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Subacute thyroiditis associated with
thyrotoxic periodic paralysis after COVID-19
vaccination: a case report
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Summary

We report a 26-year-old Japanese man who visited our outpatient clinic presenting fever immediately after i.m. injection
of the second dose of a coronavirus disease 2019 (COVID-19) vaccine (Moderna®). At the first visit, the patient had a
fever of 37.7°C and a swollen thyroid gland with mild tenderness. He was diagnosed with subacute thyroiditis (SAT)
based on the presence of thyrotoxicosis (free tri-iodothyronine, 32.3 pg/mL; free thyroxine, >7.77 ng/dL; and thyroid-
stimulating hormone (TSH) < 0.01 plU/mL), high C-reactive protein level (7.40 mg/dL), negative TSH receptor antibody,
and characteristic ultrasound findings. His HLA types were A*02:01/24:02, B*15:11/35:01, Cw*03:03, DRB1*¥09:01/12:01,
DQB1#*03:03, and DPB1*05: 01/41:01. He was initially administered prednisolone 15 mg/day, following which the fever
subsided. After 10 days, he developed limb weakness and could not walk. The serum potassium level decreased to 1.8
mEq/L, which confirmed the diagnosis of thyrotoxic periodic paralysis (TPP). Potassium supplementation was initiated.
The muscle weakness gradually decreased. Prednisolone therapy was terminated 6 weeks after the first visit. His thyroid
function returned to normal 5 months after the first visit, through a hypothyroid state. To our knowledge, this is the first
reported case of TPP-associated SAT following COVID-19 vaccination. Persistent fever following vaccination should be
suspected of SAT. Additionally, TPP may be associated with SAT in Asian male patients.

Learning points:

e Following coronavirus disease 2019 (COVID-19) vaccination, subacute thyroiditis may develop regardless of the
vaccine type.

e |If persistent fever, anterior neck pain, swelling and tenderness of thyroid gland, and symptoms of thyrotoxicosis
are observed immediately after the COVID-19 vaccination, examination in consideration of the onset of subacute
thyroiditis is recommended.

e HLA-B35 may be associated with the onset of subacute thyroiditis after the COVID-19 vaccination.

e Although rare, subacute thyroiditis can be associated with thyrotoxic periodic paralysis, especially in Asian men.

e Glucocorticoid therapy for subacute thyroiditis may induce thyrotoxic periodic paralysis through hypokalemia.

Background

Subacute thyroiditis (SAT) is a self-limiting inflammatory has been a surge in the number of cases of SAT following
disease characterized by fever, painful swelling of the severe acute respiratory syndrome coronavirus 2 (SARS-
thyroid gland, and thyrotoxicosis (1). Viral infection has CoV-2) infection (2). Then, three cases of SAT after
often been considered the cause of SAT (1). Recently, there vaccination for COVID-19 have been reported for the first
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time (3). In accordance with the recent systematic review,
51 cases of SAT after vaccination for COVID-19 had been
reported (4). The cases of SAT after vaccination for COVID-
19 have been found in Europe, North America, Asia, and
Australia. SAT was observed regardless of the vaccine type
and occurred in the first, second, and third doses (4).

Thyrotoxic periodic paralysis (TPP) is a rare muscle
disease that presents with acute painless muscle
weakness. Patients usually have both hypokalemia and
hyperthyroidism. This muscle weakness is more severe in
the proximal muscles and lower extremities (5).

TPP is mainly caused by Graves’ disease, among all
thyroid diseases. TPP cases associated with SAT are very
rare (5).

Herein, we report a Japanese male with SAT associated
with TPP following COVID-19 vaccination.

Case presentation

The patient was a 26-year-old Japanese man with no
familial or medical history of thyroid disease, hypokalemia,
and periodic paralysis. On day minus 28, he received
his first dose of COVID-19 vaccine (Moderna®, Takeda
Pharmaceutical Company Ltd, Japan/Moderna Biotech
Ltd., Spain), which was administered intramuscularly, with
no adverse effects. Subsequently, on day 0, he received the
second dose; then, he experienced persistent fever and
headache, which prompted him to visit our outpatient
clinic on day 12. Before the onset of fever, no symptoms
of upper respiratory tract infections were noted. His
height was 171 cm and weighed 76 kg, which decreased by
9 kg after onset. His heart rate, blood pressure, and body
temperature were 112 b.p.m, 134/92 mmHg, and 37.7°C.
He also complained of mild neck pain, and palpation
revealed a mild enlargement and tenderness of the thyroid
gland. He was diagnosed with SAT, and on the same day,
prednisolone was administered at a dose of 15 mg/day.

On the morning of day 22, he developed limb
weakness and reported difficulty in walking. Therefore,
he was transported to our hospital in an ambulance.
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His serum potassium level dropped to 1.8 mEq/L. He did
not have a history of heavy alcohol consumption or high
carbohydrate intake.

Investigation

The results of the laboratory tests at the first visit to our
hospital on day 12 were as follows: free tri-iodothyronine
(FT3), 32.3 (reference range, 2.3-4.0) pg/mL; free thyroxine
(FT4), >7.77 (0.9-1.7) ng/dL; thyroid-stimulating hormone
(TSH), <0.01 (0.5-5.0) pIlU/mL; thyroglobulin, 667 (2-31)
ng/mL; and C-reactive protein, 7.40 (<0.3) mg/dL. Anti-
thyroglobulin antibody (TgAb) was positive at 40 (<12)
IU/mL, while anti-thyroid peroxidase antibody (TPOAD)
and TSH receptor antibody (TRADb, third generation)
were negative at 4.2 IU/mL (<5.1) and 1.0 IU/L (<2.0),
respectively. A PCR of a nasal swab was negative for SARS-
CoV-2, but the SARS-CoV-2 antibody was positive at 40
600 (<0.8) U/mL. The serum potassium level was normal
at 4.3 mEq/L. Ultrasonography revealed predominant
swelling of the right lobe of the thyroid, and both lobes
were mostly occupied by heterogeneous hypoechoic
lesions with decreased vascularity, as observed using
color Doppler ultrasonography (Fig. 1). These hypoechoic
regions coincided with the tender sites.

On day 22, his serum potassium level dropped to 1.8
mkEq/L. Furthermore, FT3, FT4, and TSH levels were 12.3
pg/mL, 5.22 ug/dL, and <0.01 uIU/mL, respectively.

The HLA types were identified to be A * 02:01/24:02, B *
15:11/35:01, Cw * 03:03, DRB1 * 09:01/12:01, DQB1 * 03:03,
and DPB1 * 05:01/41:01.

Treatment

On day 12, the patient was administered prednisolone at
a dose of 15 mg/day. The prednisolone dose was reduced
by 5 mg every 2 weeks and discontinued after 6 weeks.
On day 22, iv. administration of potassium chloride,
with a maximum dose of 80 mEq/day, was started for
hypokalemia. After the normalization of the serum

Figure 1

Ultrasonography of the thyroid gland.
Longitudinal view of the right lobe (A) and left
lobe (B). The sizes of the isthmus, right lobe, and
left lobe in the thyroid gland were 27.9 x 23.0 x
8.0 mm, 66.4 x 19.7 x 26.0 mm, and 60.3 x 19.3 x
18.8 mm (length, width, and thickness),
respectively. In both lobes, most of the areas of
the thyroid gland are replaced by irregular
hypoechoic lesions with decreased vascularity
(color Doppler ultrasound image is not shown).
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potassium level, it was switched to oral administration and
continued with dose reduction from 14.4 to 7.2 mEq/day
until prednisolone was discontinued.

Outcome and follow-up

Table 1 summarizes the clinical course of the patient.
On day 12, he was diagnosed with SAT and administered
prednisolone at a dose of 15 mg/day on the same day. The
fever subsided the following day.

Onday 22, the patient was taken to our hospital because
of lower limb weakness and walking difficulty. Potassium
supplementation was started for hypokalemia. The serum
potassium level subsequently increased to 4.6 mEq/L, limb
weakness subsided, and an i.v. potassium supplementation
was switched to oral medication; however, severe weakness
of the lower limbs recurred the following night. The patient
continued to have mild paroxysmal weakness of the lower
limbs, which subsided by day 31. Since the lower limb
weakness was alleviated, he was discharged 7 days later and
continued to visit the outpatient clinic.

On day 33, FT3 and FT4 levels were approximately
within the normal limit. On day 47, the patient exhibited
low FT3 and FT4 levels and high TSH levels. The
prednisolone dose was reduced by 5 mg every 2 weeks and
discontinued after 6 weeks. On day 61, FT3 and FT4 levels
returned to normal values, and TgAb became negative at
11.0 IU/mL. On day 160, the TSH level was normalized.

Discussion

In the present case, there was no preceding cold-like
symptom, and fever persisted from the day of the second
inoculation of the Moderna vaccine for COVID-19. At the
first visit to our hospital, fever, anterior neck pain, thyroid

Table 1 Clinical course of the present case.
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gland tenderness, remarkable thyrotoxicosis, and increased
CRP were observed. Negative TRAb and TPOAb and
positive TgAb, which became negative 2 months later, were
observed. On ultrasonography, most of the areas of both
lobes of the thyroid gland were replaced with amorphous
hypoechoic lesions. The glucocorticoid therapy markedly
improved the fever and inflammatory findings, and thyroid
function was normalized after transient hypothyroidism.
Based on the above course, the present case was diagnosed
with SAT triggered by COVID-19 vaccination.

The mechanisms underlying SAT development
following COVID-19 vaccination remain unclear. SAT
developed in patients following the administration
of an inactivated vaccine, with aluminum hydroxide
as an adjuvant. The vaccine might have induced SAT
as a phenomenon of post-vaccination autoimmune/
inflammatory syndrome induced by adjuvants (ASIA)
syndrome (3). In addition, SAT developed after viral vector
vaccines and mRNA vaccines (4). In the present case, the
patient was administrated with an mRNA vaccine. Lipid
nanoparticles in mRNA vaccines and polysorbate 80 in viral
vector vaccines used as an excipient may act as adjuvants
and cause SAT.

Vojdani et al. reported that SARS-CoV-2 spike protein,
nucleoprotein, and membrane protein were shown
to cross-react with thyroid peroxidase, and numerous
thyroid peroxidase peptide sequences shared homology
or similarity with sequences in various SARS-CoV-2
proteins (6). Based on these findings, they suggested that
the cross-reactivity between thyroid cell antigens and the
spike protein of the coronavirus produced by vaccines
might promote autoimmune thyroiditis and that SAT
after COVID-19 vaccination might occur by a similar
mechanism (6). However, TPOAb was negative in the
present case. Another mechanism is related to the binding

Day 12 Day 19 Day 22 Day 23 Day 25 Day 33 Day 47 Day 61 Day 160

TSH (ulU/mL) <0.01 <0.01 <0.01 N.D. <0.01 <0.01 12.80 6.05 3.92
Free T3 (pg/mL) 32.30 16.30 12.30 N.D. 6.32 3.12 2.22 3.03 3.63
Free T4 (ng/dL) >7.77 >7.77 5.22 N.D. 3.02 1.42 0.86 1.04 1.19
C-reactive protein (mg/dL) 7.40 0.10 0.37 1.50 0.45 0.19 0.10 0.21 N.D.
Serum potassium (mEg/L) 4.3 N.D. 1.8 2.2 34 4.1 4.9 4.1 4.6
Body temperature (°C) 37.7 N.D. 37.4 37.5 36.3 N.D. N.D. N.D. N.D.
Muscle weakness of the limbs - - ++ ++ + + + - -

Prednisolone (mg/day) 15* 15 15 15 15 10 5 - -

Potassium supplementation - - 80 27.2 20 14.4 7.2 - -

(mEg/day)

*Prednisolone was administered following blood examination on the same day; Severity of muscle weakness: ++, severe; +, intermediate; +, mild; —, none.
Reference range: TSH, 0.5-5.0 plU/mL; FT3, 2.3-4.0 pg/mL; FT4, 0.9-1.7 ng/dL; C-reactive protein, <0.30 mg/dL; serum potassium, 3.6-5.0 mEq/L.

N.D., not done.
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of the SARS-CoV-2 spike protein produced by the vaccines
to the endothelial cells, which can lead to mitochondrial
damage and thyroid dysfunction (7).

Genetic factors are considered involved in SAT
development, and up to 70% of patients with SAT carry
HLA-B35 (8). The present patient also had HLA-B35,
although the HLA type was not investigated in other cases
with SAT after COVID-19 vaccination.

The present patient developed periodic paralysis
during the clinical course of SAT. Because he had no family
history of hypokalemia and periodic paralysis, he was
thought to have developed acquired periodic paralysis
due to thyrotoxicosis (TPP), not familial PP. TPP is mainly
caused by Graves’ disease, among all thyroid diseases (5).
SAT-associated TPP very rarely occurs. There is a report that
1 among 135 cases with TPP was associated with SAT (9).
In addition, the frequency of TPP in patients with SAT is
unknown.

The onset of TTP may be associated with a genetic
predisposition. TTP is more common in men (5), and
it is ten times more common among patients with
hyperthyroidism in Asia than in similar patients in North
America (5). It has been reported that the development
of TPP was associated with HLA-A2 and HLA-BW22,
HLA-AW19 and HLA-B17, HLA-BS, HLA-BW46, and HLA-
DRw8 (10). Cavan et al. have reported that HLA-B46,
HLA-DR9, and HLA-DQB1*0303 haplotype were only
weakly associated in male patients with TPP associated
with Graves’ disease in Hong Kong Chinese subjects (11).
The present patient had HLA-A2, HLA-DR9, and HLA-
DQB1*0303.

The principal biochemical abnormality during a
TPP attack is hypokalemia. It is thought to be related to
the increased Na/K-ATPase pump activity in the skeletal
muscles because of the direct stimulation by thyroid
hormones, B-adrenergic hormones, and insulin (5).
Glucocorticoids are also thought to cause hypokalemia
and TPP (12). Glucocorticoids may induce hypokalemia
from a transcellular potassium shift caused by several
mechanisms, such as an increased Na/K-ATPase pool in
the skeletal muscle, steroid-induced hyperinsulinemia,
and hyperglycemia (12). There are more than ten
reports of TPP in patients with thyrotoxicosis who
received glucocorticoids. There were various types of
glucocorticoid drugs. Many of the patients received
a pulse therapy of methylprednisolone or high-dose
dexamethasone (12, 13, 14).

In the present patient, TTP was thought to be mainly
caused by thyrotoxicosis. Since the present patient was
an Asian man and had some other genetic factors, he
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may have been more likely to develop periodic paralysis
when he had thyrotoxicosis. Furthermore, the effect of
glucocorticoids on the reduction of serum potassium may
have contributed to the onset of TPP.

The COVID-19 pandemic is still ongoing, and
opportunities for COVID-19 vaccination will continue
to increase. The prevalence of SAT after the COVID-19
inoculation is unknown, but it occurs regardless of the
vaccine type. Therefore, SAT may occur after COVID-
19 vaccination. Thus, SAT should be suspected when
persistent fever, anterior neck pain, thyroid swelling, and
symptoms of thyrotoxicosis are observed. Although it is
a rare case, TPP may be associated with SAT, especially in
Asian men.
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