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Abstract

Background and purpose: Population-based studies suggest severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) vaccines may trigger neurological autoimmunity
including immune-mediated thrombotic thrombocytopenia. Long-term characterization
of cases is warranted to facilitate patient care and inform vaccine-hesitant individuals.
Methods: In this single-center prospective case study with a median follow-up of 387 days
long-term clinical, laboratory and imaging characteristics of patients with neurological
autoimmunity diagnosed in temporal association (<6 weeks) with SARS-CoV-2 vaccina-
tions are reported.

Results: Follow-up data were available for 20 cases (central nervous system demyelinat-
ing diseases n = 8, inflammatory peripheral neuropathies n = 4, vaccine-induced immune
thrombotic thrombocytopenia n = 3, myositis n = 2, myasthenia n = 1, limbic encephalitis
n =1, giant cell arteritis n = 1). Following therapy, the overall disability level improved (me-
dian modified Rankin Scale at diagnosis 3 vs. 1 at follow-up). The condition of two patients
worsened despite immunosuppressants possibly related to their autoimmune diagnoses
(limbic encephalitis n = 1, giant cell arteritis n = 1). At 12 months’ follow-up, 12 patients
achieved complete clinical remissions with partial responses in five and stable disease in
one case. Correspondingly, autoimmune antibodies were non-detectable or titers had sig-
nificantly lowered in all, and repeat imaging revealed radiological responses in most cases.
Under vigilant monitoring 15 patients from our cohort underwent additional SARS-CoV-2
vaccinations (BNT162b2 n = 12, mMRNA-1273 n = 3). Most patients (n = 11) received differ-
ent vaccines than prior to diagnosis of neurological autoimmunity. Except for one short-
lasting relapse, which responded well to steroids, re-vaccinations were well tolerated.
Conclusions: In this study long-term characteristics of neurological autoimmunity en-

countered after SARS-CoV-2 vaccinations are defined. Outcome was favorable in most
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risk/benefit analysis.
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INTRODUCTION

In the coronavirus 2019 (COVID-19) pandemic with >450 million
cases and >6 million deaths worldwide, vaccines against severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) remain
the principal countermeasure [1, 2]. Five vaccines (Pfizer-BioNTech
BNT162b2, Moderna mRNA-1273, AstraZeneca ChAdOx1 nCov-19,
Janssen/Johnson&Johnson Ad26.COV2.S, Novavax NVX-CoV2373)
have been approved by the European Medicines Agency based on
randomized clinical trials [3-7]. In August 2022, based on the Johns
Hopkins University COVID-19 vaccination resource center data an
average of 20% of the overall European population remain unvac-
cinated [8]. Concerns regarding safety, particularly blood-clotting
risks including vaccine-induced immune thrombotic thrombocyto-
penia (VITT) and long-term side effects are stated as the most prom-
inent reasons [9-11].

Various neurological autoimmune conditions diagnosed in tem-
poral association with SARS-CoV-2 vaccinations have been previ-
ously reported by ourselves and others [9, 10, 12-18]. Since those
publications the long-term outcome and re-vaccination of our pa-
tients has frequently been enquired about. Whilst such data are
available for VITT to a limited extent, longitudinal characterization of
other potential neurological autoimmune sequelae of SARS-CoV-2
vaccinations is warranted [19, 20]. The long-term characteristics of
patients diagnosed with various neurological autoimmune condi-

tions following SARS-CoV-2 vaccinations are therefore defined here.

METHODS

A short-term follow-up of this cohort and detailed methods have
been described previously [13]. Briefly, 21 patients with neurological
autoimmunity diagnosed within 6 weeks of SARS-CoV-2 vaccination
between 1 March and 1 June 2021 at the Department of Neurology
or Division of Rheumatology at Heidelberg University or affiliated
teaching hospitals were included. Previous studies assumed a po-
tential causative link between vaccination and autoimmunity if onset
occurred within 4-8 weeks after administration [21]. Our study pro-
tocol like others included patients within a 6-week interval [22].
However, all included cases occurred within 4weeks. Chart review
allowed collection of clinical, laboratory and radiological data from
follow-up visits. Physicians involved in outpatient care of study par-
ticipants were consulted. Structured telephone interviews with pa-
tients or their legal guardians provided additional information. The
modified Rankin Scale (mRS) was selected for disability assessment
of the entire cohort allowing an overview of functional outcome

cases. Re-vaccinations were well tolerated and should be considered on an individual

autoimmune, cerebral venous sinus thrombosis, COVID-19, Guillain-Barré syndrome, multiple

across various neurological autoimmune conditions. Additionally,
where available disease-specific disability scales are reported within
the Results section (e.g., Expanded Disability Status Scale [EDSS] for
central nervous system [CNS] demyelinating conditions). Antibody
panels assessed for our patients were previously described in de-
tail [13]. The last follow-up was conducted on 5 August 2022. SPSS
version 27 (IBM) was used for descriptive statistics. Consensus-
based clinical case reporting (CARE) guidelines were followed [23].
The Heidelberg University institutional review board approved this
study (S5-373/2021). Participants or their legal guardians provided
written informed consent prior to study entry.

RESULTS

Patients with neurological autoimmunity a median of 11 days (range
3-23) after SARS-CoV-2 vaccination were monitored with a me-
dian follow-up of 387 days (range 120-500) after inhouse diagno-
sis. Diagnoses included CNS demyelinating diseases (n = 8: multiple
sclerosis [MS] n = 2; myelitis n = 2; optic neuritis n = 4), inflamma-
tory peripheral neuropathies (n = 4: Guillain-Barré syndrome [GBS]
n = 2; L5 radiculitis n = 1; facial palsy n = 1), VITT (n = 3), inflam-
matory myopathies (n = 3), limbic encephalitis (n = 1), myasthenia
(n = 1) and giant cell arteritis (GCA) (n = 1). One individual with
myositis declined further participation and was lost to follow-up.
Baseline characteristics of our follow-up cohort (n = 20) including
neurological autoimmune diagnosis, previously known autoimmun-
ity, age, gender, vaccine type and dose administered prior to onset,
intervals from vaccination to symptom onset and subsequent treat-
ment are summarized on a single case level in Table 1.

Follow-up investigations were tailored to the respective auto-
immune conditions. Baseline and follow-up serological, radiological
and cerebrospinal fluid findings are summarized on a single case
level in Table 2. Representative magnetic resonance imaging (MRI)
findings at initial diagnosis and follow-up are shown in Figure 1.

Amongst patients with CNS demyelinating diseases, four indi-
viduals with previous sensorimotor deficits (EDSS at diagnosis: my-
elitis 4.5 for both cases; MS 3.5 and 3) achieved complete clinical
remissions. In optic neuritis cases (EDSS at diagnosis: 5, n = 1; 4,
n = 1; 3, n = 2), visual acuity normalized in two (EDSS 0) and im-
proved in one individual (EDSS 1) with stable vision in the remaining
patient (EDSS 5). Follow-up MRI was obtained in six cases (trans-
verse myelitis n = 2, optic neuritis n = 3, MS n = 1). At follow-up,
optic nerve contrast enhancement and T2-weighted hyperintensi-
ties resolved in optic neuritis cases. Conversion to MS was found
in two patients with new lesions detected on spinal and cerebral
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FIGURE 1 Magnetic resonance imaging (MRI) findings during follow-up. MRI obtained at diagnosis of neurological autoimmunity (a), (c),
(e), (h), (k) after SARS-CoV-2 vaccination and at follow-up (b), (d), (f), (g), (i), (j), () are shown including cases of inflammatory myopathy (a) and
(b), L5 radiculitis (c) and (d), vaccine-induced thrombotic thrombocytopenia (VITT) (e)-(j) and acute myelitis (k), (1). (a), (b) Axial T2-weighted
(T2w) and fat suppressed (fs) MRI of left pelvic and proximal thigh musculature are shown. (a) T2w hyperintensities of left iliopsoas (red *)
and sartorius (red bracket) muscles consistent with an inflammatory myopathy (b) completely resolved (blue * and bracket) under steroid
therapy over 11 months. (c), (d) Axial T2w fs MR neurography of the lumbosacral plexus at the level of the pelvis revealed T2w hyperintense
L5 nerve root enlargement ((c) violet arrowhead) in line with an L5 radiculitis with subtotal remission 9 months later ((d) orange arrowhead)
following immunosuppressive therapy. Normal appearance of right S1 nerve root ((c) violet arrow). (e)-(j) Axial reconstructions of contrast-
enhanced MR venography (e)-(g) and T2w axial MRI (h)-(j) are shown. (e) At diagnosis of VITT, complete thrombotic occlusion of the left
hypoplastic sigmoid sinus (green arrowhead) and a non-occlusive thrombus in the right sigmoid sinus (green arrow) were noted. Following
therapy, marked regression ((f) 3weeks after diagnosis) and complete resolution of thrombotic occlusions ((g) 9 months after diagnosis) were
observed. CVST resulted in congestive intraparenchymal bleeding in the left temporal lobe at diagnosis (h) with associated midline shift

and small intraventricular hemorrhage. Following decompressive craniotomy brain parenchyma protrusion and unchanged midline shift was
noted ((i) 3weeks after diagnosis). Nine months after onset, complete resorption of hemorrhage and a residual left temporal parenchymal
defect with ex vacuo hydrocephalus was found (j). (k), (I) Axial T2w MRI of the spinal cord revealed a delineated central T2w hyperintensity
with concomitant mild swelling at the level of the first thoracal vertebral body in line with acute myelitis (k). One year after therapy, marked

regression of the spinal cord lesion and complete remission of spinal cord swelling were evident (l).

MRI, respectively. Novel but clinically silent T2/fluid-attenuated
inversion recovery hyperintensities were found in the MS case.
Re-imaging of myelitis cases revealed regressive, mild residual T2
hyperintensities. Data from repeat lumbar punctures were available
for review in four patients (optic neuritis n = 2, transverse myeli-
tis n = 1, MS n = 1). Findings including cell counts and oligoclonal
bands normalized in two individuals (optic neuritis n = 1, transverse
myelitis n = 1) whilst two patients had persistent mild lymphocytic
pleocytosis and type Il oligoclonal bands (optic neuritis with con-
versiontoMSn=1,MSn=1).

Participants diagnosed with inflammatory neuropathies (n = 4)
were symptom-free (GBS n = 1, facial palsy n = 1), had mild residual
lower extremity sensory deficits (GBS n = 1) and improved senso-
rimotor weakness of the lower extremities, yet intermittently still re-
quired a walking aid for ambulation (L5 radiculitis n = 1). In the latter
case follow-up MRI (Figure 1c,d) was obtained and revealed subtotal

remission of T2 hyperintense nerve root enlargement and marked
regression of subsequent muscle edema. Repeat lumbar punctures
were available in two cases (GBS n = 1, facial palsy n = 1) with normal
findings at follow-up.

Patients with VITT and cerebral venous sinus thrombosis (CVST)
resulting in congestive bleedings (n = 2), who at diagnosis presented
with left hemispheric syndromes (National Institutes of Health Stroke
Scale [NIHSS] 212), had mild residual deficits (NIHSS <2). The patient
with CVST and no congestive bleeding, who initially presented with
severe headache, had no residual deficits (NIHSS 0). Anti-platelet
factor 4 (PF4) antibodies were no longer detectable 3months after
diagnosis in both individuals, where they had previously been as-
sessed. Follow-up MRI revealed resolution of thrombotic occlusions
in all individuals with complete resorption of intraparenchymal
hemorrhages but residual parenchymal defects in both cases of
congestive bleedings following anticoagulation and intravenous
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immunoglobulin (IVIG) therapy. Anticoagulation included heparin in
one case, which is contraindicated in VITT. Later insights into the
pathomechanism of VITT led to guidelines recommending anticoag-
ulants used in the setting of heparin-induced thrombotic thrombo-
cytopenia (e.g., argatroban, apixaban). Representative radiological
findings are presented in Figure 1(e-j).

Myositis cases (n = 2) had presented with lower extremity mus-
cle weakness, swelling and pain rendering them unable to ambulate
at diagnosis. Another clinical relapse, unrelated to re-vaccinations,
occurred in one case 9 months after diagnosis prompting IVIG
treatment and the initiation of azathioprine, which achieved clini-
cal remission. The second patient had only mild pre-existing muscle
weakness, which again allowed ambulation following immunosup-
pressive therapy. Correspondingly, creatine kinase level normalized
(868 U/I at diagnosis) in one case and was significantly lower in the
other case (215U/I vs. 11,105 U/I at diagnosis). Myositis antibodies,
found at diagnosis (PM/Scl-75), were no longer detectable. Repeat
MRI was performed in both cases and revealed complete resolution
of muscle edema in the first case (Figure 1a,b) and reduced but per-
sisting mild edema in the second case.

Myasthenic crisis requiring intubation and mechanical ventilation
at diagnosis (Besinger score 2.8) responded well to intensive care,
intravenous and oral pyridostigmine and immunosuppressive ther-
apy (steroids, mycophenolate mofetil). Mild generalized weakness
(Besinger score 0.6), that had pre-existed before vaccination, and a
significantly lowered acetylcholine receptor antibody titer (1.07 vs.
8.26 nmol/| at diagnosis) were found at follow-up. The condition of
two patients (limbic encephalitis n = 1, GCA n = 1) worsened de-
spite immunosuppressive therapy, possibly related to their neuro-
logical autoimmune diagnoses. An 80-year-old lady, who presented
with severe impairment of short-term memory and confusion at di-
agnosis, died 4 months after newly diagnosed limbic encephalitis. A
79-year-old gentleman with GCA (NIHSS at GCA diagnosis 1), who

initially consulted our institution for severe left temporal headache,
jaw claudication, mild dysarthria and fatigue, had additional cardio-
vascular risk factors (hypertonia, diabetes type Il, smoke abuse). He
suffered from right middle cerebral artery territory stroke 8 months
after diagnosis, which resulted in persisting neglect, dysarthria and
left-sided hemiparesis (NIHSS 7).

Following immunosuppressive treatment including oral (n = 7:
myositis n = 2, multiple sclerosis n = 2, GCAn = 1, myasthenian =1,
facial palsy n = 1) and/or systemic (n = 12: CNS demyelinating dis-
eases n = 8, limbic encephalitis n = 1, L5 radiculitisn=1,VITTn=2)
steroids, IVIGs (n = 5: VITT n = 2, GBS n = 2, myositis n = 1), apher-
esis (n = 3: limbic encephalitis n = 1, optic neuritis n = 1, myasthenia
n = 1) and the introduction/change of long-term immunosuppressive
treatment (n = 5: optic neuritis with MS conversionn =1, MSn = 2,
myositis n = 1, myasthenia n = 1) the disability level decreased (me-
dian mRS score at diagnosis 3 vs. 1 at follow-up). mRS distributions
before, at diagnosis of neurological autoimmunity and at 12 months’
follow-up are summarized in Figure 2 for the entire cohort (a) and its
largest subgroups (b)-(d).

Re-vaccination data are summarized in Figure 3 for the entire
cohort (a) and its largest subgroups (b)-(d). During follow-up, 15 in-
dividuals (VITT n = 2, optic neuritis n = 2, MS n = 2, myelitis n = 2,
neuropathies n = 3, myositis n = 2, myasthenian =1, GCAn = 1)
underwent additional SARS-CoV-2 vaccinations under vigilant mon-
itoring. At re-vaccination four patients (GCA n = 1, myositis n = 2,
optic neuritis n = 1) received low-dose oral steroids whilst long-term
immunosuppressive regimens were administered in five cases (myas-
thenian =1, MS n = 2, myositis n = 1, optic neuritis n = 1). Following
ChAdOx1 vaccinations (n =7: VITT n =2, MS n =1, myelitisn =1,
myasthenia n = 1, GBS n = 2), BNT162b2 was administered without
any relapses. After BNT162b2 with subsequent diagnosis of autoim-
munity (n = 7: myositis n = 2, optic neuritis n = 2, myelitisn = 1, GCA
n =1, facial palsy n = 1), individuals again received BNT162b2 (n = 4:

@ Entire cohort (b) CNS demyeliation
Premorbid - | Premorbid -
Follow-up | Follow-up | -
T T T 1 T T T T T T
0 5 10 15 20 0 2 4 6 8
Number (n) Number (n)
mks 0[] 1[I 20 300 4EE SHE 60N
(c) Neuropathies (d) VITT FIGURE 2 Modified Rankin Scale
(mRS) during follow-up. mRS values
Premorbid - ’ Premorbid -] are shown for the entire cohort (a) and
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FIGURE 3 Re-vaccination of patients with neurological autoimmunity after COVID-19 vaccinations. Re-vaccination data are summarized
for the entire cohort (a) and its largest subgroups (b)-(d): (b) CNS demyelinating disorders; (c) inflammatory neuropathies; (d) VITT. Vaccines
administered before diagnosis of neurological autoimmunity are shown along the x-axis whereas different colors indicate vaccine types
selected for re-vaccinations. Following ChAdOx1 vaccinations most patients received mRNA-based vaccines whereas re-vaccination

hesitancy was high after BNT162b2 vaccinations (a)-(d).

myopathies n = 2, optic neuritis n = 1, myelitis n = 1) or mMRNA-1273
(n = 3: optic neuritis n = 1, GCA n = 1, facial palsy n = 1). Relapse
was found in a myositis case 10days after BNT162b2 re-vaccination,
which, however, responded well to intensified oral steroid therapy
and lasted only 4weeks. Following mRNA-1273 vaccination (MS
n = 1) BNT162b2 was administered without a relapse. Most patients
(n = 3 of 4, excluding the deceased patient) without further SARS-
CoV-2 vaccinations had the intention to receive their second and/
or third dose with protein-based vaccines (n = 2: VITT n = 1, optic
neuritis n = 1) or after full clinical remission (optic neuritis n = 1).
Vaccination titers were not routinely determined and were avail-
able in five individuals only. They were assessed 6-10 months after
neuro-autoimmunity diagnosis with subsequent immunosuppressive
therapy (myelitis n = 1, facial palsy n = 1, myasthenia n = 1, GBS
n = 1, L5 radiculitis n = 1) and at least 4weeks after last vaccina-
tion. Quantifiable titers (Elecsys Anti-SARS-CoV-2S assay, Roche,
Switzerland) were achieved in four individuals, who had received
two additional mRNA-based vaccinations after onset of neurologi-
cal autoimmunity (BNT162b2: myasthenia 2142 U/ml 4 weeks after
third dose, myelitis 1948 U/ml 8 weeks after third dose, GBS 1683 U/
ml 5weeks after third dose; mRNA-1273: facial palsy 1239 U/ml
6 weeks after third dose). No titer was detected in the fifth individual
without further SARS-CoV-2 vaccinations after diagnosis of neuro-
logical autoimmunity (L5 radiculitis following BNT162b2 vaccination,
6 and 10 months after last vaccination). During the follow-up period
four patients (optic neuritisn = 1, VITT n = 1, GBS n = 1, myositis
n = 1), who had all undergone at least one additional vaccination, got
infected with SARS-CoV-2. All four were oligosymptomatic and did
not require inpatient care.

DISCUSSION

Previous population- and registry-based studies suggest that SARS-
CoV-2 vaccinations may be associated with several autoimmune
sequelae most prominently including VITT in ChAdOx1 or Ad26.
COV2.S recipients [12, 14]. A Scottish national cohort study iden-
tified an incidence of 1.13/100,000 for immune thrombocytopenia
(adjusted rate ratio [aRR] 5.77) within 27 days after ChAdOx1 vac-
cinations, which equaled an estimated excess of 0.46 cases/100,000
in comparison to expected events [14]. A German national cohort
study estimated a CVST incidence of 1.52/100,000 in ChAdOx1
recipients within 31 days after administration. Compared to mRNA-
based vaccines the aRR was 9.68 with an increased risk for fe-
male recipients (aRR 3.14) [12]. Based on the US Vaccine Adverse
Event Reporting System (VAERS) the incidence of thrombosis
with thrombocytopenia syndrome after Ad26.COV2.S vaccination
was estimated at 1/263,000 [24]. Similarly using the VAERS data-
set Ad26.COV2.S was associated with an excess of 6.36/100,000
GBS cases [25]. Another American study also found an increased
GBS incidence within 3weeks of Ad26.COV2.S administration
(32.4/100,000) with an aRR of 20.56 compared to mRNA-based
vaccines [26]. Regarding ChAdOx1 vaccinations, an analysis of the
UK National Immunoglobulin Database suggested an excess of 0.57
GBS cases/100,000 within the first 6 weeks after administration
[22]. Although controversial, following aggregation and re-analysis
of BNT162b2 and mRNA-1273 vaccine trial data, aRR for facial palsy
was 7.0 after administration of mRNA-based COVID-19 vaccines
compared to the placebo arm [17]. Another study suggested an ex-
cess of 4.8 and 2.0 facial palsy cases/100,000 after administration
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of mMRNA-based CoronaVac and BNT162b2 vaccines, respectively. In
the nested control analysis a significant increase was only identified
for CoronaVac recipients, however [27].

The design of these studies, however, makes long-term fol-
low-up of individuals with autoimmunity in temporal association
with COVID-19 vaccines difficult. Long-term clinical characteriza-
tion including data on re-vaccinations is warranted to facilitate care
of patients with neurological autoimmunity following SARS-CoV-2
vaccinations and to inform vaccine-hesitant individuals. In this study,
follow-up data on a previously reported cohort of neurological auto-
immunity after various SARS-CoV-2 vaccines are therefore provided.

Following therapy, the long-term outcome of most patients a
year after diagnosis was favorable and the degree of disability over-
allimproved. This is in line with previous short-term assessments and
included patients with VITT and subsequent CVST, which was previ-
ously linked to a rather poor prognosis, suggesting early recognition
and guideline-based therapies allow improved outcomes [9, 13, 19,
28]. Whilst it cannot be excluded that the worsened condition in two
cases resulted from autoimmunity despite immunosuppressive ther-
apy, both were elderly patients with significant other comorbidities
and cardiovascular risk factors which may have influenced outcome.

Corresponding to clinical improvements, antibodies detected at
diagnosis of various neurological autoimmune conditions were neg-
ative or titers had lowered following therapy. Similarly, in previous
VITT case series PF4-dependent platelet activation assays became
negative a median of 12weeks after diagnosis, suggesting that PF4
antibodies are transient after diagnosis of VITT [19]. Whether such
serological observations may guide treatment, for example the du-
ration of anticoagulation following VITT, or predict outcome war-
rants further investigation. Imaging findings in our cohort correlated
well with clinical improvements. Follow-up imaging is hence recom-
mended in individuals with relevant findings at diagnosis and could
similarly help to guide therapy.

In comparison to published longitudinal cohorts of various neu-
rological conditions unrelated to vaccinations, VITT with subsequent
CVST was associated with distinct serological and clinical charac-
teristics that may imply a causative link as previously suggested.
PF4 antibodies, detected in VITT, were not found in 93 CVST sam-
ples obtained prior to the COVID-19 pandemic [29]. Other than in
VITT, thrombocytopenia (8.4%) was found in the minority of CVST
patients and heparin-induced thrombocytopenia occurred (0.1%)
at an incidence that is expected based on data from the general
population (0.1%-0.5%) [30]. Similarly, the successful treatment of
CVST with IVIGs is unusual given their known coagulatory side ef-
fects and reflects suppression of PF4-antibody-mediated platelet
activation [31]. Like heparin-induced thrombocytopenia with sub-
sequent thrombosis (28% [32]), mortality in an international VITT
registry study was high [28]. The outcome of CVST patients in this
study was more favorable and may reflect increasing knowledge of
VITT, but also young age, no altered consciousness at diagnosis and
no involvement of the sinus rectus, which were previously identi-
fied as positive prognostic factors [33]. Longitudinal assessment of
CVST unrelated to vaccination suggests that the majority of patients

(79%) with congestive bleeding and those without (91%) achieve an
mRS <2 at 6 months’ follow-up [34]. Characteristics of other larger
subgroups of neurological autoimmune conditions from this study
(N = 3: CNS demyelinating disorders, peripheral neuropathies) lacked
clearly distinct serological, clinical and outcome characteristics sep-
arating them from respective diseases unrelated to COVID-19 vacci-
nations. Whilst the size of these sub-cohorts may have hindered the
identification of distinct characteristics, this observation parallels
reports of immune-checkpoint-inhibitor-induced autoimmunity [35].
This may suggest that inflammatory reactions following vaccinations
may have stimulated already existing pathways of autoimmunity
rather than having induced them resulting from cross-reactivity with
the SARS-CoV-2 spike protein.

The clinical follow-up of CNS demyelinating disorders from the
study match expected courses of respective conditions. Irrespective
of treatment vision improves in most patients with optic neuritis with
visual acuity 220/40in 91%-95% of patients at 1-year follow-up [36].
Correspondingly, vision improved in three out of four cases from this
study. However, vision remains poor in a small percentage (3%-5%)
of patients with the severity of initial vision loss being the main neg-
ative prognosticator [37]. Accordingly, unchanged vision was noted
in an individual with severe vision loss (20/400) at diagnosis. During
follow-up, the diagnosis of MS was established in two cases of optic
neuritis in line with 25% of patients with no brain lesions developing
MS during extended follow-up [38]. Previous reports suggest my-
elitis outcome can be favorable resembling cases included in this
study. In a retrospective study including 87 patients most had no
significant disability after a mean follow-up of 2.9 years with higher
disability scores at diagnosis identified as a negative prognostic fac-
tor. Disease course was monophasic in all but 13% of patients with
later conversion to MS [39]. However, the conversion rate increases
with longer follow-up (79% after a median 6.2years [40]) and con-
version/relapse may still occur in our cases. Relapsing MS (relapsing-
remitting MS, relapsing secondary-progressive MS), diagnosed in
two cases included in this paper, can be characterized by full or at
least partial recovery between relapses as in our cases. Yet despite
disease-modifying treatments no disease evidence—defined as ab-
sence of new lesions on MRI, no relapses or EDSS progression—is
seen in the minority of patients (46% at 1-year and 7.9% at 7-year
follow-up) [41]. The detection of new, clinically silent lesions in one
case matches the natural disease course of relapsing-remitting MS.
Serological investigations were negative in all CNS demyelinating
disorder cases from this series. Only transient oligoclonal band de-
tection in two cases from this study is unusual but has been reported
in the context of CNS neuroinflammatory conditions such as acute
disseminated encephalomyelitis, myelin oligodendrocyte glycopro-
tein immunoglobulin G associated encephalomyelitis, distinct MS
cases or following successful MS treatment [42-44].

Clinical courses of inflammatory neuropathies also resembled
follow-up characteristics of cases unrelated to vaccination. In pre-
vious studies, the nadir of symptoms was typically reached within
2 weeks and 83%-87% of GBS patients with IVIGs and/or apher-
esis treatment were able to ambulate 48 weeks after onset with a
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mean disability scale improvement of 2.5 [45]. In agreement with
these numbers, after IVIG treatment both GBS cases recovered
with no or only minimal persisting deficits at 12 months’ follow-up.
As in our facial palsy case, complete clinical remission at 1-year
follow-up is achieved in most (72%) patients treated with steroids
[46]. Some patients with inflammatory neuropathies including the
L5 radiculitis case from this series, however, may only experience
partial clinical remission and do not regain the ability to walk in-
dependently 1year after onset. Unlike in two previous studies
reporting GBS cases after ChAdOx1 vaccinations, bilateral facial
palsy was not found in our patients, who overall displayed less se-
vere symptoms in contrast to the described areflexic quadriplegia
requiring mechanical ventilation [15, 16]. In agreement with both
studies, serological investigations including antiganglioside anti-
bodies were negative in all patients from this study. Similarly, no
distinct cerebrospinal fluid findings were noted in the study and
remission of albuminocytological dissociation in patients with full
recovery is in line with the literature [47].

Several studies have previously shown the safety and benefits
of SARS-CoV-2 vaccines in individuals with known neurological
autoimmunity including MS and GBS amongst others [48-51]. Yet
to our knowledge, re-vaccination of patients with neurological au-
toimmunity diagnosed following SARS-CoV-2 vaccines so far has
only been addressed in VITT [19, 20]. In a series of 40 ChAdOx1
recipients additional vaccinations (ChAdOx1 n = 5, mRNA-1273
n = 2, BNT162b2 n = 33) were safe and well tolerated [13]. As
VITT is typically diagnosed after administration of adenoviral vec-
tor vaccines and has a distinct pathomechanism, this observation
may not be transferable, however, to other cases of neurological
autoimmunity after vaccination, which also occur after mRNA-
based vaccinations [9, 10]. Under vigilant monitoring and low-dose
immunosuppression in some cases, except for one short-lasting
relapse additional SARS-CoV-2 vaccinations were well tolerated
in our cohort. Different vaccines were selected in most cases
(e.g., BNT162b2 after ChAdOx1, mRNA-1273 after BNT162b2, al-
though the latter is also mRNA-based). Re-vaccination hesitancy
was higher amongst mRNA-based SARS-CoV-2 vaccine recipients
in our cohort probably because of the paucity of re-vaccination
data for individuals with new onset of neurological autoimmunity
after administration of these vaccines.

Vaccination titers were only available in five patients from this
study. Interestingly, four individuals with two additional COVID-19
vaccinations after onset of autoimmunity had quantifiable titers
whereas the titer was negative in the fifth patient without further
administrations. Although the numbers do not allow firm conclu-
sions and titers yet need to be correlated with antiviral protection,
this appears in line with lower titers and seroconversion rates in im-
munosuppressed patients [50, 52, 53]. A recent meta-analysis found
seroconversion occurred in 53% and 75% of patients with immune-
mediated inflammatory disorders compared with immunocompetent
controls after the first and second vaccination dose, respectively
[52]. An additional third booster vaccination achieved successful
seroconversion in most non-responders [52]. This underlines the

importance of completing a full vaccination schedule, ideally includ-
ing a booster dose, in immunosuppressed patients as in our cohort
following an individual risk/benefit analysis.

The size and heterogeneity of our cohort, the latter result-
ing from the important summary of a broad range of neurological
autoimmune conditions encountered after vaccinations, remain
limitations although several impactful previous studies covering
neurological autoimmunity after SARS-CoV-2 vaccinations included
fewer patients [9, 10, 15]. Whilst it permits descriptive juxtaposi-
tion with published cohorts of neurological autoimmunity unrelated
to vaccinations, it does not allow statistical comparison of clinical
characteristics. The single-center design and subsequent prospec-
tive follow-up could also have caused a selection bias, which may
have influenced outcomes. Given the unchanged study design, it still
cannot be ruled out that cases of neurological autoimmunity merely
coincided with COVID-19 vaccinations in our follow-up study. Lastly,
whilst our clinical experience is described, clear recommendations
for vaccine selection after autoimmune events in temporal associa-
tion with previous SARS-CoV-2 vaccinations cannot be established.
The strengths of this study include the long follow-up, the inclusion
of patients with neurological autoimmunity other than VITT with
subsequent CVST, the description of our re-vaccination experience,
and the important research topic given the continuous global rollout
of SARS-CoV-2 vaccines.

CONCLUSIONS

In this follow-up study the longitudinal characteristics of patients
with various neurological autoimmune diseases diagnosed in tempo-
ral association with various SARS-CoV-2 vaccines are summarized.
Overall, neurological autoimmunity responded well to therapy and
most patients had a favorable long-term outcome. Based on our
experience, under vigilant outpatient monitoring additional SARS-
CoV-2 vaccinations may be considered and were well tolerated. An
individual risk/benefit analysis should also evaluate the mortality
and potential complications associated with COVID-19 itself.
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