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ABSTRACT

Vaccines are one of the most important strategies against pandemics or epidemics involving 
infectious diseases. With the spread of severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2), there have been global efforts for rapid development of coronavirus disease 
2019 (COVID-19) vaccine and vaccination is being performed globally on a massive scale. With 
rapid increase in vaccination, rare adverse events have been reported. Well-known neurological 
adverse events associated with COVID-19 vaccination include Guillain–Barré syndrome, 
myelitis, and encephalitis. However, COVID-19 vaccine-related aseptic meningitis has rarely 
been reported. A 32-year-old healthy man visited our hospital with a complaint of headache for 
1 week. He had received the second dose of the BNT162b2 mRNA COVID-19 vaccine 2 weeks 
before the onset of headache. Since the initial cerebrospinal fluid (CSF) profile suggested 
viral meningitis, we started treatment with an antiviral agent. However, the symptoms and 
follow-up CSF profile on day 7 of hospitalization showed no improvement and SARS-CoV-2 
IgG antibodies were detected in the CSF. We suspected aseptic meningitis associated with the 
vaccination and intravenous methylprednisolone (500 mg/day) was administered for 3 days. 
The symptoms improved and the patient was discharged on day 12 of hospitalization.
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INTRODUCTION

Coronavirus disease 2019 (COVID-19) is rapidly spreading worldwide through human-to-
human respiratory transmission. The World Health Organization declared COVID-19 a global 
pandemic on March 11, 2020 [1]. Vaccination is one of the most promising strategies for 
successfully overcoming the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) 
infection. The BNT162b2 mRNA vaccine developed by Pfizer and BioNTech (Pfizer Inc., New 
York, NY, USA) showed an approximate efficacy of 94% in preventing COVID-19 [2]. The most 
common adverse events include pain at the injection site, fever, fatigue, chills, headache, 
and myalgia. The symptoms are mostly mild to moderate and resolved within a few days 
after vaccination. Although rare, serious side effects have also been reported [3]. In Korea, 
vaccination against COVID-19 began in March 2021, and approximately 76% of the total 
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population has received the second dose of one of the four COVID-19 vaccines [4]. Adverse 
reactions have been increasingly reported due to an increase in vaccination.

Aseptic meningitis is an inflammation of the serous of central nervous system such as the 
meninges and is accompanied by symptoms such as headache, fever, and signs of meningeal 
irritation. It usually results from infectious causes such as certain viruses, but can also result 
from other non-infectious causes. Headache and febrile sensation are common complaints 
after vaccination and these symptoms are usually ignored or managed with conservative 
therapy. Clinical suspicion and careful investigation off rare adverse events such as aseptic 
meningitis and lead to prompt and appropriate treatment. We report a case of a 32-year-old 
male patient who experienced aseptic meningitis after vaccination with the BNT162b2 mRNA 
COVID-19 vaccine.

CASE REPORT

A 32-year-old male patient who is currently working in an office job presented to our hospital 
with a complaint of headache for 1 week. He had stabbing pain at the back of his head. The 
pain lasted for approximately an hour and improved after taking a headache medication. 
Three days before admission, the medical clinic prescribed acetaminophen for 2 days for 
persistent headache. However, no improvement was observed. He was admitted to our 
hospital with persistent headache and fever. At the time of admission, he complained of 
chills, and nausea. He had received the second dose of a COVID-19 vaccine (BNT162b2 mRNA 
vaccine) 2 weeks before the initial onset of headache. He had no current or past disease. He 
did not drink or smoke and had no history of allergies. On physical examination, he had neck 
stiffness. Other neurological signs were negative.

His body temperature was 38.4°C, blood pressure was 138/81 mmHg, and pulse rate was 102 
beats/min. He was mentally alert. Polymerase chain reaction (PCR) (BioSewoom, Seoul, 
Korea) test of the nasopharyngeal swab was negative for SARS-CoV-2. Laboratory findings 
revealed white blood cell (WBC) counts of 10,800/mm3 (reference range 4,000 - 10,000/
mm3), C-reactive protein level of 0.03 mg/dL (reference range 0.0 - 0.3 mg/dL), erythrocyte 
sedimentation rate of 2 mm/h (reference range 0-20 mm/h), alkaline phosphatase level of 
143 IU/L (reference range 104 - 338 IU/L), alanine aminotransferase level of 14 IU/L (reference 
range 4 - 44 IU/L), and aspartate aminotransferase level of 25 IU/L (reference range 8 - 38 
IU/L). Serum creatinine level was within the normal range. Meningitis was suspected and 
a lumbar puncture was performed. In the cerebrospinal fluid (CSF) analysis, lymphocytes 
were predominant with WBC count of 480/mm3 (lymphocyte 90%, mononuclear cell 9%, 
and polymorphonuclear cell 1%), protein level was elevated, and glucose level was normal 
(Table 1). Brain magnetic resonance imaging revealed normal findings even after contrast 
enhancement. The patient continued to complain of severe headache and high fever, which 
did not respond well to antipyretic analgesics for several days after hospitalization. Viral 
meningitis was suspected and intravenous acyclovir (30 mg/kg/day) was initiated. Acyclovir 
was administered for 7 days. The patient complained of continuous fever and headache and 
aggravated general weakness and dizziness. Serological tests for autoimmune disorders 
including fluorescent antinuclear antibody test, and those for Epstein Barr virus (EBV), human 
immunodeficiency virus, syphilis, and tuberculosis were negative. PCR test of the patient’s 
CSF for the detection of herpes simplex virus type 1 and 2, enterovirus, EBV, cytomegalovirus, 
varicella zoster virus, Mycobacterium tuberculosis, and non-tuberculous mycobacteria revealed 
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negative result. No strains were isolated from the blood, CSF, sputum, or urine cultures. On day 
7, a second CSF analysis was performed. However, no improvement was observed (Table 1) and 
thus we stopped the administration of acyclovir. We considered the possibility of a vaccine-
related cause rather than viruses or any other autoimmune disease. We evaluated the presence 
of spike-specific (Sp) SARS-CoV-2 IgG and IgM. The patient showed positive for the Sp SARS-
CoV-2 IgG [52.5 AU/mL, cut-off: 0 - 50 AU/mL (chemiluminescent enzyme immunoassay using; 
Alinity i SARS-CoV-2 IgG II Quant; Abbott, Chicago, IL, USA)]. However, he was qualitatively 
negative for the Sp SARS-CoV-2 IgM. Fluorescent immunoassay (Standard F COVID-19 IgM/
IgG Combo, SD BioSensor, Suwon, Gyeonggi-do, Korea) revealed a positive result for Sp 
SARS-CoV-2 IgG and a negative result for Sp SARS-CoV-2 IgM. We suspected vaccine-induced 
meningitis. Following intravenous administration of methylprednisolone (500 mg/day) for 3 
days, his symptoms improved greatly and he was discharged on day 12 of hospitalization. After 
4 days, he did not complain of any symptoms at the outpatient clinic and underwent CSF testing 
for the third time. The CSF analysis showed improvement (Table 1). He visited the outpatient 
clinic again in a fully recovered state and is currently doing well at his job. The patient was 
completely asymptomatic at 2 months after the therapy.

DISCUSSION

SARS-CoV-2 has been spreading worldwide since 2019. COVID-19 has caused significant 
medical and socioeconomic problems in every country. Vaccines are one of the most powerful 
weapons against this disease and vaccinations are rapidly increasing worldwide. However, 
there are concerns regarding the safety and adverse reactions of vaccines in addition to those 
regarding efficacy. Data regarding the safety or adverse reactions of vaccines are sparse since 
they have been manufactured and used recently.

Neurological adverse events following immunizations are not frequent. However, their 
occurrence is associated with significant morbidity and mortality [5]. Some cases of aseptic 
meningitis after mumps, measles, rubella, and influenza vaccination have been reported 
[6-8]. Identifying the biological mechanism can strongly support the causal relationship 
between vaccines and adverse events such as measles pneumonitis after measles vaccination 
or yellow fever vaccine-associated viscerotropic disease [9]. However, the exact causal 
relationship between these adverse events and vaccines is unclear. Similarly, the pathogenesis 
of COVID-19 remains unclear. It is generally assumed that the course of SARS-CoV-2 virus 
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Table 1. Serial change of central nervous fluid analysis of the patient
Parameter HD 1 HD 7 HD 14
WBC (/mm3) 480 448 60

PMN (%) 1 0 0
Lymphocyte (%) 90 93 93
Mononuclear Cell (%) 9 5 7

Protein (mg/dL) 118 206 53
Glucose/Serum glucose (mg/dL) 56/91 46/107 52/90
LDH (U/L) 51 40 29
Amylase (U/L) 3 3 2
ADA 7 16 NA
COVID-19 IgG antibody (AU/mL)a NA Positive (52.5) Negative (9.3)
aCut-off: 0 - 50 AU/mL [chemiluminescent enzyme immunoassay using Alinity i SARS-CoV-2 IgG II Quant; Abbott, 
Chicago, IL, USA].
HD; hospital day, WBC; white blood cell, PMN; polymorphonuclear neutrophil, LDH; lactate dehydrogenase, ADA; 
adenosine deaminase, COVID-19; coronavirus disease 2019, NA; not available.
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infection involves invasion and replication, dysregulated immune response, and multiple 
organ damage and recovery [10]. Some cases of meningoencephalitis associated with 
COVID-19 have also been reported [11]. Various neurological manifestations of COVID-19 
include anosmia/ageusia, headache, vertigo, encephalopathy, encephalitis, seizures, ataxia, 
and Guillain–Barré syndrome [12]. Injection of only the S1 full-length spike subunit into the 
tail vein of mice showed a pattern of microvascular encephalopathy similar to that observed 
in humans with COVID-19. This suggests that endocytosis of circulating viral S1 protein 
can cause cytokine storm and accompanying thrombotic and hypercoagulant conditions in 
various organs including the brain inducing inflammatory microvascular endothelial damage 
[13]. There have been reports of unspecified meningitis provoked by COVID-19 and the 
possible roles of the human virome in the pathophysiology of COVID-19 are being considered 
[12]. Mimicry molecules produced by vaccination might have disrupted the blood-brain 
barrier and induced aseptic meningitis in the present case. In addition, the present case can 
be classified as that of a drug-induced aseptic meningitis. Various types of drugs including 
antimicrobials, nonsteroidal anti-inflammatory drugs and vaccines can cause aseptic 
meningitis. The pathogenic mechanisms of drug-induced aseptic meningitis are diverse and 
type III or type IV hypersensitivity reactions can be considered possible mechanisms [14].

The present case is the fifth case of aseptic meningitis associated with the BNT162b2 mRNA 
COVID-19 vaccine (Table 2). The first case was a 42-year-old woman in Japan and the second 
case was an 18-year-old man in Korea [15, 16]. The third and fourth cases were adult women 
in Singarpore and they were controlled conservative management [17]. Unlike other cases, 
our patient was a healthy male. His CSF analysis showed lymphocytic pleocytosis and he was 
treated with methylprednisolone for 3 days.

The diagnosis of aseptic meningitis induced of vaccine is not easy. The blood brain barrier is 
usually impermeable to circulating antibodies. The Sp SARS-CoV-2 IgG antibody was positive 
in the first case, but the test was not performed in the second case. In the fourth and fifth 
cases, the spike and nucleocapsid antibody of SARS-CoV-2 tests were performed at the same 
time. In this case, only the Sp antibody was tested and positive. Because two times SARS-
CoV-2 PCR tests of a nasopharyngeal swab the patient had already performed were negative, 
could not be considered as a positive Sp antibody due to COVID-19 infection. Although it is 
difficult to explain the pathophysiology that antibodies of SARS-CoV-2 are positive in CSF, it 
is still considered to be of some help in diagnosing aseptic meningitis.

It may be difficult to argue that the BNT162b2 mRNA vaccine causes aseptic meningitis 
especially in young individuals based on the data from only three cases. However, if patients 
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Table 2. Summary of cases of aseptic meningitis after mRNA (BNT162b2) vaccination against COVID-19
Clinical characteristics 1st case [15] 2nd case [16] 3rd case [17] 4th case [17] 5th case (this case)
Age/Sex 42/female 18/male 43/female 38/female 32/male
Onset time of symptoms 1 week after 1st dose 3 weeks after 2nd dose 4 days after 2nd dose 10 days after 1st dose 2 weeks after 2nd dose
CSF analysis

WBC 528/mm3 115/mm3 265/mm3 340/mm3 480/mm3

Dominant cells Monocyte (64.1%) Monocyte (99.1%) Lymphocyte (91.0%) Lymphocyte (95.0%) Lymphocyte (90.0%)
IgG antibody test Positive NA Positive Positive Positive

Treatment
Antibacterial/antiviral agents Acyclovir Vancomycin/cefotaxime Ceftriaxone/Acyclovir No Acyclovir
Final management Methylprednisolone Conservative  

management
Conservative  
management

Conservative  
management

Methylprednisolone
500 mg/day for 5 days 500 mg/day for 3 days

Nationality Japan Korea Singapore Singapore Korea
COVID-19, coronavirus disease 2019; CSF; cerebrospinal fluid, WBC; white blood cell, NA; not available.
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visit the hospital with headaches or fever after vaccination, especially after vaccination with 
the BNT162b2 mRNA vaccine, aseptic meningitis may be suspected. Although less common, 
timely recognition and diagnosis of aseptic meningitis after vaccination is critical, as it can 
affect the treatment regimen and the next vaccination. Collection of more data from a greater 
number of cases may guide future preventive strategies against COVID-19 and vaccine-
releated adverse events.
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