
Citation: Lanzo, N.; Patera, B.;

Fazzino, G.F.M.; Gallo, D.; Lai, A.;

Piantanida, E.; Ippolito, S.; Tanda,

M.L. The Old and the New in

Subacute Thyroiditis: An Integrative

Review. Endocrines 2022, 3, 391–410.

https://doi.org/10.3390/

endocrines3030031

Academic Editor: Rasa Zarnegar

Received: 3 May 2022

Accepted: 28 June 2022

Published: 4 July 2022

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

Review

The Old and the New in Subacute Thyroiditis:
An Integrative Review
Nicola Lanzo 1, Bohdan Patera 1, Gaia Francesca Maria Fazzino 1, Daniela Gallo 2 , Adriana Lai 2,
Eliana Piantanida 1,2, Silvia Ippolito 2,* and Maria Laura Tanda 1,2

1 Department of Medicine and Surgery, University of Insubria, 21100 Varese, Italy;
nicola.lanzo@hotmail.it (N.L.); bdn.patera@gmail.com (B.P.); gaiafmfazzino@gmail.com (G.F.M.F.);
eliana.piantanida@uninsubria.it (E.P.); maria.tanda@uninsubria.it (M.L.T.)

2 Endocrine Unit, ASST dei Sette Laghi, 21100 Varese, Italy; dgallo@hotmail.it (D.G.);
adriana.lai@asst-settelaghi.it (A.L.)

* Correspondence: silviaippolito.md@gmail.com

Abstract: Subacute thyroiditis (SAT) is the most common cause of neck pain and thyrotoxicosis.
Although this disease was recognized already by the end of the 18th century, new concepts regarding
pathogenesis have emerged in recent years. Moreover, in the last two years, literature on SAT has
increased significantly due to articles describing the possible connection with coronavirus disease
2019 (COVID-19). This integrative review depicts old and new concepts of this disease, proposing a
detailed overview of pathogenesis, a practical approach to diagnosis and treatment, and a thorough
description of the latest discoveries regarding the association of SAT with COVID-19.
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1. Introduction

Subacute thyroiditis (SAT), also called De Quervain thyroiditis or granulomatous
thyroiditis, is the most common cause of thyroidal pain and a common cause of thyroid
dysfunction, mainly thyrotoxicosis. SAT is presumed to be caused by viral infections,
mainly from viruses affecting the upper respiratory tract, recently including severe acute
respiratory syndrome-coronavirus-2 (SARS-CoV-2).

Although this disease was recognized already by the end of the 18th century [1]
and is relatively frequently seen and treated by endocrinologists and internal medicine
doctors, in the latest years new concepts have emerged, especially concerning pathogenesis.
Moreover, in the last two years, the literature on SAT has increased significantly due to
articles describing the possible connection between COVID-19 and SAT.

This updated review depicts old and new concepts on every aspect of this disease,
from epidemiology and pathogenesis to clinical features, natural history, and treatment.

A dedicated paragraph will summarize and comment the consistent available literature
on the association of SAT and SARS-CoV-2 infection and/or vaccination.

2. Materials and Methods

Original articles, clinical trials, systematic reviews, meta-analyses, and case reports
or series were retrieved from a search of electronic databases including PubMed, Google
Scholar, Embase, and Scopus.

The search was updated on 20 April 2022, with no language restrictions. The search string
included specific key terms: subacute thyroiditis, destructive thyroiditis, De Quervain thyroiditis.
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3. Integrative Review
3.1. Epidemiology

The incidence of SAT is about 4.9/100,000 people per year [1]. The reported age of
incidence in literature typically varies between 25 and 50 years of age, with a female-to-male
ratio of approximately 4:1 [2]. Few cases of SAT have been described during pregnancy [3,4]
and in children [5,6].

Some investigators have reported a higher rate of SAT during the summer months,
reflecting the peak incidence of coxsackievirus A and B and echovirus infections [7]. In the
Italian series by Martino et al. [8], the reported onset of SAT was predominant between June
and September, with almost half of the cases between July and August, thus confirming the
overlapping seasonal distribution of SAT and enterovirus infections. Similarly, Japanese
data from 1061 SAT patients by Iitaka et al. [9] indicated a higher frequency of SAT cases in
summer than in winter.

However, other authors found no significant differences in distribution throughout
the year. Although seasonal differences may be observed in a mild climate like Italy’s, no
statistically significant seasonal variation was found in studies from Minnesota [1] and
Finland [10], where the periodic climatic contrast is much more severe [11].

3.2. Pathophysiology

Although SAT was described for the first time already in 1895 by Mygind [12], the exact
pathogenesis and determinants of its clinical course still remain unclear nowadays [13].
The current opinion is that a viral trigger may cause a painful and destructive thyroiditis in
patients with a certain genetic background.

Viruses that have been associated with SAT are coxsackie viruses, echoviruses, aden-
oviruses, influenza viruses, mumps and rubella viruses, parvovirus B19, orthomyxovirus,
HIV, Epstein–Barr virus, hepatitis E, measles virus [14,15], and dengue virus [16,17]. In
recent years, during the COVID-19 pandemic, SARS-CoV-2 emerged as a potential SAT-
triggering factor. SARS-CoV-2, indeed, exhibits significant tissue tropism, with a peculiar
affinity for the thyroid tissue, mediated by the angiotensin converting enzyme 2 (ACE-2)
receptor. In the last two years, since the onset of the COVID-19 pandemic, many cases of
SAT related to SARS-CoV-2 infection and vaccination have been reported [18,19]. Therefore,
SARS-CoV-2 should now be included into the list of viruses associated with SAT.

The association of SAT with specific genetic backgrounds has been postulated since
1975, when predisposition to SAT was found to be related to human leukocyte antigen
(HLA) genes [14]. HLA alleles were demonstrated not only to increase the risk of SAT, but
also to correlate with SAT clinical course and to its risk of recurrence [14]. The great majority
of patients with SAT, up to 70% [20], indeed present the HLA-B35 antigen, suggesting that
the disease may be caused by a viral infection in genetically predisposed individuals [12].

There are two main hypotheses: (i) the HLA-B35-restricted viral antigen presentation
hypothesis suggests that viral antigens may cross-react with host antigens, resulting in
tissue destruction; (ii) viral infection may cause direct damage to thyroidal tissue, releasing
high quantities of self-antigens, that may be recognized as foreign by HLA-B35, leading
to the development of an autoimmune process and further tissue damage [21,22]. Some
cases of familial occurrence of SAT related to the HLA-B35 allele have been described
too [21]. More recently, Stasiak et al. [20] reported HLA-B18:01 and HLA-DRB101 alleles as
independent risk factors for SAT development. Some authors also reported other possible
associations between SAT and haplotypes such as HLA-Dw1, HLA-DRw8, HLA-B67, and
HLA-Cw3 [22]. However, these studies applied mostly serological methods, and only some
associations were confirmed when high-resolution methods were used [20].

Other pathogenetic factors or co-factors have been proposed. For instance, SAT cases
associated with bacterial infection (bacterial sinusitis [23], scrub typhus [24]), or with
immunotherapy with recombinant interleukin-2 [25], TNF-alpha inhibitors [26], inter-
feron [27], or lithium treatment [28] have been described. SAT cases occurring after vacci-
nation against common viruses such as H1N1 [29], seasonal influenza virus [30,31], human
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papillomavirus [32,33], and hepatitis B [34] have been reported; since the advent of the
vaccination for SARS-CoV-2, several SAT cases following immunization have been de-
scribed [18], following the nucleic acid (mRNA) [35], viral vector (adenovirus) [36], and
the inactivated virus vaccine [37,38]. The exact mechanism is not known, but the pre-
sumed pathogenesis of SAT after vaccinations may involve the autoimmune/inflammatory
syndrome induced by adjuvants (ASIA) [39], an immune reaction triggered by a class of ex-
cipients named adjuvants, primarily used in vaccines, which could cause dysregulation of
both the innate and adaptive immune systems [40]. A second hypothesis involves molecu-
lar mimicry; a recent in-vitro study [41] found that antibodies directed against SARS-CoV-2
antigens could cross-react with self-tissue antigens, including thyroid peroxidase (TPO).
This mechanism represents a potential pathogenic trigger for immune-mediated adverse
events both after SARS-CoV-2 infections [42] and SARS-CoV-2 vaccination. A possible
association between HLA genotypes and vaccine-induced SAT has been described [43,44].

Vitamin D has been proposed as a protective factor. Calapkulu et al. [13] recently
reported that 25(OH) vitamin D levels in SAT patients are significantly lower compared
to the healthy control group, though with no effect on disease prognosis nor permanent
hypothyroidism development or recurrence rate. This could be a consequence of the
protective effect of vitamin D on respiratory tract infections [45].

3.3. Natural History

SAT is typically a self-limiting disease. The characteristic triphasic clinical course
(Figure 1) arises with a thyrotoxicosis phase lasting 3 to 6 weeks, determined by the
damage of thyroid follicular cells and consequent release of thyroid hormones; symptoms
of this phase encompass tachycardia, sweating, and weight loss. As thyroid hormone
stores are depleted, a hypothyroid phase usually follows and could last up to 6 months;
therefore, in some cases, levothyroxine treatment could be needed. In the majority of
patients, SAT ultimately results in a full recovery of normal thyroid function [2]. However,
in approximately 5–15% of patients, permanent hypothyroidism requiring life-long thyroid
replacement therapy might occur [7].
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3.4. Clinical Manifestations

SAT is typically characterized by anterior neck pain that may radiate to the jaw or
ears [46]. It can involve one [47] or both thyroid lobes, often starting on one side and
migrating to the other: the so-called “creeping thyroiditis”. The gland is typically enlarged
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and firm to palpation, but thyroid adherence to surrounding structures, a common feature
of Riedel’s thyroiditis, is usually minimal or absent [48].

Patients might complain of somatic symptoms such as fatigue, myalgia, and arthralgia.
Mild to moderate fever can also occur, sometimes as the sole clinical presentation. As a
matter of fact, atypical SAT may present as a fever of unknown origin [49,50] even in the
absence of anterior neck pain or thyrotoxicosis [51,52].

In trained athletes, adrenergic manifestations of thyrotoxicosis could be masked by
the frequently observed resting bradycardia; less typical signs and symptoms such as
undesired weight loss, fatigue, and performance level decrease can be present [53]. In
addition, it should be noted that long-term immunosuppressive therapy may lead to a
milder clinical presentation of SAT with low pyrexia and minimal neck pain, regardless of
the severity of thyrotoxicosis [54].

3.5. Laboratory Findings

The typical laboratory finding is the exceedingly high erythrocyte sedimentation rate
(ESR). C-reactive protein (CRP) is also elevated in most cases, though it is a less peculiar
finding [13]. White blood count could also be elevated, with about half of the patients
presenting neutrophilia and a positive correlation with granulocyte-colony stimulating
factor (G-CSF), at least in the active phase of SAT before treatment [55]. Hematological
parameters, such as higher platelet-to-lymphocyte ratio and neutrophil-to-lymphocyte
ratio values, are typical in SAT patients compared to healthy control subjects, as well as a
lower mean platelet volume value [56,57], correlating with ESR and CRP parameters [58].
Interleukin-6 (IL-6), a mediator of acute phase response, is also increased in SAT, though
no correlation was found between serum concentration of IL-6 and serum free thyroid
hormone values [59].

Thyroid function tests during the initial phase of SAT often reveal a suppressed TSH
and elevations of triiodothyronine (T3) and thyroxine (T4) consistent with the thyrotoxic
state. As compared to Graves’ disease, SAT often displays a lower T3/T4 ratio, typically
less than 20 [60,61]. Peak levels of laboratory abnormalities are reached within one week
after disease onset, according to a study [12] analyzing 852 cases of SAT.

Although SAT is usually associated with laboratory evidence of thyrotoxicosis, some
patients may show normal laboratory findings along with clinical characteristics and ul-
trasound (US) findings typical of SAT. This could be due to the fact that neck pain could
precede the appearance of abnormal laboratory findings by up to 3 weeks [62]. As hypothe-
sized by Ito et al. [63], patients with SAT are admitted earlier to clinic because of neck pain,
thus might have incomplete TSH suppression due to short-term thyrotoxicosis, as com-
pared to patients with silent thyroiditis or Graves’ disease who seek medical advice because
of delayed symptoms secondary to thyrotoxicosis, such as palpitation and weight loss.

The thyrotoxicosis phase is generally followed by transient subclinical hypothyroidism
with slightly elevated TSH levels and T3 and T4 within the normal limits [64]. Serum
thyroglobulin levels are usually elevated, consistently with follicular destruction [65].

Some patients show a positive thyroid antibody pattern. Stasiak et al. [66] reported
15.5% antithyroid peroxidase antibodies (TPOAb) and 33.3% antithyroglobulin antibodies
(TgAb) positivity in SAT patients. A Turkish study [67] on the local population reported
about 4% positivity for TPOAb and about 20% positivity for TgAb. In another study by
Nishihara et al. [68], patients’ samples were moderately positive for TgAb in a first phase,
with titres decreasing or disappearing afterwards.

In most cases, this transient antibody positivity might be a consequence of thyroid
antigen release following thyroid follicle damage, rather than a veritable autoimmune
disease [69]. To note, antibodies titers were significantly lower than those observed in
Hashimoto’s thyroiditis [68]. In the same study by Stasiak et al. [66], TSH receptor antibody
(TRAb) levels were increased in 6% of patients with SAT.



Endocrines 2022, 3 395

3.6. Imaging

Nuclear medicine imaging and US are the main diagnostic tools for SAT, and provide
clinical guidance for diagnosis and treatment of this disease, with the latter being easier to
operate, more economical, better tolerated, and with wider applications [70].

In painful SAT, at US evaluation, the thyroid gland usually presents irregularly shaped
hypoechoic areas with blurred margins and has low vascularity on color-flow Doppler,
especially in the acute phase of the disease [71–73]. The pressure exerted during US may
cause tenderness and pain exacerbation, which is a specific sign [70]. On the contrary,
enhanced vascular signal may be appreciated during disease recovery.

According to Omori et al. [74], hypoechoic area extensions reflect the degree of in-
flammation and correlate with the intensity of pain experienced by the patient and with
the increase in FT4 levels. The presence of multiple ill-defined hypoechoic areas allows
clinicians to distinguish SAT from Hashimoto’s thyroiditis and Graves’ disease, which
typically show a diffuse, homogeneous, hypoechoic texture instead [75]. These features are
typical of SAT; thus, even in cases with no clinical symptoms, SAT should be considered as
a differential diagnosis for every lesion presenting these characteristics [72].

In some patients with SAT, a nodular space-occupying lesion can be observed and
some of these lesions may mimic thyroid malignancy, given also their hypoechogenicity
at US and firmness on palpation [76]. On the other hand, it is worth remembering that
the presence of supposed inflammatory nodules on US during SAT does not exclude the
concomitant presence of suspicious neoplastic nodules, as US changes in SAT might even
hide a coexisting thyroid carcinoma or thyroid lymphoma [77,78]. The evaluation of cervical
lymphadenopathy can also be challenging because inflammatory lymphadenopathies
in SAT are extremely common. However, specific patterns of malignancy, e.g., cystic
appearance, hyperechoic punctuations, loss of hilum, and peripheral vascularization of
lymph nodes, should raise concerns about the possibility of a coexisting thyroid cancer [79].

A small study conducted by Xie et al. [80] demonstrated that even US elastography
cannot provide conclusive information about the differential diagnoses of SAT and thyroid
cancer. In fact, especially in the early phase of SAT, because of the intrafollicular cellular
infiltration with partial or complete loss of colloid, thyroid tissue shows increased stiffness,
which is also a typical finding in thyroid cancer. In SAT, however, a subsequent restoration
to normal values is generally observed [81].

Therefore, US follow-up is recommended after symptom resolution and laboratory
value normalization to identify an underlying nodular disease [78]. Despite the variety of
sonographic interval changes in the lesions, most lesions show progressive regression [82]
as well as a reduction in size and number of hypoechoic areas [72]. In some cases, however,
hypoechoic areas continue to increase or do not disappear, thus suggesting the need for
further medical treatment or possibly identifying early disease recurrence [83].

Thyroid scintigraphy is another valuable option and, especially in the early stages of
SAT, it represents the most useful diagnostic tool. Thyroid tissue can absorb and concentrate
Iodine-131 (131I), and is able to uptake 99mTc-pertechnetate [70]. As opposed to cases of
increased thyroid function, such as in Graves’ disease, typically associated with normal
or high thyroid tracer uptake [84], in the case of destructive thyroiditis, such as in SAT,
thyroid scintigraphy in the first phase of the disease presents a very low or absent tracer
uptake in the thyroid gland; this pattern is common to other forms of destructive thyroiditis
(e.g., type-2 amiodarone-induced thyroid dysfunction). The very low radioactive iodine
uptake reflects the inability of the damaged thyroid follicles to concentrate iodine [85].
According to the stage of the disease, the tracer uptake loss can be seen in the whole or
in part of the gland. It is also possible that even when SAT affects only a certain part of
the gland, e.g., one lobe of the thyroid, the scan shows a complete lack of uptake in the
whole gland due to the suppression of TSH levels and the consequent lack of stimulation
of thyroid cells [86].

The potential of Technetium-99m tetrofosmin and Technetium-99m sestamibi scintigra-
phy in SAT has been evaluated in few studies. As opposed to 131I and 99mTc-pertechnetate,
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which show reduced or absent uptake during the acute stage of SAT, the 99m-Tc-tetrofosmin
and 99m-Tc sestamibi thyroid uptake is increased in the SAT destructive phase. The authors
suggest that these findings may reflect the ongoing inflammatory process rather than the
residual thyroid follicular cell function [87,88].

Other imaging modalities, such as CT scan or magnetic resonance imaging (MRI),
are not routinely used as diagnostic tools for various reasons. However, MRI has been
used in some selected cases for differential diagnosis of SAT. Few reports described MRI
features associated with SAT, in particular, slightly high signal intensity of the thyroid gland
on T1-weighted images and markedly increased intensity on T2-weighted images [89],
findings that typically disappear on MRI follow-up [90,91].

3.7. Cyto-Histopathology

Clinical and laboratory data are usually adequate for SAT diagnosis and fine needle
aspiration (FNA) is rarely indicated [92].

Cytological features alone are often non-specific [93] and can vary as the disease
stage evolves [94,95], so the interpretation may be challenging, especially because SAT
findings can resemble other benign or malignant thyroid lesions [93]. In everyday practice,
cytopathology may be useful in selected cases to differentiate SAT from other conditions,
such as painful Hashimoto’s or Riedel’s thyroiditis [96], acute suppurative thyroiditis [97],
or malignancies [98]. Correct communication between the endocrinologist and the patholo-
gist is critical so that US and cellular specimen findings can be interpreted in the specific
clinical context.

The typical, yet not pathognomonic, histological findings during a full-blown SAT
include intra-vacuolar follicular cell granules, epithelioid granulomas, and multinucleated
giant cells in an inflammatory background [99]. Degenerated follicular cells with atypia and
scant colloid can also be observed [94]. Conversely, fire-flare cells, hypertrophic follicular
cells, oncocytic cells, and transformed lymphocytes are usually absent [99]. As inflamma-
tion decreases, a variable range of fibrosis with epithelioid granulomas can be observed,
while growth factors promote follicular cell regeneration and thyroid tissue repair [100]. In
the late phase of SAT, typical cytological features are fibrous tissue fragments, fibroblasts,
regenerative epithelial cells, multinucleated giant cells, and lymphocytes [93].

Multinucleated giant cells and non-caseating granulomas are not entirely specific
to SAT and can be observed in other benign and malignant thyroid conditions, such as
Hashimoto’s thyroiditis, multinodular goiter with degenerative changes, papillary thyroid
carcinoma (PTC), and even anaplastic thyroid carcinoma [72,101]. As SAT and PTC can
coexist in about 0.5% of patients [102], PTC cytological features (papillary structure, swirl
pattern, powdery chromatin, and intranuclear cytoplasmic pseudoinclusions) should be
excluded prior to diagnosing SAT [93]. It should be noted that early reactive cellular
atypia and late regenerative microfollicles observed in SAT may lead to a false cytological
diagnosis [93,95].

As previously described by Lu et al. [103], ultrasonographic improvement of the
thyroid echostructure usually occurs earlier than cytologic healing. Nishihara et al. [102]
analyzed sequential ultrasonographic and histopathological findings in five SAT cases
complicated by PTC. The authors concluded that ultrasonographic precocious hypoechoic
lesions observed in SAT could reflect the early inflammatory change (e.g., neutrophilic
infiltration). Histological evidence of granulomas and fibrosis was still seen about 3 months
after SAT onset; residual fibrosis persisted for several additional months, interestingly
with no ultrasonographic evidence of hypoechoic lesions. Further, the authors suggested
that the inflammatory and regenerative processes of SAT in thyroid cells did not affect
papillary carcinomas [102]. For this reason, if US had been performed during the active SAT
phase and suspicious hypoechoic areas had been identified after clinical and biochemical
SAT resolution, US re-examination and fine-needle aspiration biopsy (FNAb) of persistent
hypoechoic areas of at least 10 mm would be recommended.
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3.8. Diagnosis

When symptoms, laboratory findings, and imaging are typical, diagnosis seems
straightforward, but diagnostic errors could occur. Stasiak et al. [14] recently proposed up-
dated SAT diagnostic criteria. Two main criteria (elevation of ESR or CRP and hypoechoic
areas with blurred margin and decreased vascularization at US) should be met, together
with at least one additional criterion (hard thyroid swelling, pain and tenderness of the thy-
roid gland or lobe, elevation of serum FT4 and suppression of TSH, decreased radioiodine
uptake, FNAb result typical for SAT).

To note, SAT diagnosis should be considered in patients during or after SARS-CoV-2
infection with unexpected symptoms or laboratory markers of thyrotoxicosis. Besides,
SAT can occasionally present without neck pain [1], remarkably so in SAT cases caused
by SARS-CoV-2 [104]. Thus, the presence of pain should not be treated as a SAT essential
diagnostic criterion. Furthermore, as SAT may be the only manifestation of COVID-19,
testing for SARS-CoV-2 infection could be considered in patients with SAT diagnosed
during an epidemic flare [14].

Despite the availability of efficient diagnostic tools, differential diagnosis could be
challenging, especially for a non-endocrinologist, thus delaying proper diagnosis and
treatment [46]. Lack of awareness or recognition of this disorder, e.g., by primary care
physicians, may cause misdiagnoses, with the most common error being pharyngitis
diagnoses and subsequent antibiotic overuse [46,85]. Indeed, neck pain and laboratory
results, especially in SAT cases with no thyrotoxic symptoms, can be easily confused with
common infective processes. Two recent studies [46,105] reported a delay in SAT diagnosis
of over 2 weeks in 73–82% of cases and unnecessary antibiotic prescriptions in about 47–59%
of patients. Furthermore, a lack of improvement in patients’ symptoms can lead to repeated
visits to different specialists, thus increasing healthcare costs.

The typical symptoms of SAT, such as thyroid pain and tenderness, could be caused
by other conditions that hence need to be ruled out, such as painful goiter in Graves’
disease [106], thyroid cyst hemorrhage [107], thyroid amyloidosis [2], primary or secondary
lymphoma involvement [108], thyroid tuberculosis [109], or malignancy [110,111].

Improper diagnosis of SAT in patients with thyroid malignancies of poor prognosis,
in particular anaplastic cancer, non-thyroid cancer infiltrating the gland or metastasizing to
the thyroid, is rare but may constitute a life-threatening problem. Besides, these conditions,
because of their typical rapid growth, can stretch the capsule and infiltrate surrounding
tissue, causing the same neck pain characteristic of SAT [112]. Thus, differentiating these
conditions may not be so straightforward. Since SAT can involve the entire thyroid gland
but can also present in an asymmetric manner, the disease should be differentiated from
a carcinoma, as such asymmetry is also typical of malignancies [48]. Moreover, there is
considerable imaging overlap in the two conditions at both US and technetium scans.
Thyroid malignancies, such as differentiated thyroid cancer (DTC), or rarer conditions
such as medullary thyroid cancer or undifferentiated thyroid carcinoma, have been re-
ported in few cases and thus should be considered for differential diagnosis [93]. A case
of leukemic thyroiditis in recurrent acute lymphocytic leukaemia (ALL) mimicking SAT
has also been described [113]. The correct diagnosis can be provided by FNAb, evaluated
by an experienced cytopathologist, and an adequate US quality examination, thus mini-
mizing unneeded surgery and subsequent morbidity risk [114]. Ex juvantibus diagnosis
could be reached if a rapid clinical improvement is obtained soon after corticosteroid
treatment initiation.

While some authors [111] have suggested that a different diagnosis than SAT should
be suspected if pain and swelling do not resolve within 72 h, others [1,115] reported pain
relief achievement during SAT in longer periods. Thus, rapid pain improvement is expected
during corticosteroid treatment, but no precise cut-off time has been established [111].

It is also important to exclude acute suppurative thyroiditis [116], since this could
be worsened by corticosteroid treatment and require antibiotics and/or surgical drain
of the abscess. Typical US images in early acute suppurative thyroiditis show unifocal
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lesions collection of small amounts of fluid around the affected thyroid lobe with a unifocal
hypoechoic lesion [117].

Other possible differential diagnoses are silent thyroiditis and postpartum thyroidi-
tis. SAT is extremely rare during pregnancy. In those cases, however, diagnosis may be
tricky and cannot be aided by scintigraphic evaluation, the latter being contraindicated in
pregnant women [118].

Graves’ disease hyperthyroidism, hashitoxicosis, iodine-induced thyroiditis, check-
point inhibitor-induced thyroiditis, radiation thyroiditis, or exogenous thyrotoxicosis (facti-
tious or iatrogenic [84]) are other possible differential diagnoses, that could be effectively
ruled out with a comprehensive clinical interview and patient evaluation. Urine iodine
levels could be helpful in differential diagnosis, with levels lower than 500 mcg/L in SAT
and higher in iodide-induced thyroiditis (e.g., amiodarone or other drugs or products con-
taining iodide, iodide contrast agent, . . . ) [7]. In very few cases, Hashimoto’s thyroiditis
itself can present with a tender goiter or fever (painful Hashimoto’s thyroiditis) [119], thus
mimicking SAT [120], sometimes with little relief from thyroxine or corticosteroid treatment
and with unremitting pain, possibly requiring total thyroidectomy [121].

3.9. Treatment

The goals of SAT management are pain relief and symptom control. Treatment guidelines
are mostly based on observational data and expert opinion with limited trials being available.

First-line treatment of SAT is based on NSAIDs, such as salicylic acid (600 mg orally
every 6 h) or ibuprofen (400 to 800 mg orally every 8 h), for patients with mild to moderate
symptoms [122]. Beta-blockers can be used to control thyrotoxic symptoms [122]. Using
NSAIDs alone, a complete resolution of pain is expected within 5 weeks, with a reported
range of 1 to 20 weeks [1]. Nevertheless, a large retrospective study [123] concluded that
NSAIDs fail to provide clinical remission in more than half of SAT patients, with reduced
symptomatic relief in patients with higher ESR and CRP levels.

In the case of lack of response to anti-inflammatory therapy and/or in patients with
more severe symptoms, second line treatment is represented by corticosteroids that should
be started with an initial dose of prednisone 40 mg daily for 1–2 weeks, gradually tapered
over 2–4 weeks, or an initial dose of prednisolone 15 mg with tapering by 5 mg every
2 weeks [122,124] (Figure 2). Pain resolution can be obtained faster with steroids rather than
with NSAIDS, but if glucocorticoid treatment is tapered too fast or interrupted, a recurrence
of pain is often observed, requiring resumption of therapy [1]. SAT exacerbations can also
occur after gradual withdrawal of steroid therapy [125], with the need to re-introduce
corticosteroids, prolonging treatment duration.

The regimen of about 6 weeks of prednisone has been recommended by international
guidelines for SAT treatment [122], but this scheme has been debated in recent years. In a
recent trial by Duan and colleagues [126], conducted on patients with moderate-to-severe
symptoms of SAT, fewer side effects of glucocorticoids and similar efficacy and recur-
rence rates were observed with short-term prednisone (30 mg/day prednisone for 1 week,
followed by 1 week of NSAIDs) when compared to the 6-week treatment. Other studies pro-
posed the use of prednisolone (PSL), with different initial dosages, such as 30 mg/day [127],
20 mg/day [128], and 15 mg/day [129], resulting in comparable effectiveness and fewer
potential side effects. However, 20% of patients that were treated with 15 mg/day as an
initial dose required a longer time before discontinuing the glucocorticoid treatment [129].
In another study by Hepsen et al. [130], patients were enrolled in either the 16 or 48 mg
methylprednisolone groups, and it was observed that low-dose steroid therapy could as
well achieve complete symptom resolution and even better outcomes in SAT. Moreover, the
high-dose steroid treatment was associated with a higher rate of recurrence, whereas no
difference was observed in permanent hypothyroidism rates between the two groups [130].
Few investigators have also proposed intrathyroidal steroid injection as an alternative
therapeutic approach for SAT, suggesting it could provide a faster, safer, and generally
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better tolerated approach [131], with most of the patients requiring only one injection to
achieve complete curation [131,132].
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Colchicine 1 mg/day, due to the inhibition it can exert on tumor necrosis factor-α and
pro-inflammatory cytokines signaling, has been proposed as a therapeutic adjunctive tool
in patients with steroid-refractory recurrent SAT [127].

The role of surgery in treating SAT is usually marginal, but described in few reports;
Mazza et al. [133] reported an unusual case of SAT resistance to high-dose steroids that was
treated with total thyroidectomy. Surgery could thus represent a rare alternative option for a
few selected patients with SAT resistant to steroid treatment and with persistent pain [134].

In the single report of this kind in literature, Dumitriu et al. [135] also described very
few cases of recurrent SAT treated with radioiodine (RAI). After 2–3 recurrencies, occurring
despite glucocorticoid treatment, radioiodine was administered with no further relapse.

Eventually, iopanoic acid, ipodate sodium and Prunella vulgaris have also been pro-
posed as adjunctive tools in selected cases [107,136].

Levothyroxine could be prescribed in the hypothyroid phase but should be withdrawn
during the follow-up, generally in 3 to 6 months; long-term therapy should be prolonged
only if hypothyroidism endures. Permanent hypothyroidism rate is not affected by the use
of nonsteroidal anti-inflammatory or corticosteroid treatment, but overall, patients that
require corticosteroid therapy show more often the need for replacement therapy, probably
because of the severity of SAT in such cases [137].

Several studies have focused on the recurrence rates among different treatment groups.
A recent systematic review and cohort study meta-analysis [138] reported a pooled SAT
recurrence rate of 12.0%, with a higher risk of recurrence in the glucocorticoids group
compared to the NSAIDs group. The results of another study showed that SAT recurrence
rate during PSL therapy correlated with the number of days required for tapering the dose
of PSL to 5 mg/day, but not with the starting dose of PSL, suggesting a relatively longer
period of steroid tapering could prevent the recurrence of SAT [139].

3.10. Follow-Up

In terms of thyroid dysfunction following SAT, hypothyroidism is the main event, but
in most cases, it is temporary. The study of a contemporary and relatively large series of
patients with SAT by Benbassat et al. [140] defined that the degree of biochemical thyrotoxi-
cosis is associated with a prolonged disease duration and a more profound hypothyroid
phase; in another interesting work carried out retrospectively on 252 patients, Nishihara
and colleagues [141] reported that the rates of thyroid dysfunction after SAT were signifi-
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cantly lower in patients receiving prednisone. In this study, steroid-treated SAT patients
had a higher recurrence rate, but developed permanent hypothyroidism less frequently.
Therefore, the authors concluded that steroid therapy should be considered, especially in
most severe cases, such as anti-TPO positive SAT patients and patients with high-level ESR
and CRP.

The extent of hypoechogenic areas in the thyroid may represent another possible
marker for developing thyroid dysfunction after SAT [141]. A small study conducted by
Teixeira et al. [142] demonstrated a low thyroid reserve detectable even after five years of
follow-up after the spontaneous course of SAT. These findings could be related to the progres-
sion towards thyroid fibrosis even in apparently healed patients [142]. Görges et al. [143] in-
vestigated the long-term follow-up of SAT for up to 30 years, concluding that one-quarter of
patients with SAT develop hypothyroidism in the long term. Recently, a Chinese study [144]
reported that patients with higher CRP and lower TSH levels were at a higher risk of
developing hypothyroidism. A possible role of TRAb in the development of prolonged hy-
pothyroidism was hypothesized by Tamai et al. [145], in particular regarding TSH-blocking
antibodies (TSH-BAb). According to this study, increased TSH-blocking antibody activity
was correlated to a prolonged period of hypothyroidism, whereas hypothyroidism without
TSH-BAb was more transient [145].

Some studies have described the development of permanent hypothyroidism in about
5–15% of patient with SAT [1,65]. Since this can also occur several years after diagnosis,
long-term follow-up, i.e., annual monitoring of thyroid function tests, in these patients is
important as late-onset hypothyroidism may occur [65].

It should also be noted that cases of autoimmune thyroid dysfunction development
after SAT have been described [146], including Hashimoto’s thyroiditis [147] and Graves’
disease onset [148,149], also arising several years after SAT onset [150]. Possibly, destructive
thyroiditis, inducing the release of self-antigens, may trigger thyroid autoimmunity.

SAT recurrency is thought to be uncommon, but reported prevalence ranges from
2% [9,12] up to 20% [144], usually occurring within one year after diagnosis. However,
late recurrence after several years has also been described, even after more than ten
years [9,65,151]. In a recent metanalysis, Zhang et al. [138] found that in 12% of patients,
the disease might relapse. Besides, the recurrence rate in patients treated with steroids
seems greater than in those treated with NSAIDs [138]. According to this study, potential
predictors of SAT recurrence included treatment-related factors, HLA haplotype, sialic acid
level, TSH levels at the end of treatment, and further extension of the US hypoechoic area
and increased thyroid volume [138].

Interestingly, the risk of SAT recurrence was demonstrated to be HLA-dependent,
and the determining factor was the co-presence of HLA-B*18:01 and -B*35 [152]. In such
high-risk patients, it is suggested that the steroid treatment regimen should be intensified
with a slower dose reduction [152]. The association between the presence of HLA-A*26
with recurrent SAT has also been reported [151].

3.11. SAT and COVID-19

During the SARS-CoV-2 pandemic, SAT emerged as a possible disease triggered by
COVID-19. In May and June 2020, during the first SARS-CoV-2 pandemic, two independent
reports of SAT induced by SARS-CoV-2 have been published [19,153] and, since then, many
case reports or series on this topic were published, determining a substantial increase in
articles regarding SAT in the last few years; according to the PubMed database, there has
been a peak of 53 articles in 2020, 83 articles in 2021, with already 45 articles in the first
months of 2022, showing a substantial increase compared to the previous years (Figure 3).
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SAT may occur due to a direct infection of the gland by SARS-CoV-2, according to
the evidence of viral presence in the thyroid [154,155], and supported by the abundant
presence of ACE-2 mRNA in thyroid follicular cells [156], which SARS-CoV-2 is able to
bind to via the spike protein. Another possible pathogenetic hypothesis may involve the
hyperinflammatory status caused by COVID-19 with high levels of cytokines that may
trigger thyroid damage.

Whether this association really means causation has been, and still is, a matter of
debate. Indeed, this correlation is corroborated by several case reports or series and few
retrospective studies: an Italian study evaluated 287 patients affected by COVID-19 requir-
ing hospitalization, reporting thyrotoxicosis in 20% of cases [157]. Such manifestation was
possibly caused by SAT destructive thyroiditis, since the clinical course was self-limiting,
TSH-receptor autoantibodies were negative and there was correlation with increased levels
of serum IL-6, which have been linked with SAT, as previously reported, as with other forms
of destructive thyroiditis such as in amiodarone-induced thyrotoxicosis [158] and, more
recently, with immune checkpoint inhibitors thyroiditis [159]. A similar result has been
reported by Muller et al., who found an increased prevalence of thyrotoxicosis possibly
determined by SAT in a cohort of 85 COVID-19 patients admitted to the high intensity of
care units (HICUs) as compared to that reported in 78 patients admitted to the same HICUs
in 2019 (15% vs. 0.5%) [160]. Other series acknowledging the association of COVID-19
and various thyroid disorders, including SAT, have been published [161]. An interesting
systematic review by Trimboli et al. [162] detailed the epidemiology, clinics, and laboratory
results of 27 SAT in patients diagnosed with COVID-19. According to this study, neck
pain is present in more than 90% of cases and fever in three quarters of patients, with
elevation of inflammation indexes; most patients present with suppressed TSH, normal fT3,
and moderately high fT4 (median values of 0.01 mU/L, 10.79 pmol/L, and 27.2 pmol/L,
respectively); when performed, typical ultrasonographic features of SAT were observed in
83% of cases; most of the patients were treated with steroids and complete remission of
SAT was reported in almost all cases.

However, some contrasting studies have also been published. In a UK study including
334 COVID-19 patients, no case of overt thyrotoxicosis, and indeed no case of SAT, has
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been recorded [163]. Campi et al. identified 12 out of 115 patients (10.4%) with low TSH
at hospital admission for COVID-19, but assumed that such thyroid alteration could have
been related to the effect of SARS-CoV-2 on TSH secretion and deiodinase activity, and
likely not to a destructive thyroiditis [164]. Pirola et al. [165] did not find an actual increase
in the incidence of SAT cases in northern Italy (Brescia) during the first pandemic outbreak;
however it should be noted that the COVID outbreak and the consequent lockdown
determined a consistent decrease in the diffusion of other respiratory viruses that could be
linked to viral SAT. It could be possible, therefore, that the absolute number did not change
but SARS-CoV-2 determined most SAT cases that would have been caused by other viruses
in the lack of social limitations. According to this hypothesis, Brancatella et al. identified
two peaks in 2020 SAT cases which correspond to the SARS-CoV-2 outbreaks in the second
and the fourth quarters, in contrast to the previous (2016–2019) SAT cases which peaked in
the third quarters, identifying a shift in the annual timing and severity of SAT cases [166].

Variations in prevalence of SAT between centers may be secondary to differences in the
setting and severity of patients (e.g., patients admitted to a medicine ward or ICU), timing
of evaluation (at admission, during hospitalization or after discharge), medications (pain
killers or steroids), and possible use of contrast agents containing iodide. Nevertheless, we
believe that enough evidence brings to the conclusion that SAT may be associated with
SARS-CoV-2, still it is not a frequent complication, and it should be investigated in case of
thyrotoxicosis or suspicious symptoms.

As previously reported, in recent months, many case reports and series on SARS-CoV-2
post-vaccination SAT have been published. Recently, our group published a patient-level
systematic review [18] collecting data from 51 patients (48 published patients and three
patients evaluated by the authors): epidemiological and clinical features, and the treatment
of patients affected by post-vaccination SAT were analogue to SAT classic presentation.
Interesting evidence from our review is that all cases of previously diagnosed autoimmune
thyroid diseases were in the mRNA-based vaccine group, conceivably identifying a sus-
ceptibility to develop SAT after the mRNA SARS-CoV-2 vaccine due to ASIA syndrome,
which could be triggered by a personal or familial history of autoimmune diseases [167].

One open question is whether steroid treatment for SAT could impair the immune
response to the vaccine; aiming for safety it could be suggested, if SAT symptoms occur
shortly after the vaccine shot, to avoid or delay steroid treatment, if feasible, according
to symptoms and thyrotoxicosis severity. Moreover, SARS-CoV-2 vaccine-associated SAT
typically has a mild or moderate severity course and can be treated in most cases with
NSAIDs or steroids; therefore, it should not raise concern regarding the advantages of the
vaccination, since the risks of COVID definitely outweigh the risks of the vaccine.

4. Conclusions

SAT is a destructive inflammatory disorder of the thyroid gland determining transient
thyrotoxicosis, characterized by neck pain and symptoms caused by thyroid hormone
excess. It is usually self-limiting and displays a characteristic triphasic clinical course: an
initial thyrotoxic phase, a transient hypothyroidism phase and, in 85% to 95% of patients,
the subsequent restoration to baseline thyroid function within 12 months.

Viruses are considered the main trigger of SAT, especially considering its frequent asso-
ciation with recent viral infections of the upper respiratory tract. Genetic susceptibility also
seems to have a central function in pathogenesis, as SAT is often associated with some HLA
haplotypes, peculiarly, HLA-B35. Thus, all the scientific discoveries on SAT lead to think
that the main pathogenetic trigger is a viral infection in genetically predisposed individuals.

SAT presents a wide span of possible differential diagnoses. Notably, false positive
diagnoses of SAT in patients with malignancies of poor prognosis may constitute a life-
threatening problem. Considerable similarities exist between US characteristics of SAT
and malignant thyroid nodules or thyroid lymphoma, such as undefined lesion margins or
hypoechogenicity. Therefore, it is recommended that patients with SAT nodular ultrasono-
graphic pattern undergo US not only for the initial evaluation but also after recovery, since
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the resolution of US findings alongside the resolution of symptoms is the definitive proof
of benignity. FNAb should be considered in selected patients with focal masses to rule
out a malignancy and should be performed in all doubtful cases and in patients that show
no improvement in the short term. In such cases, the patient’s history is of paramount
importance and may suggest important clues aiding the differential diagnosis.

First-line treatment for SAT includes anti-inflammatory drugs or steroids. Salicylates
and NSAIDs can be used in patients with mild or moderate forms of the disorder, while
symptomatic treatment in the acute phase could benefit from β-blockers for thyrotoxic
symptoms, whereas methimazole, acting on thyroid hormone production but not on
fT4/fT3 peripheral effect, is not useful to reduce the systemic thyroid hormone excess.
Glucocorticoid use is recommended in moderate to severe cases, with adequate tapering,
and for refractory or severe pain and thyrotoxic symptoms.

The optimal treatment protocol and regimen have been a matter of debate in recent
years. Steroids offer faster pain relief and tend to shorten disease duration, but their use has
been correlated with higher recurrence rates in different series. Studies have often shown
opposing results concerning the correlation of the treatment modalities with permanent
hypothyroidism. Since no sure predictive factors have been noticed so far, it is worth
remembering that permanent hypothyroidism usually develops within one year after SAT,
but given the fact that later onset has also been described, long-term follow-up with annual
monitoring of thyroid function tests in these patients is recommended.

Soon after the onset of the recent pandemic, many cases of SAT induced by SARS-CoV-2
have also been published. SAT diagnosis should be considered in patients during or after
SARS-CoV-2 infection with typical symptoms or laboratory markers of thyrotoxicosis, even
without thyroid pain, which is not always present. As SARS-CoV-2 may trigger different
types of thyroid damage [168], thyroid function tests should be performed in most patients
hospitalized due to COVID-19, especially in those referred to ICUs. Since SAT may be the
only manifestation of COVID-19, testing for SARS-CoV-2 infection could be considered
in patients with SAT diagnosed during the pandemic. SAT has also been reported after
several vaccinations, including some cases following SARS-CoV-2 vaccination, whether
for mRNA, the viral vector, or the inactivated virus vaccine. Potential explanations for
post-vaccination SAT have been proposed, yet distinct mechanisms remain unclear, with
ASIA syndrome and molecular mimicry currently being the two main pathogenetic hy-
potheses. The SARS-CoV-2 vaccine-associated SAT is a recent discovery: this condition
shares epidemiological and clinical characteristics with the classic post-viral SAT but is
triggered by peculiar mechanisms associated with immunization. Though SAT in such
cases should not raise concern regarding vaccination, this condition needs to be recognized
in order to avoid incongruous treatment, monitor long-term thyroid function, and to notify
these cases for pharmacovigilance.
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immune-inflammatory thyroid disorders: Facts and perspectives. Expert Rev. Clin. Immunol. 2021, 17, 737–759. [CrossRef]

http://doi.org/10.1007/s12020-021-02841-8
http://www.ncbi.nlm.nih.gov/pubmed/34363586
http://doi.org/10.1210/jendso/bvab130
http://doi.org/10.1016/j.beem.2020.101412
http://doi.org/10.1080/1744666X.2021.1932467

	Introduction 
	Materials and Methods 
	Integrative Review 
	Epidemiology 
	Pathophysiology 
	Natural History 
	Clinical Manifestations 
	Laboratory Findings 
	Imaging 
	Cyto-Histopathology 
	Diagnosis 
	Treatment 
	Follow-Up 
	SAT and COVID-19 

	Conclusions 
	References

