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Background: The connection between viral infection and the onset of demyelination has garnered considerable attention. Omi-
cron, the most recent prevalent strain of the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), has raised concerns.
Optic neuritis (ON) associated with Omicron infection and spontaneous demyelinating ON may manifest distinct disease progres-
sions. This study aims to contrast the features of these two distinct etiologies of ON.

Methods: This case-control study comprised fifteen patients (21 eyes) diagnosed with Omicron infection-related ON and fifteen
patients (24 eyes) with demyelinating ON serving as the control group. Clinical characteristics, cerebrospinal fluid (CSF) analysis,
treatment protocols, and outcomes were compared between the two groups.

Results: The Omicron-infected group exhibited a higher incidence of pain upon ocular movement (p = 0.023) and peripapillary
hemorrhages (p = 0.046). In CSF analysis, there was an elevation in white cell counts (WCCs) (p = 0.004), with lymphocytes
being the predominant cell type in the Omicron-related ON group. However, oligoclonal bands (OCBs), indicative of intrathecal
synthesis, were significantly lower and lagged behind those of the demyelinating ON group (p = 0.021). SARS-CoV-2 RNA
was not directly detected in the CSF of the Omicron-related ON group, and the degree of WCC elevation was closely linked
with peripapillary hemorrhages (odds ratio = 0.029, p = 0.02). Additionally, the Omicron-related ON group displayed more
pronounced ganglion cell loss following 3-month treatment (p = 0.02).

Conclusion: Omicron-related ON is distinguished by more pronounced clinical symptoms and distinct CSF characteristics com-
pared to spontaneous demyelinating ON. The absence of viral RNA sequence in the CSF of Omicron-associated ON supports the
use of steroid monotherapy; however, varying treatment options and prognoses should be considered for these two types of ON.
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Introduction infectious or post-infectious central nervous system (CNS)
diseases, including encephalitis, encephalomyelitis, and
longitudinally extensive transverse myelitis [4]. However,
features of optic neuritis (ON) related to Omicron variant
infection, particularly cerebrospinal fluid (CSF) analysis,
were rarely reported. This has left the pathogenesis and re-
lationship between the Omicron variant and demyelinated

ON unclear.

Severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) has undergone evolutionary changes from
the Alpha, Beta, Gamma, and Delta to the Omicron variant.
The Omicron strain is distinguished by reduced pathogenic-
ity and increased contagiousness, differing from strains
identified before 2021 [1]. In 2022, the Omicron variant

emerged as the predominant strain, exhibiting strong repli-
cation capacity within the upper respiratory tract [2]. In
December 2022, prevention and control policies in China
were relaxed, coinciding with the Omicron outbreak, which
resulted in 82% of the population being infected within two
months [3]. This surge in cases led to a notable rise in para-

Evidence suggests that certain viral infections can in-
duce demyelination [5]. The Epstein-Barr virus and in-
fluenza virus, have been identified to link to multiple scle-
rosis (MS) [6] and may lead to ON attack by activating a
variety of inflammatory cells. In an experimental model,
Shindler et al. [7] demonstrated that infection with the
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mouse hepatitis virus strain MHV-A59 could induce in-
flammatory demyelinating ON. In contrast, MHV-2, a non-
demyelinating strain, did not trigger ON. It is well known
that the Omicron strain is more infectious than previous
strains. Therefore, we speculate that different strains of
SARS-CoV-2 may have varying inflammatory effects on
the CNS.

There is a marked surge in demyelinated ON cases
during Omicron infection pandemics [8].  However,
whether Omicron infection-related ON and demyelinating
ON are coincidental remains unclear. Moreover, whether
different treatment strategies and prognoses exist between
the two groups remains confusing to physicians. This
study aimed to compare the clinical presentation, CSF fea-
tures, therapy, and prognosis of Omicron-related ON with a
matched control group of demyelinating ON without prior
viral infection, and discuss the underlying pathogenesis.

Materials and Methods

Study Participants and Clinical Presentation

This observational case-control study comprised a to-
tal of 30 individuals (45 eyes) recruited from the Neuro-
Ophthalmology Department of Beijing Tongren Hospital,
Capital Medical University. Fifteen cases (21 eyes) pre-
sented with Omicron-related ON between December 2022
and January 2023, among these, 9 were female, mean age
was 39 £ 17 years. The average interval from the onset
of Omicron infection to the first manifestation of ON was
13 days, ranging from 2-29 days. The control group com-
prised fifteen patients (24 eyes) with acute demyelinating
ON, occurring within one month of symptom onset from
January 2022 to May 2023, including 9 females, with a
mean age of 44 & 18 years and without a history of prior vi-
ral infection. Fig. 1 illustrates the patient selection process.

All enrolled patients met the definitive ON diagnosis
criteria based on the latest 2022 international guidelines [9]:
Clinical criteria A: Monocular, subacute vision loss asso-
ciated with orbital pain worsening on eye movements, re-
duced contrast and color vision, and relative afferent pupil-
lary deficit, with one positive paraclinical test (magnetic
resonance imaging (MRI), optical coherence tomography
(OCT) or biomarker); Clinical criteria B: Painless with all
other features of (A); and clinical criteria C: Binocular vi-
sion loss with all (A) features, combined with two positive
paraclinical tests of which one was MRI.

Fundus fluorescein angiography and other examina-
tions were selected to exclude fundus diseases. Patients
with neuroretinopathy or optic neuropathy resulting from
ischemic, traumatic, compressive, toxic, genetic, or inor-
ganic causes of visual loss were excluded. Furthermore, ad-
ditional potential infectious causes, such as syphilis, tuber-
culosis, viral hepatitis B and C, Epstein-Barr virus, human
immunodeficiency virus, herpes virus, cytomegalovirus,
and similar conditions, were all ruled out.

Patients infected with the Omicron variant presented
with symptoms such as fever, chills, sore throat, dry
cough, and altered taste or smell, with no requirement for
hospitalization. Confirmation of SARS-CoV-2 infection
was achieved through nucleic acid polymerase chain re-
action (PCR) tests or antigen detection using nasopharyn-
geal/oropharyngeal swabs [10]. These infected patients had
no personal or family history of demyelinating or autoim-
mune disorders (Fig. 1).

Treatment for all patients involved intravenous
methylprednisolone pulse (IVMP) administered at 1.0 g/d
for 3-5 days, followed by a gradual tapering of an oral pred-
nisone regimen (1 mg/kg/day). Immunosuppressants were
added for cases positive for aquaporin-4-immunoglobulin
G (AQP4-IgQG). In one case, plasma exchange was com-
bined with this treatment. Visual acuity tests and OCT were
conducted at 1 week and 3 months post-IVMP, with long-
term follow-up.

Data Collection

Demographics, medical histories, symptoms, signs,
chest computed tomography (CT) scans, MRI images (or-
bital, intracranial, and spinal cord), routine blood tests,
and erythrocyte sedimentation rate (ESR) were reviewed
and recorded. Serum aquaporin-4 (AQP4) and myelin
oligodendrocyte glycoprotein (MOG) IgG tests were con-
ducted at Guangzhou V-Medical Laboratory Co., Ltd. in
Guangzhou, China using cell-based assays (CBA). Sam-
ples with titers of 1:10 underwent two separate measure-
ments for validation. Furthermore, CSF analysis was car-
ried out, including routine cell counts, biochemical assess-
ments, and cytological examinations stained with the May-
Griinwald-Giemsa (MGG) procedure using the natural pre-
cipitation method. Other CSF assays included tests for
oligoclonal bands (OCBs), myelin basic protein (MBP), 24-
hour IgG synthesis rate, and pathogen staining and culture.
SARS-CoV-2 RNA detection was performed using metage-
nomic next-generation sequencing (mNGS) [11]. CSF re-
sults were analyzed in 11 patients in the Omicron group, 4
patients refused to undergo lumbar puncture. A total of 14
patients received serum and orbital MRI, serum results of
14 cases and 19 eyes of orbital MRI were statistically an-
alyzed in the Omicron group. In control group, there were
15 cases in CSF and serum results, 15 cases (24 eyes) of
orbital MRI were compared.

Best corrected visual acuity (BCVA) was employed
to assess therapeutic effects. BCVA was converted to the
logarithm of the minimal angle of resolution (logMAR) for
statistical analyses. LogMAR values of 2.9, 2.6, 2.3, and
2.0 were designated to correspond with no light percep-
tion (NLP), light perception (LP), hand movement (HM),
and finger counting (FC), respectively [12]. Visual acuity
(logMAR) >2.0 after a three-month treatment duration in-
dicated an unfavorable visual outcome.
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Fig. 1. Study flowchart of enrolled patients in this study. Note: Participants were recruited from the Neuro-Ophthalmology Depart-

ment of Beijing Tongren Hospital, Capital Medical University.

Statistical Analysis

Statistical analysis encompassed various methods tai-
lored to different data types. For continuous data satisfy-
ing normal distribution and equal variance assumptions, the
independent #-test was employed. Conversely, the Mann-
Whitney U test was utilized for non-normally distributed
continuous data. Categorical data underwent analysis us-
ing either the Pearson chi-squared test or Fisher’s exact test.
Pearson’s correlation and logistic regression were utilized
to identify factors associated with cell counts in the CSF.
Statistical significance was established with a two-tailed p-
value threshold of <0.05. All statistical procedures were
executed using SPSS software version 23.0 (IBM, Beijing,
China).

Results

All enrolled patients developed ON within one month,
with no significant differences observed in sex, age, and
onset time between the two groups (p > 0.05). Cases of
Omicron-related ON exhibited a higher frequency of pain
during eye movement (p = 0.023) and peripapillary bleed-
ing (p = 0.046). However, no significant differences were
observed in the incidence of optic disc edema (p = 0.565)
or the frequency of bilaterality (p = 0.466). Patient charac-
teristics are summarized in Table 1, with additional details
provided in Table 2 and Fig. 2A—F.

Lumbar puncture revealed normal CSF opening pres-
sures. Among the Omicron group, 72.7% of patients (8/11)
exhibited elevated white cell counts (WCCs), ranging from

5-400 x 10%/L. Compared to the demyelinating group, the
Omicron-related ON group displayed a distinct elevation
in WCCs in the cytological examination (p = 0.004), pre-
dominantly comprising lymphocytes (Fig. 2I). Protein lev-
els were similarly elevated in both groups (p = 0.407), while
glucose and chloride levels remained within the normal
range. A moderate elevation in WCCs was associated with
peripapillary hemorrhage (OR = 0.029, p = 0.02, 95% CI:
0.001-0.574). Regarding autoimmune markers, OCB pos-
itivity was significantly lower in the Omicron-related ON
group compared to the demyelinating ON group (p=0.021).
Other markers, such as MBP (9.1%) and the 24-hour in-
trathecal synthesis rate (27.3%), also displayed lower val-
ues in the Omicron-related ON group, without statistical
significance. However, SARS-CoV-2 RNA gene sequenc-
ing and pathogen cultures in the CSF yielded negative re-
sults even during the acute stage (Tables 1,2).

Hematological and imaging assessments revealed no
differences between the two groups. ESR levels and com-
plement components were increased to similar degrees in
the serum of patients with Omicron-related ON and de-
myelinating ON (p = 0.272 and p = 0.60, respectively).
Concurrently, serum-specific immune markers for myelin
oligodendrocyte glycoprotein-immunoglobulin G (MOG-
IgG) (20.0%) and AQP4-IgG (20.0%) were identified in
the serum of the Omicron-related ON group. Furthermore,
29 patients (43 eyes) underwent an MRI of the orbit, in-
tracranial region, and spinal cord. In the Omicron-related
ON group, 78.9% of affected eyes and 66.7% of eyes in
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Fig. 2. Fundus and imaging images of SARS-COV-2 Omicron related-ON. (A—C) Fundus images. (A) Optic disc with obvious
edema. (B) Edematous optic disc with peripapillary hemorrhage. (C) Edematous optic disc with bleeding and exudative retinal lesions.

The bleeding is along the blood vessels and located on the surface of the optic disc, which is gradually absorbed after steroid therapy. (D—
F) Retinal images. (D) Fundus autofluorescence image. (E) FFA image. (F) OCT image. There was no autofluorescence in the retina and
hyperedema optic disc, the vascular leakage of the optic disc was obvious, and the edematous fluid affected the retina even on the nasal
side of the macula (F1), the loss of the retinal outer structure in Omicron-related ON was observed after steroid treatment (F2). (G,H)
Orbital MRI imaging (horizontal view). (G) T2WI imaging. (H) TIWI enhanced imaging. The intraorbital segment of the left optic nerve
is thickened and significantly enhanced (red arrows in E-H). (I) Cytological microscopic photo of CSF (MGG stain, x400): lymphocytes
of different sizes distributed in clusters. Some were accompanied by activation (red arrow), the activated lymphocytes by partial zoom
were shown on the top right of the photo, suggesting lymphocytic inflammation associated with Omicron variant infection. FFA, fundus
fluorescence angiography image; OCT, optical coherence tomography; MRI, magnetic resonance imaging; CSF, cerebrospinal fluid;
MGG, May-Griinwald-Giemsa; SARS-COV-2, severe acute respiratory syndrome coronavirus 2; ON, optic neuritis.
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Fig. 3. Comparison of visual acuity and OCT results between the two groups before and after treatment. (A) Compared with the
untreated group, visual acuity (BCVA) in the Omicron group improved significantly after 3 months of treatment (p < 0.001). However,
there was no significant difference in visual acuity before or after treatment between the Omicron group and the control group (p > 0.05).
(B) The onset of RNFL was significantly higher in the Omicron group (p = 0.022). (C) After 3 months of treatment, the thickness of GCL
decreased significantly in the Omicron group (p = 0.020). (D) ARNFL (p = 0.012) and AGCL (p = 0.001) after 3 months of treatment
were more significant in the Omicron group. Note: BCVA, best corrected visual acuity; ns, no significance; RNFL, retinal nerve fiber
layer; GCL, ganglion cell layer; ARNFL, the thickness change of RNFL; AGCL, the thickness change of GCL.

the demyelinating ON group displayed thickening of the
optic nerve’s orbital segment with associated enhancement
(Fig. 2G,H), but no difference was observed (p = 0.373)
(Tables 1,2).

All patients received IVMP therapy without antiviral
agents. In 66.7% of affected eyes, the nadir visual acuity
deteriorated to counting fingers (CF) or below. Notably,
compared to the nadir vision, mean visual acuity demon-
strated significant improvement at both the 1-week (p =
0.032) and 3-month (p < 0.001) post-treatment intervals
(Table 3). Visual outcomes did not correlate with the ex-
tent of WCC elevation in the CSF (r = 0.422, p = 0.196).
The nadir vision and visual outcomes after 3 months in the
Omicron-related ON group remained comparable to those

in the control group (p = 0.942 and p = 0.500, respectively)
(Table 4 and Fig. 3A).

In the Omicron-related ON group, the thickness of the
peripapillary retinal nerve fiber layer (RNFL) at onset was
greater than that in the control group (p = 0.022) (Fig. 3B).
After 3 months of treatment, a more significant decrease in
the thickness of the ganglion cell layer (GCL) was observed
in the Omicron-related ON group (p = 0.020) (Fig. 3C).
Furthermore, the changes in RNFL thickness (p = 0.012)
and the loss of GCL (p = 0.001) (Fig. 3D) were more pro-
nounced in the Omicron-related ON group (Table 4).
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Table 1. Clinical features, cerebrospinal fluid results, and therapeutic outcomes of patients with Omicron variant of COVID-19-related ON (n = 15).

Cases Basic clinical features Blood test CSF test Imaging features Visual acuity (LogMAR) outcomes
Sex M/F Age (y) Interval Eye pain/affected Edema/ Serum Markers, WBC, COVID-19 WCCs/0.5mL <200), Protein, SARS- Intracranial or spinal lesion Orbital long T2WI Nadir 1 week after 3 months after
time eye Bleed of ESR, Complement antibody OCB, MBP, 24-hour IgG CoV-2 or enhanced MRI Vision IVMP IVMP
(Days) OD RNA

1 F 53 3 Y/Bilateral Y/Y ESR? C4 1 IgM + WCC 3000 1, Protein 1 “) ) Orbital (+) R:0.7 R:022 R:0.0
Orbital (+) L:0.22 L:0.1 L:0.0

2 M 44 2 Y/R YY ESRTC3 1 IgM + Refusal to check (-) Orbital, canal (+) R:2.0 R: 1.0 R:0.22

F 21 28 Y/R Y/N © IgG + WCC 600 1, OCB (+) “) ) Orbital (+) L:2.6 L:0.52 L:0.22

4 F 75 29 Y/Bilateral N/N ESR?T C4 1 1gG + WCC 200 1, Protein 1, 24 ) ) Orbital (+) R:20 R:0.92 R:0.52
hours IgG (+) Orbital (+) L:23  L:20 L: 1.0
5 F 35 14 Y/L N/N Clq 1t 1gG + -) ) ) Orbital, canal (+) L:2.0 L:0.0 L: 0.0
6 M 65 21 Y/L Y/N -) IgM + WCC 800 1, OCB (+), Protein (-) Intracranial (+) Orbital (+) L:29 L:2.0 L:2.0

1, 24-hour IgG (+) Canal (+)

7 F 50 25 Y/R Y/N ) IgG + “) ) ) Orbital (+) R:0.52 R:0.52 R: 0.4
8 F 39 8 Y/Bilateral Y/Y MOG-ab (1:10), ESR1 IgG + MBP (+) © ©) Orbital () R:20 R:07 R: 0.0
Orbital (+) L:2.6 L: 1.0 L: 0.0

9 M 21 7 Y/Bilateral Y/Y MOG-ab (1:32) ESRT C31 IgG + Refusal to check NA NA R:0.52 R:05 R:0.22
L:1.0 L:0.22 L:0.1
10 M 57 14 Y/Bilateral N/N MOG-ab (1:32) 1gG + WCC 400 1, Protein 1 ) Intracranial (+) Orbital (-) R:0.0 R:0.0 R: 0.0

Orbital (+) L:23 L:04 L:0.22

11 F 36 24 Y/L N/N AQP4-ab (1:320) ESR? 1gG + WCC 200 t ) ) Canal (+) R:23 R:23 R:0.22
12 F 21 10 N/R N/N AQP4-ab (1:100) WBCtT  IgG+ Refusal to check (-) Canal (+) L:23 L:2.0 L:2.0

13 M 25 2 Y/L Y/N AQP4-ab (1:10) WBC? IgM + WCC 200 t ) () Orbital (+) L:04 L:03 L:0.22
14 M 32 3 Y/L Y/N NA 1gG + Contraindications to lumbar puncture Thoracic spinal cord (+) Orbital (+) R:2.6 R:26 R:2.0
15 F 19 3 N/Bilateral Y/Y ESR? IgG + WCC 200 1 24-hour IgG 1t (-) Intracranial, spinal cord (+) Orbital (+) R:29 R:29 R:2.6
Orbital (+) L:2.6 L:23 L:23

+, positive; -, negative; 1, elevated; ON, optic neuritis; CSF, cerebrospinal fluid; logMAR, logarithm of the minimal angle of resolution; ESR, erythrocyte sedimentation rate; WCCs, white cell counts in 0.5 mL cerebrospinal fluid measured by
the natural precipitation method; OCB, oligoclonal band; MBP, myelin basic protein; IgG, immunoglobulin G; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; T2WI, T2 weighted image; MRI, magnetic resonance imaging; IVMP,
intravenous methylprednisolone pulse; MOG, myelin oligodendrocyte glycoprotein; NA, not available; AQP4, aquaporin-4; Interval time, Interval between infection and ON onset; OD, optic disc; R, right; L, left; Y, yes; N, no; WBC, white blood cell
count; 24-hour IgG, 24-hour IgG intrathecal synthesis rate.
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Table 2. Comparison of clinical features, cerebrospinal fluid, serum and imaging results between the Omicron-related ON group and control group.

Basic information Clinical features CSF test Serum and image results
Groups Num Female Age (Me- Onset time Bilateral Eye pain* Edema of Bleed of WCCs (%) Protein (%) OCB (%) MBP (%) 24hintrathe- Serum ESR Ele- Complement Orbital MRI*
(Eye) N) dian) (Days) rate (%) (%) OD* (%) OD* (%) cal synthesis anti-AQP4/ vated (%) Elevated (%) (%)

rate (%) MOG

Omicron group 15 (21) 9 39 £ 17 14+9  6/15(40.0) 18/21 14/21 8/21(38.1) 8/11(72.7) 4/11 (36.4) 2/11(182) 1/11(9.1) 3/11(27.3) 3/3 7/14(50.0) 5/14 (35.7)  15/19 (78.9)
(35) (85.7) (66.7)

Control group 15 (24) 9 44 £ 18 16+9  9/15(60.0) 13/24 1424 3/24(12.5) 2/15(13.3) 3/15(20.0) 10/15(66.7) 5/15(33.3) 4/15(26.7) 3/3 9/15(60.0) 6/15(40.0)  16/24 (66.7)
(38) (54.2) (58.3)

Test method t=0.722 t=0.530 Fishertest x2=5.201 x2=0.331 x2=3.973 Fishertest Fishertest Fishertest Fisher test Fisher test Fisher test Fisher test x2=0.795

p -value 1.000  1.000 0.446 0.600 0.466 0.023 0.565 0.046 0.004 0.407 0.021 0.197 1.000 1.000 0.272 0.600 0373

Note: * indicate that the number of eyes was used for statistical analysis; OD, optic disc; WCCs, white cell counts in 0.5 mL cerebrospinal fluid measured by the natural precipitation method; OCB, oligoclonal band; MBP, myelin basic protein;

ESR, erythrocyte sedimentation rate; MRI, magnetic resonance imaging. For continuous data to meet normal distribution and Levene’s test for equality of variances, the independent ¢-test was employed. Categorical data were analyzed using

either Pearson’s chi-squared test or Fisher’s test (n <40 or T < 1). Statistical significance was determined with a two-tailed p-value threshold of <0.05 and showed with bold font.

Table 3. Comparison of post-treatment vision with baseline vision in the Omicron-related ON group.

Time BCVA (mean + SD, LogMAR) Mann-Whitney U test Z-value ~ p-value
Pre-treatment Nadir baseline vision 1.75 £ 0.21
1-week vision 1.07 + 0.21 -2.163 0.032
Post-treatment
3-month vision 0.68 &+ 0.20 -3.489 <0.001

Note: BCVA, best corrected visual acuity; the data of the two groups do not fit normal distribution or Levene’s test for
equality of variances, the Mann-Whitney U test was used for statistical analysis. Statistical significance was determined
with a two-tailed p-value threshold of <0.05 and showed with bold font.

Table 4. Comparison of vision and OCT outcomes between the Omicron-related ON and control group.

Groups
Omicron ON (Mean + SD)
Control group (Mean £ SD)

Mann-Whitney U test Z-value

p-value

Visual acuity OCT (RNFL) OCT (GCL)
Nadir BCVA (Untreated) 3 mon BCVA (Treated) Onset RNFL (Untreated) 3 mon RNFL (Treated) ARNFL Onset GCL (Untreated) 3 mon GCL (Treated) AGCL
1.75 £0.21 0.67 £ 0.20 187.76 4 64.72 80.04 + 15.71 107.72 & 63.06 84.08 & 6.20 51.72 + 6.82 2836 £ 7.18
1.76 £ 0.97 0.64 £ 0.90 150.82 £ 39.19 87.45 £ 0.21 63.36 £ 53.67 81.09 + 1.82 69.23 + 8.69 16.86 = 9.99
-0.073 —-0.674 —2.283 —0.245 -2.527 -1.305 —-2.333 -3.330
0.942 0.500 0.022 0.806 0.012 0.192 0.020 0.001

Note: OCT, optical coherence tomography; RNFL, retinal nerve fiber layer; GCL, ganglion cell layer; ARNFL, the thickness change of RNFL; AGCL, the thickness change of GCL. These data of two groups do not

fit normal distribution or Levene’s test for equality of variances, the Mann-Whitney U test was used for statistical analysis. Statistical significance was determined with a two-tailed p-value threshold of <0.05 and

showed with bold font.
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Discussion

SARS-CoV-2 has undergone numerous mutations,
with the Omicron variant emerging as the predominant
pathogenic strain by 2024. Our study primarily focused
on newly diagnosed ON cases during the acute phase of
Omicron infection, with a mean interval of 13 days (rang-
ing from 2-29 days). Importantly, this interval was much
shorter than the commonly cited six-week threshold, be-
yond which the association between infection and ON
tends to weaken [13]. Clinical features of COVID-19-
associated ON have been previously documented. Un-
like previous mutation reports, which primarily affected fe-
males and often included prominent retinal lesions, espe-
cially in hospitalized severe COVID-19 patients [14,15],
Omicron variant-related ON showed a female-to-male ratio
of 3:2 and infrequent retinal lesions. Moreover, a high inci-
dence of pain during eye movement (86%) and peripapillary
hemorrhage (38%) was observed, with 79% of eyes display-
ing thickening of the intraorbital segment of the optic nerve,
mostly in mild infectious cases. These findings highlight
the unique clinical characteristics of Omicron-related ON.

CSF analysis is pivotal for assessing infection-
associated CNS lesions, yet there are limited CSF re-
ports concerning Omicron-related ON. When the Alpha and
Delta variants of COVID-19 were predominant [16-20],
seventeen CSF results of ON cases were documented, with
only one recording elevated WCCs. In our CSF analy-
sis of Omicron-related ON, an unusual elevation in WCCs
was observed in nearly 73% of patients, with elevated pro-
tein levels documented in 36.4% of cases. Why do differ-
ent variants have variable CSF characteristics? The Omi-
cron variants are widely acknowledged to exhibit a higher
replication rate and transmissibility compared to previously
identified variants. This increased virulence and altered
pathogenicity may influence the immune response and in-
flammatory processes within the central nervous system, re-
sulting in distinct CSF profiles. Li ez al. [21] reported that
the Omicron subvariant contains at least 30 mutations on the
spike protein (S-protein) when interacting with the surface
of the angiotensin-converting enzyme 2 (ACE2) receptor.
These mutations give rise to various conformational prefer-
ences of the S-protein, believed to be linked to their varied
transmissibility characteristics. Differences within the re-
ceptor binding domain of the S-protein and non-structural
protein between the Delta and Omicron mutations have also
been identified recently [22]. These differences in how the
S-protein interacts with its receptor might explain the dis-
tinctive CSF characteristics of Omicron-related ON, distin-
guishing it from earlier mutations. The exceptional conta-
giousness of the Omicron strain may occur via the trans-
neuronal pathway through the olfactory epithelium, poten-
tially leading to rapid CNS inflammatory reactions.

Various forms of retinal microangiopathy have been
reported following COVID-19 infection. In our study, a

higher incidence of peripapillary hemorrhage (p = 0.046)
was observed compared to spontaneous demyelinating ON.
Notably, the hemorrhage manifested as a linear or flake-
shaped pattern along the optic nerve fibers and blood ves-
sels and was located in the superficial layer of the retina.
Unlike the hemorrhages observed in other viral infections,
such as Human Immunodeficiency Virus (HIV) disease,
these patients had no preexisting systemic diseases, and
the hemorrhage was not associated with vein occlusion
or microvascular disease; anterior ischemic optic neuropa-
thy (AION) was also excluded. Additionally, we found a
correlation between peripapillary hemorrhage and elevated
WCCs in the CSF (OR = 0.029, p = 0.02). Landecho et al.
[23] suggested that Omicron S-protein could interact with
ACE2 receptors expressed in capillary endothelial cells, po-
tentially damaging the blood-retinal barrier (BRB), lead-
ing to hemorrhage and edema of the optic disc and retina
(Fig. 2F1). The presence of peripapillary hemorrhage may
serve as an indication of the Omicron virus spread via the
hematogenic pathway. Some researchers [24] proposed that
capillary endothelial inflammation causing thrombus for-
mation or platelet activation may be another crucial mech-
anism underlying the occurrence of hemorrhages. Further
investigation is needed to determine if patients with signs
of peripapillary hemorrhage could benefit from the admin-
istration of antiaggregation drugs.

Studies [8,25] have indicated an increased morbid-
ity risk during the peak of epidemics caused by SARS-
CoV-2 variants in individuals with demyelinating ON.
Serum-specific immune markers for MOG-IgG (20.0%)
and AQP4-1gG (20%) were detected in the Omicron-related
ON group. However, further research is required to de-
termine whether these findings indicate a temporal coin-
cidence or necessary causality. In our investigations of
Omicron-related ON, comparison with demyelinating ON
revealed a distinct inflammatory response in the CSF, char-
acterized by significantly elevated WCCs (p = 0.004) and
predominantly activated lymphocytes (Fig. 2I). Further-
more, CNS destruction and autoimmune antibody synthe-
sis markers were identified in the CSF, including OCBs
(18.2%), MBP (9.1%), and 24-hour IgG synthesis rate
(27.3%), which had lower positive rates in Omicron-related
ON. Positivity for OCBs in the CSF has been recognized as
a sensitive indicator for MS; an increased value may reflect
the recurrence rate of MS. OCBs can also be detected in
certain infectious diseases, such as neurosyphilis. Interest-
ingly, in our study, we found that the efficiency of intrathe-
cal synthesis of OCBs in the Omicron-related ON group
was very low and significantly lagged behind that of the de-
myelinating ON group (p = 0.021). Empirically, infection-
related ON is mostly associated with a monophasic disease
course [26]. The results suggest that Omicron-related ON
had a lower ability than demyelinating ON to synthesize au-
toimmune antibodies in the CSF, although the inflammation
was extremely severe in the acute phase of infection. OCBs
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in CSF may potentially serve as an additional distinguish-
ing marker between the two groups. Moreover, Omicron-
related ON was associated with more pronounced ocular ro-
tation pain (p = 0.023), optic disc hemorrhages (p = 0.046),
more pronounced optic disc RNFL edema (p = 0.022), and
serious damage to ganglion cells (»p = 0.020) than the de-
myelination ON group. These results suggest that Omicron
infection-related ON and demyelination ON have different
disease courses but are closely related.

Evidence of direct optic nerve damage caused by
COVID-19 infection remains insufficient. In 2022,
Casagrande et al. [27] reported that SARS-CoV-2 RNA
was detected in the retina and optic nerve of autopsied
COVID-19 patients, but the S-protein of the virus was in-
active. Stein er al. [28] suggested that despite the ex-
tensive distribution of SARS-CoV-2 RNA throughout the
body (myocardium, lymph nodes, sciatic nerve, and oc-
ular tissue) in autopsies of severe COVID-19 infection
cases, there was little evidence of direct viral cytopathol-
ogy outside the respiratory tract. Thus far, no autopsies of
Omicron-infected patients have been conducted. We per-
formed mNGS to detect the RNA sequence of the SARS-
CoV-2 in the CSF. This method is sensitive for diagnos-
ing CNS infection by viral, bacterial, or fungal agents [29].
However, in our Omicron-related ON cases, direct detec-
tion of SARS-CoV-2 RNA in the CSF was absent. In-
stead, activated lymphocytes were noted, suggesting ON to
be primarily a secondary immune inflammation triggered
by SARS-CoV-2. Plausible pathogenesis underpinning the
Omicron-related ON has been postulated [30]: plenty of
viral-induced proinflammatory factors (IL-2, IL-6, IL-8,
TNF, etc.) pass through the blood-brain barrier, activat-
ing myelin-specific lymphocytes in the CSF. These acti-
vated lymphocytes affect macrophages, microglia, and as-
trocytes, mediating partial innate immune dysregulation,
and thereby contributing to the growth of demyelinating
lesions. Additionally, molecular mimicry between viral
and self-antigens is another conceivable pathogenic path-
way. These results reasonably explain why patients with
Omicron-related ON achieve better visual outcomes using
steroid monotherapy instead of combined antiviral therapy.

In our study, IVMP remained the principal treatment
for infection-activated immune ON. Most of our cases ex-
hibited a positive response to [IVMP therapy alone, resulting
in substantial visual acuity improvement. Visual outcomes
did not differ significantly when compared to the demyeli-
nation group (p > 0.05); however, OCT findings indicated
more pronounced optic disc edema and severe GCL dam-
age in Omicron-infected cases. No relapses have occurred
in the Omicron-related ON group within one year of follow-
up, but one patient experienced recurrence in the demyeli-
nation group. Whether the majority of patients with virus
infection-activated ON show a monophasic course and are
less likely to recur, and whether the two groups should have
different steroid treatment strategies, such as steroid with-
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drawal without the need for slow taper reduction after vi-
sion recovery, warrants further investigation through large
sample studies and long-term follow-up.

This study has some limitations. Firstly, it included
a limited number of cases enrolled during the initial Omi-
cron strain outbreak in China, potentially introducing bias
and limiting the generalizability of the findings. Secondly,
our study exclusively focused on adults, and the results may
not apply to children or other age groups. Additionally,
the relatively short follow-up duration necessitates longer-
term observation to determine the extended prognosis and
relapse rates between the two groups. Despite these limi-
tations, our study provides valuable insights into the close
association and distinctive differences between Omicron-
related ON and spontaneous demyelinating ON.

Conclusion

Omicron-related ON is characterized by more pro-
nounced ocular rotation pain, optic disc hemorrhages, more
severe optic disc edema, and the loss of ganglion cells. Ob-
vious differences in the CSF were observed in the acute
phase between both types of ON. The steroid monother-
apy should be considered when viral RNA is absent in the
CSF of Omicron-associated ON. ON is not a result of di-
rect infection but a secondary immune reaction triggered by
the Omicron variant. Therefore, different treatment options
and prognosis should be considered when encountering ei-
ther type of ON in clinical practice.
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