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Abstract
Objectives  Neurological symptoms associated with Severe Acute Respiratory Syndrome Coronavirus-2 (SARS-CoV-2) vac-
cination were discovered in the context of billions of administered vaccine doses. The clinical manifestations often resemble 
post Coronavirus Disease 2019 (post-COVID-19) syndrome (PCS) features and may be considered as post-COVID-19 vaccine 
syndrome (PVS). Data regarding frequency, severity and pathophysiological mechanisms are scarce.
Methods  We assessed routine clinical examinations in 50 patients reporting new-onset neurological symptoms after SARS-
CoV-2 vaccination, including neurological examination, laboratory and electrophysiology tests, as well as self-report ques-
tionnaires measuring fatigue, depressive symptoms, anxiety, risk of somatic symptom disorder, and health-related quality of 
life. Patients were included when symptoms occurred after confirmed COVID-19 vaccination and without prior SARS-CoV-2 
infection, and if no alternative diagnosis was found to explain the symptoms.
Results  The most frequently reported symptoms were paraesthesia (56%), fatigue (46%) and cognitive impairment (36%). 
Neurological, routine laboratory, and electrophysiological examinations did not yield distinct pathological findings. Neu-
ropsychological testing of a subgroup revealed deficits in attention, executive function and memory.
Discussion  The spectrum of clinical manifestations post-vaccination poses a substantial overlap with PCS symptoms. As 
no pathological findings were obtained in routine diagnostics, uncertainty remains about the underlying pathophysiological 
mechanisms and requires further investigation beyond routine work-up.

Keywords  Post-COVID-19 syndrome (PCS) · SARS-CoV-2 vaccination · Post-COVID-19 vaccine syndrome (PVS) · 
Paresthesia · Fatigue · Cognitive impairment

Introduction

Post-COVID-19 syndrome (PCS) is known for its wide range 
of neurological and psychiatric symptoms, including fatigue, 
cognitive impairment, headache, depression, and anxiety [3, 
4, 19]. Vaccine development has been a major breakthrough 
not only to reduce the number of deaths and severe cases of 
Coronavirus Disease 2019 (COVID-19), but also to contain 
the spread of Severe Acute Respiratory Syndrome Corona-
virus 2 (SARS-CoV-2) [6]. Additionally, there is emerging 
evidence that vaccination decreases the risk of developing 
PCS after breakthrough infection [1].

Initially, all approved vaccines were found to be safe, 
with generally mild and transient side effects such as pain 
on the injection site, fever, or headache [17]. A serious 
adverse event after vector vaccination is vaccine-induced 
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immune thrombotic thrombocytopenia (VITT) [7], leading 
to predominant usage of mRNA-based vaccines in Germany. 
Other severe neurological adverse events following COVID-
19 vaccination have been rarely described and involve e.g., 
Bell’s palsy, Guillain-Barré syndrome, acute disseminated 
encephalomyelitis, and cerebrovascular events [16]. Data 
on other symptoms in correlation with COVID-19 vacci-
nation, commonly referred to as “post-COVID-19 vaccine 
syndrome” (PVS) [10], are scarce.

Here we report of 50 patients who presented to our neu-
rological outpatient clinic due to neurological symptoms in 
temporal association to COVID-19 vaccination.

Methods

Fifty patients with neurological symptoms following COVID-
19 vaccination presented to our outpatient clinic between Octo-
ber 2021 and July 2022. They were interviewed and examined 
by a neurologist. All patients had received at least one vaccina-
tion against SARS-CoV-2 and did not report of a concomitant 
disease explaining the symptoms. Patients with a confirmed 
SARS-CoV-2 infection before symptom onset were excluded. 
Diagnostic evaluation including blood tests was performed 
according to the guidelines of the German Society of Neu-
rology. Patients filled out self-report questionnaires regarding 
fatigue (Fatigue Severity Scale, FSS) [11], depression (Beck 
Depression Inventory Version I, BDI) [2], anxiety (Gener-
alized Anxiety Disorder Scale-7, GAD-7) [18], and risk of 
somatic symptom disorder (Somatic Symptom Disorder – B 
Criteria Scale, SSD-12) [21]. Health-related quality of life was 
assessed using the Short-Form-36 Health Survey (SF-36) [23] 
and compared with a norm sample (n = 2471) [8]. To screen for 
cognitive deficits, the Montreal Cognitive Assessment Scale 
(MoCA) [15] was performed. Neuropsychological examination 
covered test items regarding learning and memory, complex 
attention, executive functions, language, and perceptual motor 
function.

Electrophysiological examination was conducted in 
patients with paraesthesia and neuropathic pain. Skin biopsy 
was performed to assess intraepidermal nerve fibre density 
or pathological amyloid deposits in those patients whose 
electrophysiological assessment did not show pathological 
findings.

Results

The mean age of patients was 41 years (21–62 years) and 
the majority were female (60%). In 50% of patients, symp-
toms occurred after the first vaccination, in 26% after the 
second, and in 24% after the third (Table 1). Almost all 
patients (98%) developed symptoms after administration 

of an mRNA-based vaccine. Most patients (86%) received a 
homologous, mRNA-based vaccine regimen (82% BioNTech-
Pfizer, 4% Moderna). Heterologous vaccine regimen were used 
in 14% of patients (10% mRNA-/mRNA-based, 4% vector-/
mRNA-based). The median latency between receiving the vac-
cination and onset of symptoms was three days, ranging from 
one hour to 30 days. A SARS-CoV-2 infection occurred in 16 
patients (32%) after their vaccination and onset of reported 
symptoms. All 16 had a mild course, but 10 (63%) reported 
an exacerbation of pre-existing symptoms.

The most frequent self-reported central nervous symp-
toms were fatigue (n = 23; 46%), cognitive impairment 
(n = 18; 36%), and headache (n = 15; 30%). Peripheral nerv-
ous symptoms included paraesthesia (n = 28; 56%), fascic-
ulations (n = 11; 22%), myalgia (n = 11; 22%), and neuro-
pathic pain (n = 11; 22%). Other symptoms included vertigo 
(n = 8; 16%) and tinnitus (n = 3; 6%). Overall, 32% presented 
with central symptoms, 40% with peripheral symptoms and 
28% with both central and peripheral symptoms (Table 2). 
At the point of presentation in our outpatient clinic, none of 
the patients reported of ameliorated symptoms over time.

Of all 43 patients examined with MoCA, 40% showed 
pathologic scores (≤ 25/30 points). More comprehensive 
neuropsychological examination in 8 patients revealed defi-
cits in attention (n = 6, 75%), executive function (n = 4, 50%) 
and memory (n = 3, 38%).

Brain MR imaging (n = 35) showed unremarkable find-
ings except for unspecific gliosis (n = 3; 9%) and chronic 
mastoiditis (n = 1; 3%). Electroencephalography (n = 9) 
revealed no pathological findings. Electrophysiology (n = 27) 
detected single fasciculation potentials (n = 2; 7%) and bilat-
eral carpal tunnel syndrome (n = 1; 4%). Skin biopsy was 
performed in four patients, which revealed normal intraepi-
dermal nerve fibre density and no evidence of pathological 
amyloid deposits [12]. A routine serological examination 
including full blood count, liver enzymes, renal function, 
and electrolytes was carried out in all patients without detec-
tion of relevant pathological findings.

Substantial impairment due to fatigue quantified by FSS 
(≥ 4 points) was reported by 73% of patients (Table 3). BDI 
indicated moderate to severe depressive symptoms in 16% 
(≥ 20 points), and GAD-7 pointed to symptoms of moderate 
to severe anxiety in 25% (≥ 10 points) of patients. Evaluation 
by SSD-12 revealed an increased risk for somatic symptom 
disorder (≥ 23 points) in 75%. SF-36 scores were signifi-
cantly worse (p < 0.05) in all domains in the post-vaccination 
group (physical functioning 59 vs 71%, physical pain 32 vs. 
71%, role limitations due to physical health problems 14 vs. 
53%, role limitations due to personal or emotional problems 
52 vs. 66%, emotional well-being 54 vs. 70%, social func-
tioning 38 vs. 79%, energy/fatigue 28 vs. 52%, general health 
perception 38 vs. 57%). No significant differences by gender 
were found in SF-36 results.
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Discussion

We report of a comprehensive neurological assessment in 50 
patients with persistent neurological symptoms in temporal 
relation to COVID-19 vaccination including clinical pres-
entation, routine diagnostic, and self-report questionnaires. 
To date and in contrast to PCS, reliable data and a generally 
accepted definition of PVS are absent.

Our patients presented with central (cognitive impair-
ment, fatigue, headache) and peripheral (paraesthesia, 
myalgia, fasciculations, neuropathic pain) neurological 
symptoms. Our data indicate that the spectrum of symp-
toms reported by PVS patients is similar to the spectrum 
we observe in PCS patients [3]. Notably, paraesthesia 
(56%) as the most common reported symptom in PVS 
was less frequently observed in PCS, while fatigue (46%) 
and cognitive impairment (36%) seem to occur more often 
in PCS [3]. As a limitation, our study did not include 

Table 1   Patient characteristics 
and details of vaccine regimens

Total Female Male

Number of patients 50 30 (60%) 20 (40%)
Mean age (years) 41.0 41.8 39.9
 Range 21–62 26–62 21–60

Onset of symptoms after vaccine number
 1 25 (50%) 14 (47%) 11 (55%)
 2 13 (26%) 8 (27%) 5 (25%)
 3 12 (24%) 8 (27%) 4 (20%)

Onset of symptoms after vaccine type
 mRNA 49 (98%) 30 (100%) 19 (95%)
  BioNTech-Pfizer 44 (88%) 27 (90%) 17 (85%)
  Moderna 5 (10%) 3 (10%) 2 (11%)

 Vector 1 (2%) 0 (0%) 1 (5%)
  Johnson & Johnson 1 (2%) 0 (0%) 1 (5%)
  AstraZeneca 0 (0%) 0 (0%) 0 (0%)

Vaccine regimen
 Homologous 43 (86%) 27 (90%) 16 (80%)
 mRNA 43 (86%) 27 (90%) 16 (80%)
  BioNTech-Pfizer 41 (82%) 26 (87%) 15 (75%)
  Moderna 2 (4%) 1 (3%) 1 (5%)

 Vector 0 (0%) 0 (0%) 0 (0%)
 Heterologous 7 (14%) 3 (10%) 4 (20%)
 mRNA/mRNA 5 (10%) 3 (10%) 2 (10%)
  BioNTech-Pfizer/Moderna 5 (10%) 3 (10%) 2 (10%)

 Vector/mRNA 2 (4%) 0 (0%) 2 (10%)
  Johnson & Johnson/BioNTech-Pfizer 1 (2%) 0 (0%) 1 (5%)
  AstraZeneca/BioNTech-Pfizer 1 (2%) 0 (0%) 1 (5%)

 mRNA/vector 0 (0%) 0 (0%) 0 (0%)
Median latency until onset of symptoms (days) 3 2 4
 Range 0–30 0–30 0–28

SARS-CoV-2 infection after vaccination 16 (32%) 10 (33%) 6 (30%)
 Increase in the severity of symptoms due to infection 10 (63%) 7 (70%) 3 (50%)

Table 2   Reported symptoms

Total Female Male

Symptoms
 Fatigue 23 (46%) 13 (43%) 10 (50%)
 Cognitive impairment 18 (36%) 11 (37%) 7 (35%)
 Headache 15 (30%) 10 (33%) 5 (25%)
 Paraesthesia 28 (56%) 17 (57%) 11 (55%)
 Fasciculations 11 (22%) 6 (20%) 5 (25%)
 Myalgia 11 (22%) 6 (20%) 5 (25%)
 Neuropathic pain 11 (22%) 7 (23%) 4 (20%)
 Vertigo 8 (16%) 7 (23%) 1 (5%)
 Tinnitus 5 (10%) 2 (7%) 3 (15%)
 Central 16 (32%) 10 (33%) 6 (30%)
 Peripheral 20 (40%) 13 (43%) 7 (35%)
 Both 14 (28%) 7 (23%) 7 (35%)
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follow-up examinations. These are needed to assess the 
time course of symptom severity, modification and poten-
tial recovery of symptoms.

Self-report questionnaires showed an increased risk of 
somatic symptom disorder as assessed by SSD-12 in 75% 
of our 50 patients, moderate to severe anxiety measured 
by GAD-7 was present in 25%, and BDI indicated moder-
ate to severe depressive symptoms in 16% of our patients. 
SF-36 showed low percentages in all scores, especially 
regarding physical health, underlining the severe impact 
on patient’s quality of live. Since standard diagnostic was 
widely normal, inclusion of psychiatric and psychosomatic 
assessment should be considered.

Our cohort mainly involved patients vaccinated with 
mRNA vaccines, which are predominantly administered 
in Germany. Available literature however accuses vector-
based vaccines to be more frequently associated with 
(severe) neurological side effects [7, 20]. On the other 
hand, mRNA-COVID‐19 vaccine side‐effects have been 
attributed to a nocebo component in association with vac-
cine hesitancy [9].

Our data does not allow conclusions whether the symp-
toms occurred in temporal relationship to the COVID-19 
vaccination, or whether the vaccine may be considered as 
a triggering factor or a cause of these symptoms. While 
there is limited data, several pathomechanisms have been 

suggested to explain the occurrence of diseases following 
SARS-CoV-2 vaccination, e.g., molecular mimicry, produc-
tion of cross-reactive (anti-idiotype) autoantibodies, involve-
ment of vaccine adjuvants, and persistence of spike protein 
[5, 14, 22].

Although neurological symptoms after COVID-19 vacci-
nation have been reported, they appear to be rare considering 
the total number of vaccines administered. Current recom-
mendations and guidelines favour COVID-19 vaccination 
as the risk of neurological complications during and after 
COVID-19 infection overweighs [13, 16]. Nevertheless, 
in-depth investigation of the individual patient, including 
diagnostic procedures beyond routine clinical care is needed, 
while research on pathophysiological mechanisms may pro-
vide further insights and might offer therapeutic options.
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Table 3   Evaluation of self-
questionnaires and results of 
Montreal cognitive assessment 
scale

BDI Beck’s depression inventory; f female, FSS fatigue severity scale; GAD-7 generalized anxiety disorder 
7; m male, MoCA Montreal cognitive assessment; SSD-12 somatic symptom disorder—B criteria scale

Total Female Male

FSS Mean 5.1 5.3 4.9
(n = 45
(f n = 28, m n = 17),
1–7 points

No impairment due to fatigue (1–3 points) 12 (27%) 7 (25%) 5 (29%)
Impairment due to fatigue (4–7 points) 33 (73%) 21 (75%) 12 (71%)

BDI I Mean 13.2 14.3 11.4
n = 43
(f n = 27, m n = 16),
0–63 points

No depression (0–9 points) 15 (35%) 8 (30%) 7 (44%)
Mild depression (10–19 points) 21 (49%) 13 (49%) 8 (50%)
Moderate depression (20–29 points) 6 (14%) 5 (19%) 1 (6%)
Severe depression (30–63 points) 1 (2%) 1 (4%) 0 (0%)

GAD-7 Mean 6.8 6.3 7.6
n = 44
(f n = 27, m n = 17),
0–21 points

Minimal anxiety (0–4 points) 17 (39%) 12 (44%) 5 (29%)
Mild anxiety (5–9 points) 16 (36%) 8 (30%) 8 (47%)
Moderate anxiety (10–14 points) 8 (18%) 6 (22%) 2 (12%)
Severe anxiety (15–21 points) 3 (7%) 1 (4%) 2 (12%)

SSD-12 Mean 26.3 25.3 27.7
n = 44
(f n = 27, m n = 17),
0–48 points

No risk for somatic symptom disorder (0–22 points) 11 (25%) 8 (30%) 3 (18%)
Risk for somatic symptom disorder (23–48 points) 33 (75%) 19 (70%) 14 (82%)

MoCA Mean 25.7 25.7 25.8
n = 43
(f n = 26, m n = 17),
0–30 points

Normal (26–30 points) 26 (61%) 18 (69%) 8 (47%)
Pathologic (≤ 25 points) 17 (40%) 8 (31%) 9 (53%)



4677Journal of Neurology (2023) 270:4673–4677	

1 3

Funding  Open Access funding enabled and organized by Projekt 
DEAL. HP and CF have received funding by the German Research 
Foundation (DFG). Funding numbers are FR 4479/1-1 and PR 
1274/8-1.

Data availability  The original contributions presented in the study are 
included in the article, further inquiries can be directed to the cor-
responding author.

Declarations 

Conflicts of interest  All other authors have no competing interests to 
declare that are relevant to the content of this article.

Ethical approval  The Institutional Review Board of the Charité 
approved the study (Institutional Review Board number EA2/102/22). 
Informed consent was waived by the Institutional Review Board due 
to the observational design of the study and in accordance with laws 
and regulations in the Federal State of Berlin that allows the scientific 
use of data collected within routine care documentation and quality 
monitoring (§25 Berliner Krankenhausgesetz).

Open Access   This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

References

	 1.	 Ayoubkhani D, Bermingham C, Pouwels KB, Glickman M, Naf-
ilyan V, Zaccardi F, Khunti K, Alwan NA, Walker AS (2022) 
Trajectory of long covid symptoms after covid-19 vaccination: 
community based cohort study. BMJ 377:e069676

	 2.	 Beck AT, Ward CH, Mendelson M, Mock J, Erbaugh J (1961) 
An inventory for measuring depression. Arch Gen Psychiatry 
4:561–571

	 3.	 Boesl F, Audebert H, Endres M, Prüss H, Franke C (2021) A 
neurological outpatient clinic for patients with post-COVID-19 
syndrome—a report on the clinical presentations of the first 100 
patients. Front Neurol 12:738405

	 4.	 Chen C, Haupert SR, Zimmermann L, Shi X, Fritsche LG, 
Mukherjee B (2022) Global prevalence of post-coronavirus dis-
ease 2019 (COVID-19) condition or long COVID: a meta-analysis 
and systematic review. J Infect Dis 226:1593–1607

	 5.	 Chen Y, Xu Z, Wang P, Li XM, Shuai ZW, Ye DQ, Pan HF (2022) 
New-onset autoimmune phenomena post-COVID-19 vaccination. 
Immunology 165:386–401

	 6.	 Francis AI, Ghany S, Gilkes T, Umakanthan S (2022) Review of 
COVID-19 vaccine subtypes, efficacy and geographical distribu-
tions. Postgrad Med J 98:389–394

	 7.	 Greinacher A, Thiele T, Warkentin TE, Weisser K, Kyrle PA, 
Eichinger S (2021) Thrombotic thrombocytopenia after ChAdOx1 
nCov-19 vaccination. N Engl J Med 384:2092–2101

	 8.	 Hays RD, Sherbourne CD, Mazel RM (1993) The RAND 36-item 
health survey 1.0. Health Econ 2:217–227

	 9.	 Hoffman YSG, Levin Y, Palgi Y, Goodwin R, Ben-Ezra M, Green-
blatt-Kimron L (2022) Vaccine hesitancy prospectively predicts 
nocebo side-effects following COVID-19 vaccination. Sci Rep 
12:20018

	10.	 Jara LJ, Vera-Lastra O, Mahroum N, Pineda C, Shoenfeld Y 
(2022) Autoimmune post-COVID vaccine syndromes: does the 
spectrum of autoimmune/inflammatory syndrome expand? Clin 
Rheumatol 41:1603–1609

	11.	 Krupp LB, LaRocca NG, Muir-Nash J, Steinberg AD (1989) The 
fatigue severity scale: application to patients with multiple sclero-
sis and systemic lupus erythematosus. Arch Neurol 46:1121–1123

	12.	 Lauria G, Bakkers M, Schmitz C, Lombardi R, Penza P, Devigili 
G, Smith AG, Hsieh ST, Mellgren SI, Umapathi T, Ziegler D, 
Faber CG, Merkies IS (2010) Intraepidermal nerve fiber density 
at the distal leg: a worldwide normative reference study. J Peripher 
Nerv Syst 15:202–207

	13.	 Li X, Raventós B, Roel E, Pistillo A, Martinez-Hernandez E, 
Delmestri A, Reyes C, Strauss V, Prieto-Alhambra D, Burn E, 
Duarte-Salles T (2022) Association between covid-19 vaccina-
tion, SARS-CoV-2 infection, and risk of immune mediated neu-
rological events: population based cohort and self-controlled case 
series analysis. BMJ 376:e068373

	14.	 Murphy WJ, Longo DL (2022) A possible role for anti-idiotype 
antibodies in SARS-CoV-2 infection and vaccination. N Engl J 
Med 386:394–396

	15.	 Nasreddine ZS, Phillips NA, Bédirian V, Charbonneau S, White-
head V, Collin I, Cummings JL, Chertkow H (2005) The montreal 
cognitive assessment, MoCA: a brief screening tool for mild cog-
nitive impairment. J Am Geriatr Soc 53:695–699

	16.	 Patone M, Handunnetthi L, Saatci D, Pan J, Katikireddi SV, Razvi 
S, Hunt D, Mei XW, Dixon S, Zaccardi F, Khunti K, Watkinson 
P, Coupland CAC, Doidge J, Harrison DA, Ravanan R, Sheikh A, 
Robertson C, Hippisley-Cox J (2021) Neurological complications 
after first dose of COVID-19 vaccines and SARS-CoV-2 infection. 
Nat Med 27:2144–2153

	17.	 Polack FP, Thomas SJ, Kitchin N, Absalon J, Gurtman A, Lock-
hart S, Perez JL, Pérez Marc G, Moreira ED, Zerbini C, Bailey 
R, Swanson KA, Roychoudhury S, Koury K, Li P, Kalina WV, 
Cooper D, Frenck RW Jr, Hammitt LL, Türeci Ö, Nell H, Schaefer 
A, Ünal S, Tresnan DB, Mather S, Dormitzer PR, Şahin U, Jansen 
KU, Gruber WC (2020) Safety and efficacy of the BNT162b2 
mRNA Covid-19 vaccine. N Engl J Med 383:2603–2615

	18.	 Rutter LA, Brown TA (2017) Psychometric properties of the 
generalized anxiety disorder scale-7 (GAD-7) in outpatients 
with anxiety and mood disorders. J Psychopathol Behav Assess 
39:140–146

	19.	 Taquet M, Geddes JR, Husain M, Luciano S, Harrison PJ (2021) 
6-month neurological and psychiatric outcomes in 236 379 survi-
vors of COVID-19: a retrospective cohort study using electronic 
health records. Lancet Psychiatry 8:416–427

	20.	 Tondo G, Virgilio E, Naldi A, Bianchi A, Comi C (2022) Safety 
of COVID-19 Vaccines: spotlight on neurological complications. 
Life (Basel) 12:1338. https://​doi.​org/​10.​3390/​life1​20913​38

	21.	 Toussaint A, Löwe B, Brähler E, Jordan P (2017) The somatic 
symptom disorder—B criteria scale (SSD-12): factorial structure, 
validity and population-based norms. J Psychosom Res 97:9–17

	22.	 Trougakos IP, Terpos E, Alexopoulos H, Politou M, Paraskevis 
D, Scorilas A, Kastritis E, Andreakos E, Dimopoulos MA (2022) 
Adverse effects of COVID-19 mRNA vaccines: the spike hypoth-
esis. Trends Mol Med 28:542–554

	23.	 Ware JE Jr (2000) SF-36 health survey update. Spine (Phila Pa 
1976) 25:3130–3139

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/life12091338

	Neurological symptoms after COVID-19 vaccination: a report on the clinical presentation of the first 50 patients
	Abstract
	Objectives 
	Methods 
	Results 
	Discussion 

	Introduction
	Methods
	Results
	Discussion
	Acknowledgements 
	References




