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Dear editor,

Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV2) infection has spread worldwide. The most promis-
ing strategy for successfully overcoming this coronavirus
disease 2019 (COVID-19) pandemic is vaccination. Vacci-
nation of the BNT162b2 messenger RNA (mRNA) against
COVID-19 funded by Pfizer-BioNTech has recently started
in Japan. The efficacy (94.8% against COVID-19) and safety
are proven [1]. Although uncommon, serious adverse events
have been reported. Herein, we report a first case of aseptic
meningitis after the first dose of intramuscular injection of
the BNT162b2 mRNA COVID-19 vaccine.

A 42-year-old Japanese female nurse had a history
of migraine, but she has had no obvious attack at least
9 months. She was just taking non-steroidal anti-inflam-
matory drugs (NSAIDs) and lomerizine hydrochloride
orally as prophylaxis at that time. She has no history of
allergy for food or cosmetics. Due to her professional his-
tory of contacting with patients who were treated with
COVID-19, she had done SARS-CoV?2 polymerase chain
reaction (PCR) tests of a nasopharyngeal swab several
times but never been positive before vaccination of the
BNT162b2 mRNA vaccine. She received the first dose
of the BNT162b2 mRNA vaccine (30 pg) at our hospi-
tal 1 week before the appearance of severe headache and
high fever (38 “C). Although she took oral loxoprofen
sodium hydrate as NSAIDs and acetaminophen because
she thought that she had a migrane attack. Her headache
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getting worse, she injected sumatriptan succinate sub-
cutaneously a day before the visit. In spite of the treat-
ment, her headache was continued. Finally, she visited
our hospital next day. On arrival, neck stiffness, Kernig
sign, Brudzinski sign, eye ball tenderness, and other neu-
rological signs were negative but only jolt accentuation
was positive with headache and nausea. Her white blood
cell count was 7,600 /pL (normal range 3,100-8,800 /
pL; neutrophils 69.2%, eosinophils 1.7%, basophils
0.3%, lymphocytes 22.6%, monocytes 6.2%), although
C-reactive protein level (CRP) was increased (9.85 mg/
dL; normal range 0—0.3 mg/dL). Computed tomography
(CT) of chest showed no sign of pneumonia. A cerebro-
spinal fluids (CSF) analysis revealed pleocytosis (528/3
mm?; polynuclear cells 34.8%, mononuclear cells 64.1%,
eosinophils 1.1%; Fig. 1), normal IgG index (0.54; nor-
mal range 0-0.73), and normal protein level (35.7 mg/dL;
normal range 0-45.0 mg/dL) with high opening pressure
(22 cmH,0). SARS-CoV2 PCR tests of a nasopharyngeal
swab and CSF were both negative. We evaluated the pres-
ence of spike-specific (Sp) SARS-CoV2 IgG and IgM; she
was slightly positive for the Sp SARS-CoV2 IgG (393.4
AU/mL; cutoff 0-50 AU/mL; (Chemiluminescent Enzyme
Immunoassay; Architect Quant IgG II, Abbott)), but she
was qualitatively negative for the Sp SARS-CoV2 IgM.
Brain magnetic resonance imaging showed normal find-
ings, including contrast enhancement. She was diagnosed
with aseptic meningitis. Blood and CSF cultures were
negative. Her CSF Sp SARS-CoV2 IgM was negative,
although her CSF Sp SARS-CoV2 IgG was detected (17.1
AU/mL). Acyclovir (3 mg/kg/day) was administered for
several days until other viral antibody titers were nega-
tive. Her headache showed no improvement. We therefore
treated her with 5 days intravenous methylprednisolone
(500 mg/day) after 3 days from admission. After 5 days
from admission, her headache and nausea were signifi-
cantly improved. Serum CRP level was rapidly decreased
(0.36 mg/dL) and a pleocytosis (104/3 mm?) and protein
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Fig.1 Cytology of the cerebrospinal fluids at first lumbar puncture
on the day of admission revealed eosinophils, polynuclear cells, and
lymphocytes. May-Giemsa staining, X 100

level (21.0 mg/dL) in CSF were getting improved on the
same day. These results suggested the involvement of
immune-mediated mechanism for the aseptic meningitis
in the present case. She was discharged at 7 days from
admission. She has never noticed headache, nausea, and
fever at least 4 months after discharge. SARS-CoV2 PCR
tests of a nasopharyngeal swab were all negative during
the course of the disease.

We examined the antibodies against S1 domain of the
Sp for SARS-CoV?2, a characteristic structural component
of the viral envelope, according to the previous report [2].
Although the S1 Sp SARS-CoV2 IgM antibodies were all
negative, the S1 Sp SARS-CoV2 IgG antibodies were all
increased, at days 7, 11, and 34 after receiving the first dose
of the BNT162b2 mRNA COVID-19 vaccine. The vacci-
nation by the BNT162b2 mRNA COVID-19 vaccine was
effective for her acquired immunity for SARS-CoV2. As is
already known, the BNT162b2 mRNA vaccine uses a lipid
nanoparticle-based carrier system for stabilization by poly-
ethylene glycol (PEG) [3], which has never been used for
an approved vaccine and believed to be an antigen for ana-
phylaxis after receiving the BNT162b2 mRNA COVID-19
vaccine [3]. According to the previous reports [4], we also
checked the anti-polyethylene glycol (PEG) IgG and IgM
antibodies of acute and recovery phase at days 7, 11, and 34
in her sera which were all negative. The factors other than
PEG need to be considered.
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The appearance of aseptic meningitis after vaccina-
tions against mumps, measles and rubella and influenza
has been reported. However, the cause of meningitis after
vaccination is exactly unclear. There was a report of brain
tissues from 13 autopsies of people who died of COVID-
19. Serial section analyses of the COVID-19 brain showed
that the endothelial cells of the microvessels contained the
spike glycoprotein. The S1 spike subunit was localized
to the endothelia of microvessels in the mice brain and
showed co-localization with TNFa, IL-6, ACE2 and C5-9.
It was shown that the full-length S1 subunit of the spike
protein of SARS-CoV2 alone is capable of inducing sys-
temic microendothelial cell damage in mice with a cognate
pattern of complement activation and increased cytokine
expression [5]. There is a possibility that the molecular
mimicry elicited by the protein, which was produced by
vaccination, could cause an autoimmune meningitis. The
autoimmune response or S1 protein produced by the vacci-
nation itself may cause the disruption of blood—brain bar-
rier which induced aseptic meningitis in the present case.

This is the first report of aseptic meningitis after
administration of the BNT162b2 mRNA vaccine against
COVID-19. We consider the vaccine to be effective; how-
ever, the present case is thought provoking.
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