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Abstract:

Since December 2020, coronavirus disease 2019 (COVID-19) vaccines have been distributed in most coun-
tries to prevent the onset and aggravation of COVID-19. There is little information regarding the long-term
safety of the vaccines. We report three cases and a literature review of new-onset adult-onset Still’s disease
(AOSD) that occurred following COVID-19 vaccination. Our cases include moderate to severe AOSD, and
two were complicated with macrophage activation syndrome. Seventeen cases of new-onset or relapse of
AOSD following COVID-19 vaccination, including 14 identified in the literature review and our 3 patients,

were all treated successfully with glucocorticoid therapy, immunosuppressive drugs, or biologic agents.
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Introduction

Coronavirus disease 2019 (COVID-19) has continued to
spread worldwide after it was first declared a pandemic by
the World Health Organization on March 11, 2020 (1).
Since December 2020, the COVID-19 vaccine has been dis-
tributed widely in most countries to prevent the onset and
aggravation of COVID-19. The results of randomized clini-
cal trials have shown that the BNT162b2 mRNA COVID-19
vaccine and the mRNA-1273 COVID-19 vaccine are 95%
and 94% effective, respectively, in preventing the onset of
COVID-19 (2, 3). The efficacy of these COVID-19 vaccines
exceeds the rate of 59% for the influenza inactivated vac-
cine (4). After confirmation of the high efficacy of COVID-
19 vaccines in numerous clinical trials, they became avail-
able in Japan from February 2021.

Patients with rheumatic diseases receive immunosuppres-
sive therapy and are therefore considered to be at increased
risk of becoming infected with or suffering aggravated
COVID-19. In addition, viral infection may trigger the onset
and flare of rheumatic diseases. In such patients, COVID-19
vaccination can prevent the onset and high disease activity
of COVID-19. The European Alliance of Association for

Rheumatology and the American College of Rheumatology
generally recommend vaccination for patients with rheu-
matic diseases and collagen diseases (5, 6).

However, there is little information concerning rare ad-
verse events or the long-term safety of the COVID-19 vac-
cine, as in contrast to existing vaccines, these vaccines are
either mRNA or viral vector vaccines. Even conventional
vaccines, such as the influenza vaccine, are known to cause
new-onset or flare of rheumatic diseases, including adult-
onset Still’s disease (AOSD) (7-10). There have also been
case reports of new-onset or relapsed rheumatic diseases fol-
lowing COVID-19 vaccination, such as rheumatoid arthritis,
Behcet’s disease, systemic lupus erythematosus, dermato-
myositis, vasculitis, and polymyalgia rheumatica (11).

We herein report three cases of new-onset AOSD follow-
ing COVID-19 vaccination.

Case Reports

Case 1

A 59-year-old woman developed a sore throat and high-
grade fever (39.0°C) 7 days after receiving the first dose of
the BNT162b2 mRNA COVID-19 vaccine. The symptoms
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did not improve with acetaminophen or antibiotics. She was
admitted to our hospital 29 days after vaccination with a
sustained spiking fever, sore throat, salmon-pink eruption on
the forearms during the high fever, polyarthralgia, and ten-
derness of the left cervical lymph nodes.

Laboratory test results were as follows: white blood cell
count 13,320/uL (neutrophils 88.4%, lymphocytes 7.7%),
hemoglobin (Hb) 12.9 g/dL, platelets 23.8x10"/uL, erythro-
cyte sedimentation rate 120 mm/h, aspartate aminotrans-
ferase (AST) 30 U/L, alanine aminotransferase (ALT) 16 U/
L, lactate dehydrogenase (LDH) 326 U/L, y-GTP 103 U/L,
C-reactive protein (CRP) 12.8 mg/dL, serum ferritin 1,004
ng/mL, serum interleukin (IL)-6 19.4 pg/mL, and IL-18
25,000 pg/mL. Rheumatoid factor (RF) and anti-cyclic
citrullinated peptide (CCP) antibody were both negative, and
antinuclear antibody (ANA) was weakly positive (1:40, ho-
mogenous and speckled patterns). Reverse transcription po-
lymerase chain reaction (PCR) for severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) from nasopharyn-
geal swabs was negative. Real-time PCR for Epstein-Barr
virus (EBV) was negative. Other infectious diseases were
also excluded, such as by blood, sputum, and urine culture
tests.

Computed tomography (CT) of the neck, chest, abdomen,
and pelvis revealed multiple lymphadenopathy at the bilat-
eral axillae, dorsal inferior vena cava, right common iliac to
external iliac region; and splenomegaly. AOSD was diag-
nosed according to the standard classification criteria, based
on the spiking fever of 39.0°C, sore throat, salmon-pink rash
that appeared with the fever, polyarthritis, multiple lympha-
denopathy, splenomegaly, leukocytosis, increased neutrophil
ratio (>80%), increased serum ferritin level, increased serum
liver enzyme level, and increased serum interleukin (IL)-18
level (12).

Oral glucocorticoid therapy (prednisolone 35 mg/day; 0.5
mg/kg/day) was administered initially. Her sore throat and
polyarthralgia improved, but as the low-grade fever (ap-
proximately 37°C) persisted, the daily dose of prednisolone
was increased to 50 mg (0.8 mg/kg/day). The serum CRP
level was increased despite high-dose glucocorticoid therapy.
Following fortnightly treatment with intravenous tocilizaumab
(8 mg/kg), her symptoms improved, and the inflammatory
findings disappeared; the patient was therefore discharged.

At the outpatient examination after the third treatment of
intravenous tocilizumab, her laboratory data showed liver
dysfunction (AST 2,632 U/L, ALT 4,091 U/L, LDH 2,131
U/L), an increased serum ferritin level (38,101 ng/mL), and
thrombocytopenia (platelets 78,000/uL). Histological find-
ings of a liver biopsy specimen revealed phagocytosis of
erythrocytes, platelets, and small lymphocytes by macro-
phages, and the patient was diagnosed with hemophagocytic
syndrome (HPS).

She was treated with 60 mg of oral glucocorticoid (1 mg/
kg/day of prednisolone) concomitant with cyclosporine after
intravenous methylprednisolone pulse therapy (1,000 mg for
3 days). The dose of methylprednisolone was then gradually

reduced to 12 mg, and no relapse of AOSD was observed
(Fig. 1).

Case 2

A 77-year-old woman developed a high-grade fever
(39.0°C) and polyarthritis 42 days after receiving the second
dose of the BNT162b2 mRNA COVID-19 vaccine. She was
admitted to a nearby medical facility 61 days after receiving
the second dose, having developed stiffness in both hands
and bilateral knee joint pain.

Laboratory tests showed persistent high CRP levels (20-
25 mg/dL). Oral glucocorticoid (prednisolone 5 mg/day)
was administered initially at 64 days after receiving the sec-
ond dose. However, a fever of 37-38°C and elevated CRP
levels persisted. She was transferred to our hospital at 69
days after receiving the second dose with a sustained spik-
ing fever and polyarthritis involving the right hand, fingers,
and knee.

Laboratory tests showed a white blood cell count of
10,090/uL (neutrophils 86.2%, lymphocytes 9.2%), Hb 8.1
g/dL, platelets 8.7x10*uL, erythrocyte sedimentation rate 93
mm/h, AST 98 U/L, ALT 53 U/L, LDH 553 U/L, y-
glutamyl transpeptidase(GTP) 101 U/L, CRP 14.6 mg/dL,
serum ferritin 18,002 ng/mL, serum IL-6 43.6 pg/mL, and
IL-18 25,000 pg/mL. RF and anti-CCP antibody were nega-
tive, and ANA was positive (1:80; homogenous and speck-
led patterns). Anti-dsDNA antibody, anti-Sm antibody, anti-
U-1RNP antibody, anti-SS-A antibody, proteinase 3 (PR3)-
anti-neutrophil  cytoplasmic antibodies (ANCA), and
myeloperoxidase (MPO)-ANCA were all negative. Blood
and urine cultures and PCR for SARS-CoV-2 were all nega-
There no CT findings indicating hepa-
tosplenomegaly or lymphadenopathy in the neck, chest, ab-
domen, or pelvis.

Despite treatment with antibiotics (sulbactam/ampicillin),
the elevated serum CRP levels persisted, and anemia pro-
gressed. A salmon-pink rash appeared from the neck to the
back 76 days after vaccination. AOSD was diagnosed based
on a spiking fever of 39.0°C, salmon-pink rash that ap-
peared with the fever, polyarthritis, leukocytosis, increased
neutrophil ratio (>80%), increased serum liver enzyme level,
and increased serum ferritin level. Furthermore, HPS was
suspected due to the progression of anemia, thrombocy-
topenia, and marked increase in serum ferritin levels (48,377
ng/mL).

High-dose intravenous methylprednisolone pulse therapy
(1,000 mg/day) was performed for 3 days. High-dose gluco-
corticoid therapy was continued at 60 mg of oral predniso-
lone daily. Her liver function recovered, and the serum lev-
els of ferritin decreased, but cytopenia progressed. A bone
marrow examination showed hemophagocytosis. A second
round of methylprednisolone pulse therapy (500 mg/day)
was performed for 3 days, she was then treated with high-
dose glucocorticoid (prednisolone 60 mg/day) and cy-
closporin. The fever resolved, but the recovery of blood cell
depletion was poor, and a high serum ferritin level of ap-

tive. were
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Figure 1. Clinical course of patient 1, including symptoms, laboratory findings, and treatment.
‘Day’ means the number of days after the first vaccination date, set as day 0. ALT: aspartate amino-
transferase, AST: alanine aminotransferase, CRP: C-reactive protein, CyA: cyclosporine, LDH: lac-

tate dehydrogenase, mPSL: methylprednisolone, PLT: platelets, PSL: prednisolone, TCZ: tocilizum-

ab

proximately 600 ng/mL persisted. Tocilizumab was adminis-
tered intravenously for steroid-resistant hemophagocytosis,
but anemia and thrombocytopenia persisted.

Considering the possibility of drug-induced thrombotic
microangiopathy, cyclosporine was discontinued. The cy-
topenia and high serum ferritin levels gradually improved
under treatment with glucocorticoid and tocilizumab. While
continuing tocilizumab administration, the dose of predniso-
lone was reduced to 18 mg/day, and no relapse was ob-
served (Fig. 2).

Case 3

A 35-year-old man developed a high-grade fever (39.0°C)
and sore throat 24 days after receiving the first dose of the
mRNA-1273 COVID-19 vaccine. Following initial treatment
with antibiotics and antipyretics, he was transferred to our
hospital with a persistent spiking fever, high CRP level, leu-
kocytosis, and salmon pink rash on the lower legs.

Laboratory tests showed white blood cell count 15,350/uL
(neutrophils 80.2%, lymphocytes 13.0%), Hb 15.4 g/dL,
platelets 50.7x10%uL, erythrocyte sedimentation rate 120
mm/h, AST 25 U/L, ALT 46 U/L, LDH 170 /L, alkaline
phosphatase (ALP) 81 U/L, y-GTP 177 U/L, CRP 10.52
mg/dL, and serum ferritin 1,263 ng/mL. RF was weakly
positive (29 TU/mL), and anti-CCP antibody and ANA were
negative. Blood and urine cultures, PCR for SARS-CoV-2

and EBYV, and anti-parvovirus B19 immunoglobulin M anti-
body were all negative. AOSD was diagnosed based on the
persistent spiking fever, sore throat, polyarthritis, typical
eruption, leukocytosis (neutrophils of >80%), elevated serum
liver enzyme level, and hyperferritinemia.

The patient improved following the administration of 40
mg of oral prednisolone (0.5 mg/kg) daily and was dis-
charged from our hospital (Fig. 3). At another hospital, the
dose of prednisolone was reduced to 10 mg/day, and no re-
lapse was observed.

Discussion

We herein report three cases of AOSD that developed fol-
lowing vaccination with mRNA COVID-19 vaccines (two
with BNT162b2 and one with mRNA-1273). To our knowl-
edge, 10 other cases of new-onset (cases 1-10 in the Table)
and relapse of AOSD (cases 14-17 in Table) have been re-
ported following COVID-19 vaccination (13-23). Seven of
those 10 patients developed symptoms 5-21 days after the
first or second dose of the COVID-19 vaccine (Table).
Among these, the earliest development of symptoms oc-
curred on the day after the first vaccination, and much later
development occurred in 2 cases (56 and 90 days after the
first vaccination).

The pathologic reason for the difference in the timing of
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Figure 2. Clinical course of patient 2, including symptoms, laboratory findings, and treatment.
‘Day’ means the number of days after receiving the second vaccination date, set as day 0. Hb: hemo-

globin
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Figure 3. Clinical course of patient 3, including symptoms, laboratory findings, and treatment dur-
ing hospitalization. ‘Day’ means the number of days after the first vaccination date, set as day 0.

the onset of AOSD following COVID-19 vaccination is still
unknown. Aside from cytokine storm, deficiency of or fail-
ure in regulatory or anti-inflammatory mechanisms might be
involved in the pathogenesis of autoinflammatory dis-
eases (24). The pathogenesis of AOSD is thought to be due
to an imbalance between the activation or amplification of

inflammation, referred to as cytokine storm, and the resolu-
tion of inflammation. We speculate that there are individual
differences in the timing of the development of a hyper-
inflammatory state due to the imbalance between the activa-
tion and resolution of inflammation after COVID-19 vacci-
nation.
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Table. Previous and Present Cases of New-onset or Relapse of AOSD Following COVID-19 Vaccination.
Vaccine Day§ frgm With (+)
Age (y)/ vaccination or
Case no. £ Dose tonew-onset . Treatment Response Reference
sex Type ) P without (-)
number OF relapse o MAS
AOSD
New-onset
1 36/M  Vector Ist - mPSL pulse, anakinra 100 mg/day Improved 13
2 45/F mRNA  2nd 5 - PSL 60 mg/day Improved 14
3 43/M  mRNA  2nd 10 - mPSL pulse, PSL 60 mg/day Improved 15
4 56/F mRNA  2nd 7 - PSL 60 mg/day Improved 15
5 36/F mRNA Ist 10 - mPSL pulse, tocilizumab 8 mg/kg, iv Improved 16
6 22/M mRNA Ist 13 + mPSL pulse, IVIg 2 g/kg, PSL 100 mg/  Improved 17
day, anakinra 100 mg/day
7 53/M  Vector 1st 56 - PSL 60 mg/day Improved 18
8 20/F  Vector Ist 10 - Naproxen Improved 19
9 47/F  Vector Ist 21 - PSL 0.5 mg/kg, MTX, tocilizumab 162  Improved 19
mg, sc
10 35/F  Vector 1st 90 + mPSL pulse, IVIg 2 g/kg, tocilizumab 8  Improved 19
mg/kg, iv
11 59/F mRNA Ist 7 + PSL 50 mg/day, tocilizumab 8 mg/kg, iv, Improved Our case 1
mPSL pulse, cyclosporin
12 77/F  mRNA  2nd 42 + mPSL pulse, PSL 60 mg/day, mPSL pulse, Improved Our case 2
cyclosporin, tocilizumab 8 mg/kg, iv
13 35/M  mRNA Ist 24 - PSL 40 mg/day Improved Our case 3
Relapse
14 34/F  Vector Ist 7 - PSL 50 mg/day, mPSL pulse, etanercept  Improved 20
50 mg, MTX 10 mg/week, PSL 75 mg/day,
tocilizumab 8 mg/kg, iv
15 20/F mRNA Ist 6 + mPSL pulse, IVIg, anakinra 300 mg/day, Improved 21
ciclosporin
16 37/F mRNA  2nd A few days - PSL 15 mg/day, tocilizumab 162 mg, sc  Improved 22
17 49/F mRNA 1st 4 + Tocilizumab 400 mg, iv, mPSL pulse, Improved 23

MTX

iv: intravenous, IVIg: intravenous immunoglobulin, MAS: macrophage activation syndrome, mPSL: methylprednisolone, mRNA: messenger ribonucleic

acid, MTX: methotrexate, PSL: prednisolone, sc: subcutaneous

Nine of the 10 new-onset cases had received high-dose
prednisolone and/or intravenous pulse methylprednisolone
and/or immunosuppressive therapy. One case improved with
naproxen, without the use of glucocorticoid or immunosup-
pressive agents. Two of the three present cases were consid-
ered to involve AOSD complicated with macrophage activa-
tion syndrome (MAS) because of the extremely high serum
ferritin level, elevated serum IL-6 and IL-18 levels, and his-
tological findings of HPS. Four previously reported cases
were considered to involve AOSD complicated with MAS
(cases 6, 10, 15 and 17).

The period from COVID-19 vaccination to the onset of
AOSD and the severity of the disease varied. All 14 previ-
ously reported cases and our 3 present cases of AOSD fol-
lowing COVID-19 vaccination were successfully treated
with glucocorticoid therapy, immunosuppressive drugs, or a
biologic agent. Viral and bacterial infections, including
SARS-CoV-2, were excluded in our three patients. Accord-
ing to the clinical course, COVID-19 vaccination was the
most likely trigger for AOSD.

AOSD is a rare autoinflammatory disorder that commonly

affects young adults and is characterized by a spiking fever,
rash, arthralgia or arthritis, and lymphadenopathy. The
pathogenesis of AOSD is thought to involve the abnormal
activation of the innate immune system with macrophage ac-
tivation and marked production of inflammatory cytokines,
including IL-1, IL-2, IL-6, IL-18, tumor necrosis factor
(TNF)-a., and interferon (IFN)-vy, leading to the activation of
autoreactive T cells. Systemic hyperinflammation and cy-
tokine storm play a central role in the pathogenesis of both
AOSD and severe COVID-19 (25-28). In addition, treatment
targeting IL-6 was effective for not only AOSD but also
COVID-19 (29-31). Although the cause of AOSD remains
unknown, the findings of previous studies have suggested
that several micro-organisms, especially viruses, might con-
tribute to its onset or relapse (24, 32-34).

Previous studies have reported AOSD that developed after
influenza vaccination; since 2021, cases of new-onset AOSD
and relapsed immune-mediated disease have also occurred
after COVID-19 vaccination (7, 8, 10, 13-23). There are two
main types of COVID-19 vaccine formulations: mRNA en-
coding the SARS-CoV-2 spike protein (S) encapsulated in
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lipid nanoparticles or adenovirus (AdV) vectors encoding
the S protein (35). The mRNA or AdV particle gain entry
into dendritic cells, resulting in the production of S protein.
Innate sensors are triggered by the adjuvant activity of the
vaccines, resulting in the production of type I interferon and
multiple pro-inflammatory mediators, which then activates T
cells to elicit immunity to SARS-CoV-2. RNA sensors, such
as Toll-like receptor 7 (TLR7) and melanoma differentiation-
associated gene 5, are triggered by mRNA vaccines, and
TLRY is the major double-stranded DNA sensor for the
AdV vaccine. Although mRNA vaccines do not engage
TLRO like AdV vectors, both vaccine formulations cause the
production of type I interferon.

The occurrence of immune-mediated disease following
vaccination may be due to the interaction between the sus-
ceptibility of the vaccinated subjects and vaccine compo-
nents, such as adjuvants and pathogen-derived peptides (36).
Adjuvants, the substances added to a vaccine to enhance the
immune response and effectiveness of the vaccine, activate
the innate immune system through pattern recognition recep-
tors. The immune-activating component contained in the ad-
juvant may induce immune-mediated disease. Vaccination is
also expected to produce an immune response similar to vi-
ral infection by exposure to foreign peptides homologous to
human peptides. Molecular mimicry and bystander activation
are considered the main mechanisms underlying the associa-
tion between vaccination and the development of immune-
mediated disease (36). Molecular mimicry represents a
shared immunologic epitope with a microbe and the host. In
a viral system, viruses have been shown to have cross-
reactive epitopes with host self-proteins (37, 38). Proteins
expressed after mRNA translation by vaccination may be
structurally similar to self-antigens, which may also cause
immune responses targeting these antigens. Bystander acti-
vation is caused by viral infections, leading to the significant
activation of antigen-presenting cells, which can potentially
activate pre-primed autoreactive T cells and then induce
autoimmune diseases (37, 38). Khan et al. showed that the
SARS-CoV-2 spike protein is a potent viral pathogen-
associated molecular pattern that leads to the expression of
inflammatory mediators in the innate immune response (39).
Based on the above findings, viral proteins from vaccines
could also theoretically activate the same immune response
as viral infections and might cause AOSD.

Other possible immune responses caused by the vaccine
itself have also been proposed. mRNA vaccines exhibit a
self-adjuvanting property, with the mRNA acting as both an-
tigen and adjuvant (35). Lipid nanoparticles in the mRNA
COVID-19 vaccines may trigger inflammatory reactions via
several mechanisms (40). In addition, prior to the transla-
tion, mRNA may bind pattern recognition receptors in en-
dosomes or cytosol, activating an inflammatory cascade that
may trigger a strong innate immune response (41).

New-onset AOSD following COVID-19 vaccination is
rare, and the mechanism has not yet been clarified. The con-
tinued accumulation of cases of new-onset rheumatic disease

or immune-mediated disease after COVID-19 vaccination
may provide an opportunity to elucidate the pathogenic
mechanism underlying autoimmune and autoinflammatory
diseases.

Ethical approval for this study was obtained from INSTITU-
TIONAL REVIEW BOARD of Saitama Medical University Hos-
pital (APPROVAL NUMBER: 2021-142).

The authors state that they have no Conflict of Interest (COI).
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