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Introduction
COVID-19 pandemic was declared by World Health Organization 
on March 11, 2020, and it has affected more than 386 million peo-
ple by February 2022 [1]. The frequency and severity of COVID-19 
infection have been associated both with glycemic status and obe-
sity in many studies [2–4]. Investigations analyzing also the asso-

ciation of other endocrine disorders, affecting gonads, thyroid or 
adrenal glands, have been conducted so far [5–8]. Various associ-
ations of COVID-19 infection with the thyroid gland, such as suba-
cute granulomatous thyroiditis (SAT) or Graves’ disease, have been 
reported during the pandemic [7, 9, 10].
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AbSTr AcT

Subacute thyroiditis (SAT) developed after SARS-CoV-2 vac-
cines has been less studied. We aimed to compare classical SAT 
and SAT developed after SARS-CoV-2 vaccines in the context 
of clinical aspects. Adults with SAT detected in 90 days of COV-
ID-19 vaccination (CoronaVac or Pfizer/BioNTech) were 
grouped as Vac-SAT. Those with a history of SARS-CoV-2 or 
upper respiratory tract infection in 6 months before the vacci-
nation, or vaccination with another antiviral vaccine after COV-
ID-19 vaccination were excluded. Those with SAT detected 
before COVID-19 pandemic were grouped as Classical-SAT. Of 
total (n = 85), female/male (54/31) ratio and age [43 (23–65)] 
were similar in Vac-SAT (n = 23) and Classical-SAT (n = 62). Du-
ration between vaccine and SAT was 45 (7–90) days, and simi-
lar in CoronaVac-SAT (n = 5) and BioNTech-SAT (n = 18). SAT-du-
ration was 28 (10–150) days, and higher in Vac-SAT than in 
Classical-SAT (p = 0.023). SAT was developed after the 1st dose 
vaccine in minority in CoronaVac-SAT (n = 2) and BioNTech-SAT 
(n = 3) (p = 0.263). Previous LT4 use, and TSH elevation after 
resolution were more frequent in Vac-SAT than in Classical-SAT 
(p = 0.027 and p = 0.041). We included a considerable number 
of patients with SAT occurred after COVID-19 vaccines. We 
cannot provide clear evidence regarding the association of 
COVID-19 vaccines with SAT. SAT associated with CoronaVac 
or BioNTech seems unlikely to be occurred after the 1st dose, 
and to have a longer duration, more likely to be associated with 
previous LT4 use and lead TSH elevation after resolution than 
Classical-SAT. TSH should be followed-up after the resolution 
of SAT detected after COVID-19 vaccination.
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Subacute granulomatous thyroiditis (SAT) is destructive thyroidi-
tis characterized by neck pain, and classically results from post-vi-
ral inflammatory response developed a few weeks after measles, 
mumps, adenovirus, and probably SARS-CoV-2 infection [10, 11]. 
Besides, several reports showed that SAT might occur after vacci-
nation with influenza or hepatitis B vaccines [12–17]. Mass vacci-
nation schedules to fight the COVID-19 pandemic provided admini-
stration of more than 142 million doses of various types of COVID-
19 vaccines in Türkiye, and more than 10 billion doses worldwide 
[1, 18]. Vaccination against COVID-19 has been continued since 
January 2021, in our country, Türkiye, by mRNA (BioNTech) and in-
active (CoronaVac) vaccines [18]. A lot of cases of SAT developed 
after the COVID-19 vaccination have been observed and reported 
worldwide and from Türkiye [19–23].

A systematic analysis of 51 cases with SAT developed after vari-
ous types of SARS-CoV-2 vaccine showed that median age was 39.5 
years, median time duration elapsed after the vaccine 10 days, and 
corticosteroid was used in more than half the patients [23]. The 
number of studies investigating the comparison of classical SAT 
with SAT developed after the SARS-CoV-2 vaccine is limited [24].

We aimed to investigate the differences in clinical, demogra-
phic, radiological and laboratory parameters between the patients 
with classical SAT and those with SAT developed after SARS-CoV-2 
vaccines.

Patients and Methods

Study population
Adult patients who were referred to the Adult Endocrinology Clinics 
of the Zonguldak Bülent Ecevit University Medical Faculty between 
September 2018 and January 2022 and who exhibited SAT were in-
cluded in this study. This observational, retrospective cohort study 
was approved by the Ethics Committee of our institution (Zonguldak 
Bülent Ecevit University Medical Faculty, Noninterventional Clinical 
Researches Ethics Committee; approval number 2021/20/10) and 
was performed in accordance with the ethical standards laid down 
in the 1964 Declaration of Helsinki and its later amendments. Writ-
ten informed consent was obtained from all participants.

The adult patients in whom SAT was diagnosed in the first 90 
days after COVID-19 vaccination were included and defined as in 
the Vac-SAT group. SAT was detected both after CoronaVac (Coro-
naVac, Sinovac Life Sciences, and Beijing) and the mRNA vaccine 
(Pfizer/BioNTech). We defined them as CoronaVac-SAT and BioN-
Tech-SAT groups. Those with a history of the upper respiratory tract 
or SARS-CoV-2 infection (proved by a PCR test) in 6 months before 
the vaccination or vaccination with another antiviral vaccine in time 
between COVID-19 vaccination and the diagnosis of SAT were ex-
cluded.

The adult patients in whom classical SAT was detected after 
upper respiratory tract infection before the COVID-19 pandemic, 
between September 2018 and December 2019, were defined as 
the Classical-SAT group.

The diagnosis of SAT was based on clinical symptoms and signs, 
laboratory parameters, and sonography findings [25]. We did not 
perform radioiodine or technetium imaging study. Younger sub-
jects ( < 18-year-old) or those for whom data were missing were ex-

cluded. The demographic, clinical, laboratory and radiological fea-
tures were compared between Vac-SAT and Classical-SAT groups, 
and between CoronaVac-SAT, BioNTech-SAT, and Classical-SAT 
groups.

Clinical evaluation
Basic demographic information (age, sex) and clinical characteris-
tics [symptoms, the vaccine dose after which SAT was occurred (1st 
vs. subsequent), the brand name of vaccine (CoronaVac vs. BioN-
Tech), type 2 diabetes mellitus (T2D, absent vs. present), hyper-
tension (HT, absent vs. present)] were recorded. The time duration 
between the onset of symptoms of SAT and the vaccination was 
defined as “Vac-to-SAT” (days). This parameter was not defined for 
the Classical-SAT group. The duration between the onset of symp-
toms and the remission of SAT was defined as SAT-duration (days). 
Symptoms were grouped as follows: Group 1 included any inflam-
matory symptoms such as dolor (neck pain), local redness or tem-
perature; Group 2 asthenia; Group 3 neck swelling, or visible or pal-
pable nodule; Group 4 any symptoms of thyrotoxicosis (palpitation, 
sweating, weight loss); Group 5 compressive symptoms [new-on-
set difficulty in swallowing, dyspnea (in the absence of other pos-
sible causes), or hoarseness]. The previous history of LT4 use (ab-
sent vs. present) or ATD (absent vs. present) was analyzed.

Laboratory tests
We measured erythrocyte sedimentation rate (ESR, at 1st hour, 
mm/h), C-reactive protein (CRP, mg/l), complete blood count 
(CBC), TSH (thyroid stimulating hormone (TSH, mIU/l), free T4 (fT4, 
ng/dl), free T3 (pg/ml), anti-thyroid peroxidase (ATPO, IU/ml), an-
ti-thyroglobulin (ATG, IU/ml), and TSH-receptor antibody (TRAB, 
IU/l).

Neutrophil to lymphocyte ratio (NLR) and platelet to lympho-
cyte ratio (PLR) were defined as neutrophil count or platelet count 
divided by lymphocyte count, respectively.

All laboratory measurements were performed at the time of dia-
gnosis of SAT. ESR and CRP were measured also after the symp-
toms and signs of SAT subsided, to detect if the SAT had been re-
solved or not. Thyroid function tests (TSH, fT4, and fT3) were meas-
ured also both at the resolution of SAT and one month later than 
the resolution if they had been completely normalized or TSH ele-
vation had persisted.

The reference ranges in our laboratory were used to determine 
the upper and lower limits of normal for all laboratory parameters 
(ESR, 0–20 mm/h; CRP, 0–8 mg/l; TSH, 0.27–4.20 mIU/l; fT4, 0.93–
1.70 ng/dl; fT3, 2–4.40 pg/ml; ATPO, 0–75 IU/ml; ATG, 0–150 IU/
ml; TRAB, < 1.75 IU/l; WBC, 3600–10200/mm3; neutrophil, 1700–
7600/mm3; lymphocyte, 1000–3200/mm3; hemoglobin, 13–
16.3 g/dl for male, 12.5–16 g/dl for female; platelet, 152–348  ×  
103/mm3; MCV 73–96.2 fl; MPV, 7.4–11.4 fl). We grouped the pa-
tients also according to ATPO (negative vs. positive vs. unknown), 
ATG (negative vs. positive vs. unknown), TRAB (negative vs. posi-
tive vs. unknown) and ESR and CRP (both normal/at least one ele-
vated).

Sonography
Thyroid sonography (TS) was performed by the same endocrinol-
ogist skilled in TS using a 7.5 MHz linear transducer of a SONOACE 
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R3 ultrasound machine (Samsung Medison Co., Korea 2015). We 
showed characteristic sonographic findings of SAT such as ill-de-
fined diffuse or focal hypoechoic area without formation of round 
mass on the multiple planes of sonography in all participants [26]. 
There was a low vascular flow on Doppler sonography. We grouped 
the patients according to TS findings as unilateral versus bilateral.

Management and follow-up
The patients with SAT were treated with anti-inflammatory agents 
such as NSAID (Nonsteroidal anti-inflammatory drug) alone or 
methylprednisolone (MP) together with NSAID. MP was indicated 
in the patients whose clinical improvement could not be observed 
in 3 days of NSAID treatment [27]. MP, if prescribed, was discontin-
ued gradually after the resolution of SAT.

All patients were followed up based on clinical symptoms, signs 
and laboratory findings every 2 weeks. Resolution of SAT was de-
fined as relief of symptoms and signs together with the normaliza-
tion of inflammatory markers in serum (ESR and CRP) [27]. Reso-
lution of symptoms and normalization of laboratory parameters 
such as ESR, CRP, TSH, and fT4 suggested the diagnosis of SAT ret-
rospectively.

TSH, fT4, and fT3 levels were measured at the resolution of SAT 
and at 4 weeks later. Temporary hypothyroidism, if developed after 
the resolution of SAT, was not treated with LT4 if the symptoms re-
garding hypothyroidism were mild or absent. Hypothyroidism was 
treated with LT4 if the symptoms of hypothyroidism were moder-
ate or severe, or if TSH was elevated to higher than 10 mIU/l.

We grouped the patients both according to TSH elevation (ab-
sent vs. present), and LT4 requirement (absent vs. present) after 
the resolution of SAT.

Statistical analysis
SPSS software (ver. 22.0; IBM Corporation, Armonk, NY, USA) was 
used for all analyses. The Shapiro-Wilk test was used to assess the 
normality of the data. When comparing two independent groups 
in terms of quantitative measures, Mann–Whitney U-tests were 
used. When comparing more than two independent groups in 
terms of quantitative measures, the Kruskal Wallis test was used. 
Pearson’s chi-squared tests were used to compare categorical varia-
bles. Spearman’s (Rho) correlation was used to analyze the corre-
lations of variables with each other. Quantitative variables are re-
ported as the median (minimum-maximum) in the tables. Cate-
gorical variables are reported as numbers (n) and percentages ( %), 
and p-values < 0.05 were taken to indicate statistical significance.

Results
Of total (n = 85), there were 23 patients in the Vac-SAT group, of 
which 18 was in BioNTech-SAT and 5 in CoronaVac-SAT, and 62 pa-
tients in the Classical-SAT group. Age was similar among groups. 
Median Vac-to-SAT-duration was 45 (7–90) days, and similar in 
CoronaVac-SAT and BioNTech-SAT groups. Median SAT-duration 
was 28 (10–150) days in total; it was higher in the Vac-SAT group 
than in the Classical-SAT group (p = 0.023), and highest in BioN-
Tech-SAT, lowest in the Classical-SAT group (p = 0.016). There was 
a significant difference in ESR between the 3 groups (p = 0.019), 

and it was higher in Classical-SAT than in BioNTech-SAT. Median 
MCV was higher in the Vac-SAT group than in the Classical-SAT 
group (p = 0.033). CRP, other CBC parameters, NLR, PLR, TSH, fT4 
and fT3 were similar among the groups (▶Table 1).

Of total, the female/male ratio was 63.5/36.5 % (54/31), and 
similar between the groups. SAT was developed after 1st dose of 
vaccine in 5 patients in Vac-SAT (n = 23), 2 patients in Coro-
naVac-SAT, and 3 patients in BioNTech-SAT groups (p = 0.263). T2D 
was present only in the BioNTech-SAT group (p < 0.001). LT4 histo-
ry was more frequent in Vac-SAT than in Classical-SAT (p = 0.027) 
but was present at a similar frequency in CoronaVac-SAT and BioN-
Tech-SAT groups (p = 0.602). The number of patients with both nor-
mal ESR and CRP was 3 in the BioNTech-SAT group and 2 in the Clas-
sical-SAT group. TSH elevation was more frequent in the Vac-SAT 
group (p = 0.041) (▶Table 2). No patients did have active thyroid 
dysfunction indicating a need for LT4 or ATD just before the diag-
nosis of SAT. Only 1 patient in Vac-SAT group did show a course of 
persistent SAT after 1st and 2nd doses of CoronaVac. One patient 
in Vac-SAT group did have a previous history of classical SAT devel-
oped 2 years ago. In 2 patients who developed SAT after 3rd dose 
of vaccine, 1st and 2nd doses of vaccine were CoronaVac but SAT 
developed after BioNTech applied as a 3rd dose in total. We 
grouped these patients as in BioNTech-SAT group and defined them 
as they developed SAT after subsequent doses of vaccine. Graves’ 
disease was not occurred after the resolution of SAT in any patients 
in Vac-SAT or Classical-SAT groups.

SAT-duration was negatively correlated with PLR and fT4 level in 
the Classical-SAT group. ESR, CRP, NLR and PLR was positively cor-
related with fT4 level in the Classical-SAT group. TSH was negative-
ly correlated with ESR and NLR in the Classical-SAT group. fT3 was 
positively correlated with NLR and PLR in the Classical-SAT group. 
SAT-duration was negatively correlated with MCV in the Vac-SAT 
group. Vac-to-SAT was not correlated with any parameter in the 
Vac-SAT group. NLR and PLR were positively correlated with fT4 
level in the Vac-SAT group (▶Table 3).

Discussion
We found that SAT might be occurred in about six weeks of the 
COVID-19 vaccines, mostly after 2nd or subsequent doses of the 
vaccine, and resolved after 4 weeks. ESR was higher in Classical-SAT, 
but SAT-duration was longer in Vac-SAT. The previous history of LT4 
use, and TSH-elevation was more frequent in Vac-SAT than in Clas-
sical-SAT. The history of T2D was present only in BioNTech-SAT. In-
flammatory markers were positively correlated with fT4 level, but 
not with Vac-to-SAT or SAT-duration.

Subacute granulomatous thyroiditis (SAT) is an inflammatory 
thyroiditis led by various viral infections and antiviral vaccines as 
reported in the literature [11–17]. Immune hyperactivation may 
play a role in the development of classical SAT and may be a possi-
ble mechanism in the development of SAT associated with SARS-
CoV-2 infection [7, 9–11, 24]. SARS-CoV-2 enters the cells via 
human angiotensin-converting enzyme 2 (ACE2) and uses trans-
membrane serine protease 2 receptors (TMPRSS2) for S-protein 
priming [28]. The thyroid gland expresses ACE2 mRNA and TM-
PRSS2 [29]. Besides viral cytotoxicity, thyroid damage may have 
resulted from immune response in SARS-CoV-2 infection [29, 30]. 
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Molecular mimicry, as demonstrated by the homology between 
thyroid peroxidase and epitopes of SARS-CoV-2, may initiate im-
mune response [30]. Several case reports suggest a cause-and-ef-
fect relationship between SAT and SARS-CoV-2 infection. Limited 
studies compared classical SAT with vaccine-SAT [24]. However, it 
is difficult to prove that SARS-CoV-2 vaccines were responsible for 
SAT developed after these vaccines.

The median age in our study was 43, and similar among the 
groups. Albeit insignificant, the percentage of female patients was 
a little bit higher in Classical-SAT than in Vac-SAT. We showed that 
Vac-SAT was developed mostly (78.3 %) after the 2nd or subsequent 
doses of the vaccines. Albeit insignificant, the ratio of SAT devel-
oped after the 1st dose was a little bit higher in CoronaVac-SAT 
(40 %) than in BioNTech-SAT (16.7 %) group. However, 2 patients 
included in BioNTech-SAT group were vaccinated with CoronaVac 
as 1st and 2nd doses, but SAT vas developed after BioNTech applied 
as a 3rd dose in total. We defined them as they developed SAT after 
subsequent doses of vaccine. In one study analyzing both classical 
SAT and SAT associated with COVID-19 or COVID-19 vaccines, SAT 
was developed after 2 doses of CoronaVac in 4, 1 dose of BioNTech 
in 2 patients [24]. A systematic review showed that the ratio of SAT 
developed after the 1st dose of vaccine was 51 % in mRNA, 88.9 % 
in a viral vector, 33.3 % in inactivated virus vaccine groups, and 58 % 
in total (n = 50) (p = 0.701) [23]. In an analysis of 15 patients with 
SAT associated with COVID-19 vaccines, approximately half of the 
patients were diagnosed after the 1st dose of the vaccine [31]. They 
showed also that three patients were diagnosed after the 2nd dose 
of vaccine, but the 1st dose was CoronaVac, the 2nd dose BioN-
Tech. Providing clinical knowledge is difficult in this context be-
cause different vaccination programs have been performed in vari-
ous countries. The duration between two consecutive doses of vac-
cines, the ratio of various types of vaccines in the same population, 
access to vaccines and vaccination schedule in different age and/
or risk groups may differ among the countries and vary in time in 
the same region. Besides systematic reviews, the analysis of the 
national databases will give more information about the post-vac-
cine inflammatory conditions.

Classical SAT has been known to be developed 2–8 weeks after 
upper respiratory tract viral infections [25]. It was reported to 
emerge 3–5 weeks after SARS-CoV-2 infection [21]. Previous re-
ports showed that SAT might be developed in 2 days to 8 weeks 
after antiviral vaccines against influenza, H1N1 or hepatitis B [12–
17]. We observed that Vac-SAT occurred in 7–90 days after the vac-
cination. Ippolito et al. showed that the onset of SAT was 4–14 days 
after the COVID-19 vaccines [23]. Bahçecioğlu et al. showed that 
SAT might be developed 1–12 weeks after the COVID-19 vaccines 
[24]. Oğuz et al. revealed that the median duration of time between 
vaccination and the symptoms was 7 (1–15) days, and the median 
diagnostic delay was 3 (max:13) weeks [31]. Definition of time du-
ration in which SAT developed after the COVID-19 vaccines may be 
diagnosed is not clear, and vary in the case reports [23, 24, 31]. It 
is important to exclude the cases with other antiviral vaccines ad-
ministered simultaneously or in 90 days before SAT, and those with 
a history of another viral infection detected again in a similar time 
period.

Inflammatory symptoms and asthenia were the most frequent 
symptoms in SAT in our study. Symptoms of thyrotoxicosis or pos-

sible compression of neck structures were the least frequent symp-
toms. The distribution of symptoms was similar in the study groups.

In our study, ratio of previous LT4 use was one eighth in Vac-SAT, 
and it was more frequent in Vac-SAT than in Classical-SAT. Previous 
ATD use was present in the minority of the patients. It may be pro-
posed that suggesting previous destruction, history of previous 
LT4 use may be associated with the development of SAT. However, 
the number of patients with a history of previous LT4 use is actual-
ly low. Analysis of a large population of classical SAT revealed that 
the frequency of positivity of ATPO was found as 7.8 % [32]. In an-
other study, it was found a little bit higher as 11.8 % [33]. We could 
not measure thyroid autoantibodies in all patients, but at least one 
of them was positive in approximately one fifth of the patients in 
Vac-SAT, and no difference was found among the groups. There-
fore, evaluation of autoimmunity of the subjects with or without 
previous history of LT4 or ATD may be incorrect in the present 
study. The frequency of thyroid autoantibodies was approximate-
ly 20 % in one systematic analysis, and less in the other one, which 
analyzed SAT associated with COVID-19 vaccines [23, 31]. Autoan-
tibody positivity was shown as an inconsistent finding in the pa-
tients with hypothyroidism that occurred after the resolution of 
SAT associated with COVID-19 vaccines [19, 21]. We found that TSH 
was elevated in more than half the Vac-SAT group after the resolu-
tion of SAT. TSH elevation was more frequent in Vac-SAT than in 
Classical-SAT. We prescribed LT4 in one third of the patients in Vac-
SAT, and one forth in classical SAT. LT4 treatment was indicated in 
61.5 % of the patients with TSH elevation in Vac-SAT, and 75 % of 
those in the Classical- SAT group. LT4 prescription was based on the 
ATA guideline [25]. TSH elevation after the remission of Vac-SAT 
has been less analyzed in the previous studies [24, 31]. In one sys-
temic review, hypothyroidism was detected in one fourth of the 
patients after remission of SAT associated with COVID-19 vaccine, 
and LT4 was found to be indicated in approximately 60 % of them 
[23]. The ratio of LT4 prescription in that analysis was half that in 
the present study [23]. It was mentioned about that some cases 
included in that review could not be monitored regarding thyroid 
function tests after the remission. To determine the need for LT4 
treatment, the patients with vaccine SAT should be observed at 
certain intervals with measurement of thyroid function. No cases 
of Graves’ disease were detected after the remission of vaccine SAT 
in our study. Oğuz et al. showed a case of SAT associated with the 
vaccine who developed Graves’ disease after the remission [31]. 
That patient did not have any previous history of thyroid disease or 
autoimmunity. In another report, hypothyroidism was detected in 
a patient without thyroid autoimmunity [19]. We previously re-
ported a case with positive thyroid autoimmunity in which overt 
hypothyroidism occurred after the remission of SAT developed after 
CoronaVac [21]. That patient was followed-up with persistent SAT. 
In the present study, one patient in Vac-SAT group did have a pre-
vious history of classical SAT 2 years ago, but thyroid autoantibody 
status of the patient was not known. The association between thy-
roid autoimmunity and the outcome of SAT associated with COVID-
19 vaccines may be clearly explained in a large future study includ-
ing the cases with all known autoimmune status of the thyroid 
gland. The history of T2D was positive only in 4 patients in the Bi-
oNTech-SAT group, but HT in both BioNTech- and Classical-SAT 
groups. We consider that the differences may be a result of the low 
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number of participants included in the study, rather than a tenden-
cy of the presence of T2D or HT in Vac-SAT. No analysis has been 
conducted regarding the association between T2D or HT and SAT 
developed after COVID-19 vaccines.

As in classical SAT, acute phase reactants were found to be ele-
vated in SAT developed after COVID-19 vaccines [23, 24, 31]. ESR 
is an indirect measure of acute phase response and increased in 
systemic and localized inflammatory situations such as SAT [27]. 
Our findings suggest that acute phase reactants, either ESR or CRP 
or both might be elevated in the vast majority of the patients both 
in Classical-SAT or Vac-SAT groups. We found that, albeit statisti-
cally insignificant, ESR was a little bit higher in CoronaVac-SAT than 
in BioNTech-SAT, or the Classical-SAT. ESR was higher in Classi-
cal-SAT than in the Vac-SAT group, and the difference was more 
prominent between Classical-SAT and BioNTech-SAT. However, 
other inflammatory markers such as CRP, NLR or PLR were found 
similar in Classical-SAT and Vac-SAT groups. Three patients in the 
BioNTech-SAT group and 2 in the Classical-SAT group were observed 
that neither ESR nor CRP was elevated. Systematic analysis of case 
reports showed that ESR and/or CRP was elevated in more than 80 % 
in SAT associated with COVID-19 vaccines [23, 31]. The ratio of find-
ings of normal ESR or CRP was shown as similar in SAT groups asso-
ciated with distinct types of vaccines [23, 31]. In one study, ESR and 
CRP were found similar in classical SAT and SAT associated with 
COVID-19 vaccines, and also in SAT developed after SARS-CoV-2 
infection [24]. Our finding regarding ESR may not carry significance 
in a clinical manner. Interestingly, ESR and CRP remain unaffected 
in the minority of the patients in the present study. We previously 
reported a case of persistent SAT associated with CoronaVac who 
did not have prominent elevations in ESR or CRP [21]. In that case, 
ESR was elevated at the 1st referral of the patient after the 1st dose 
of CoronaVac, but CRP was elevated especially in the 2nd referral 
(persistence) after the 2nd dose of the vaccine [21]. Actually, in the 
present study, we did measure ESR and CRP but failed to measure 
the other indicators of acute phase response such as interleukin-1, 
interferon-gamma, tumor necrosis factor-alpha, complement com-
ponents, or fibrinogen. Larger series are necessary to analyze if 
there is a difference in inflammatory markers between the patients 
with SAT developed after the vaccine, and those with classical SAT. 
We calculated NLR and PLR which were similarly increased in Vac-
SAT and Classical-SAT groups. Cengiz et al. investigated NLR and 
PLR in classical SAT and found a mean NLR of 2.78 and PLR of 173, 
which were similar to those in our study [34]. We showed that NLR 
and PLR were correlated with fT3 levels both in Vac-SAT and Classi-
cal-SAT, but not with ESR or CRP in Vac-SAT.

Thyroid sonography is an important clinical clue in the diagno-
sis of SAT [27]. We showed the heterogeneous patchy area of thy-
roiditis, which is tender during a sonographic examination, in all 
subjects included. SAT is generally emerged in one lobe and then 
involves the contralateral thyroid lobe [27]. Sonographic evidence 
of bilateral involvement of the thyroid gland has been a prominent 
feature in vaccine SAT [21, 22, 24, 31]. We showed that bilaterality 
in sonography was similar in Vac-SAT and Classical-SAT groups, and 
was detected as more than 70 % in Vac-SAT. The diagnosis of SAT is 
mainly based on clinical and laboratory findings, supported by thy-
roid sonography. Hence, the utility of thyroid scintigraphy has been 
diminished [27]. We did perform thyroid technetium scintigraphy 

in some cases with Classical-SAT previously, but not in any patients 
with Vac-SAT.

NSAID may be the first choice in the management of SAT asso-
ciated with COVID-19 vaccines, as in classical SAT, however, corti-
costeroid could be needed if treatment with NSAID is inadequate 
[27]. In our study, we treated all patients with NSAID alone or to-
gether with MP. MP was necessary for half of the patients in Vac-
SAT, and in approximately 70 % of those in Classical-SAT. Suggest-
ing, a similar finding was shown in a previous report [31]. The use 
of MP was similar among the groups in our study. Steroid was found 
to be needed in about 40 % of the patients with classical SAT in a 
previous large cohort [32]. Bahçecioğlu et al. showed that one third 
of the patients with SAT developed after COVID-19 vaccines were 
given MP, and the ratio of need for MP was similar among the 
groups [24]. However, clinical findings in some cases with SAT were 
reported to be subsided without any treatment [23, 31].

It is known that inflammatory findings and thyrotoxicosis sub-
side generally in 2–8 weeks [25, 27]. The patients with SAT should 
be followed-up after the resolution of SAT as regards the develop-
ment of possible hypothyroidism or recurrence. We revealed that 
the median duration of SAT was 45 days in Vaccine-SAT which was 
higher than in Classical SAT (28 days). The difference was more 
prominent between CoronaVac-SAT and Classical SAT, but no dif-
ference was found between the vaccine groups. Bahçecioğlu et al. 
showed that the duration of treatment in vaccine-related SAT was 
4.5 weeks, and significantly lower than classical SAT (p < 0.05) [24]. 
Time from the onset of SAT to the remission was found up to 20 
weeks in another study [31]. Duration of treatment in vaccine-re-
lated SAT was reported as 8–12 weeks in other case series [35]. We 
previously reported the duration of SAT as 4–14 weeks in the pa-
tients with SAT developed either after BioNTech or CoronaVac 
[21, 22]. We observed that SAT developed after the 1st dose of 
CoronaVac persisted after the 2nd dose in a patient up to a total 
of > 90 days [21]. In one study analyzing classical SAT, recurrence 
was found as approximately 20 % [32]. Recurrent SAT also was re-
ported both after the mRNA vaccine and inactive vaccine [31, 36].

Strength and limitations
We analyzed the clinical, diagnostic and follow-up features of SAT 
that occurred after COVID-19 vaccines in a relatively large study pop-
ulation, and compared Vac-SAT with classical SAT. We showed that 
SAT occurred after COVID-19 vaccines might have a longer duration 
comparing classical SAT, and more likely lead to TSH elevation. Based 
on single center experience, we did not analyze the frequency of Vac-
SAT in our country. We analyzed Vac-SAT associated only either with 
CoronaVac or BioNTech, but not with other COVID-19 vaccines. We 
could not screen other respiratory viral infections at the diagnosis of 
SAT but excluded them based on the history. We could not measure 
the inflammatory markers other than ESR or CRP.

Conclusions
We included a relatively larger population with SAT that occurred 
after COVID-19 vaccines. Our findings suggest that COVID-19 vac-
cines may be associated with SAT, but do not provide clear evi-
dence. SAT associated with CoronaVac or BioNTech seems to be 
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more likely associated with the previous history of LT4 use, have a 
longer duration, and lead to more frequent TSH elevation than clas-
sical SAT. The clinicians should be alert as regards to follow-up TSH 
levels during the resolution of SAT that occurred after COVID-19 
vaccines and later then. Larger studies including longer follow-up 
duration may clearly reveal the differences in the clinical aspects 
between SAT associated with COVID-19 vaccines and classical SAT.
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