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Abstract

Coronavirus disease 2019 (COVID-19) is an infectious disease caused
by acute respiratory syndrome coronavirus 2 (SARS-CoV-2). There
has been recent evidence published suggesting it may contribute
to autoimmune thyroid disorders. Relevant studies were sourced
from online databases such as PubMed, TRIP and Web of Science.
Research has identified a temporal relationship between COVID-19
and thyroid dysfunction, with reports of subacute thyroiditis and
thyroid autoimmunity following infection. Proposed mechanisms
include Angiotensin-Converting Enzyme 2 (ACE2) receptor-
mediated entry into thyroid cells, cytokine-driven inflammation, and
molecular mimicry triggering autoimmune responses. Additionally,
several studies have reported the presence of non-thyroidal illness
syndrome (NTIS) among hospitalised COVID-19 patients. NTIS is
a systemic response to critical illness and may explain transient
thyroid abnormalities observed during COVID-19, without direct
thyroid involvement, raising questions regarding the extent to
which COVID-19 stimulates autoimmune thyroid disorders. Evidence
also discusses altered thyroid hormone levels and the presence or
absence of thyroid-specific antibodies in some patients, adding
complexity to the debate over whether thyroid dysfunction in
COVID-19 is autoimmune or systemic. This review evaluates current
findings, highlighting the multi-causal mechanisms by which SARS-
CoV-2 may influence thyroid function, emphasising the need for
further research to clarify these associations.

Abbreviations

CACE2 - angiotensin-converting enzyme 2

COVID-19 - coronavirus disease 2019

FT3 - free triiodothyronine

FT4 - free thyroxine

IL-6 — interleukin-6

MRNA — messenger ribonucleic Acid

NTIS - non-thyroidal illness syndrome

SAT - subacute thyroiditis

SARS-CoV-2 - severe acute respiratory syndrome coronavirus 2
Tg - thyroglobulin

TMPRSS2 - transmembrane Protease, Serine 2
TPO - thyroid peroxidase

TPOAD - thyroid peroxidase antibodies

TSH - thyroid-stimulating hormone

TSHR - thyroid-stimulating hormone receptor

Introduction

The coronavirus disease 2019 (COVID-19) pandemic caused by the
acute respiratory syndrome coronavirus 2 (SARS-CoV-2), has led to
universal morbidity, prompting extensive research into its systemic
effects. Whilst mainly recognised as a respiratory illness, emerging
evidence suggests that SARS-CoV-2 has significant impacts on
extrapulmonary organs, including the thyroid gland.” Thyroid
dysfunction correlated with COVID-19 has been reported, ranging
from transient thyrotoxicosis to hypothyroidism, eliciting concerns
regarding the potential for SARS-CoV-2 to behave as a trigger for
autoimmune thyroid disorders such as subacute thyroiditis (SAT)
and Graves' disease.>® There are several potential long-term health
implications of post-COVID-19 thyroid dysfunction. Thyroid disorders
can have profound systemic effects, including cardiovascular,

Inspire Student Health Sciences Research Journal | Winter 2025/2026



metabolic and neurological consequences, making it essential to
understand the pathogenesis of the disease.* Despite the ever-
growing appreciation of the thyroid’s involvement in COVID-19,
evidence and research remain limited, and significant uncertainties
remain. Key outstanding questions include the extent to which SARS-
CoV-2 directly invades thyroid tissue, the role of cytokine-driven
hyperinflammation, and the potential contribution of molecular
mimicry to immune dysregulation.>” In the absence of conclusive
data, the understanding of these mechanisms and their clinical
relevance remain uncertain. This review aims to summarise and
critically appraise current evidence on the relationship between
SARS-CoV-2 and autoimmune thyroid disorders. It will synthesise
findings on clinical presentations, prevalence and underlying
mechanisms, identify knowledge gaps to guide future research and
clinical decision-making. Due to limitations of existing research, this
review will accentuate the need for further and more longitudinal
studies to confirm these links clarifying the repercussions for patients
and healthcare systems.

Methods

Relevant literature for this review was sourced using PubMed, TRIP
Pro,and Web of Science databases. Search terms included "COVID-19;"
"thyroid disorders," "autoimmune thyroid disease,’ "molecular
mimicry" and "cytokine storm. Boolean operators were used to
refine results: "AND" was used between terms such as "COVID-19"
and "thyroid disorders," while "OR" was utilised to include broader
variations like "COVID-19 OR SARS-CoV-2." Studies published prior
to 2010 were excluded, including non-peer-reviewed content, blogs
and patient information booklets. Articles were screened by title
and abstract for relevance, followed by a second round of filtering
based on article quality, depth of biomedical information, and type
of research, prioritising primary studies. Additional relevant articles
were identified through reverse referencing. The studies included
range from 2010-2024, and 15 studies were included in the final
review: 2 case reports, 1 case series, and 12 cohort or cross-sectional
studies. A summary of the literature selection process is presented in
Figure 1.

Discussion

Clinical presentations and types of thyroiditis

It is well established that viral infections are known triggers of
autoimmune thyroid disorders, including SAT. Recent evidence
suggests that COVID-19 may act as such a precipitator. Two case
reports regarding young and previously healthy women report
elevated free thyroxine (FT4) and free triiodothyronine (FT3) with
suppressed thyroid stimulating hormone (TSH), all post-COVID
recovery. Increased inflammatory markers such as C-reactive protein,
the imaging results, clinical findings, and laboratory data were all
consistent with SAT and thyrotoxicosis respectively.?® This suggests
that COVID may act as a stimulator for SAT, even in mild cases.
However, there is limited generalisability as patient variability (e.g.
age, severity of infection, and co-morbidities) was not accounted for
due to the single-case nature of both reports. Moreover, the absence
of control to compare post-viral thyroiditis from other infections
limits the ability to extrapolate from these findings. Additional
evidence suggests a temporal relationship between COVID-19 and
the manifestation of autoimmune thyroid diseases.® This is due to
Hashimoto’s thyroiditis, Graves’ disease and SAT occurring post-
COVID-19 infection in individuals with no prior thyroid conditions.?
Like the previous cases, each case presented with characteristic
abnormalities in thyroid function tests, for example, elevated TSH,
and altered free T4/free T3 levels.? To further confirm thyroid damage,
ultrasound findings consisted of thyroid enlargement, heterogeneity
and low vascularity, all of which align with autoimmune processes.?
Further analysis of these studies is illustrated in Table 1. Each of these
thyroid conditions developed 6-8 weeks post-COVID-19, which
highlights a potential indirect effect of COVID on the thyroid, driven
by an overactive or dysregulated immune response. Whilst this
case series provides stronger evidence than previous isolated case

reports, there is an apparent selection bias. Due to this paper being
a case series, the individuals were likely selected as their conditions
were noteworthy, hence the study cannot reflect the presentation
of thyroid dysfunction in the average post-COVID population.
While these reports provide preliminary evidence of a link between
COVID-19 and thyroiditis, larger studies encompassing diverse
populations are essential to confirm this association and determine
its clinical relevance.

Prevalence of thyroid autoimmunity post-COVID-19

The increased prevalence of thyroid autoimmunity following
COVID-19 is supported by a cohort study reporting that 17.5% of
COVID-19 survivors expressed thyroid autoimmunity, alongside
a significant increase in thyroperoxidase antibodies (TPOADb)
prevalence (15.7%) compared to age-and sex-matched controls
(7.7%).° Similarly, another cohort study found that among 191
patients with COVID-19, 13.1% exhibited thyroid dysfunction,
highlighting the potential impact of COVID-19 on thyroid health.™
Contrasting to the previous studies, despite the increased rifeness
of thyroid autoimmunity, 95% of patients had TSH levels within the
normal range, suggesting that distinct thyroid dysfunction was not
stimulated by the autoimmune response.’ This may propose that
thyroid involvement in SARS-CoV-2 infection is heterogeneous,
alongside a spectrum ranging from mild subclinical changes to
thyrotoxicosis or hypothyroidism. This highlights that only a portion
of individuals with thyroid autoimmunity progress to clinically
consequential thyroid disorders, which stresses the variability in
individual susceptibility, raising questions about the extent to
which COVID-19 directly triggers thyroiditis.” Additionally, another
study discovered that thyroid dysfunction in most individuals is not
predominantly mediated by autoimmunity as anti-thyroid antibodies
were not drastically elevated or were relatively absent. This point
reinforces the concept that autoimmunity is not solely responsible for
thyroid dysfunction in COVID-19 but involves an intricate interaction
of direct viral effects and systemic inflammation.”® Most patients
showed normalisation of thyroid function post-recovery, implying
that COVID-related thyroid dysfunction may be transient and not
chronic. For example, abnormalities such as low TSH and low FT3
were shown to resolve instinctually in most patients during recovery,
substantiating the point that thyroid dysfunction in COVID-19 is
often temporary and reversible."" However, these studies primarily
involve hospitalised patients, excluding those with asymptomatic
or mild infections. This limitation reduces the generalisability of
findings to the broader spectrum of COVID-19 survivors. The lack of
pre-infection reference data further complicates the analysis of these
results, making it challenging to determine whether the thyroid
dysfunction observed was stimulated by COVID or a pre-existing
iliness. Short follow-up periods also do not account for potential late-
onset thyroid dysfunction, which could lead to an underestimation
of the prevalence of post-COVID autoimmune thyroid disease. Larger
and more diverse studies with extended follow-up periods are
required to clarify the mechanisms underlying thyroid dysfunction in
COVID-19 and identify individuals at greater risk of developing long-
term thyroid disorders.

Mechanisms linking COVID-19 to autoimmune thyroid disorders

There is a large body of evidence demonstrating that the expression
of ACE2 receptors on thyroid tissue plays a pivotal role in COVID-
induced thyroid dysfunction.'>”® Studies have demonstrated
that ACE2 messenger ribonucleic acid (mRNA) is abundantly
expressed in human thyroid tissue and primary thyroid cell cultures,
authenticating the potential of the thyroid gland as a direct target
for COVID-19; ACE2 is crucial for viral entry.”>'* Transmembrane
Protease, Serine 2 (TMPRSS2), is a protease required for COVID spike
protein activation and is mainly expressed in colloid and vasculature
rather than follicular cells, making direct viral invasion of follicular
cells unlikely.® Additionally, severe COVID-19 is correlated with
hyperinflammation, showcased by cytokine storms and elevated
IL-6 and ferritin levels, contributing to immune activation and local
thyroid inflammation.” This hyperinflammatory state may induce
SAT, with initial thyrotoxicosis followed by hypothyroidism due to
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follicular cell damage, as mentioned in the study by Brancatella et al.8

Molecular mimicry has also been proposed as a mechanism, where
SARS-Cov-2 peptides share statistically significant similarities with
thyroid antigens, potentially triggering autoimmunity in genetically
pre-disposed individuals.>'* A 2024 review synthesising bioinformatic
and laboratory data found widespread peptide and structural
homology between SARS-CoV-2 proteins and human antigens
at levels far exceeding chance, with several thyroid autoantigens
specifically implicated—thyroid peroxidase (TPO), thyroglobulin
(Tg) and the TSH receptor (TSHR).'® Evidence includes linear epitope
homology (5-9-mer peptides), 3-D structural similarity across ~6%
of the viral proteome, and antibody cross-reactivity between SARS-
CoV-2 and human autoantigens.'® Taken together, these findings
establish homology and cross-reactivity, satisfying the first two steps
of classical mimicry causality criteria, while highlighting the need for
epidemiologic and animal-model confirmation in thyroid-specific
disease. However, the study by Khoo et al discusses the proposition
that thyroid hormone changes are simply a part of a holistic systemic
response rather than direct viral invasion - contradicting ideas from
otherstudies." Thisis due to the presence of mild and transient thyroid
abnormalities, a euthyroid state present during both admission and
illness, in most patients, a temporal relationship with illness severity,
and non-involvement of thyroid-specific autoantibodies." Therefore,
there is a high likelihood that in these individuals, the changes
observed were not immune-mediated.”” Several studies have
reported the presence of NTIS among hospitalised COVID-19 patients,
correlating with disease severity."'® NTIS may explain transient
changes in thyroid function tests during COVID-19, as it manifests
as low T3 syndrome, due to diminished peripheral conversion of T4
to T3, without direct involvement of the thyroid gland.” Therefore,
not all thyroid dysfunction in COVID-19 is immune-mediated or due
to direct viral invasion. Transient abnormalities, like NTIS, may reflect
systemic responses to severe illness, emphasising the complexity
of COVID-19-related thyroid dysfunction, highlighting the need
to distinguish systemic effects from autoimmune mechanisms.
Together, all these mechanisms highlight a multifactorial process
by which SARS-Cov-2 could damage thyroid tissue, consisting of
direct viral effects, immune-mediated injury, and cross-reactive
autoimmunity. Whilst these mechanisms offer valuable insights, their
broader applicability is limited by the heterogeneity of COVID-19
presentations. The lack of functional assays in studies examining
ACE2 and TMPRSS2 expression and reliance on histological findings
without controls or longitudinal data leave gaps in understanding the
link between SARS-CoV-2 and thyroid dysfunction. Future research
should focus on integrating molecular, functional, and clinical data
across larger, diverse populations to confirm these mechanisms and
their role in autoimmune thyroid diseases.

Conclusion

In conclusion, the studies highlight strong evidence suggesting a
pivotalrole of SARS-CoV-2in triggering autoimmune thyroid disorders
via several mechanisms. All studies suggest that thyroid dysfunction
post-COVID-19 may present as SAT, Graves’ disease or Hashimoto's
thyroiditis — often linked to inflammatory responses and immune
dysregulation. Mechanisms such as ACE2 receptor-driven viral entry,
molecular mimicry, and cytokine-mediated hyperinflammation
provide credible yet under-researched explanations for these
associations and a definite cause remains unproven. Whilst thyroid
dysfunction in most cases appears transient and reversible, the
long-term risk of secondary autoimmune effects requires further
investigation; future research should encompass more longitudinal
studies. Larger, diverse populations are needed to explore the
progression and solutions of thyroid dysfunction post-COVID-19.
Moreover, assays examining ACE2 and TMPRSS2 expression in
thyroid tissues and analyses of cytokine profiles in affected patients
are necessary. Designing studies that distinguish NTIS from true
autoimmune thyroid diseases using markers such as anti-thyroid
antibodies and detailed hormone profiles would be beneficial.
Finally, researching the role of molecular mimicry in genetically

susceptible individuals could clarify its contribution to thyroid
autoimmunity. These actions could help refine our understanding
of COVID-19's impact on autoimmune thyroid diseases and guide
tailored prevention and treatment approaches. Such efforts will be
essential to establish causality, guide early diagnosis, and inform
targeted prevention and therapeutic strategies for post-COVID-19
thyroid disease.
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Hashimoto - Case series of | - Evaluated - Patient 1: - COVID-19 may
thyroiditis, three patients clinical Hashimoto act as a trigger for
Graves’ (females aged presentations, thyroiditis with TSH | autoimmune
disease, and 33-41) presenting | lab results (TSH, | 136 mIU/L, thyroid diseases
SAT with thyroid T4, T3, elevated anti-TPO, | like Hashimoto's
post-COVID-19 | dysfunction antibodies), and anti-Tg thyroiditis,
infection following thyroid imaging, | antibodies. Graves’ disease,
COVID-19 and response to | - Patient 2: Graves’ | and subacute
resolution. treatment. disease with thyroiditis.
Explores the - Assessed time | suppressed TSH, - Need for
temporal of thyroid elevated T4 and T3, | comprehensive
relationship symptoms onset | high TSI, and hyper | endocrine
between relative to vascular thyroid on | follow-up in
COVID-19 and COVID-19 ultrasound. COVID-19
autoimmune infection (6-8 - Patient 3: survivors with
thyroid disease. weeks). Subacute thyroiditis | thyroid
followed by dysfunction.
hypothyroidism,
showing low TSH
and low radioiodine
uptake initially and
later elevated TSH.
Subacute - Case report - Patient - Elevated ESR (72 | - SARS-CoV-2
thyroiditis describing a presented with mm/hr), CRP (66 linked to subacute
associated with | previously odynophagia and | mg/L), anaemia, thyroiditis via
COVID-19 healthy anosmia, and low TSH (0.01 inflammatory
37-year-old later developed mUI/L), and response.
female. severe neck elevated FT4 and - Highlights the
- Location: pain. FT3. role of ACE2
Mexico. - Thyroid function | - Thyroid iodine receptors in
tests, ESR, CRP, | scan: no radioactive | thyroid tissue.
anaemia iodine uptake. - SAT can occur
evaluations, with mild or no
iodine scan. COVID-19
symptoms.
- Suggests testing
for SARS-CoV-2
in SAT cases.
Increased Single-centre, - Inclusion Prevalence of Highlights
prevalence of prospective, criteria: Patients | thyroid SARS-CoV-2 as a
autoimmune observational discharged from | autoimmunity was possible trigger
thyroid disease | cohort study. 599 | COVID-19 wards | 17.5% in COVID-19 | for thyroid
post COVID-19 COVID-19 or emergency survivors, double autoimmunity via

mechanisms like
molecular mimicry
and inflammation.

and outcome in
191 patients
with COVID-19

Kong.

- Thyroid function
tests (TSH, free
T4, free T3) and
antithyroid
antibody levels
were measured
on admission.

- Patients with
known thyroid
disorders or on
medications
affecting thyroid
function were
excluded.

- Inflammatory
markers (CRP,
ESR) and
SARS-CoV-2
PCR cycle
threshold (Ct)
values were
assessed.

TSH), and 6.7%
with low free T3
(non-thyroidal
illness syndrome,
NTIS).

- Low TSH was
linked to lower Ct
values (higher viral
load), suggesting a
direct effect of
SARS-CoV-2 on the
thyroid.

- Low free T3 was
associated with
elevated
inflammatory
markers (CRP,
ESR) and tissue
injury markers
(LDH, AST),
highlighting the role
of systemic
inflammation.

- Patients with low
free T3 had worse
clinical outcomes,
including prolonged
hospitalisation and
higher oxygen
requirements.

post-hospitalisati | thyroid disease, 7.7%, p=0.002). - - Recommends
on for medications 94.9% of patients longitudinal
autoimmune affecting thyroid | with positive studies to assess
thyroid disease function, TPOADb or TgAb the long-term
(ATD) prevalence | kidneyl/liver displayed impact of ATD
and thyroid failure, ultrasonographic triggered by
dysfunction. The | pregnancy. - thyroiditis. - TSH COVID-19.-
study compared Thyroid function | remained normal in | Suggests routine
survivors to 498 tests (TSH, fT3, 95% of patients; evaluation of
pre-pandemic fT4) and TFTs abnormalities | TPOAb and TFTs
controls for antibodies were minor. in long COVID
thyroid function (TPOAD, TgAb) patients.
and measured. -
autoimmunity Positive antibody
markers. patients
underwent an
ultrasound for
thyroiditis.
Thyroid Observational, - Included 191 13.1% of patients Clinicians should
dysfunction in cohort study adult COVID-19 | showed thyroid monitor thyroid
relation to conducted in patients (mean dysfunction: 7.3% function in
immune profile, | Queen Mary age: 53.5 years, | with subclinical COVID-19
disease status Hospital, Hong 51.8% male). thyrotoxicosis (low | patients,

especially those
with fever, low Ct
values, and
systemic
inflammation.

Table 1. Summary of key studies
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