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Abstract
Background and purpose: Population- based studies suggest that severe acute respira-
tory syndrome coronavirus 2 (SARS- CoV- 2) vaccines may trigger immune- mediated 
thrombotic thrombocytopenia (VITT) raising concerns for other autoimmune responses. 
The aim was to characterize neurological autoimmunity after SARS- CoV- 2 vaccinations.
Methods: In this single- centre prospective case study patients with neurological autoim-
munity in temporal association (≤6 weeks) with SARS- CoV- 2 vaccinations and without 
other triggers are reported. Clinical, laboratory and imaging data were collected with a 
median follow- up of 49 days.
Results: In the study period 232,603 inhabitants from the main catchment area of our 
hospital (Rhein- Neckar- Kreis, county) received SARS- CoV- 2 vaccinations. Twenty- one 
cases (new onset n = 17, flares n = 4) diagnosed a median of 11 days (range 3– 23) fol-
lowing SARS- CoV- 2 vaccinations (BNT162b2 n = 12, ChAdOx1 n = 8, mRNA- 1273 n = 1) 
were identified. Cases included VITT with cerebral venous sinus thrombosis (n = 3), cen-
tral nervous system demyelinating diseases (n = 8), inflammatory peripheral neuropa-
thies (n = 4), myositis (n = 3), myasthenia (n = 1), limbic encephalitis (n = 1) and giant 
cell arteritis (n = 1). Patients were predominantly female (ratio 3.2:1) and the median 
age at diagnosis was 50 years (range 22– 86). Therapy included administration of steroids 
(n = 15), intravenous immunoglobulins in patients with Guillain– Barré syndrome or VITT 
(n = 4), plasma exchange in cases unresponsive to steroids (n = 3) and anticoagulation in 
VITT. Outcomes were favourable with partial and complete remissions achieved in 71% 
and 24%, respectively. Two patients received their second vaccination without further 
aggravation of autoimmune symptoms under low- dose immunosuppressants.
Conclusions: In this study various neurological autoimmune disorders encountered fol-
lowing SARS- CoV- 2 vaccinations are characterized. Given the assumed low incidence and 
mostly favourable outcome of autoimmune responses, the benefits of vaccinations out-
weigh the comparatively small risks.
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INTRODUC TION

Severe acute respiratory syndrome coronavirus 2 (SARS- CoV- 2) 
vaccines constitute the key countermeasure of the coronavirus 
2019 (COVID- 19) pandemic. Based on randomized clinical trials the 
European Medicines Agency has approved four COVID- 19 vaccines 
(Pfizer- BioNTech BNT162b2, Moderna mRNA- 1273, AstraZeneca 
ChAdOx1 nCov- 19, Janssen/Johnson&Johnson Ad26.COV2.S) [1– 
4]. Overall, severe neurological complications including autoimmune 
disorders affecting the nervous system are exceedingly rare (<0.1%) 
following SARS- CoV- 2 vaccinations [1– 4]. With the exception of the 
Ad26.COV2.S study, patients with autoimmunity or those receiving 
systemic immunosuppressive treatment were excluded from these 
initial clinical trials [3]. Therefore, limited safety data have been gen-
erated in this particular patient cohort. However, vaccinations are 
particularly recommended in patients with autoimmune conditions 
as they may experience disease exacerbation following infection 
and carry a risk for severe SARS- CoV- 2 courses [5,6]. Recent reports 
suggest that several SARS- CoV- 2 vaccines may induce platelet fac-
tor 4 (PF4) antibody- mediated thrombotic thrombocytopenia (VITT) 
5– 30 days following vaccination [7– 9]. Similarly, cases of facial palsy, 
Guillain– Barré syndrome (GBS) and transverse myelitis have been 
documented following SARS- CoV- 2 vaccinations [10– 14]. It remains 
unclear whether COVID- 19 vaccines trigger additional neurological 
autoimmune responses, particularly in patients with pre- existing au-
toimmunity. In this single- centre case study, the longitudinal char-
acteristics of 21 patients with various neurological autoimmune 
reactions in the temporal context of SARS- CoV- 2 vaccinations are 
defined.

METHODS

Clinical data

Adult patients with new onset or flares of autoimmune diseases 
within 6 weeks of vaccination against COVID- 19 who presented 
to the Department of Neurology or Division of Rheumatology at 
Heidelberg University Hospital and affiliated teaching hospitals be-
tween 1 March and 1 June 2021 were included in this case study 
with last follow- up on 19 June 2021. No patients were lost to follow-
 up. Patients with triggers for autoimmunity other than vaccination 
against SARS- CoV- 2 such as infection, medication changes or non- 
compliance were excluded from our study. At inclusion, SARS- CoV- 2 
infection was ruled out with polymerase chain reaction of endotra-
cheal aspirates or nasopharyngeal swabs. Clinical, laboratory, radio-
logical and outcome data were collected longitudinally. If patients 
were discharged from our institution, structured weekly telephone 

interviews were conducted with study participants or their legal 
guardians. Physicians involved in the outpatient care of participants 
were consulted for their longitudinal assessment. Descriptive analy-
sis (frequencies, medians, ranges) of data was performed using SPSS 
version 27 (IBM). One VITT case was previously published [15].

Vaccination data including administered number of vaccine doses 
(first/second) and types from the Rhein- Neckar- Kreis (county), the 
main catchment area of our hospital, were provided by the State 
Ministry of Health. The number of individuals who only received 
their second dose during the inclusion period of this study was de-
rived from the number of first doses administered 3 (BNT162b2), 4 
(mRNA- 1273) or 10 weeks (ChAdOx1) prior to the inclusion period 
(1 March 2021), assuming conventional dosing intervals, that every 
first was followed by a second shot with the same vaccine type, 
and that no individual moved between counties. The total number 
of individuals at risk was then estimated adding up individuals who 
at least received their first dose and those who received their sec-
ond vaccine dose only. This estimate does not include individuals 
who were vaccinated 4 (BNT162b2) or 5 (mRNA- 1273) to 6 weeks 
prior to the inclusion phase of this study and who could theoretically 
have fulfilled inclusion criteria by developing autoimmune diseases 
within 6 weeks after vaccination. However, it contains individuals 
vaccinated late during the inclusion phase of this study— when the 
number of weekly vaccinations was higher— and who may have de-
veloped autoimmunity only after the inclusion period of this study.

The study was conducted in accordance with consensus- based 
clinical case reporting (CARE) guidelines [16].

Autoimmune antibody investigations

Antibody investigations were selected with respect to the suspected 
neurological autoimmune condition. Comprehensive autoimmune 
neuropathy (ANA, ANCA and cryoglobulin screen; rheumatoid fac-
tor, SS- A, SS- B, GM1, GM2, GM3, GD1a, GD1b, GT1b, GQ1b, asialo-
 GM1, IgG and IgM; Hu, Ri, Yo PCA- 2 and Tr/DNER- IgG; MAG- IgM), 
myositis (ANA screen, Mi- 2 alpha, Mi- 2 beta, TIF1 gamma, MDA5, 
NXP2, SAE1, Ku, PM100, PM75, Jo- 1, SRP, PL- 7, PL- 12, EJ, OJ, Ro- 
52, cN- 1A IgG), encephalitis (Hu, Ri, ANNA- 3, Yo, Tr/DNER, my-
elin, Ma/Ta, GAD65, amphiphysin, aquaporin- 4 [AQP4], NMDA- R, 
AMOA- R, GABAA/B- R, LGI2, CASPR2, ZIC3, ZIC4, DPPX, glycin- R, 
mGluR1, mGluR5, Rho- GTPase activating protein 26, ITPR1, homer 
3, myelin oligodendrocyte glycoprotein [MOG], recoverin, neuro-
chondrin, GluRD2, flotillin 1/2, IgLON5, PNMA2, SOX1, titin, Zic4, 
GAD65, VGKC, SOX- 1, PCA- 2 antibodies) and optic neuritis/myelitis 
(MOG, AQP4, AGNA- 1, amphiphysin, Hu, Ri, Yo, NMDA- R, AMPA- R, 
GABAB- R, DPPX, mGluR1, GFAP, NIF antibodies) antibody panels 
were performed by an external laboratory (Euroimmun) using serum 
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and cerebrospinal fluid (CSF) samples from our patients where avail-
able. Testing for PF4 antibodies in cases of cerebral venous sinus 
thrombosis (CVST) was performed as previously described [9,15].

Ethics and consents

This study (S- 373/2021) was approved by the Heidelberg University 
institutional review board. Written informed consent was obtained 
from all patients or their legal guardians.

Patient and public involvement

Patients with autoimmunity were involved in identifying research 
questions, defining relevant parameters, and in choosing structured 
telephone interviews for follow- up prior to institutional review 
board application. The results of this study will be disseminated in 
plain language following publication.

RESULTS

During the inclusion phase of our study, 5978 patients (inpatient 
N = 1204, outpatient N = 4774, vaccination status not available 
for review) were treated at our department. In the same interval 
an estimated 232,603 inhabitants from the Rhein- Neckar county 
(population 547,625), the main catchment area of our hospital, were 
vaccinated against SARS- CoV- 2. Numbers and types of vaccine 
doses administered are provided in Table 1.

Twenty- one cases of neurological autoimmune responses (new 
onset n = 17, disease flares n = 4) in temporal association with SARS- 
CoV- 2 vaccinations (BNT162b2 n = 12, ChAdOx1 n = 8, mRNA- 1273 
n = 1) were identified. The majority of patients (n = 16) including 14 
cases of newly diagnosed neurological autoimmunity resided in the 
Rhein- Neckar county. Sixteen cases were noted following the first 
dose (BNT162b2 n = 7, ChAdOx1 n = 8, mRNA- 1273 n = 1) whereas 
five cases occurred after the second BNT162b2 dose.

The spectrum of autoimmunity following SARS- CoV- 2 vac-
cinations is depicted in Figure 1a. Conditions— newly diagnosed 
according to international standards— included VITT with subse-
quent CVST (n = 3), central nervous system (CNS) demyelinating 

diseases (n = 6: optic neuritis n = 4; partial transverse myelitis 
n = 2), inflammatory peripheral neuropathies (n = 4: GBS n = 2, 
L5 radiculitis n = 1, facial palsy n = 1), myositis (n = 2), limbic 
encephalitis (n = 1) and giant cell arteritis (GCA) (n = 1). All cases 
of VITT (n = 3) and GBS (n = 2) occurred in ChAdOx1 recipients 
whereas all cases of newly diagnosed optic neuritis (n = 4) and 
myositis (n = 2) followed vaccination with BNT162b2. Flares oc-
curred in patients with multiple sclerosis (n = 2), distal symmetric 
PM/Scl- 75- positive myositis (n = 1) and myasthenia (n = 1). Two 
patients with known multiple sclerosis (MS) were under ongoing 
immunosuppressive treatment when they received their SARS- 
CoV- 2 vaccination. Five patients (24%) from this series suffered 
from additional autoimmune conditions outside the nervous sys-
tem and a positive family history for autoimmunity was noted in 
seven patients (33%).

The characteristics of our cohort are summarized in Table 2. 
Patients were predominantly female (ratio 3.2:1) and were vacci-
nated at a median age of 50 years (range 22– 86). After vaccination, 
all participants reported mild non- specific complaints (headache, 
fatigue, local pain) lasting for 1– 3 days. Symptoms related to auto-
immune reactions occurred after a median of 11 days (range 3– 23, 
Figure 1b). This led to hospital admission a median of 17 days (range 
5– 42, Figure 1b) following vaccination.

Laboratory findings at diagnosis revealed thrombocytopenia 
(median 53/nl, range 21– 93) in patients with VITT only. C- reactive 
protein elevation (median 11.6 mg/l; range 7.1– 89 mg/l) without 
clinical, other laboratory or radiological signs of infection was noted 
in nine patients.

Diagnostic modalities including autoimmune antibody panels 
were selected with respect to the suspected autoimmune disease. 
Examples of radiological findings in patients with autoimmunity 
following SARS- CoV- 2 vaccinations are shown in Figure 2. CVST in 
VITT was diagnosed using contrast- enhanced magnetic resonance 
venography in all three patients (Figure 2a– d). Congestive bleeding 
was observed in two cases. One patient had additional systemic ve-
nous thromboses in the inferior cava, both iliacal and the right fem-
oral veins. PF4 antibodies were positive in both patients where they 
were assessed. Two patients with VITT had known heterozygous 
factor V Leiden mutations. No additional risk factors for CVST were 
found (e.g., oral contraception, smoking status, overweight etc.) and 
in all three patients whole- body computed tomography revealed no 
evidence of malignancy.

Type of vaccine
First dose 
(N, overall)

Second dose 
(N, overall)

Estimated second 
dose only (N)

Estimated vaccinated 
individuals (N)

BNT162b2 141,884 80,449 13,138 155,022

ChAdOx1 51,730 6686 2405 54,135

mRNA- 1273 19,630 15,590 1486 21,116

Ad26.COV2.S 2330 N/A 2330 2330

Total 215,574 102,725 17,029 232,603

Abbreviation: N, number.

TA B L E  1  Local county (Rhein- Neckar- 
Kreis) SARS- CoV- 2 vaccination data



558  |    KAULEN Et AL.

Patients with suspected CNS demyelinating conditions un-
derwent brain and spine magnetic resonance imaging (MRI) in all 
cases. Consistent with acute inflammation, MRI revealed contrast- 
enhancing lesions of the optic nerves (optic neuritis n = 4, 
Figure 2e,f), the thoracic cord (partial transverse myelitis n = 2) 
and juxtacortical regions (MS n = 2). Lumbar puncture was per-
formed in all patients with new onset of neuroinflammatory condi-
tions (n = 6). It revealed mild lymphocytic pleocytosis (median 7/μl, 
range 3– 13/μl) and CSF- restricted oligoclonal bands (type 2 n = 5, 
type 3 n = 1) in all and disruption of the blood– brain barrier as in-
dicated by elevated CSF/serum albumin ratios in half (n = 3) of the 

cases. MOG and AQP4 antibodies were assessed in patients with 
optic neuritis and myelitis, yielding negative results in all cases.

Patients with myositis had elevated creatine kinase levels at di-
agnosis (median 9086 U/l, range 868– 11,105 U/l). MRI of the lower 
extremities revealed T2- weighted hyperintense muscle signals and 
contrast uptake in all cases (Figure 2g,h). Autoimmune myositis 
antibody panels were evaluated in newly diagnosed patients with 
PM/Scl- 75 and SAE1 antibody titres detected in two patients, re-
spectively. Muscle biopsy confirmed the diagnosis in one of two 
cases with new onset myositis and it was deferred in the second 
case due to favourable clinical response to steroids. Dermatological 

F I G U R E  1  Spectrum of autoimmunity and intervals to symptom onset and hospital admission. (a) The box diagram shows neurological 
autoimmune diseases encountered at our institution following SARS- CoV- 2 vaccinations. Conditions included CNS demyelinating disorders 
(CNS DD), inflammatory demyelinating peripheral neuropathies (IDP), vaccine- induced immune thrombotic thrombocytopenia (VITT), 
myositis, giant cell arteritis (GCA), myasthenia gravis (MG) and limbic encephalitis (LE). Different grey tones indicate new onset (dark grey) or 
flare (light grey) of autoimmunity. (b) Inverted Kaplan– Meier curves highlight the interval from vaccination to autoimmune symptom onset 
(solid line, median 11 days) and hospital admission (dotted line, median 17 days)

Clinical data N (%) Treatment/outcome (%)

Gender Acute treatment

Female 16 (76) Anticoagulation 3 (15)

Male 5 (24) MP pulse 15 (75)

Age (range, years) 50 (22– 86) IVIG 4 (20)

Autoimmunity PLEX 3 (15)

New onset 17 (81) Long- term IS treatment 3 (15)

Exacerbation 4 (19)

Additional prior AD 5 (24) Clinical outcome

Familial AD 
predisposition

7 (33) Median f/u, (range, 
days)

49 (20– 
105)

Prior IS 4 (19) PD 0 (0)

Median intervals SD 1 (5)

To symptoms 
(range, days)

11 (3– 23) PR 15 (71)

To admission 
(range, days)

17 (5– 42) CR 5 (24)

Abbreviations: AD, autoimmune diseases; CR, complete remission; f/u, follow- up; IS, 
immunosuppression; IVIG, intravenous immunoglobulins; MP, methylprednisolone; N, number; PD, 
progressive disease; PLEX, plasma exchange; PR, partial remission; SD, stable disease.

TA B L E  2  Clinical and outcome 
characteristics
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examination of all three patients was unremarkable. Echocardiogram 
revealed no evidence for cardiac involvement; tumour search with 
whole- body computed tomography and gynaecological evaluation 
were negative in all patients.

Participants with peripheral inflammatory neuropathies un-
derwent lumbar puncture in all except one case. Consistent 
with GBS, CSF revealed albuminocytological dissociation. 
Electroneurography showed demyelinating polyneuropathy with 
loss of F- waves (n = 2). In the cases of facial palsy and L5 radicu-
litis, MRI demonstrated T2- weighted hyperintensities of the facial 
nerve and the L5 nerve root, respectively. The latter was accom-
panied by subsequent affection of the common peroneal and the 
tibial nerve (Figure 2i– k). CSF analysis showed mild lymphocytic 
pleocytosis (6/μl and 7/μl) and oligoclonal bands were positive in 
the CSF but not the serum (type 2). Autoimmune neuropathy panel 
was negative in all four patients.

In the case of limbic encephalitis MRI demonstrated bilateral 
hippocampal fluid attenuated inversion recovery (FLAIR) hyperin-
tensities (Figure 2l) and lumbar puncture revealed mild lymphocytic 
pleocytosis (13/μl), oligoclonal bands type 2 and mild disruption of 
the blood– brain barrier. The encephalitis antibody panel and tumour 
search were negative. A flare of previously stable mild ocular my-
asthenia gravis was diagnosed by rapidly progressive bulbar crisis 
supported by corresponding elevation of acetylcholine- receptor 
antibody titre (8.29 nmol/l, normal <0.4). Diagnosis of GCA was es-
tablished based on patient age (>50 years), new onset of localized 
headache, temporal artery tenderness and halo sign on temporal 
artery duplex ultrasound.

Most patients presented with mild neurological symptoms and 
were treated on a normal neurological ward (n = 15), four patients 
were referred to the stroke/intermediate care unit (VITT n = 2, GBS 
n = 1, GCA n = 1) and two patients required mechanical ventilation 

F I G U R E  2  Radiological findings in patients with autoimmunity following SARS- CoV- 2 vaccinations. (a), (b) Four days prior to the onset 
of supraventricular tachycardia symptoms: aside from a hypoplastic left sigmoid sinus findings are unremarkable in contrast- enhanced 
magnetic resonance venography (CE- MRV) (a) and axial fluid attenuated inversion recovery (FLAIR) sequence (b). (c) Follow- up CE- MRV 
reveals an occlusive thrombus of the left sigmoid sinus and a non- occlusive thrombus of the right transverse sinus (yellow arrows). (d) The 
corresponding axial FLAIR sequence shows resulting congestive bleeding in the left temporal and occipital lobe. (e) Coronal T2- weighted 
(T2w) and (f) gadolinium contrast- enhanced (Gd CE) T1w orbital sequences reveal T2w hyperintensity (e) (blue arrow) and associated mild 
contrast enhancement of the left optic nerve (f) (green arrow) consistent with optic neuritis. (g), (h) Axial, fat saturated, Gd CE T1w saturated 
images at the level of the left lower leg 6 weeks before (g) and 7 days after (h) vaccination demonstrate progressive contrast uptake of the 
left soleus muscle indicating reactivation of focal myositis. (i) Coronal T2w MRI reveals hyperintense enlargement of the right L5 nerve root 
(orange bracket) consistent with L5 radiculitis. (j), (k) Axial T2w sequence with spectral fat saturation at the level of the distal right thigh 
(j) and right lower leg (k) are shown. Somatotopic L5 lesion pattern with hyperintense, fascicular enlargement of the common peroneal 
nerve and the ventral section of the tibial nerve (j) (orange arrows) and subsequent denervation oedema of the fibularis longus, extensor 
digitorum longus, tibialis anterior and posterior muscles (k) are evident. (l) Coronal FLAIR sequence demonstrates bilateral hippocampal 
hyperintensities (red arrows) and mild swelling in line with limbic encephalitis [Colour figure can be viewed at wileyonlinelibrary.com]

(a) (b) (c) (d)

(e) (f) (g) (h)

(i) (j) (k) (l)

https://onlinelibrary.wiley.com/
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and treatment in the neurological intensive care unit (VITT n = 1; 
myasthenia n = 1).

Patients with VITT were therapeutically anticoagulated (unfrac-
tionated heparin perfusor and low molecular weight heparin n = 1, 
argatroban perfusor n = 2) and received high- dose intravenous im-
mune globulins (IVIGs, 1 g/kg) for 2 days (n = 2). Heparin, which 
is contraindicated in VITT, had been used before the pathomech-
anism of VITT was understood, which later resulted in guidelines 
recommending the use of anticoagulants administered to treat 
heparin- induced thrombocytopenia (direct thrombin inhibitors, 
e.g., argatroban; direct and indirect Xa inhibitors, e.g., apixaban or 
fondaparinux). Patients with other neurological autoimmune disor-
ders were treated with immunosuppressants (n = 15) including intra-
venous methylprednisolone pulse therapy (n = 9: CNS demyelinating 
disorders n = 7; limbic encephalitis n = 1; L5 radiculitis n = 1), oral 
prednisolone therapy (overall n = 8: myositis n = 3; MS flares n = 2; 
GCA/facial palsy/myasthenia n = 1), IVIGs (overall n = 4: GBS n = 2) 
and plasma exchange (overall n = 3: myasthenia n = 1; optic neuritis 
n = 1; limbic encephalitis n = 1). Mechanical ventilation was required 
in two patients (VITT n = 1; myasthenia n = 1). In the follow- up 
period, long- term immunosuppressive treatment was modified in 
two patients with pre- existing MS and initiated in one patient with 
myasthenia.

Median follow- up after diagnosis or flare of autoimmune disease 
was 49 days (range 20– 105). Complete and partial clinical remission 
were achieved in five (24%) and 15 (71%) patients, respectively. 
Disease was stable in one patient (5%) and no patient experienced 
progressive symptoms after treatment was initiated. Two patients 
with CNS demyelinating disorders diagnosed following their first 
vaccination dose received their second BNT162b2 dose without ag-
gravation of their symptoms within the first 24 and 32 days under 
low- dose oral prednisolone therapy.

DISCUSSION

Recent population- based studies found a significantly increased 
risk for PF4- antibody- mediated VITT with subsequent CVST fol-
lowing ChAdOx1 vaccinations [17,18]. Similarly, analysing the vac-
cine adverse events reporting database the US Food and Drug 
Administration noted a potential association between Ad26.COV2.S 
vaccinations and GBS and revised the vaccine fact sheet accord-
ingly [19]. Although the subject of ongoing research, these findings 
suggest that SARS- CoV- 2 vaccinations may trigger neurological au-
toimmune responses in rare cases with pathomechanisms and risk 
factors warranting further investigation.

In this case study, a large series of neurological autoimmunity in 
temporal association with various SARS- CoV- 2 vaccines (BNT162b2, 
ChAdOx1 and mRNA- 1273) is reported. No concurrent triggers such 
as infection, medication changes or non- compliance were identified. 
The spectrum of autoimmune diseases was broad and included many 
conditions, which had not been described in temporal association 
with COVID- 19 vaccinations before.

Case numbers of several newly diagnosed autoimmune condi-
tions in local county inhabitants were higher than expected com-
pared to previously published incidences. In the 3 months’ inclusion 
period, these included VITT with subsequent CVST (2/54,135 
ChAdOx1 recipients), GBS (2/54,135 ChAdOx1 recipients), optic 
neuritis (3/155,022 BNT162b2 recipients), polymyositis (2/155,022 
BNT162b2 recipients), myelitis (1/54,135 ChAdOx1; 1/155,022 
BNT162b2 recipients). In comparison, previously published annual 
incidences of CVST, GBS, optic neuritis, polymyositis and transverse 
myelitis ranged between 0.2 and 1.3/100,000, 0.8 and 2.4/100,000, 
3.7 and 5.4/100,000, 0.1 and 0.2/100,000 and 0.1 and 2.4/100,000 
respectively [20– 26]. However, this study was not powered to in-
vestigate incidences of neurological autoimmune responses fol-
lowing SARS- CoV- 2 vaccinations due to the single- centre design 
and a rather small main catchment area in comparison to recent 
population- based studies [17,18]. This observation might therefore 
also be attributed to variations of normal background incidences. 
Except for VITT, larger population- based studies— ideally with con-
trol groups— are therefore warranted to further investigate these 
findings.

Many conditions found in temporal association with vaccina-
tions in this study were previously reported as potential autoim-
mune sequels of SARS- CoV- 2 infection with similar clinical and 
laboratory characteristics [27– 34]. Vaccines containing SARS- 
CoV- 2 antigens may enhance autoimmunity by similar mechanisms 
including polyclonal or bystander activation, epitope spreading or 
molecular mimicry [35]. Alternatively, the inflammatory stimulus 
posed by vaccination may enhance autoimmunity in predisposed 
patients, particularly by driving pre- existing autoimmune pathways 
similar to pathogenesis of immune related adverse events following 
administration of immune checkpoint inhibitors [35– 37]. In patients 
with new onset of autoimmune diseases, vaccination could have 
unmasked patients with previously asymptomatic autoimmunity. 
Lastly, although recent population- based studies linked SARS- 
CoV- 2 vaccinations to VITT and GBS incidence was found to be in-
creased following Ad26.COV2.S administration, the possibility that 
new onset or flares of other neurological autoimmune conditions 
merely coincided with vaccinations against SARS- CoV- 2 cannot be 
fully excluded.

The majority of cases in this study occurred following BNT162b2 
or ChAdOx1 vaccinations, which probably reflects their frequency 
of administration in Germany. Of note, cases of VITT were found 
following ChAdOx1 vaccinations only in agreement with previous 
cases reported in the temporal context of ChAdOx1 and Ad26.
COV2.S vaccinations [7– 9]. In line with this clinical observation, a 
recent Scottish population- based study found an increased risk 
for VITT following administration of the ChAdOx1 but not the 
BNT162b2 vaccine [17]. Cases of GBS, which were previously de-
scribed irrespective of the vaccine type, also only occurred after 
ChAdOx1 vaccinations whereas cases of optic neuritis and myosi-
tis were found following BNT162b2 vaccinations only. The interval 
from vaccination to onset of autoimmune responses resembled pre-
viously reported cases of PF4- antibody- mediated VITT, GBS, facial 
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palsy and transverse myelitis which occurred 1– 4 weeks after vacci-
nation [7– 9,13,14].

Laboratory findings upon diagnosis were remarkable for ele-
vated C- reactive protein without other findings suggestive of infec-
tion in nine patients. This may correspond with excessive immune 
reaction following vaccination but must not necessarily character-
ize vaccinated persons with higher risk for autoimmune reactions. 
Thrombocyte counts were reduced in patients with VITT only in line 
with previous reports [7– 9].

Relevant antibodies were detected in four of 15 patients with 
new onset of autoimmunity following vaccinations. These included 
detection of PF4 antibodies in cases of VITT as well as detection 
of myositis- associated antibodies in two cases. CSF restricted oli-
goclonal bands (type 2 n = 8, type 3 n = 1), however, were detected 
in most of the remaining patients with new onset of neurological 
autoimmunity indicating an intrathecal immune reaction following 
vaccination. Low diagnostic yield of antibody panels parallels cases 
of immune related adverse events [36,37]. In particular, in patients 
with CNS demyelinating disorders, which constituted the largest 
subgroup in our cohort, antibodies were rarely identified following 
immune checkpoint inhibitors [36,37].

Treatment included administration of immunosuppressants in 
most cases. IVIGs were given to patients with GBS, and plasma ex-
change was chosen in the setting of severe autoimmunity or cases 
unresponsive to prior immunosuppressive therapy. As per recently 
published recommendations, two of three patients with VITT were 
therapeutically anticoagulated with argatroban and additionally re-
ceived a 2- day treatment with high- dose IVIGs [9]. The latter had 
beneficial effects on thrombocyte counts and the clinical course of 
our patients as recently suggested by Bourguignon et al. [38].

Overall symptoms responded well to treatment including cases 
of VITT, which had a poor outcome in most previous case series [7– 
9]. Levels of acute- phase proteins corresponded well with clinical 
responses and may assist to monitor the disease course particularly 
in patients who require mechanical ventilation. According to our ex-
perience, vigilant inpatient or outpatient monitoring under continu-
ous immunosuppressive treatment may allow administration of the 
second vaccine dose in selected cases of less severe autoimmune 
reactions. However, a recent prospective cohort study in solid organ 
transplant patients under immunosuppressive therapy found low 
antibody titres following vaccination in more than half of the pa-
tients [39]. Whilst correlation of antibody titres with vaccine effi-
cacy is pending and thresholds are yet to be determined, lower titres 
could correspond to a shorter or less sufficient antiviral protection. 
Strategies such as longer dosing intervals or a third booster shot 
may improve antibody titres in immunocompromised individuals and 
warrant further investigation [40].

A limitation of our study is the cohort size although previous re-
ports of VITT and GBS included an even smaller number of patients 
[7– 9]. The single university centre design of our study may result in 
a selection bias. Individuals with more severe symptoms may have 
consulted our institution whereas others may have simply presented 

to their local healthcare providers. Whilst a temporal association is 
described, a causative relationship between vaccination and auto-
immunity also cannot be established. The strengths of our study in-
clude the clinically important research questions, particularly given 
the increasing global rollout of SARS- CoV- 2 vaccines, the characteri-
zation of various autoimmune phenomena after vaccination, and the 
longitudinal observation of patients. Awareness and clinical suspi-
cion of autoimmunity following SARS- CoV- 2 vaccination are critical 
as early initiation of immunosuppressive treatment appears to result 
in favourable outcomes including cases of VITT.

It is important to note that autoimmune events constitute rare ad-
verse events after SARS- CoV- 2 vaccination. Within the local county, 
neurological autoimmunity was newly diagnosed in 14/232,603 
vaccinated individuals (<1:10,000) and most conditions responded 
well to immunosuppressive therapy. Of 12,021 participants in the 
ChAdOx1 vaccine trial seven patients (0.1%) experienced severe 
neurological adverse events including cases of ischaemic stroke 
(n = 1, <0.1%), multiple sclerosis (n = 1, <0.1%) and transverse my-
elitis (n = 1, <0.1%), all of which responded well to subsequent treat-
ment [10]. As COVID- 19 represents a life- threatening infection in 
some patients with a case fatality rate of 2% in Germany— although 
the actual number is probably lower as many infections will have re-
mained undetected— the benefits of SARS- CoV- 2 vaccinations out-
weigh the rather small risk of autoimmune complications [41].

CONCLUSIONS

In this study, the characteristics of a broad spectrum of neuro-
logical autoimmunity encountered following SARS- CoV2 vac-
cinations are defined. Like previously reported cases of VITT, 
autoimmunity typically occurred within 1– 4 weeks following vac-
cination. Compared to published incidences, higher case numbers 
than expected were noted in Rhein- Neckar- Kreis residents for 
VITT and GBS in ChAdOx1 recipients and for optic neuritis and 
myositis in BNT162b2 recipients. As this study was not powered 
to calculate incidences due to the single- centre design and rather 
small main catchment area, large population- based studies with 
control groups are warranted to further investigate this observa-
tion. If autoimmune responses after vaccination are suspected 
early initiation of immunosuppressive treatment is warranted, 
which appears to result in favourable responses but might limit 
the generation of SARS- CoV- 2- antibodies. A second vaccination 
dose may be considered in selected patients with autoimmune re-
actions following their first vaccine dose under continuous immu-
nosuppressive treatment and vigilant clinical monitoring. Based on 
the small number of cases of autoimmunity following SARS- CoV- 2 
vaccinations in comparison to the overall number of vaccines ad-
ministered autoimmune complications appear rare. As COVID- 19 
constitutes a life- threatening infection in some patients, the ben-
efits of vaccination outweigh the comparatively small risk of treat-
able autoimmune complications.
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