oid cancer is yet to be established. Moreover, whether
thyroid cancer patients have more risk than normal people
for contracting SARS-CoV-2 is unclear. Recently, it has
been preliminarily observed that COVID-19 incidence was
not highly frequent in thyroid cancers compared with the
normal population.'*® To rule out further, future studies
are needed to analyze the expression of host mediators, the
including ACE2,
TMPRSS2, Furin in thyroid cancers when compared with

determinants of wviral infection

normal control population while only TMPRSS2 was
shown to be upregulated in human malignancies.'*
However, COVID-19 poses many issues directly on
viral-infected and indirectly on non-infected thyroid can-

cer patients.

Thyroid Cancer During COVID-19

Thyroid cancer patients are directly affected when they get
SARS-CoV-2 infection. Whether COVID-19 disease is
mild or severe in patients with thyroid cancer is not com-
pletely known. Although many articles have been pub-
lished, except a few primary research reports, most of
them are valuable suggestions/perspectives/viewpoints
postulated towards the management of nodules and thyroid
cancer during this unpredictable pandemic.'**'>! Cancer
patients with COVID-19 have been reported to be more
fatal.'>?

(DTCs), only older age and comorbidities were statisti-

However, in differentiated thyroid cancers
cally associated with COVID-19 severance and hospitali-
zation than thyroid malignancy-related diagnosis, therapy,
or disease burden.'>® Furthermore, recent multi-center
research revealed that patients with metastatic malignan-
cies had severe COVID-19 while the non-metastatic
patients displayed disease events similar to that of non-
cancer cases.'>* This observation is yet to be replicated in
progressive/metastatic thyroid malignancies.

In indirect effect, the COVID-19 poses unrivaled soci-
etal chaos, causing a hasty, open-ended shift of health-care
providers worldwide. Consistently, it has been reported
that the pandemic could cause significant emotional dis-
tress among thyroid cancer patients irrespective of their
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disease stage.'>> Thyroid cancer diagnoses and treatments
are well progressed which resulted in enhanced operative
options and well-developed surveillance strategies.
Nevertheless, every hospital visit of a patient for diagno-
sis, and operation may expose the patients and health care
professionals to viruses. Without a doubt, cancer and its
related management have gone virtual due to pandemic
fear. A recent analysis revealed that a total of 445 out-
patients with thyroid cancer were reported to be benefited
from the nuclear medicine clinic over telemedicine service
during the pandemic period in 2020 which was 15% less
than that of the previous in-person visit of the patients to
the hospital in the year, 2019 (525 cases) suggesting the
requirement of a better medical telephone-network for the
virtual clinic.'>® The American College of Surgeons
(ACS) has guided to decrease, adjourn, call off appoint-
ments, operations, invasive methods until the healthcare
system can handle without fear of viral infection. On the
other hand, this pandemic-related change in health-care
patterns may have a chance to deny treatments to some
critically ill patients that could result in an increase in
morbidity and mortality. Overall, the number of thyroidec-
tomies performed for thyroid cancers during the pandemic
was reported to be relatively low compared with the pre-
vious year yet, it was not statistically significant.'’ It is
likely due to selective surgeries of aggressive cases than
benign and uncertain malignancies. Except for the aggres-
sive PDTCs and ATCs which progress/metastasize more
rapidly, most of the DTCs and medullary thyroid cancers
(MTCs) grow slowly and they are not in immediate con-
cern. Therefore, it has been suggested that a careful eva-
luation of clinical profiles and assessing the rate of
progression, size of the tumor, invasiveness, and proximity
to the critical organ is advised in absentia in the context of
COVID-19."

Anti-cancer therapy is assumed to influence viral infec-
tion. Thus, recently numerous therapeutic strategies have
been proposed for COVID-19 patients bearing thyroid
cancers including DTCs, ATCs, PDTCs, MTCs in different
settings include new patients, earlier diagnosed cases with
indolent disease, and patients with ongoing therapy.'*®!>!
Currently, a study reported that various anticancer treat-
ments including immune checkpoint inhibitor, PD-1 dis-
played no increased risk in cancer patients with COVID-
19."%? Similarly, thyroid cancer therapy showed neither
favorable nor unfavorable association in DTCs with con-
comitant COVID-19."'3® Conversely, more viral infections
were noticed in thyroid cancer patients with multi-kinase

inhibitors (MKIs) therapy (2.5%) compared with control
cases (0.3%).'*> These results are inconclusive and sug-
gest further studies in the future.

Thyroid Cancer in Post-COVID-19

Scenario

In the post-COVID scenario, because of many months of
lockdown people living with asymptomatic cancer, treat-
thyroid
(micro-PTCs), and likely malignant thyroid nodules may

ment postponed micro-papillary carcinomas
tend to progress when treatment is compromised/post-
poned. This could pose more challenges such as metastatic
disease, complicating the operation, and even death in
some cases. This scenario is more likely to occur in the
case of MTCs and some invasive/aggressive phenotypes of
DTCs, ATCs, and PDTCs which is also expected to
enhance morbidity and mortality."**"'>! In fact, overall
cases of weekly fine needle aspirations (FNAs) were
reported to be decreased (62.1 to 23.1) but diagnoses of
benign cases decreased while aggressive malignancies
markedly raised (6%) in the post-lockdown.'®® Further,
the number of thyroid cancer patients who are going to
visit the health-care facility tends to be increased consid-
erably in the post-COVID-19 scenario. Tailoring these
patients based on the actual need for the immediate clin-
ical procedure/treatment may overcome the issues and
curtail the mortality rate.

Conclusions and Future Prospective
Understanding the recent advances in pathophysiological
conditions in thyroid dysfunction due to SARS-CoV-2
infections clearly indicates that there is an association
between viral infection and thyroid diseases and it con-
tinues to emerge as new findings rapidly come to light.
The thyroid gets disrupted in both the acute phase, during
the infection, and convalescence phase, post-COVID con-
dition. Although some evidence suggests that these two
conditions are either due to the direct infection of the
thyroid or a “cytokine storm”-mediated autoimmune effect
which in turn affects the thyroid, future studies at both
molecular and clinical levels are warranted for the better
understanding, diagnosis, and therapeutic management of
thyroid diseases in both the acute and convalescence
phases of COVID-19 patients. As high-level intensive
care is required for COVID-19 patients with thyroid dys-
function, a regular thyroid function assessment can be
in COVID-19 patients at admission,

made during
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hospitalization, and follow-up. Moreover, the post-COVID

era is the period where physicians most likely see the
effect of COVID-19 on the thyroid. Physicians need to
be more watchful of the possible link related to SARS-
CoV-2 and various thyroid diseases and other possible

clinically poorly defined thyroid diseases under the causa-
tive footprint of SARS-CoV-2 infection.
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