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Abstract

Purpose Optic neuritis (ON) is a rare but treatable side effect of vaccination. The global vaccination effort to SARS-CoV-2
offered a unique chance to study post-vaccination ON.

Methods A one-year, prospective, multi-center follow-up study by the International Consortium for ON (ICON) in spe-
cialized neuro-ophthalmological clinical centers. The pre-specified protocol was confirm with the international consensus
diagnostic criteria for making a diagnosis of definite ON. The main outcome measures were speed of treatment initiation,
best corrected high contrast visual acuity and retinal asymmetry metrics on optical coherence tomography indicating atrophy.
Results Inclusion of 73 individuals from 15 countries with ON following SARS-CoV-2 vaccination. There were notable
differences in characteristics of post-vaccination ON meeting diagnostic criteria compared to pre-COVID19 pandemic inci-
dence studies. These included more frequent bilateral presentation 17/69 (25%) and older age at onset. Post-vaccination ON
mostly manifested after the first vaccine dose in 58 individuals (84%). The most frequent (78%) presenting symptom was
pain which worsened on eye movements. Twenty-two percent had autoantibodies to MOG and none to AQP4. Initial median
visual acuity was logMAR 1.0, improving to logMAR 0.0 at one-year follow-up. Early corticosteroid treatment significantly
preserved retinal nerve fiber, macular ganglion cell, and inner nuclear layers compared to later or no treatment.

Conclusion Functional visual recovery in post-vaccination ON cases is good. Rapid treatment with corticosteroids pro-
vides neuroprotection, underscoring the need for timely intervention. Long-term management depends on presence of
autoantibodies.

Key messages

What is known

e Post-vaccination optic neuritis (ON) was previously considered a rare, anecdotal occurrence before the COVID-19 pandemic.

e Retrospective database studies conducted after the pandemic identified ON as the second most common vaccine-related
complication affecting vision.

What is new

e A prospective, deeply phenotyped global cohort of post-vaccination ON was studied using a pre-specified protocol and
novel consensus diagnostic criteria.

e Longitudinal data demonstrated excellent recovery of visual function, despite measurable atrophy in the retinal nerve
fibre layer (RNFL) and ganglion cell layer (GCL) on optical coherence tomography (OCT).

¢ Evidence supports that rapid initiation of corticosteroid treatment helps preserve the RNFL and GCL, highlighting this
as a treatable condition with favorable outcomes when managed promptly.
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Introduction

The global vaccination campaign against SARS-CoV-2 has
provided a unique opportunity to systematically investigate
rare clinical events that would otherwise be extremely dif-
ficult to study. The well-documented nature of these vac-
cinations has facilitated prospective analyses of potential
side effects, which is crucial not only for understanding
the implications of the SARS-CoV-2 vaccine but also for
enhancing our overall approach to vaccine side effects.
This paper discusses the evolution of clinical observations
of a significant cluster of severe bilateral optic neuritis (ON) in
elderly patients coinciding with the commencement of SARS-
CoV-2 vaccinations into a global, prospective study by the
International Consortium for ON (ICON). Expanding on our
initial baseline findings (only published as pre-print) [1] subse-
quent retrospective database studies have identified ON as the
second most frequent visual complication post-vaccination [2,
3] For 1,000,000 vaccinated individuals, 6.6 post vaccination
events were recorded, of which anterior uveitis was most fre-
quent (58.3%), followed by optic neuritis (39.3%) [2]. However,
a notable limitation of these retrospective studies is their lack
of detailed, case-specific information. In clinical practice, accu-
rate recognition of clinical phenotypes is essential for guiding
appropriate investigations and ensuring safe patient manage-
ment. Our study seeks to bridge this gap in current literature.

Methods

This study, approved by the Institutional Research Board at
Moorfields Eye Hospital (study number CaRS_24), involved
a collaborative effort with the ICON study group, consisting
of experts from 55 countries (contributors marked with an
asterisk in the Acknowledgment). The protocol was pre-
specified, mandating all clinical and para-clinical tests for
making a diagnosis of definite ON based on a manuscript
which was in print at the time [4], but known to the group.
We analyzed data on optic neuritis post SARS-CoV-2 vac-
cination in adults, from 15 countries, between February
2021 and December 2021. We also collected post-infec-
tious ON following SARS-CoV-2 between March 2020 and
December 2021. A positive COVID-19 test at presentation
was mandatory to separate post-infectious (COVID-19
test result positive) from post-vaccination (COVID-19 test
result negative) ON.

Inclusion criteria

Two ophthalmologists (LMA, FB) and three neurolo-
gists (ZK, AP, ATT) reviewed all 73 patients submitted
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by ICON members, applying the 2022 ICON consensus
diagnostic criteria for definite ON and possible ON [4].
All COVID-19 vaccines available at the time qualified for
inclusion.

Exclusion criteria

Cases not meeting the ICON 2022 diagnostic criteria
were excluded. Likewise patients meeting the consensus
criteria for post-infectious ON [4] were excluded. The
ICON group only identified 4 cases of post-infectious
(COVID-19) ON during the observation period.

Patient assessment

For post-vaccination ON, a time delay of less than 28 days indi-
cated a strong association, while 28 days to 3 months suggested
a weak association. The ON phenotype were further classified
into MOG-associated, MS-associated, and AQP4-associated
ON based on MRI and biomarker data [4]. The timing of ON
was categorized as acute (0—7 days) or subacute (7 days to
3 months) from onset of symptoms. Ethnicity reported included
Asian (including Indian and Middle Eastern), African (includ-
ing Afrocaribbean), Caucasian, and Hispanic.

Paraclinical tests
Optical Coherence Tomography (OCT)

Retinal images were obtained using state of the art spectral
domain OCT (Heidelberg Spectralis, Zeiss Cirrus, Top-
con 1000/Triton) and fundus photography (Topcon TRC-
50DX). For OCT, a 3.4 mm diameter ring scan around
the optic disc was taken to report the peripapillary retinal
nerve fibre (pRNFL) thickness (Spectralis OCT) and for
Cirrus and Topcon devices these data were extracted from
optic disc volume scans. A macular volume scan was taken
to calculate the thickness of the combined ganglion and
inner plexiform layers (mGCIPL). Metrics of retinal asym-
metry were calculated over time as described [6]. An inter-
eye difference of > 4% for the mGCIPL or > 5% for the
pRNFL at least 3 months after onset of ON was required
to meet the diagnostic criteria [4]. Neurodegeneration was
defined as atrophy at follow-up compared to baseline. Neu-
roprotection was defined based on this metric as reduced
atrophy in between groups. All OCT scans were reviewed
by one neuro-ophthalmologist (YNN) and one neurologist
(AP). The OSCAR-IB criteria were used for OCT quality
control [7] and data reporting followed the APOSTEL 2.0
guidelines (see also supplementary Table 1) [8].
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Magnetic Resonance Imaging (MRI)

All MRI scans were assessed in each expert center and
the report included to Table 1. For the UK patients only,
MRI scans were reviewed and scored by two experienced
neuro-radiologists (KM, ID) and one neurologist (ATT) for
diagnostic confirmation of ON. The raters were blinded to
all other data. Optic nerve lesion lengths on STIR (short
tau inversion recovery) and post-gadolinium sequences were
calculated, and enhancement, swelling, adnexal involvement
and intracranial pathology, especially of inflammatory/
demyelinating lesions were determined.5 Discrepancies
were resolved by consensus opinion. For non-UK patients,
MRI reports were used to confirm radiological ON.

Biomarker

Autoantibodies for Aquaporin 4 (AQP4) and Myelin oligo-
dendrocyte glycoprotein (MOG) were advised to be deter-
mined by state-of-the-art cell based assays [4, 9-11] Isoelec-
tric Focusing was used to provide evidence for intrathecal
IgG synthesis, also referred to as oligoclonal bands. [12]

Outcome measures

The primary outcome measure was high contrast visual
acuity. The secondary outcome measure was a metric of
retinal asymmetry, the inter-eye percentage difference
(IEPD) of the thickness of the mGCIPL [6, 13, 14]. The
mGCIPL was reported to be superior to the pRNFL
regarding diagnostic sensitivity and specificity, and is less
prone to swelling of axons [4]. The use of the IEPD also
overcomes the limitation of absolute pRNFL and mGCIPL
thickness values not being directly comparable between the
three different OCT devices used in this study.

Statistical Analysis

The data distribution was analysed visually and using the
Shapiro—Wilk test using SAS (v9.4m7, 100 SAS Campus
DriveCary, NC 27513-2414, US). The median and range
were shown for non-Gaussian data. Categorical data were
presented as numbers and percentages (decimals rounded to
natural numbers). Parametric tests were used for Gaussian
data and non-parametric tests for non-Gaussian and unbal-
anced data. General linear models were used for comparison
of more than two groups. Spearman’s correlation coefficient
was used for non-Gaussian data. For individuals with bilat-
eral involvement the VA of the worst affected eye was used.
For unilateral cases the VA of the affected eye was used. We
provided the exact number of data points for each analysis
and variable to account for incomplete observations. The
null hypothesis was rejected if p<0.05. All analyses were

performed for patients meeting the ICON 2022 diagnostic
criteria for definite ON [4]. This was followed by a sensitivity
analysis including the patients with a diagnosis of possible
ON [4].The effect of treatment was assessed by treatment
modality and speed of treatment initiation in days.

Data sharing statement

The annonymized data collected for the study, including
individual participant data and a data dictionary defining
each field in the set, will be made available to others upon
reasonable request. The data can be requested by email from
the corresponding author.

Results
Patient characteristics

Seventy-three individuals were brought to our attention
and 69 met the inclusion criteria (Fig. 1). Complete demo-
graphics are detailed in Table 1. Most patients were Cauca-
sian (58/69, 84%) and had received the AstraZeneca (AZ)
vaccine (43/69, 62%, Table 1). There were no differences
between vaccine types for any demographic or clinical vari-
ables. In this cohort we had no cases of post-vaccination
ON after Moderna, Novavax or Sputnik V, but are aware
that this has been reported in the literature [3]. The major-
ity of individuals were of female gender (47/69, 68%) and
most episodes of post-vaccination ON occurred after the
first dose of vaccination (58/69, 84%). After the second dose
of vaccination another 11/69 (16%) individuals developed
post-vaccination ON (Fig. 2 and supplementary Fig. 1). Two
subjects experienced recurrent post-vaccination ON and one
familial association (mother and daughter) was observed.
The median time of onset was within 16 days (ranged from
1-69 days) after vaccination, but the majority of events
occurred within three weeks (Supplementary Fig. 2). The
presentation was unilateral in 52/69 (75%) and bilateral in
the remaining 17/69 (25%, Table 1). The majority of indi-
viduals (54/69, 78%) reported ocular pain which worsened
on eye movements at onset.

Details of the eye examination, paraclinical tests, past
medical history and treatment are summarized in Table 1.
For unilateral cases the high contrast visual acuities at
presentation and after treatment are shown. For bilateral
cases the visual acuity of the worse eye is given. The most
common fundus appearance on presentation was papillitis
(edema of the optic disc) in 40/69 (58%) which was recorded
as severe in 3. In another 3 cases OCT revealed a swollen
pRNFL not recognized clinically. Illustrative examples for
the acute findings of the optic discs are shown in Fig. 3.
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Table 1 Baseline description of the cohort and summary of the
diagnostic work-up, diagnostic categories, treatment and outcomes.
(AZ=AstraZeneca; JA =Janssen; PZ=Pfizer-BioNTech; SN =Sino-

vac). OCT Inter-eye difference=IED. Data are presented as median
(range) and numbers (percentages within column)

AZ JA Pz SN Total
Patients N (%) 43 (62%) 1 (1%) 20 (29%) 5(7%) 69 (100%)
Vaccination history First vaccine 38 (88%) 1 (100%) 16 (80%) 3 (60%) 58 (84%)
Second vaccine 5(12%) 0 (0%) 4 (20%) 2 (40%) 11 (16%)
COVID-19 test positive 0 (0%) 0 (0%) 0 (0%) 0(0%) 0(0%)
Gender Female 28 (65%) 1 (100%) 13 (65%) 5 (100%) 47 (68%)
Male 15 (35%) 0 (0%) 7 (35%) 0 (0%) 22 (32%)
Age (years) 48 (18-75) 37 (37) 42 (22-79) 42 (21-50) 45 (18-79)
Ethnicity Caucasian 34 (79%) 1 (100%) 19 (95%) 4 (80%) 58 (84%)
Asian 3 (7%) 0 (0%) 1(5%) 1 (20%) 5(7%)
Afro-carribean 3 (7%) 0 (0%) 0 (0%) 0 (0%) 3 (4%)
Hispanic 3 (7%) 0 (0%) 0 (0%) 0 (0%) 3 (4%)
Time to onset (days) 20 (1-69) 10 (10) 14 (1-45) 10 (7-14) 16 (1-69)
Laterality Unilateral 30 (70%) 1 (100%) 16 (80%) 5 (100%) 52 (75%)
Bilateral 13 (30%) 0 (0%) 4 (20%) 0 (0%) 17 (25%)
RAPD Present 33 (77%) 0 (0%) 16 (80%) 5 (100%) 54 (78%)
Absent 8 (19%) 1 (100%) 3 (15%) 0 (0%) 12 (17%)
Pain at onset yes 35 (81%) 1 (100%) 14 (70%) 4 (80%) 54 (78%)
no 7 (16%) 0 (0%) 4 (20%) 1 (20%) 12 (17%)
Disc swelling yes 27 (63%) 1 (100%) 10 (50%) 2 (40%) 40 (58%)
no 16 (37%) 0 (0%) 10 (50%) 3 (60%) 29 (42%)
OCT IED positive 25 (58%) 1 (100%) 11 (55%) 2 (40%) 39 (57%)
negative 18 (42%) 0 (0%) 9 (45%) 3 (60%) 30 (43%)
MRI positive 37 (86%) 1 (100%) 15 (75%) 4 (80%) 57 (83%)
normal 6 (14%) 0 (0%) 5(25%) 1 (20%) 12 (17%)
Anti MOG antibody positive 13 (30%) 0 (0%) 2 (10%) 1 (20%) 16 (23%)
negative 27 (63%) 1 (100%) 16 (80%) 3960%) 47 (68%)
not available 3 (7%) 0(0%) 2 (10%) 1 20%) 6 (9%)
Aquaporin 4 (AQP4) antibody positive 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
negative 40 (93%) 1 (100%) 18 (90%) 4 (80%) 63 (91%)
not available 3 (7%) 0(0%) 2 (10%) 1 (20%) 6 (9%)
Subtype of optic neuritis SION 26 (60%) 0 (0%) 12 (60%) 4 (80%) 42 (61%)
MOG-ON 12 (28%) 0 (0%) 2 (10%) 1 (20%) 15 (22%)
MS-ON 5 (12%) 1 (100%) 6 (30%) 0 (0%) 12 (17%)
Methylprednisolone intravenous 27 (63%) 1 (100%) 14 (70%) 5 (100%) 47 (68%)
oral 13 (30%) 0 (0%) 2 (10%) 0 (0%) 15 (22%)
PLEX 3(7%) 0 (0%) 4 (20%) 0 (0%) 7 (10%)
Time from onset to treatment (days) 9 1(2-120) 6 (6) 8 (2-30) 8 (3-37) 8 (2-120)
Time from treatment to analgesia (hours) 36 (6-240) 00 48 (9-168) 24 (24) 36 (6-240)
BCVA at onset (LogMAR) 0.8 (—0.1-3) 0 (0) 0.5 (0-3) 1.9 (0-1.9) 0.7 (—0.1-3.0)
BCVA after treatment (LogMAR) 0 (=0.2-3) 0 (0) 0(0-1.9) 0(0-3) 0-7 (—=0.1-3.0)

The primary outcome measure, VA, was good at group
level (logMAR median 0.0) for post-vaccination ON after
any vaccine (Table 1). Four individuals had poor visual out-
comes (one logMAR 3.0, one logMAR 1.8, one logMAR 1.2
and two logMAR 0.6). There was a significant correlation
between VA at presentation and VA at outcome (R=0.41,
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p=0.0015). There was a weak correlation between time to
onset and outcome VA (R=0.30, p=0.0185). The outcome
VA was not associated with type of vaccine, age, ethnicity,
disc appearance on fundoscopy/OCT, presence of ON changes
in the MRI or MOG seropositivity (16/69, 23%). Not a single
individual was seropositive for AQP4 antibodies (Table 1).



Graefe's Archive for Clinical and Experimental Ophthalmology

Fig. 1 Study flow chart
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The secondary outcome measure, the IEPD of the
mGCIPL, correlated significantly with time to treatment
with corticosteroids (R =0.63, p=0.0005). There was no
correlation of the mGCIPL IEPD with age (R=0.079,
p=0.65), time to onset (R=-0.013, p=0.94), VA at onset
(R=0.174, p=0.33) or time to analgesia after start of treat-
ment (R=0.015, p=0.95). The significance of the finding of
a correlation between the size of the mGCIPL IEPD and time

Date of onset of post-vaccination ON

to onset of treatment was preserved in a subgroup analysis
of individuals with unilateral onset (R=0.51, p=0.03), but
was narrowly lost for the few patients (Table 1) with bilateral
onset (R=0.67, p=0.06). Early corticosteroid treatment of
ON (0-7 days from onset of first symptom) was associated
with a better secondary outcome (less atrophy) of the IEPD
mGCIPL (p=0.0271) on a group level (Fig. 4 A) when com-
pared to delayed start of treatment with corticosteroids in
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Fig.3 Fundus Color Photographs of Optic Nerve Swelling in Patients
with Optic Neuritis and Papillitis. (A) Fundus photographs of the
right (OD) and left (OS) eyes of the index case in London, a 64-year-
old woman with a 48-h history of rapidly progressing bilateral simul-
taneous visual loss and mild ocular discomfort, occurring two weeks
after receiving the AstraZeneca vaccine. The right eye exhibited total
visual loss (no light perception), while the left eye had extensive field
loss pre-treatment. Notably, there are extensive hemorrhages in the
posterior pole, which are unusual in cases of optic neuritis. She was
MOG-antibody seronegative. (B) Fundus photographs of the right

the subacute phase (7 days to 3 months from onset of first
symptom) or no treatment. The effect retained significance
with a post-hoc analysis comparing treatment in the acute
with the subacute phase of ON (p=0.0103).

In a subgroup analysis we also compared the pRNFL
IEPD between treatment groups (Fig. 4 B). Overall the
outcome pRNFL IEPD correlated significantly with time
to start of treatment (R=10.50, p=0.0021). On a group
level there was a significant difference for the pRNFL
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(OD) and left (OS) eyes of a 57-year-old MOG-antibody seropositive
patient with bilateral severe asymmetric optic neuritis. The right eye
shows marked swelling with peripapillary cotton wool spots and hem-
orrhages, while the left eye has a lesser degree of swelling. (C) Fun-
dus photographs of the right (OD) and left (OS) eyes of a 48-year-old
MOGe-antibody seropositive patient with bilateral severe asymmet-
ric optic neuritis. Similar to case B, the right eye exhibits signifi-
cant swelling with peripapillary cotton wool spots and hemorrhages,
whereas the left eye shows a lesser degree of swelling

IEPD (p=0.0271) between individuals treated in the acute
phase compared to the subacute phase or untreated indi-
viduals. Again, the post-hoc analysis showed less severe
atrophy in individuals treated acutely compared to those
treated in the subacute phase of ON (p=0.0117).

The UK was the first nation to implement population-
level vaccination (1st dose of vaccine given, outside
a clinical trial, to Margaret Keenan on 08-DEC-2020)
and, within this cohort, it has the highest number of
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post-vaccination optic neuritis cases (n=31). There was
an association in time between the age groups vaccinated
and occurrence of post-vaccination ON in the UK (Supple-
mentary Fig. 1). There was a trend for younger individuals
to present at a later date with post-vaccination ON com-
pared with older age groups who received their vaccina-
tions earlier in the UK. The shift from younger to older age
groups is shown by comparison with recent pre-pandemic
epidemiological data (Supplementary Fig. 3).

Radiological findings

MRI brain and orbit scans for 24 UK patients were scored
and details can be seen in supplementary tables 2—4. Gad-
olinium was given in 21 of these cases. The coronal and
axial sections of typical MRI examples are shown in Sup-
plementary Fig. 4. Evidence of optic nerve segmental T2/
STIR hyper-intensity was seen in n=23 patients: 8 bilateral,
15 unilateral, 1 negative. Of these 23 abnormal scans, asso-
ciated gadolinium enhancement was seen in 16/20 patients,
and optic nerve swelling in 17/23 (see columns 3,6 and 7 in
supplementary Table 2). Out of the four gadolinium-negative
patients, two had optic nerve swelling and two showed T2
optic nerve hyper-intensity without enhancement or swelling
(patients 2,14). All three patients who did not receive gadolin-
ium had segmental optic nerve swelling (patients 11, 13 and
19 in supplementary Table 2). Five of the 23 abnormal scans
demonstrated multiple white matter lesions consistent with
inflammatory demyelination (four unilateral ON, one bilateral
ON). Two other patients had single acute neuro-inflammatory
lesions (1 midbrain, 1 temporal) in addition to bilateral ON.
Optic nerve sheath enhancement was noted in four of 13
abnormal right and seven of 16 abnormal left optic nerves
given contrast. It was present in three out of the eight bilateral
cases given contrast. For unilateral cases, mean STIR lesion
length was 20.88 mm (median 20.80, range 4-40) and mean
gadolinium lesion length was 21.08 mm (median 18.9, range
4-40). For bilateral cases, mean STIR lesion length was
15.89 mm (median 12, range 4—42.9) and mean gadolinium
lesion length was 20.46 mm (median 22.89, range 6-36).

Sensitivity analyses

Sensitivity analyses were conducted to assess the robustness
of the findings from the primary analysis of the outcome
variables. Specifically, the sensitivity analyses evaluated
whether excluding the four outlier patients (Fig. 1), who had
longer time intervals from vaccination to symptom onset,
would have changed the results. The significance of the
correlation between VA at presentation and VA at outcome
remained robust in the sensitivity analysis (R=0.41,
p=0.0015), as was the correlation between time to onset

and outcome VA (R=0.30, p=0.0185). Additionally, the
correlation between time to treatment and the mGCIPL
IEPD (R=0.62, p=0.0004) and pRNFL IEPD (R=0.395,
p=0.0141) was also upheld.

Furthermore, the sensitivity analysis provided further
support for the statistically significant findings regarding the
effect of corticosteroid treatment in the acute phase compared
to delayed or no treatment (see also supplemenatry Table 4).
Specifically, there was a significant difference observed for the
mGCIPL IEPD (p=0.019) at the group level, and in the post-
hoc analysis comparing treatment in the acute phase with the
subacute phase of ON (p=0.0074). Although the statistical
significance for the pRNFL IEPD was narrowly missed at the
group level in the sensitivity analysis (p=0.0527), it remained
significant in the post-hoc analysis (p=0.0276).

Discussion

Post-COVID-19 vaccination ON is a rare complication with
only anecdotal reports in the literature. For timely compari-
son with recent small pox vaccination efforts against the
emerging monkeypox virus, a large retrospective US Veter-
ans study identified two patients with post-vaccination ON
after small pox, but did not describe the clinical phenotype
or treatment response [15]. Present prospective study with
69 deep phenotyped patients meeting consensus diagnostic
criteria adds valuable information on patient management.
The unique timing of the SARS-CoV-2 pandemic which
coincided with the establishment of the ICON 2022 con-
sensus diagnostic criteria for ON and the mandatory roll
out of vaccination has made it possible to study, a group
of individuals presenting with post-vaccination ON. The
group is homogeneous with regard to meeting diagnostic
criteria for definite ON [4]. Here we report the detailed
clinical and paraclinical follow-up in 69 individuals pre-
senting with post-vaccination ON previously only shared in
form of a pre-print [1]. The final biomarker based subgroup
classification of all cases heterogeneity ranging from an
isolated post-vaccination ON, over demyelinating disease to
MOG autoimmunity. However, heterogeneity of subgroups
aside, the main finding is that visual outcome is excellent
in almost all patients during the one year follow-up period.
Rapid treatment with corticosteroids in the acute phase
(<7 days after onset of symtoms) of post-vaccination ON,
rather than delayed treatment or no treatment, also improves
structural outcome with less severe atrophy of the mGCIPL
and pRNFL.

The clinical picture of severe post-vaccination ON with
pain worsening on eye movements (78%), frequent bilateral
involvement, MOG-IgG seropositivity, significant papillitis
or extensive length of optic nerve lesions strongly suggests
a systemic autoimmune process in many of these patients.
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«Fig. 4 Structural Outcomes of Corticosteroid Treatment in Post-Vac-
cination Optic Neuritis. (A) mGCIPL IEPD and (B) pRNFL IEPD
outcomes illustrate that corticosteroid treatment administered in the
acute phase (07 days) results in better structural outcomes compared
to delayed treatment in the subacute phase (7 days to 3 months) or no
treatment. Patients with post-vaccination optic neuritis are indicated
in red for unilateral visual loss and in blue for bilateral visual loss

Significantly, within our post-vaccination ON cohort, we
identified 15 individuals who tested positive for MOG anti-
bodies. Several of these cases exhibited clinical and radiologi-
cal features consistent with MOG antibody-associated disor-
der (MOGAD) [16], reinforcing our initial data shared only
as a preprint [1] Subsequent reports have further emphasized
the link between MOG seropositivity and SARS-CoV-2 vac-
cination [17, 18] Indeed there are data supporting the occur-
rence of cross-reactivity between SARS-CoV-2 vaccination
and IgG antibodies against MOG [19]. Importantly for clinical
management, MOG-ON is an extremely steroid responsive
condition requiring early treatment to protect vision and reti-
nal neurons [20-22]. The findings of these independent stud-
ies align with our study, which also introduces OCT IEPD as
a valuable, device independent, structural outcome measure.

Regarding the treatment, there is emerging agreement
in the literature on acute treatment with high-dose
methylprednisolone, PLEX or IVIG [5, 23-25], and most
reports of post-vaccination and post-infectious ON have
been treated with corticosteroids, since an immune-mediated
mechanism is also presumed [26]. In our study acute ON was
defined as occurring within 0—7 days [4] which aligns with the
average corticosteroid initiation time in the ON Treatment trial
[27]. Twenty patients were treated within this time frame and
recovery of high contrast VA was excellent. All four patients
with a poor visual outcome had their high dose corticosteroids
more than 10 days after onset of symptoms. We accept, as
a study limitation, that our primary outcome measure, high
contrast VA, whilst most commonly used, remains a relatively
crude functional parameter of optic nerve recovery. Therefore
it is important to note that also our secondary outcome
measure, the mGCIPL IEPD, did show a better outcome with
early corticosteroid treatment. This result is robust because the
OCT findings retained their level of significance in a subgroup
analysis for the pRNFL IEPD and sensitivity analyses.

Geographical mapping of the ON incidence during the
study period showed the highest incidence in the UK permit-
ting for a detailed analysis in relationship to national vaccine
roll-out. This revealed a close age group related association
between date of vaccination and onset of ON (supplementary
Fig. 3). In our study, we found a much higher proportion of
AstraZeneca than Pfizer vaccinations, and some cases follow-
ing Sinovac. This is consistent with the findings of national UK
database study [2]. Interestingly, despite increasing awareness
in the UK neuro-ophthalmology community, the numbers of

post-vaccination ON seem to have peaked between March and
April 2021 after a priming dose. In a smaller proportion post-
vaccination ON was observed after the second dose, which
was in all cases with the same type of vaccine. Combined,
this suggest that the incidence of post-vaccination ON may be
highest with the first injection of a novel vaccine.

As another limitation to our study, we acknowledge the lack
of solid epidemiological data on the incidence and prevalence of
ON in the population with and without vaccination, which cur-
rently precludes calculation of odds ratios (OR). From present
data, however, there is no evidence to suggest that the incidence
of ON has increased in the UK due to vaccination [28]. Only
future re-analysis of the UK epidemiological data will reveal
if there has been a change of incidence during the pandemic if
compared to the historical data. Therefore another limitation
is the lack of a prospective, time matched, control group. This
was not possible due to the restricted access to clinical services
during lock-down, affecting some countries more than others.
Likewise we have not identified any pediatric cases because in
some countries there is a medicolegal age restriction for services
which could have introduced a bias.

A further limitation is that three different OCT devices
were used in this study. To overcome this, we have reported
percentage measures of retinal asymmetry which are
understood to be device independent [4]. We can therefore
only indirectly report on the degree of atrophy by comparing
the mGCIPL thickness between both eyes at onset and last
follow-up, where an increase of the mGCIPL IEPD indicates
an increase of asymmetric atrophy [4]. An analytical
limitation of the MOG auto-antibody tests is the variability
in assay methodologies used worldwide. Not all samples were
assessed using the recommended cell-based assays, which
offer superior analytical sensitivity [31]. Consequently, the
actual number of post-vaccination MOG-ON cases may be
underestimated. Additionally, longitudinal testing of MOG
auto-antibodies would have been beneficial in distinguishing
cases with a transient post-vaccination autoimmune response
from those at risk of developing a relapsing disease course.
Accepting this limitation, there is no evidence for vaccination
to cause harm in subjects with known MOGAD [32].

In conclusion, our study reveals the presence of a distinct,
albeit relatively small, epidemic cluster of post-vaccination
ON, primarily observed in the UK, which shares similar clin-
ical characteristics with cases reported worldwide. Notably,
this observation was made for three of the vaccines on the
market with no statistically significant difference in present-
ing severity, visual outcome, or steroid responsiveness. How-
ever, our findings underscore the relevance of MOG antibody
testing in post-vaccination ON [19]. The data also highlights
the importance of timely intervention during the acute phase,
as delays in treatment were associated with more pronounced
retinal atrophy on optical coherence tomography. It is crucial
to inform individuals which undergo vaccination about the

@ Springer



Graefe's Archive for Clinical and Experimental Ophthalmology

rare possibility of developing post-vaccination ON. Physi-
cians and patients need to know that functional visual recov-
ery can be expected to be excellent. Treatment in the acute
phase may further improve the structural outcome.
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