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Abstract

Introduction Vaccination is considered as one of the most promising strategies to overcome the COVID-19 pan-
demic. However, it could be associated with rare but serious complications. In the present study, we aimed to review
the clinical course and etiology of post COVID-19 vaccination meningitis.

Methods After a systematic search in PubMed, Scopus, and Web of Sciences online databases as well as Google
Scholar, documents were screened and qualified. Then data extraction was performed and the most frequent under-
lying agent of meningitis was found based on the reported cases.

Results Overall, 35 cases of post COVID-19 vaccination meningitis from 33 articles were included in the review.
Among them, 12 cases had proven viral diagnosis and 23 of them were reported to be vaccine-induced. The most fre-
quent viral pathogen among the cases was VZV. The most prevalent symptom was headache, and the most common
time of appearance symptoms was one week after vaccination.

Conclusion Overall, our study suggested meningitis as a critical but not devastating complication of COVID-19 vac-

cination. Almost all patients responded well to common agents used to manage viral or vaccine-induced meningitis.
It is recommended to monitor patients with a history of chickenpox after COVID-19 vaccination regarding the devel-

opment of meningitis.

Keywords COVID-19, Vaccine, Meningitis

*Correspondence:

Alia Saberi

Alia.saberiT@gmail.com

! Student Research Committee, School of Medicine, Guilan University
of Medical Sciences, Rasht, Iran

2 Student Research Committee, Virtual School of Medical Education
and Management, Shahid Beheshti University of Medical Sciences,
Tehran, Iran

3 Student Research Committee, Jahrom University of Medical Sciences,
Jahrom, Iran

4School of Medicine, Guilan University of Medical Sciences, Rasht, Iran

° Department of Cell & Molecular Biology, Faculty of Biological Sciences,
Kharazmi University, Tehran, Iran

© Neurosciences Research Center, Poursina Hospital, School of Medicine,
Guilan University of Medical Sciences, Rasht, Iran

Introduction

Vaccination is considered as one of the most promising
strategies to overcome the COVID-19 pandemic. Cur-
rently, four major types of vaccines are being used includ-
ing COVID-19 viral vector-based vaccines, mRNA-based
vaccines, protein-based vaccines, and attenuated or inac-
tivated virus vaccines. Viral vector-based vaccines, use
adenovirus to deliver a specific sequence of SARS-COV-2
genome to human cells. Human cells produce SARS-
CoV-2 spike protein according to this genetic material.
Consequently, the immune system starts a defensive
response following exposure to this protein.
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The mRNA-based vaccines introduce SARS-COV-2
RNA to human cells which produce SARS-COV-2-spe-
cific protein from this genetic massager. This protein trig-
gers the immune system to run a defensive reaction. In
addition, inactivated or attenuated vaccines, cause immu-
nogenicity using killed or attenuated SARS-COV-2 virus.
Also, protein-based vaccines directly expose human
cells to fragments of or whole spike protein to incite
an immune response. Different countries gave emer-
gency approvals to these vaccines for human use, in the
COVID-19 era [1]. According to the latest World Health
Organization (WHO) report, a total of 5,548,001,227
people around the world received at least one dose of
COVID-19 vaccination [2].

Several neurological complications have been attrib-
uted to COVID-19 [3-6] and it has been reported to
potentially change the pattern of neurological disorders
like stroke [7, 8]. However, there is also a risk of devel-
oping several serious neurological complications follow-
ing COVID-19 vaccination including acute disseminated
encephalomyelitis, transverse myelitis, Guillain-Barré
syndrome, aseptic meningitis, myositis macrophagic, and
myofasciitis [9-11]. Several pathophysiological mecha-
nisms, like direct neurotoxicity, aberrant immune reac-
tions, and molecular mimicry have been suggested to
explain these complications after vaccination [12]. Sev-
eral neurological conditions affecting the brain, spi-
nal cord as well as cranial and peripheral nerves are
described after COVID-19 vaccination [13]. One of the
rare but serious complications following vaccination for
COVID-19 is meningitis [14]. Classically, meningitis is
characterized by some combination of fever, neck stiff-
ness, headache, and altered mental status as well as pho-
tophobia, nausea, and vomiting [15, 16]. Meningitis may
be caused by bacteria (e.g. Streptococcus pneumoniae,
Neisseria meningitidis, and Mycobacterium tuberculosis)
[17], fungi (predominantly Cryptococcus neoformans),
parasites (e.g., Cysticercosis due to Taenia solium),
viruses (Non-polio human enteroviruses (NPEV), Herpes
simplex viruses (HSV), and varicella zoster virus (VZV))
[18, 19], or may have noninfectious etiologies such as
rheumatologic conditions, malignancies or pharmacolog-
ical agents [16, 20]. This study aims to review all cases of
developed meningitis following COVID-19 vaccination.

Material and methods

Study design

This systematic review was conducted in accordance with
the PRISMA 2020 guidelines. It aims to review cases of
meningitis developed following COVID-19 vaccination
and perform an in-silico analysis to design a vaccine for
the common underlying agent. The review protocol is
registered in PROSPERO (CRD42023414137).
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Eligibility criteria

Studies were included if they reported cases of men-
ingitis, arachnoiditis, choriomeningitis, or menin-
goencephalitis associated with COVID-19 vaccination.
Articles were excluded if they provided insufficient
clinical information, were not published in English, or
were not peer-reviewed. Case reports, case series, and
observational studies were eligible for inclusion.

Information sources and search strategy

A comprehensive literature search was conducted
across four databases: ISI, PubMed, Scopus, and
Google Scholar. The search included studies published
up to September 5, 2024, without language restrictions.
The search terms used were combinations of keywords
such as “COVID-19 Vaccines,” “arachnoiditis,” “menin-
gitis,” “choriomeningitis,” and “meningoencephalitis” A
detailed search strategy for each database is provided in
the supplementary material.

Study selection process

All identified records were imported into EndNote X8 soft-
ware, where duplicates were automatically removed. Two
independent reviewers screened the titles and abstracts of
the remaining studies against the eligibility criteria. Full-
text screening was then performed to confirm eligibility.
Disagreements between reviewers were resolved through
discussion or by consulting a third reviewer when neces-
sary. A PRISMA flow diagram summarizing the selection
process is provided in the results section.

Data collection process

In the current study, the data of cases in which evidence
of an underlying microorganism was found, were pre-
sented in the "viral meningitis" section and for whom
without any evidence of an underlying organism is pre-
sented in the "vaccine induced meningitis" section. Data
extraction was performed independently by four authors
using a predefined checklist that included details on
authorship, year of publication, number of cases, patient
comorbidities, clinical symptoms, vaccine characteristics,
clinical course, and outcomes. Any discrepancies in data
extraction were discussed and resolved by the group.

Data items

The primary data items extracted were related to clini-
cal presentation, vaccine type, and disease outcomes.
Additional variables included demographic data,
comorbidities, time of the presentation, and follow-up
information. In the case of having missing data that
part is demonstrated by "-" in the tables.



Atefi et al. BMC Infectious Diseases (2024) 24:1138

Quality assessment

The quality of the included studies was assessed using the
Joanna Briggs Institute (JBI) critical appraisal tools for
case reports and case series. These tools assess the meth-
odological quality across eight domains for case reports
[21] and ten domains for case series [22]. Quality assess-
ment was performed independently by two reviewers,
and disagreements were resolved by discussion.

Results

Study characteristics

The systematic search identified 448 records, of which
385 remained after the removal of 63 duplicates. In total,
348 records were excluded after screening the titles/
abstracts. After assessing the 37 articles for eligibility, 4
studies were excluded due to insufficient clinical infor-
mation from the disease course. Finally, 33 articles met
the eligibility criteria and were reviewed in the present
study (Fig. 1).
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Patients demographic and clinical characteristics

Overall, thirty-five patients with meningitis follow-
ing COVID-19 vaccination were included in the review,
from 27 case reports and six case series. Investigation of
participant characteristics showed that 45.7% (n=16) of
patients were male and 54.2% (n = 19) of them were under
40 years old. Among the vaccine types, mRNA technol-
ogy vaccinated 77.1% (n=27) of participants, and about
17.1 (n=6), and 2.8 (n = 1) were vaccinated by viral vector,
and inactivated vaccine, respectively. Therefore, it can be
stated that most of the patients used mRNA-based vac-
cines. Also, among the participants, only three patients
had a positive COVID test by PCR after vaccination, so
it can be claimed that complications and manifestations
are probably related to vaccines. Vaccine-induced men-
ingitis constituted 65.7% (n=23) of the patients. Also,
34.3% (n=12) of the included patients had viral meningi-
tis after COVID-19 vaccination. Among all patients, four
had dyslipidemia (11.4%), four had migraine (11.4%) and
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Fig. 1 Prisma flow chart
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12 (34.2%) of them didn’t have a remarkable past medical
history. Imaging didn’t have major therapeutic benefits in
most of the patients.

Vaccine-induced meningitis
Clinical and paraclinical examination of patients with
vaccine-induced meningitis revealed that among the 23
patients, 73.9% (n=17) and 21.7% (n =5) were vaccinated
by mRNA and viral vector, respectively. The most preva-
lent clinical symptom in aseptic patients was a headache
at 86.9% (n=20). After that, fever (n=14) and nausea
(n=6), were 60.8 and 26.0% respectively. Neck stiff-
ness was detected in five (21.7%) patients. Also, the time
interval between the vaccine and the appearance of these
symptoms included four periods. In 12 (52.1%) patients
symptoms appeared after the first dose, in 9 (39.1%) of
them after the second dose, and in one (4.3%) of them
after the third dose of vaccination. The symptoms of the
two patients appeared a few hours after vaccination.
Most patients’ symptoms appeared within one week
(39.1%) after vaccination. After that, two weeks and
three weeks were 30.5%, and 30.5% respectively. The
main laboratory findings among aseptic patients are
shown in Table 1. Most of the studies, reported methyl
prednisone, Dexamethasone, and NSAIDs as the major
therapeutic regimens for aseptic meningitis. Symptoms
were fully resolved in 13 (56.5%) patients whereas at least
three (13.0%) of them maintained symptomatic after one
month of follow-up Table 1.

Viral meningitis

Clinical and paraclinical examination of 12 patients with
viral meningitis revealed that Pfizer vaccinated 83.3%
(n=10) of patients among nine and about 16.6% (n=2)
were immunized by AstraZeneca. In 10 out of the 12
patients, varicella zoster virus (VZV) was suggested to be
the causative microorganism for meningitis. In one other
[45], a CSF cytomegalovirus (CMV) PCR was positive,
but the patient had no clinical evidence for ocular or sys-
temic CMV. In the last one, no viral cause could be deter-
mined [21]. These two cases responded well to antiviral
therapy. The most prevalent clinical symptom in patients
with viral etiology was a severe headache in almost all
patients, followed by fever, vesicular rashes, and nausea
were 58.3, 50, and 33.3%, respectively. The main dermat-
ome affected by vesicular rash was T10. Neck stiffness
and photophobia were detected in four (33.3%) and three
patients (25.0%). Also, the time interval between the vac-
cine and the appearance of symptoms mostly appeared
within one week (58.8%) after vaccination, followed by
two weeks, one day, and more than three weeks 16.16,
and 16%, respectively. In eight (66.6%) patients symptoms
appeared after the first dose and in three of them (25%)
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appeared after the second dose. A history of chickenpox
was noted by five (41.6%) patients and none of them were
vaccinated for varicella zoster.

The main laboratory findings among these patients
were increased CSF protein levels, CRP, and pleocytosis
in 8 (66.6%) (mostly lymphocytic), 3 (25%), and 12 (100%)
of them. In most of the studies, intravenous (500-300 mg)
and oral (1500-4000 mg) acyclovir (2-21 days) was the
first-line therapeutic agent for viral meningitis. Almost,
full recovery was achieved in nine (75%) of the patients
Table 2.

Eventually, the results of the study determined that
in vaccine-induced and viral meningitis, the most used
vaccine was Pfizer, the most prevalent symptom was
headache, and the most common time of appearance
symptoms was one week after vaccination.

Quality assessment

Among case reports, five received the highest score (8/8,
18.5%) and one received the lowest score (4/8, 3.7%).
The overall mean score of the studies was 6.7. Report-
ing patients’ demographic information and clear history
were the most fulfilled criteria (100%, 96.2%). The least
fulfilled criteria were describing adverse events after
therapy (33.4%) as shown in Table 3. Among case series,
two of them received a score of 9/10, and one received
a score of 1/8. The latter one was a report of a series of
cases in the form of a letter to the editor. The mean score
of the case series was 7/8. The most fulfilled criteria were
the consecutive inclusion of the patients (100%), whereas
the least was describing clear inclusion criteria (50%) as
shown in Table 4.

Discussion

The term "meningitis" refers to the inflammation of the
meninges which surround the brain and spinal cord. Its
association with mumps, measles, and rubella vaccina-
tion has been extensively documented [22, 57]. However,
in the wake of the COVID-19 pandemic, there has been
a notable increase in the utilization of various available
vaccines to mitigate the adverse effects of COVID-19.
Some published studies have reported reactions and
side effects associated with these vaccines, which were
initially developed as prophylactic measures against the
severe and fatal consequences of the virus [45, 58]. For
instance, the BNT162b2 mRNA COVID-19 vaccine has
been linked to cases of aseptic meningitis among many
recipients [59]. Our comprehensive search for perform-
ing a systematic review of meningitis after COVID-
19 vaccinations revealed some essential information
about meningitis cases due to the COVID-19 vaccines.
Our study showed that most participants received
Pfizer (65.6%), which greatly impacted the incidence of
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vaccine-induced meningitis. The statistic for this condi-
tion was 62.5% for drug-induced and 37.5% for viral men-
ingitis. These statistics were lower for other vaccines such
as Moderna, Covax, and AstraZeneca. Also, our investi-
gation showed very thinkable information: only three of
32 patients had a positive COVID test after vaccinations.
This finding claimed that meningitis after vaccinations
may be related to the vaccines, not the disease. Further-
more, among all selected cases, most patients hadn't a
remarkable past medical history, except four had dyslipi-
demia, and two had migraines. Regarding time interval
after receiving vaccines, our included cases showed most
of the symptoms of meningitis appeared after the first
dose of vaccines, which were 55.0% (11 of 20 patients) for
drug-induced, and 58.8% (five out of 10 patients) for viral
meningitis.

Vaccine-induced meningitis

Drug-induced meningitis, as a subtype of aseptic men-
ingitis, is defined as an inflammatory disorder affecting
the meninges, and it can sometimes have an iatrogenic
origin, meaning it is caused by medical intervention
or treatment [60]. Non-steroidal anti-inflammatory
drugs (NSAIDs), antibiotics, or intravenous immuno-
globulin (IVIg) are examples of medications that have
been associated with this [61]. Our review evaluated
20 patients diagnosed with aseptic meningitis; most
received the Pfizer COVID-19 vaccine. The presented
symptoms among these patients were headaches in 18 of
20 patients. This symptom is prevalent in these patients
based on the typical case of aseptic meningitis [18]. How-
ever, headaches could be an adverse effect of vaccines.
Garg and Paliwal [62] reported a spectrum of COVID-
19 complications such as headache, myositis, Guillain—
Barre syndrome, and Cranial nerve palsies. In the context
of COVID-19 vaccine-related neurological side effects,
researchers have proposed "molecular mimicry” as a
potential pathogenic mechanism [12]. This mechanism
suggests that the spike proteins generated by the vac-
cines, against which antibodies are produced, can share
similarities with specific molecules present on the sur-
faces of cells, such as sialic acid-containing glycoproteins
and gangliosides. As a result, the spike proteins may have
the ability to bind to these cell surface molecules, lead-
ing to potential adverse events. This molecular mimicry
further supports the biological plausibility of the neuro-
logical side effects associated with the COVID-19 vac-
cine [63]. Based on the discussed context, these sharing
surface molecules may play a role in aseptic meningitis,
and the cause of this event after receiving the first dose
of vaccines is still unclear. However, it can be assumed
that the first vaccine exposure often led to some adverse
effects. In the molecular view of aseptic meningitis, the
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central laboratory findings among aseptic patients were
increased C reactive protein (CRP), CSF protein levels,
and pleocytosis in 9 (45.0%), 11 (55.0%), and 13 (65.0%)
patients. Many of our reported cases of drug-induced
were healed with methyl prednisone, Dexamethasone,
and NSAIDs as significant therapeutic regimens. These
regimens are commonly used because the immune sys-
tem responds to some molecules, and these drugs could
attenuate the immune system.

Viral meningitis

Our investigation identified 12 cases of viral menin-
gitis, with 10 cases attributed to VZV. One other was
tested positive for CSF CMV PCR and serum HSV 1/2
IgM. In the last patients, the potential underlying viral
agent was not identified. Still, considering a lympho-
cytic WBC predominance in CSF analysis and response
to antiviral therapy, the authors suspected a viral etiol-
ogy for meningitis. Most patients presented with similar
initial symptoms, including headache, nausea, vomiting,
and vesicular rashes at the T10 dermatome, commonly
observed in the early stages of meningitis. Other mani-
festations among the viral cases included neck stiffness,
photophobia, and fever. These clinical features are typi-
cal indicators of meningitis and warrant prompt atten-
tion and appropriate management to ensure optimal
patient outcomes. Our investigations on the CSF culture
of patients with viral meningitis revealed varicella-zoster
virus, and four of ten septic patients noted a history of
chickenpox. Buranasadka et al. found two VZV menin-
gitis cases after receiving COVID-19 vaccines [64]. One
of the two VZV cases in their study had contracted VZV
in childhood, and the authors hypothesized this condi-
tion as reactivation of VZV after vaccination. The under-
lying mechanism of this reactivation may resemble the
study conducted by Psichogiou et al. [65], in which It
has been suggested that the agency responsible for vari-
cella zoster reactivation following COVID-19 vaccination
might bear similarities to immune reconstitution inflam-
matory syndrome (IRIS) observed in HIV patients after
receiving antiretroviral therapy. In HIV patients, antiret-
roviral drugs can worsen latent or occult infections as
the immune system strengthens and responds to previ-
ously dormant pathogens. Similarly, it is postulated that
COVID-19 vaccination might trigger a similar response,
potentially reactivating latent varicella-zoster virus in
specific individuals. This hypothetical resemblance to
IRIS in the context of antiretroviral therapy highlights
the importance of further research to understand the
complexities of vaccine-related immune responses and
their potential implications on latent infections. Similar
to the underlying cause of the reactivation of VZV, You
et al. [66] suggest an identical mechanism. Their study
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suggested that vaccination using COVID-19 mRNA vac-
cines may trigger an immunomodulatory response that
could potentially reactivate dormant Varicella Zoster
Virus (VZV). Vaccination stimulates the immune system,
leading to a robust T-cell response. Specifically, vaccina-
tion with BNT162b2 (Pfizer-BioNTech COVID-19 vac-
cine) results in an increased cellular response, leading
to the production of spike-specific CD8+T cells and T
helper type 1 CD4+T cells, particularly after receiving
a booster dose [66]. One plausible hypothesis suggests
that, due to the massive shift of naive CD8+cells trig-
gered by SARS-CoV-2 mRNA vaccination, VZV-specific
CD8+ cells might become temporarily unable to regulate
the dormant VZV effectively. This temporary imbalance
in the immune system may create an environment con-
ducive to VZV reactivation.

Study limitations

Our study has some limitations that readers and the sci-
entific community should note. First, our sample size was
small, which may introduce bias and limit the generalizabil-
ity of our findings. Second, patients’ drug history was insuf-
ficiently detailed, and relevant studies were not accurately
referenced, potentially affecting the interpretation of lum-
bar puncture results and vaccine efficacy. Third, the posi-
tive outcome of lumbar puncture for VZV does not indicate
the exact timing of infection; it could have occurred before
or after vaccination. The available data did not provide
enough support to draw a definitive conclusion.

Conclusion

Overall, our study suggested that meningitis is a criti-
cal but not devastating complication of COVID-19 vac-
cination. Almost all patients responded well to common
agents for managing vaccine-induced meningitis. It is
recommended to monitor patients with a history of
chickenpox after COVID-19 vaccination for the develop-
ment of meningitis.
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