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Abstract

Background Cases of subacute thyroiditis (SAT) after severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
vaccination have been reported. A human leukocyte antigen (HLA) allele, HLA-B*35, appears to be involved in the
pathogenesis of SAT.

Case presentation We conducted HLA typing of one patient with SAT and another with both SAT and Graves'dis-
ease (GD), which developed after SARS-CoV-2 vaccination. Patient 1, a 58-year-old Japanese man, was inoculated with
a SARS-CoV-2 vaccine (BNT162b2; Pizer, New York, NY, USA). He developed fever (38°C), cervical pain, palpitations,
and fatigue on day 10 after vaccination. Blood chemistry tests revealed thyrotoxicosis and elevated serum C-reactive
protein (CRP) and slightly increased serum antithyroid-stimulating antibody (TSAb) levels. Thyroid ultrasonography
revealed the characteristic findings of SAT. Patient 2, a 36-year-old Japanese woman, was inoculated twice with a
SARS-CoV-2 vaccine (MRNA-1273; Moderna, Cambridge, MA, USA). She developed fever (37.8°C) and thyroid gland
pain on day 3 after the second vaccination. Blood chemistry tests revealed thyrotoxicosis and elevated serum CRP,
TSAb, and antithyroid-stimulating hormone receptor antibody levels. Fever and thyroid gland pain persisted. Thyroid
ultrasonography revealed the characteristic findings of SAT (i.e, slight swelling and a focal hypoechoic area with
decreased blood flow). Prednisolone treatment was effective for SAT. However, thyrotoxicosis causing palpitations
relapsed thereafter, for which thyroid scintigraphy with Mtechnetium pertechnetate was conducted, and the patient
was diagnosed with GD. Thiamazole treatment was then initiated, which led to improvement in symptoms.

Conclusion HLA typing revealed that both patients had the HLA-B*35:01, -C*04:01, and -DPB1*05:01 alleles. Only
patient 2 had the HLA-DRB1*11.01 and HLA-DQB1*03:01 alleles. The HLA-B*35:01 and HLA-C*04:01 alleles appeared to
be involved in the pathogenesis of SAT after SARS-CoV-2 vaccination, and the HLA-DRB1*11:01 and HLA-DQB1*03:01
alleles were speculated to be involved in the postvaccination pathogenesis of GD.
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Background
Subacute thyroiditis (SAT) is an inflammatory condi-
tion of the thyroid gland with characteristic presenta-
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billivirus, and severe acute respiratory syndrome
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coronavirus 2 (SARS-CoV-2) are involved in the
onset of SAT [1, 2]. Susceptibility to SAT has been
associated with certain human leukocyte antigen
(HLA) alleles including HLA-B*35:01, HLA-B*18:01,
and HLA-C*04:01 [3-5]. Furthermore, the HLA-
DPB1*05:01 and HLA-A2 alleles are known to be
involved in the susceptibility to Graves’ disease (GD),
an autoimmune disorder affecting the thyroid gland,
in the Japanese population [6]. Recently, some cases
of SAT [7] and GD after the emergence of coronavirus
disease 2019 (COVID-19) have been reported in sev-
eral countries. Regarding COVID-19-induced SAT,
atypical SAT that frequently follows a painless course
was rarely reported [8]. Moreover, the involvement of
the HLA-B*35 allele was suggested in the pathogen-
esis of SAT after COVID-19 [9]. Not only COVID-19
but also the SARS-CoV-2 vaccine was also reported
to cause SAT [10]. The co-presence of the HLA-B*35
and HLA-C*04 alleles can play an important role in
the post-SARS-CoV-2 vaccination pathogenesis of
SAT [11, 12]. To the best of our knowledge, however,
a detailed investigation of these issues has not yet
been conducted. The development of SAT after other
vaccinations, such as the influenza vaccine, have also
been reported [13, 14].

The systematic review of Ippolito et al. [10] reported
on 51 patients who developed SAT after SARS-
CoV-2 vaccination in some countries in Europe, Asia,
and North America, with predominance of females
(74.5%), median age of 39.5years, and symptoms
very similar to those found in typical SAT. In addi-
tion, Jafarzadeh et al. [15] investigated the classes of
the SARS-CoV-2 vaccines inducing SAT (i.e., mRNA,
inactivated, and vector-based) and found that 1) the
mRNA SARS-CoV-2 vaccine was mostly responsible
for SAT, as with GD after SARS-CoV-2 vaccination,
2) times from vaccination to the onset of SAT and GD
were about 10days and about 10-14 days, respectively,
and 3) both SAT and GD developed after the first and
second vaccinations.

We encountered two patients at our institution who
developed SAT after SARS-CoV-2 vaccination. One
patient, who was positive for antithyroid-stimulating
antibody (TSADb), developed SAT but not GD. Another
patient who was positive for antithyroid-stimulating
hormone receptor antibody (TRAb), developed both
SAT and GD. To date, a limited number of cases of
SAT and GD after SARS-CoV-2 vaccination have been
reported [16, 17]. Herein, we report on two aforemen-
tioned patients for whom we also conducted HLA

typing.
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Case presentation

Patient 1

A 58-year-old Japanese man was diagnosed with hyper-
tension at another clinic at the age of 40years. He began
taking amlodipine, a calcium channel blocker, orally
at a dose of 2.5mg/day, which continued thereafter.
Treatment and family history indicated the absence of
thyroid disorders. The patient had never experienced
adverse reactions from vaccination or adverse events
from any drug. He had no smoking history. On the next
day after SARS-CoV-2 vaccination (BNT162b2, Pfizer,
New York, NY, USA), he developed fever (38.0°C) that
resolved spontaneously. On day 10 after vaccination,
fever (38.0°C) recurred along with cervical pain and
fatigue. On day 16, the patient sought medical attention
at Saitama Medical University Hospital because of unim-
proved symptoms. The polymerase chain reaction (PCR)
test for COVID-19 was negative. Routine blood chem-
istry tests indicated a normal white blood cell (WBC)
count of 5240 cells/pL (reference range: 33008600 cells/
pL) and a markedly increased serum C-reactive protein
(CRP) level of 7.19mg/dL (reference range: <0.14mg/
dL).

Regarding thyroid function tests, serum free triiodothy-
ronine (FT3), free thyroxine (FT4), and thyrotropin/thy-
roid-stimulating hormone (TSH) levels were determined
by electrochemiluminescence immunoassay (ECLIA)
using ECLusys FT3, FT4, and TSH (Roche Diagnostics,
Basel, Switzerland). Serum antithyroglobulin antibody
(TgAb) and antithyroid peroxidase antibody (TPOAD) lev-
els were determined by ECLIA using an ECLusys Anti-Tg
and Anti-TPO kit (Roche Diagnostics). Serum TRADb lev-
els were determined by ECLIA using an ECLusys TRAb
electrochemiluminescence immunoassay kit (Roche Diag-
nostics) [18]. Serum TSAD levels were measured using a
TSAb radioimmunoassay and bioassay kit (Yamasa, Cho-
shi, Japan). Serum TSADb levels were calculated as per the
method described by Kamijo et al. [19], expressing the
sample (S) in percentage corrected by the normal control
(N, TSAb, 100%) and the positive control (P, TSAb, 750%):
TSAb (%)=100+(S - N)/(P - N) x 650.

Thyroid function tests revealed a decreased serum TSH
level of <0.01 pIU/mL (reference range: 0.5-5.0 plU/
mL) and increased serum FT3, FT4, TgAb, and TPOAb
levels of 5.19pg/mL (reference range: 2.15-4.24 pg/mL),
2.43ng/dL (reference range: 0.9-1.7ng/dL), 37.0IU/
mL (reference range: <27.0IU/mL), and 252.01U/mL
(reference range: <15.0IU/mL), respectively. Serum
TRAD level was normal at <0.8IU/L (reference range:
<19IU/L), although serum TSAb level was slightly
increased at 122.0% (reference range: < 120.0%) (Table 1).
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Table 1 Biochemical and thyroid function test data of patients who developed thyroid dysfunction after SARS-CoV-2 vaccination

Days after the 1st SARS-CoV-2 vaccination®

Patient 1 Reference Day 10 Day 16 Day 43 Day 92 Day 120 Day 148 Day 176
range
CRP, mg/dL < 0.14 NA 7.19 < 0.1 <01 <01 < 0.1 <01
TSH, plU/mL 0.39-3.98 NA < 0.01 12.84 3.69 3.78 3.68 3.57
FT3, pg/mL 2.15-4.24 NA 519 144 2.59 3.05 294 291
FT4, ng/mL 09-1.7 NA 243 0.59 0.92 0.95 0.99 1.10
TRAD, IU/L <19 NA <08 NA 1.0 1.0 <08 0.8
TSAD, % < 1200 NA 122.0 NA 1290 1290 111.0 108.0
TgAb, IU/mL <270 NA 37.0 NA NA 14.0 14.0 13.0
TPOADb, lU/mL < 150 NA 252.0 NA NA 72.0 350 12.0
Symptoms Fever (38.0°C) Resolution of
Cervical pain all symptoms
Palpitations
Fatigue
Days after the 2nd SARS-CoV-2 vaccination®
Patient 2 Reference Day 3 Day 28 Day 30 Day 51 Day 79 Day 87 Day 108 Day 138
range
CRP. mg/dL <014 NA NA 448 0.22 0.12 0.14 0.12 < 0.1
TSH, plU/mL 0.39-3.98 NA < 0.01 < 001 <001 056 < 001 <001 165
FT3, pg/mL 2.15-4.24 NA 17.90 12.88 3.67 3.54 592 4.65 391
FT4, ng/mL 1.0-1.7 NA 5.13 4.18 1.54 1.32 1.67 1.64 1.58
TRAD, IU/L <19 NA 26.6 345 NA 34.5 NA 64.5 63.6
TSAb, % <1200 NA NA 1506.0 NA 269.0 NA 159.0 130.0
TgAb, IlU/mL < 270 NA NA 380 NA 300 NA 96.0 62.0
TPOADb, lU/mL < 15.0 NA NA 77.0 NA 137.0 NA 220.0 174.0
Symptoms Fever (37.8°C) Fever (38.9°C) Fever (37.5°C) Resolution of  Fever (37.3°C) Resolution of all
Pain in the left Headache Pain in the all symptoms  Palpitations symptoms
lobe of the Painin the left ~ right lobe of
thyroid gland  lobe of the the thyroid
thyroid gland  gland
Palpitations Palpitations
Imaging TUS TS
studies
Medications MMI 15 mg/ Discontinu- Discontinua- ~ MMI 10mg/ MMI 5 mg/day
day ation of MM tion of PSL day
administration
PSL20mg/
day

? Inoculated vaccine (BNT162b2, Pfizer, New York, NY, USA)
P Inoculated vaccine (MRNA-1273; Moderna, Cambridge, MA, USA)

SARS-CoV-2 severe acute respiratory syndrome coronavirus 2, CRP C-reactive protein, NA not applicable, TSH thyroid-stimulating hormone, FT3 free triiodothyronine,
FT4 free thyroxine, TRAb antithyroid-stimulating hormone receptor antibody, TSAb antithyroid-stimulating antibody, TgAb antithyroglobulin antibody, TPOAb
antithyroid peroxidase antibody, TUS thyroid ultrasonography, TS thyroid scintigraphy with ®™technetium pertechnetate, MMI thiamazole, PSL prednisolone

Physical examination revealed a slightly enlarged right
lobe of the thyroid gland, which was tender upon palpa-
tion. Thyroid ultrasonography revealed a slightly swollen
right lobe of the thyroid gland and a focal hypoechoic
area with decreased blood flow (Fig. 1A), which coin-
cided with the site of tenderness. The volume of the thy-
roid lobes was calculated using the volumetric formula
reported by Suzuki et al. [20]. The width (cm), thick-
ness (cm), and height (cm) of each lobe were measured

during ultrasonography, and the volume (mL) of each
lobe was calculated using the volume formula for ellip-
soid (m/6 x width x thickness x height). The volumes of
the right and left lobes were 8.8 mL and 5.9mL, respec-
tively. The patient was diagnosed with SAT and treated
with oral acetaminophen (1000mg/day for the first
5days). Consequently, tenderness of the thyroid gland
was alleviated although did not resolve. Fever (37.5°C)
recurred and fatigue occurred within 5-6hours of oral
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Fig. 1 Thyroid ultrasonograms of two patients. Thyroid ultrasonograms of patient 1 (A) and patient 2 (B), indicating a focal hypoechoic area
with decreased blood flow in the right lobe of the thyroid gland that coincided with the site of tenderness (arrow). Thyroid scintigram with
%Mtechnetium pertechnetate of patient 2 (C) that was obtained at the recurrence of thyrotoxicosis shows the accumulation of an artificial

radioactive element in the thyroid gland (arrow)

acetaminophen administration. On day 6 of acetami-
nophen treatment, oral prednisolone (PSL) administra-
tion was initiated at a dose of 20 mg/day, which resolved
the fever and tenderness of the thyroid gland. Subse-
quently, the PSL dose was tapered. On day 43 after SARS-
CoV-2 vaccination, serum FT3 and FT4 levels decreased
and TSH level increased (Table 1). The next day, i.e., on
day 44 after SARS-CoV-2 vaccination, PSL was discontin-
ued. On day 92 after vaccination, serum FT3, FT4, and
TSH levels were within the normal range, even in the
absence of thyroid hormone (TH) replacement therapy.
After the discontinuation of PSL treatment, neither the
symptoms nor the abnormal blood chemistry values
recurred. On day 176 after vaccination, serum TSAb,
TgAb, and TPOAD levels decreased to 108.0%, 13.01U/
mL, and 12.0IU/mL, respectively.

Patient 2

A 36-year-old Japanese woman was healthy until SARS-
CoV-2 vaccination (mRNA-1273; Moderna, Cambridge,
MA, USA). She had no treatment or family history for
thyroid disorders. The patient had not previously expe-
rienced adverse reactions to a vaccine or any drug. She
had no smoking history. The patient received two vacci-
nations (mRNA-1273; Moderna), with a 28-day interval.
The patient developed fever (38.9°C) on the day follow-
ing the second vaccination, which resolved the next day.
However, on day 3 after the second vaccination, fever
(37.8°C) relapsed and cervical pain occurred. Subse-
quently, headache and palpitations occurred, cervical
pain intensified, and fever (37.8°C) persisted. The patient
took aspirin purchased from a drug store. However,
cervical pain, fever, and headache did not completely
resolve, although they were temporarily alleviated. On
day 28 after the second vaccination, the patient visited a

nearby clinic where physical examination indicated fever
(38.9°C), a diffusely enlarged thyroid gland, and tender-
ness of the left lobe of the thyroid gland. The PCR test
for COVID-19 was negative. The patient was diagnosed
with GD based on the following thyroid function test
results: serum TSH level, <0.01 plU/mL; serum FT3
level, 17.9 pg/mL; serum FT4 level, 5.13ng/dL; and serum
TRAD level, 26.61U/L. Although the clinic physician ini-
tiated the oral administration of thiamazole at 15 mg/day,
left lobe thyroid gland pain, fever (> 38°C), and palpita-
tions did not improve. On day 2 after initiating the oral
administration of thiamazole, i.e., on day 30 after the
second vaccination, the patient visited Saitama Medi-
cal University Hospital for a consultation, where blood
chemistry tests indicated a normal plasma WBC count
of 7490 cells/uL and an elevated serum CRP level of
4.48 mg/dL. Thyroid function tests revealed a decreased
serum TSH level of <0.01 pIU/mL and increased serum
FT3, FT4, TRAb, TSAb, TgAb, and TPOAD levels of
12.88 pg/mL, 4.18 ng/dL, 34.5IU/L, 1506.0%, 38.01U/mL,
and 77.01U/mL, respectively (Table 1).

Initially, the site of tenderness coincided with the left
lobe of the thyroid gland. However, the site of tender-
ness changed during follow-up. At the time the patient
sought medical attention at our hospital, tenderness
occurred in the right lobe of the thyroid gland. Thyroid
ultrasonography revealed a slightly enlarged right lobe
of the thyroid gland and focal hypoechoic area with
decreased blood flow (Fig. 1B), which coincided with
the site of tenderness. Of special note were the facts
that thyroid ultrasonography revealed reduced blood
flow (an imaging characteristic of SAT) but not any
findings suggestive of GD. The volume of both lobes
was calculated using the aforementioned method [20].
The volumes of the right and left lobes were 10.2mL
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and 8.4mlL, respectively. The patient was diagnosed
with SAT because of severe tenderness at the thyroid
gland site, elevated CRP levels, findings indicating thy-
rotoxicosis in thyroid function tests, and SAT-related
findings during ultrasonography. On the day when the
patient sought medical attention at our hospital, oral
thiamazole administration (15mg/day) was discontin-
ued and oral PSL administration at a dose of 20 mg/day
was initiated. We dithered over discontinuing thiama-
zole because she had increased TRAD levels, although
we considered the presence of SAT based on ultra-
sonography findings and did not consider GD when
attempting to make a precise diagnosis. We wanted to
observe if improvements occurred by treating her only
for SAT. After explaining this to the patient and obtain-
ing her consent, we decided to discontinue thiamazole.
Subsequently, the patient’s symptoms improved. Blood
chemistry tests on day 51 after the second vaccina-
tion indicated normalized serum FT3 and FT4 levels
(Table 1). The PSL dose was tapered when the symp-
toms resolved, and oral PSL administration was dis-
continued during week 7 after its initiation. However,
palpitations and mild fever (37.0-37.3°C) occurred
2 days after PSL discontinuation. Thyroid gland tender-
ness did not recur at that time or thereafter. Thyroid
function tests at week 1 after oral PSL discontinuation
revealed a decreased serum TSH level of <0.01 pIU/
mL, normal serum FT4 level of 1.67ng/dL, and an
increased serum FT3 level of 5.92 pg/mL. Thyroid scin-
tigraphy with *™technetium (Tc) pertechnetate, which
was conducted on the same day, indicated the accu-
mulation of the artificial radioactive element in the
thyroid gland with an uptake rate of 2.21% 20 minutes
after administration (Fig. 1C). At our hospital where
this test is performed under conditions of a low TSH
value and thyrotoxicosis, we diagnose destructive thy-
roiditis (SAT or silent thyroiditis) when the uptake rate
is < 0.5%, and GD when the uptake rate is > 1%. Based

Table 2 HLA typing of two patients
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on these findings, we diagnosed the patient with GD
and prescribed 10 mg of oral thiamazole daily. Subse-
quently, the patient became euthyroid.

HLA typing

We conducted HLA typing of two patients. DNA was
extracted from the peripheral blood before outsourcing
HLA typing to a clinical laboratory (Wakunaga Phar-
maceutical Co., Ltd., Hiroshima, Japan). HLA-A, -B, -C,
-DQBI, -DPBI, and -DRBI were genotyped using PCR
based on the sequence-specific oligonucleotide method
(Wakunaga Pharmaceutical Co., Ltd.). Written informed
consent was obtained from both patients. The Institu-
tional Review Board at Saitama Medical University Hos-
pital approved the protocol for genetic analyses (approval
number 2021-114, dated January 17, 2022). Table 2
shows the results of HLA typing that revealed the fol-
lowing HLA alleles: for patient 1, HLA-A*02:01/26:03,

-B*35:01/40:01, -C*03:03/04:01, -DRBI1%08:02/09:01,
-DQBI%03:02/03:03, and -DPBI1*02:01/05:01; and
for patient 2, HLA-A*11:01/24:02, -B*15:01/35:01,

-C*03:03/04:01, -DRB1%04:06/11:01, -DQB1%*03:01/03:02,
and -DPB1*02:01/05:01.

Discussion and conclusions

To the best of our knowledge, this is the first report on
the HLA typing results of two Japanese patients who
developed SAT and both SAT and GD after SARS-CoV-2
vaccination.

We could not completely rule out the acute exac-
erbation of Hashimoto’s thyroiditis (HT) in patient 1.
Serum TPOADb and TgAb levels decreased to normal
levels during follow-up. Nishihara et al. reported that
serum TPOADb and TgAb levels may increase in SAT
and decrease during follow-up [21]. Patient 1 exhibited a
similar clinical course and was highly likely to have devel-
oped SAT. HT, when exacerbated acutely, causes thyro-
toxicosis that results in persisting hypothyroidism [22].

HLA alleles

HLA-A HLA-A
Patient 1 with SAT A*02:01° A*26:03
Patient 2 with SAT and GD A*11:01 A*24:02

HLA alleles

HLA-DRB1 HLA-DRB1
Patient 1 with SAT DRB1*08:02 DRB1*09:01
Patient 2 with SAT and GD DRB1*04:06 DRB1*11:01°

HLA-B HLA-B HLA-C HLA-C
B*35.01° B*40.01 C*03:03 C*04:01°
B*15:01 B*35:01° C*03:03 C*04:01°
HLA-DQBI1 HLA-DQBI HLA-DPB1 HLA-DPB1
DQB1*03:02 DQB1*03:03 DPB1*02:01 DPB1*05:01°
DQB1*03:01° DQB1*03:02 DPB1*02:01 DPB1*05:01°

2 Alleles associated with SAT
b Alleles associated with GD

HLA human leukocyte antigen, SAT subacute thyroiditis, GD Graves' disease
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However, patient 1 developed transient hypothyroidism
with oral PSL administration and later became euthyroid,
a condition that persisted thereafter. Therefore, we con-
sidered that patient 1 did not show the acute exacerbation
of HT and was affected by SAT. The serum TSAbD level
increased slightly during the initial stage and then later
decreased to normal levels during follow-up. Elevated
serum levels of antithyroid antibodies in SAT patients
are related mostly to antigen exposure during acute thy-
roid destruction [3, 23]. We presumed that this transient
increase in serum TSAD level along with increased serum
TPOAb and TgAb levels were laboratory changes that
occurred with the onset of SAT.

Patient 2, who sought for medical attention at our hos-
pital for the treatment of fever (37.5-38.9°C) and pain
in the thyroid gland, was diagnosed with SAT and was
treated with oral PSL alone, resulting in improved serum
TH levels and thyroid gland pain resolution. There-
fore, we concluded that the patient developed SAT after
SARS-CoV-2 vaccination, which increased serum TRAb
levels. However, serum TH levels again increased there-
after. Patient 2 was diagnosed with GD by thyroid scin-
tigraphy with **™Tc pertechnetate during the follow-up
of SAT. Notably, patient 2 had no treatment history for
GD, had never shown GD symptoms (e.g., weight loss,
finger tremors, and palpitations) and did not present with
Graves’ orbitopathy before SARS-CoV-2 vaccination.
However, patient 2 was not examined for serum TRAb
and TH levels prior to SARS-CoV-2 vaccination, which
impeded us to completely deny the possibility of GD
development prior to vaccination. Moreover, we cannot
rule out the likelihood that GD exacerbation and SARS-
CoV-2 vaccination occurred in a temporal coincidence
manner.

Since 2020, a number of case reports are available that
reported on the onset of SAT and GD after COVID-19,
both as single pathological entities. The results from a
systematic review indicated that 13—-64% of COVID-19
patients displayed thyroid dysfunction [24]. Addition-
ally, COVID-19 but also SARS-CoV-2 vaccination is now
considered to be involved in the onset of SAT and GD
[10, 15]. Nevertheless, no study report is available that
reported on the HLA typing outcomes and the concur-
rent onset of SAT and GD. SARS-CoV-2 vaccines can
play a role in the pathogenesis of autoimmune diseases
through various mechanisms (e.g., molecular mimicry,
epitope spreading, polyclonal activation, and bystander
activation) [25]. When the antigenic content of a vaccine
shares structural similarities with autoantigens, immune
responses to vaccine antigens could extend to host cells
that exhibit similar self-antigens. On the other hand,
recent studies investigating the incidence of SAT during
COVID-19 found no changes in its incidence [26, 27].
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These studies drive us to conjecture that COVID-19 and
SARS-CoV-2 vaccines, when acting alone, do not trig-
ger autoimmune diseases. However, molecular mimicry
between thyroid proteins and infectious agents/vaccine
antigens might trigger autoimmune responses in geneti-
cally susceptible individuals with specific HLA alleles
(e.g., HLA-B*35 and HLA-C*04) [15, 28]. Additionally,
not only specific HLA alleles but also other factors (e.g.,
tissue injury, prolonged inflammatory reaction) may be
required to cause autoimmune disease [15, 26].

The HLA-B*35, -B*18:01, -DRB1*01, and -C*04:01
alleles are known to be involved in the pathogenesis of
SAT [3]. The HLA-B*35 allele is that is known to augment
susceptibility to SAT in both the Japanese and Caucasian
populations, and approximately 70% of patients with SAT
reportedly harbor the HLA-B*35 allele [4]. Both of our
patients had the HLA-B*35:01 and -C*04:01 alleles which
are strongly inferred to be involved in the postvaccination
pathogenesis of SAT. Recently, Stasiak et al. reported that
four patients who had developed SAT after COVID-19
[9] had HLA-B*35 alleles (two had HLA-B*35:01, one had
HLA-B*35:03, and one had HLA-C*04:01). In addition,
the HLA-B*35 and HLA-C*04:01 alleles were involved in
the postvaccination pathogenesis of SAT in Caucasians
[11, 12]. We also verified the co-presence of the HLA-
B*35 and HLA-C*04:01 alleles in 2 Japanese patients, thus
strongly suggesting the involvement thereof in the post-
vaccination pathogenesis of SAT.

Dong et al. reported that the HLA-DPB1%*05:01 and
HLA-A2 HLA alleles are involved in the pathogenesis
of GD in the Japanese population; harboring these two
alleles is associated with increased risk for developing
GD [6]. In our patients, patient 1 developed only SAT,
whereas patient 2 developed both SAT and GD. Both
patients had the HLA-DPBI1*05:01 allele. Patient 1 had
the HLA-A*02:01 allele although patient 2 did not have
the HLA-A2 allele. Dong et al. reported that possessing
both HLA-DPB1*05:01 and HLA-A2 alleles increases
the risk for developing GD [6]. Notably, patient 1 who
had both HLA alleles (HLA-DPB1*05:01 and HLA-A2)
did not develop GD, although patient 2 who had only
the HLA-DPBI1*05:01 allele developed GD. We presume
that GD in patient 2 was triggered after SARS-CoV-2
vaccination due to the involvement of other HLA
alleles that would have intensified the GD susceptibil-
ity. Besides the HLA-DPB1*05:01 and HLA-A2 alleles,
HLA-B46 and HLA-Cwll are reportedly involved in
the pathogenesis of GD in the Japanese population
[6]. Additionally, the HLA-DRBI1%*04:05 and HLA-
DQBI1%04:01 alleles reportedly confer susceptibility to
GD in children [29]. However, patient 2, who developed
both SAT and GD, had none of the aforementioned
HLA alleles. The HLA-DRB1*03:01, HLA-DQBI1*02:01,
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HLA-B*08:01, -B*39:06, -B*37:01, -C*07:01, -C*14:02,
-C*03:02, -C*17:01, -DRBI*11:01, -DRBI*13:03,
-DRBI1%*01:03, -DRBI1*14:01, and -DQBI1*03:01 alleles
are associated with GD in Caucasians [30-33]. Patient
2—a Japanese female—had the HLA-DRBI*11:01
and HLA-DQBI1%*03:01 alleles among these alleles,
suggesting the involvement thereof in the postvac-
cination pathogenesis of GD. The former allele has
been reported in Caucasians [30] but has never been
reported in Asians, while the latter has been reported
in Asians including the Chinese, Koreans, and Thais
[34, 35]. Nonetheless, both of the HLA-DRBI*11:01
and HLA-DQB1*03:01 alleles have never been reported
to be associated with the postvaccination pathogenesis
of GD not only in the Japanese but also Asian popu-
lations. At present, no evidence is available about 1)
whether the HLA-DRBI*11:01 and HLA-DQBI%03:01
alleles are involved only in the postvaccination patho-
genesis of GD, 2) whether these alleles are associated
with the concurrence of SAT and GD, or 3) whether the
combination thereof increases the risk of developing
GD in the Japanese population. We intend to elucidate
these issues in a larger scale clinical study.

Besides the HLA alleles, factors such as cluster of dif-
ferentiation 40, cytotoxic T-lymphocyte-associated anti-
gen 4, protein tyrosine phosphatase non-receptor type
22, Fc receptor-like protein 3, thyroglobulin, TSH recep-
tor, zinc finger and AT-hook domain containing factor,
forkhead box P3, interleukin (IL)-2 receptor alpha, IL-23
receptor, and interferon induced with helicase C domain
1 are known to be involved in the pathogenesis of GD
[36—38]. We could not investigate whether our patients
had one or more of these factors. Additionally, noncod-
ing single nucleotide polymorphisms (SNPs) in intron
1 of the thyroid-stimulating hormone receptor (TSHR)
gene are associated with GD [39]. Hiratani et al. [40]
found that the SNP JST022302 and several adjacent SNPs
in intron 7 of the TSHR gene were significantly associ-
ated with GD in the Japanese population and identified
3 haplotype blocks around intron 7 by linkage disequilib-
rium analysis. A single SNP haplotype (AATG [CT]6[TT]
AGQG) in the haplotype block including JST022302 showed
a significant association with GD in the haplotype case-
control analysis. COVID-19 reportedly causes the upreg-
ulation of TSHR, which acts as an autoantigen in GD
[41]. Presuming that such upregulation also occurs after
SARS-CoV-2 vaccination, the risk for developing GD may
be increased by the upregulation of TSHR autoantigen
in individuals who have the TSHR gene haplotype men-
tioned above [40]. Nevertheless, we did not investigate
these risk factors for GD other than the HLA alleles and
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therefore cannot rule out their association with the post-
vaccination pathogenesis of GD.

Nongenetic risk factors (e.g., iodine levels, presence of
infections, psychological stress, sex susceptibility, smok-
ing habits, thyroid damage, vitamin D levels, selenium
levels, and presence of immune-modulating agents) are
also involved in the pathogenesis of GD [36]. To date,
serum vitamin D and selenium concentrations have
never been evaluated in our patients. However, any non-
genetic risk factor(s) other than SARS-CoV-2 vaccina-
tion and female sex were not considered as risk factors
for GD pathogenesis in patient 2. We also aim to investi-
gate genetic and nongenetic risk factors that could not be
investigated this time.

In conclusion, we encountered two patients who devel-
oped thyroid disease after SARS-CoV-2 vaccination; one
developed SAT and another developed both SAT and
GD. The HLA alleles HLA-B*35:01 and HLA-C*04:01
appeared to be involved in the pathogenesis of postvac-
cination SAT. Moreover, the HLA-DRB1*11:01 and HLA-
DQB1*03:01 alleles were speculated to be involved in the
postvaccination pathogenesis of GD. The further accu-
mulation of genetic and nongenetic evidence is required
to elucidate the pathogenesis of SAT and GD that develop
after vaccination for SARS-CoV-2.

Abbreviations
COVID-19  Coronavirus disease 2019

CRP C-reactive protein

ECLIA Electrochemiluminescence immunoassay
FT3 Free triiodothyronine

FT4 Free thyroxine

GD Graves'disease

HLA Human leukocyte antigen

HT Hashimoto's thyroiditis

IL Interleukin

PCR Polymerase chain reaction

PSL Prednisolone

SAT Subacute thyroiditis

SARS-CoV-2 Severe acute respiratory syndrome coronavirus 2
SNP Single nucleotide polymorphism

PMTc pertechnetate  *™Mtechnetium pertechnetate

TgAb Antithyroglobulin antibody
TH Thyroid hormone

TPOAb Antithyroid peroxidase antibody

TRAb Antithyroid-stimulating hormone receptor antibody
TSAb Antithyroid-stimulating antibody

TSH Thyroid-stimulating hormone/thyrotropin

TSHR Thyroid-stimulating hormone receptor

WBC White blood cell

Acknowledgments

The authors thank Yumi Miyashita, Division of Rl Laboratory, Biomedical
Research Center, Saitama Medical University and Takahiro Ogawa, Division of
Molecular Diagnostics Business Development, Wakunaga Pharmaceutical Co,,
Ltd,, for their cooperation in conducting HLA typing and analyzing its results.
The authors also thank Shigehiro Katayama, MD, PhD; Mitsuhiko Noda, MD,
PhD; and Satoshi Sakima, MD for their critical review and valuable sugges-
tions for the manuscript. Editorial support, in the form of medical writing,
assembling tables, and creating high-resolution images based on authors’



Yasuda et al. BMC Endocrine Disorders (2023) 23:54

detailed directions, collating author comments, copyediting, fact checking,
and referencing, was provided by Editage, Cactus Communications.

Authors’ contributions

SY conducted the literature search and drafted the manuscript. All authors
(SY, SS, SY, HM, AH, AS, RN, YO, II, and AS) contributed to the patients’care, and
have read and approved the final manuscript.

Funding
This study did not receive any funding.

Availability of data and materials
The datasets used and/or analyzed during the current study are available from
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

Written informed consent was obtained from both patients. The Institutional
Review Board at Saitama Medical University Hospital approved the protocol
for the genetic analyses (approval number 2021-114, dated January 17, 2022).
All protocols, including the genetic analyses, were conducted in accordance
with the principles of Declaration of Helsinki.

Consent for publication

Written informed consent was obtained from both patients for the publication
of this case report and any accompanying images. The copies of 2 consent
forms are available for the Editor to review upon request.

Competing interests

The authors declare that they have no competing interests

Received: 10 June 2022 Accepted: 27 January 2023
Published online: 07 March 2023

References
1. Desailloud R, Hober D. Viruses and thyroiditis: an update. Virol J.
2009;6:5.

2. Scappaticcio L, Pitoia F, Esposito K, Piccardo A, Trimboli P. Impact of
COVID-19 on the thyroid gland: an update. Rev Endocr Metab Disord.
2021;22:803-15.

3. Stasiak M, Lewinski A. New aspects in the pathogenesis and manage-
ment of subacute thyroiditis. Rev Endocr Metab Disord. 2021;22:1027-39.

4. Ohsako N, Tamai H, Sudo T, Mukuta T, Tanaka H, Kuma K, et al. Clinical
characteristics of subacute thyroiditis classified according to human
leukocyte antigen typing. J Clin Endocrinol Metab. 1995;80:3653-6.

5. Stasiak M, Tymoniuk B, Michalak R, Stasiak B, Kowalski ML, Lewinski A.
Subacute thyroiditis is associated with HLA-B*18:01, —DRB1*01 and
-C*04:01—the significance of the new molecular background. J Clin Med.
2020;9:534.

6. Dong RP, Kimura A, Okubo R, Shinagawa H, Tamai H, Nishimura ¥, et al.
HLA-A and DPB1 loci confer susceptibility to Graves'disease. Hum Immu-
nol. 1992,35:165-72.

7. Popescu M, Ghemigian A, Vasile CM, Costache A, Carsote M, Ghenea AE.
The new entity of subacute thyroiditis amid the COVID-19 pandemic:
from infection to vaccine. Diagnostics (Basel). 2022;12:960.

8. Trimboli P, Cappelli C, Croce L, Scappaticcio L, Chiovato L, Rotondi M.
COVID-19-associated subacute thyroiditis: evidence-based data from a
systematic review. Front Endocrinol (Lausanne). 2021;12:707726.

9. Stasiak M, Zawadzka-Starczewska K, Lewinski A. Clinical manifestation
of subacute thyroiditis triggered by SARS-CoV-2 infection can be HLA-
dependent. Viruses. 2021;13:2447.

10. Ippolito S, Gallo D, Rossini A, Patera B, Lanzo N, Fazzino GFM, et al. SARS-
CoV-2 vaccine-associated subacute thyroiditis: insights from a systematic
review. J Endocrinol Investig. 2022;45:1189-200.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33

Page 8 of 9

. Stasiak M, Zawadzka-Starczewska K, Lewinski A. Significance of HLA

haplotypes in two patients with subacute thyroiditis triggered by mRNA-
based COVID-19 vaccine. Vaccines (Basel). 2022;10:280.

Sendur SN, Ozmen F, Oguz SH, Iremli BG, Malkan UY, Gurlek A, et al.
Association of human leukocyte antigen genotypes with severe acute
respiratory syndrome coronavirus 2 vaccine-induced subacute thyroiditis.
Thyroid. 2022;32:640-7.

Bulatova NR, Zayed AA, Hijjawi UQ, Sharkas SG, Bakri FG. Painful subacute
thyroiditis occurring after the administration of influenza vaccine

and hyaluronic acid dermal filler: a case report. Medicine (Baltimore).
2022;101:€29120.

Hernan Martinez J, Corder E, Uzcategui M, Garcia M, Sostre S, Garcia A.
Subacute thyroiditis and dyserythropoesis after influenza vaccination
suggesting immune dysregulation. Bol Asoc Med P R. 2011;103:48-52.
Jafarzadeh A, Nemati M, Jafarzadeh S, Nozari P, Mortazavi SMJ. Thyroid
dysfunction following vaccination with COVID-19 vaccines: a basic review
of the preliminary evidence. J Endocrinol Investig. 2022;45:1835-63.

Lee KA, Kim YJ, Jin HY. Thyrotoxicosis after COVID-19 vaccination: seven
case reports and a literature review. Endocrine. 2021,74:470-2.

Pla Peris B, Merchante Alfaro AA, Maravall Royo FJ, Abellan Galiana P, Perez
Naranjo S, Gonzalez BM. Thyrotoxicosis following SARS-COV-2 vaccina-
tion: a case series and discussion. J Endocrinol Investig. 2022;45:1071-7.
Suzuki N, Yoshimura Noh J, Sugisawa C, Hoshiyama A, Hiruma M, Kawa-
guchi A, et al. Therapeutic efficacy and limitations of potassium iodide for
patients newly diagnosed with Graves' disease. Endocr J. 2020,67:631-8.
Kamijo K, Togashi K. Development of more sensitive bioassay of TSAb
due to the modification of conventional assay and its measurement in
M22-TRAb-seronegative graves' patients. Ann Thyroid Res. 2014;1:5-10.
Suzuki S, Midorikawa S, Fukushima T, Shimura H, Ohira T, Ohtsuru A, et al.
Systematic determination of thyroid volume by ultrasound examination
from infancy to adolescence in Japan: the Fukushima health manage-
ment survey. Endocr J. 2015;62:261-8.

Nishihara E, Amino N, Kudo T, Kohsaka K, Ito M, Fukata S, et al. Moderate
frequency of anti-thyroglobulin antibodies in the early phase of subacute
thyroiditis. Eur Thyroid J. 2019;8:268-72.

Ishihara T. Acute exacerbation of Hashimoto's thyroiditis. Nihon Rinsho.
2006;Suppl 1:438-40.

litaka M, Momotani N, Hisaoka T, Noh JY, Ishikawa N, Ishii J, et al. TSH
receptor antibody-associated thyroid dysfunction following subacute
thyroiditis. Clin Endocrinol. 1998;48:445-53.

Giovanella L, Ruggeri RM, Ovcaricek PP, Campenni A, Treglia G, Deandreis
D. Prevalence of thyroid dysfunction in patients with COVID-19: a system-
atic review. Clin Transl Imaging. 2021;9:233-40.

Olivieri B, Betterle C, Zanoni G. Vaccinations and autoimmune diseases.
Vaccines (Basel). 2021;9:815.

Bostan H, Sencar ME, Calapkulu M, Kayihan S, Hepsen S, Cimsir A, et al.
Impact of the COVID-19 pandemic on the incidence, seasonal distribu-
tion, and characteristics of subacute thyroiditis. Endocrine. 2022;21:1-8.
Pirola |, Gandossi E, Rotondi M, Marini F, Cristiano A, Chiovato L, et al. Inci-
dence of De Quervain’s thyroiditis during the COVID-19 pandemic in an
area heavily affected by Sars-CoV-2 infection. Endocrine. 2021;74:215-8.
Vojdani A, Vojdani E, Kharrazian D. Reaction of human monoclonal
antibodies to SARS-CoV-2 proteins with tissue antigens: implications for
autoimmune diseases. Front Immunol. 2020;11:617089.

lwama S, lkezaki A, Kikuoka N, Kim HS, Matsuoka H, Yanagawa T, et al.
Association of HLA-DR, —DQ genotype and CTLA-4 gene polymorphism
with Graves'disease in Japanese children. Horm Res. 2005;63:55-60.
Zawadzka-Starczewska K, Tymoniuk B, Stasiak B, Lewinski A, Stasiak M.
Actual associations between HLA haplotype and Graves'disease develop-
ment. J Clin Med. 2022;11:2492.

Yanagawa T, Mangklabruks A, Chang YB, Okamoto Y, Fisfalen ME, Curran
PG, et al. Human histocompatibility leukocyte antigen-DQA1*0501 allele
associated with genetic susceptibility to Graves'disease in a Caucasian
population. J Clin Endocrinol Metab. 1993;76:1569-74.

Barlow AB, Wheatcroft N, Watson P, Weetman AP. Association of HLA-
DQA1*0501 with Graves' disease in English Caucasian men and women.
Clin Endocrinol. 1996,44.73-7.

Mangklabruks A, Cox N, DeGroot LJ. Genetic factors in autoimmune
thyroid disease analyzed by restriction fragment length polymorphisms
of candidate genes. J Clin Endocrinol Metab. 1991,73:236-44.



Yasuda et al. BMC Endocrine Disorders

34.

35.

36.

37.

38.

39.

40.

(2023) 23:54

Chan SH, Lin YN, Wee GB, Ren EC, Lui KF, Cheah JS. Human leucocyte anti-
gen DNA typing in Singaporean Chinese patients with Graves' disease.
Ann Acad Med Singap. 1993;22:576-9.

Wongsurawat T, Nakkuntod J, Charoenwongse P, Snabboon T, Sridama'V,
Hirankarn N. The association between HLA class Il haplotype with Graves
disease in Thai population. Tissue Antigens. 2006;67:79-83.

Marino M, Latrofa F, Menconi F, Chiovato L, Vitti P. Role of genetic and
non-genetic factors in the etiology of Graves'disease. J Endocrinol Inves-
tig. 2015;38:283-94.

Jacobson EM, Tomer Y. The CD40, CTLA-4, thyroglobulin, TSH receptor,
and PTPN22 gene quintet and its contribution to thyroid autoimmunity:
back to the future. J Autoimmun. 2007;28:85-98.

Ban Y. Genetic factors of autoimmune thyroid diseases in Japanese.
Autoimmune Dis. 2012;2012:236981.

Dechairo BM, Zabaneh D, Collins J, Brand O, Dawson GJ, Green AP, et al.
Association of the TSHR gene with Graves' disease: the first disease spe-
cific locus. Eur J Hum Genet. 2005;13:1223-30.

Hiratani H, Bowden DW, lkegami S, Shirasawa S, Shimizu A, lwatani Y,

et al. Multiple SNPs in intron 7 of thyrotropin receptor are associated with
Graves' disease. J Clin Endocrinol Metab. 2005;90:2898-903.

41. Saheb Sharif-Askari N, Saheb Sharif-Askari F, Ahmed SBM, Hannawi S,
Hamoudi R, Hamid Q, et al. Enhanced expression of autoantigens during
SARS-CoV-2 viral infection. Front Immunol. 2021;12:686462.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 9 of 9

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	HLA typing of patients who developed subacute thyroiditis and Graves’ disease after SARS-CoV-2 vaccination: a case report
	Abstract 
	Background 
	Case presentation 
	Conclusion 

	Background
	Case presentation
	Patient 1
	Patient 2
	HLA typing

	Discussion and conclusions
	Acknowledgments
	References


