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Abstract
Objective To describe three cases with neurological symptoms after SARS-CoV-2 vaccination.
Methods A case series followed by a review of the literature, describing hypotheses on how neurological symptoms might 
develop after vaccination.
Results The different temporal relationship between the onset or worsening of different neurological symptoms suggests 
different pathophysiological mechanisms. Progression of post-infectious myoclonus, caused by a previous SARS-CoV-
2-infection, shortly after vaccination suggests a renewed auto-immune mediated crossreaction of antibodies to both viral 
epitopes and central nervous system components. Thunderclap headache after vaccination suggests a similar pathophysiologi-
cal mechanism to the headache and other flu-like symptoms described after vaccination against other viruses. This might be 
ascribed to the activation of immunoinflammatory mediators or accompanying fever. Although headache accompanied by 
encephalopathy and focal neurological deficit might occur as part of a cytokine release syndrome, this is clinically less likely.
Conclusions A variety of symptoms, including thunderclap headache, focal deficits and movement disorders, can occur after 
SARS-CoV-2 vaccination, and an activation or reactivation of the immune system is suggested as most likely cause. However, 
one should be careful about claiming a direct correlation. It remains important to exclude other causes, such as structural 
lesions, infections or subarachnoid hemorrhage, and future research is required to understand possible pathophysiological 
mechanisms and associations with the SARS-CoV-2 vaccine.

Keywords SARS-CoV-2 · COVID-19 · Vaccine · Thunderclap headache · Myoclonus

Introduction

Worldwide, many people have been infected with SARS-
CoV-2, which has resulted in morbidity and mortality 
[1]. This pandemic is still having an enormous impact on 
healthcare and society in general [2]. Vaccination against 
SARS-CoV-2 is important to reduce spread of the virus and 
death rates. Although multiple neurological signs and symp-
toms in patients with a SARS-CoV-2 infection have been 
reported [1], the information about neurological complica-
tions after SARS-CoV-2 vaccination is also increasing [3]. 
With this case series, we aim to contribute to this knowledge 
by describing three cases with neurological manifestations 

after vaccination against SARS-CoV-2. All patients gave 
written informed consent. Adverse effects were registered 
in the national pharmacovigilance center (Lareb).

Case A

An 87-year-old man known with hypertension had a SARS-
CoV-2 infection in November 2020, diagnosed with a PCR-test. 
Thirteen days after the initial and mild flu-like symptoms, he 
developed a bilateral disabling, progressive, generalized, action-
induced myoclonus with a mild dysarthria, without any other 
symptoms. Laboratory tests showed no metabolic cause, brain 
MRI did not show any structural lesions, and CSF analysis 
showed no abnormalities, including a negative SARS-CoV-2 
PCR. Also, anti-neuronal antibodies in serum were negative.

Because of the subacute onset and unremarkable ancil-
lary investigations, a SARS-CoV-2 associated para-infectious 
myoclonus was diagnosed. Treatment with levetiracetam, 
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clonazepam, and pulse therapy methylprednisolone was initi-
ated. Three months after initial presentation, only a mild action-
induced myoclonus persisted. Two months after primary infec-
tion, he was vaccinated against SARS-CoV-2 with the Pfizer/
BioNTech vaccine [4]. One day after the first vaccine, there 
was a progression of myoclonic symptoms, with improvement 
within days. No worsening of symptoms occurred after the sec-
ond vaccine (30 days after his first vaccine).

Case B

A 62-year-old woman with a medical history of ocular mela-
noma experienced a thunderclap headache without any other 
complaints, suddenly after her SARS-CoV-2 vaccine (Pfizer/
BioNTech) [4]. The headache spontaneously improved after 
one day. Ten days after vaccination, she had a sudden brief 
loss of consciousness without head trauma, directly followed 
by a second episode of thunderclap headache. Neurological 
examination showed a bradyphrenic woman with motoric 
dysphasia and mild dysmetria in all extremities, and was 
otherwise normal. Laboratory analysis, brain CT and MRI, 
EEG and CSF analysis including blood pigment and cytol-
ogy analysis were all unremarkable. Cardiological work-up 
showed no abnormalities. No cause could be found for the 
headache, including no signs of cerebral reversible vaso-
constriction syndrome. Her symptoms recovered within a 
few days.

After the second vaccination, she experienced another 
episode of thunderclap headache, without any other neuro-
logical deficits.

Case C

A 21-year-old woman with an unremarkable medical his-
tory developed general malaise with subfebrile temperature 
two hours after her first vaccination against SARS-CoV-2 
(Oxford/AstraZeneca) [5]. Six hours later, she experienced 
a thunderclap headache, with nausea and vomiting. She had 
tachycardia and hypertension and was restless. Neurological 
examination, blood analysis, and brain CT including CT-
angiography and venography were all normal. The patient 
was treated with paracetamol, NSAIDs, intravenous mor-
phine, and oxygen therapy. The headache diminished within 
24 h. She recovered completely within a few days.

Discussion

The pathophysiological mechanisms for the occurrence 
of neurological symptoms after SARS-CoV-2 vaccina-
tion are not entirely clear. The origin of a para-infectious 

phenomenon, as suspected in case A, is thought to be auto-
immune mediated and presumably based on molecular 
mimicry between epitopes of viral spike proteins and spe-
cific homologous self-proteins of the nervous system [6]. 
Antibodies produced by the activated immune system will 
bind to viral epitopes and additionally, via a cross-reaction, 
damage specific parts of the nervous system. The modified 
RNA within the Pfizer/BioNTech vaccine will be anchored 
in the host cell membrane [4]. After vaccination, cross-
reactivity may occur again by renewed production of the 
auto-antibodies already known by the immune system [7]. 
We hypothesize that the relative short timespan between the 
first and second vaccination with a still activated immune 
response might explain why symptoms did not worsen after 
the second vaccine in case A. A recent small (n = 15) post-
mortem cohort-study showed, however, that patients with a 
SARS-CoV-2 infection—vaccination status unknown—have 
significantly more microglial activation (innate immune sys-
tem) in the brainstem. This suggests that also other patho-
physiological mechanisms might be involved [8].

The post-vaccination thunderclap headache, without 
a preceding SARS-CoV-2 infection, (case B and C) pre-
sumably, has a different cause. The onset of symptoms 
shortly after vaccination suggests a direct correlation with 
SARS-CoV-2 vaccination. Different hypotheses have been 
postulated.

First, headache is commonly seen in patients suffering 
from a respiratory virus and after a vaccination, including 
SARS-CoV-2-vaccines [3, 4]. Post-vaccination headache 
might be based on the same pathophysiological mechanism 
as described after a virus infection: although not fully under-
stood, this might be ascribed to fever, activation of immuno-
inflammatory mediators, or a direct effect of specific micro-
organisms [9]. This might also apply to post-vaccination 
thunderclap headache, supported by the concomitant signs 
of malaise and subfebrile temperature (case C).

Second, there might be reactivation of the immune system 
when patients have previously been infected with SARS-
CoV-2 or a SARS-related infection. Medical history of 
patient B and C did not reveal this, but symptoms may have 
been subclinical.

Third, headache and encephalopathy have been reported 
as a neurological manifestation of SARS-CoV-2-infection 
due to virus induced systemic hyperinflammation by an 
extensive cytokine release [10]. This could cause inflamma-
tion of multiple organ systems, including the central nervous 
system, and might lead to multi-organ failure [11]. However, 
since the symptoms were relatively mild and the patients 
in case B and C were only vaccinated without a preceding 
infection, this cause is unlikely. Hypothetically, a milder ver-
sion of this phenomenon could have occurred.

To date, there is no evidence for higher rates of neurologi-
cal disease after COVID-19 vaccination [12] and it remains 
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therefore unclear whether the episode of bradyphrenia and 
focal neurological symptoms could be related to the SARS-
CoV-2 vaccine.

It remains essential to exclude other underlying condi-
tions, including subarachnoid hemorrhage, stroke, cervical 
artery dissection, and cerebral venous sinus thrombosis.

Conclusion

This case series show new onset or deterioration of neu-
rological symptoms shortly after the administration of a 
SARS-CoV-2 vaccine. Although a causal relationship could 
not be established, the temporal relationship between vac-
cination and symptoms, the exclusion of other causes of the 
signs and symptoms after thorough examination, and the 
known pathophysiological mechanisms as described support 
our hypotheses. In sum, after vaccination, a (re)activation 
of the immune system might cause neurological symptoms, 
but it remains important to exclude other etiologies. Fur-
ther research may gain more insights into the mentioned 
hypotheses.
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