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Autoimmune encephalitis (AE) has been described as a severe neurological complication of coronavirus
disease 2019 (COVID-19). Following the adjustment of COVID-19 prevention strategies on December 7,
2022, the virus spread rapidly and extensively across China. This study aimed to explore the changing
characteristics of AE pre- and post- COVID-19 epidemic in Guangxi, China. A total of 169 patients who
were first diagnosed with AE and admitted to the First Affiliated Hospital of Guangxi Medical University
from November 1, 2021 to December 31, 2023 were enrolled in this case-control study. Patients

with the onset of AE before or after December 7, 2022, were respectively classified into the pre- and
post- COVID-19 epidemic groups. There were 78 AE patients in the pre-COVID-19 epidemic group

and 91 patients in the post-COVID-19 epidemic group. Compared to the AE patients pre-COVID-19
epidemic group, AE patients in the post-COVID-19 group had higher rates of abnormal movements
(p=0.013), autonomic dysfunction (p=0.003), higher CASE scores (p=0.041), and higher probabilities
of complications such as pneumonia (p=0.025) and other autoimmune diseases (p=0.014). A higher
proportion of AE patients in the post-COVID-19 pandemic period received rituximab treatment
compared to those in the pre-COVID-19 (16.48% vs. 6.41%, p=0.043). Among the AE patients infected
with COVID-19, those who has a relapse of AE also had a higher risk of complications with tumors,
autoimmune diseases, cranial magnetic resonance imaging (MRI) abnormalities, and higher baseline
modified Rankin Scale (mRS) (median [IQR]:4[4,5] vs. 3[2.75,4.25], p=0.029). AE patients in the post-
COVID-19 epidemic group suffer from more severe clinical symptoms and higher rates of otherimmune
diseases. Rituximab is commonly used in the post-COVID-19 epidemic period. Relapsed AE patients
with COVID-19 had a higher risk of complications with tumors, autoimmune diseases, abnormal MRlIs,
and higher baseline mRS.
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Coronavirus disease 2019 (COVID-19) is an acute disease that results from infection with the severe acute
respiratory syndrome coronavirus 2 (SARS CoV-2)!. After the acute phase of infection, some people develop
long-lasting symptoms, known as long COVID-19%*°. Autoimmune encephalitis (AE) comprises a group of non-
infectious immune-mediated inflammatory disorders of the brain parenchyma often involving the cortical or
deep grey matter?. Previous studies have suggested that AE may exhibit immune cross-reactivity with SARS
CoV-2°. Patients with COVID-19 have been reported to have an increased risk of new-onset autoimmune
diseases following the acute phase of infection®. Previous studies have reported that SARS CoV-2 might be
related to systemic autoimmune diseases, such as autoimmune hemolytic anemia or Guillain-Barre syndrome”s.
COVID-19 hasbeen linked to encephalopathy and AE, with multiple case reports highlighting this association®1°.
Notably, AE cases have shown a concerning rise since the onset of the COVID-19 pandemic!!. On December 7,
2022, the COVID-19 isolation policies in China were adjusted in some regions, including Guangxi. It was clearly
stated that a negative COVID-19 nucleic acid test result was not required to enter public places. Prior to this,
strict isolation policies were implemented for individuals who tested positive for the nucleic acid test. Following
this modification of prevention measures, COVID-19 infection became widely prevalent in China, so the onset
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of AE before or after December 7, 2022 was classified as pre- or post-COVID-19 epidemic group. This study
aimed to explore the changing characteristics of AE pre- and post- COVID-19 epidemic in Guangxi, China.

Patients and methods
Study population
In this study, patients who were first diagnosed with autoimmune encephalitis at Guangxi Medical University
from November 1, 2021 to December 31, 2023, were enrolled to investigate the clinical characteristics, prognosis,
and risk factors of AE patients before and after the epidemic of COVID-19 in Guangxi, China. A total of 226
AE patients from October 1, 2021 to December 31, 2023, of which 52 patients with previously diagnosed AE
and 5 patients who were lost to follow-up were excluded. Thus, a total of 169 patients with new-onset AE were
included in this case-control study. The inclusion criteria for patients diagnosed with AE was defined according
to the diagnostic criteria of autoimmune encephalitis in 2021'2. Among these patients, 78 AE patients’ onset
was between November 1, 2021 and December 7, 2022 (defined as the pre-COVID-19 epidemic group). 91
AE patients’ onset was between December 8, 2022, and December 31, 2023 (defined as the post-COVID-19
epidemic group). All of the enrolled patients were followed up for at every 3 months (Fig. 1).

This study was approved by the ethics committee of the First Affiliated Hospital of Guangxi Medical University
(2024-E233-01). We complied with the Declaration of Helsinki Ethical Principles for medical research involving
human subjects. Written informed consents was obtained from all the patients enrolled in this study.

Data collection

The clinical data of the patients with AE were obtained from hospitalization records and outpatient neurology
clinic notes. Clinical data included demographics, premonitory symptoms, major clinical manifestations,
complications and comorbidities, AE classification, antibodies, cerebrospinal fluid (CSF) findings, serum and
CSF antibody titers (by cell-based assay, CBA), electroencephalogram (EEG), magnetic resonance imaging
(MRI) and immunotherapy treatment. The Clinical Assessment Scale in Autoimmune Encephalitis (CASE) score
was used to assess severity of symptoms. The Anti-NMDAR Encephalitis One-Year Functional Status (NEOS)
score was used to predict patients’ functional status one year after diagnosis. A higher NEOS score indicates a
poorer prognosis. The CSF findings included in the chart review were cell counts, protein levels, glucose levels,
chloride concentration, and IgG levels. Abnormal values were defined as CSF pleocytosis>5x 10° cells/L, CSF
protein level >450 mg/L, and CSF-IgG level>40 mg/L.

Immunotherapy included intravenous glucocorticoids, intravenous immunoglobulin (IVIG), plasma
exchange (PE), and immunosuppressants (rituximab, cyclophosphamide, mycophenolate mofetil and
azathioprine). Tumor screening was performed in patients with AE. The modified Rankin scale (mRS) score was
used for prognostic evaluation and was assessed at the first admission, after treatment, and at follow-up visits.
COVID-19 vaccine. Infection of COVID-19 was confirmed by a positive nasopharyngeal swab SARS-CoV-2
polymerase chain reaction (PCR) testing, positive nasopharyngeal swab SARS-CoV-2 antigen testing, or the
development of typical clinical symptoms after close contact with COVID-19 patients.

Statistical analysis
Statistical analysis was performed using IBM SPSS 25.0 and figures were generated with using GraphPad Prism
9.5. Normally distributed data were described as mean + standard deviation, whereas non-normally distributed

Hospitalized AE

N=226
Exclude: previously
I diagnosed AE
y N=52
First diagnosed AE patients

N=174
I _ | Exclude: contact failure
v . N=5

Analyzed AE

N=169

[
] (]
AE pre-COVID-19 epidemic AE post-COVID-19 epidemic
N=78 N=91
Anti-NMDAR Encephalitis Other encephalitis Anti-NMDAR Encephalitis Other encephalitis
N=26 N=52 N=31 N=60

Fig. 1. Study flowchart. Abbreviations: AE, autoimmune encephalitis; COVID-19, coronavirus disease 2019.
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data were described as medians (interquartile range, IQR). Categorical variables were presented as n (%) and
compared using the x2 test and Fisher’s exact test. Mann—-Whitney U-test was used for continuous variables.
Two-tailed P<0.05 was considered statistically significant.

Results

The baseline characteristics of AE patients in pre- and post-COVID-19 epidemic

There was no statistically significant difference in demographics between AE patients pre- and post- COVID-19
epidemic (Table 1). Among the 169 AE patients, there were 78 (46.15%) AE patients with an onset before the
COVID-19 epidemic and 91 (53.85%) AE patients with an onset after the COVID-19 epidemic. The median age
at onset was 21.5 (IQR:12.75, 43.50) years old in the pre-COVID-19 epidemic group, and 24 (IQR:12, 52) years
old in the post-COVID-19 epidemic group. There were 126 AE patients infected with COVID-19, 108 of them
were diagnosed by nasopharyngeal swab SARS-CoV-2 PCR and antigen testing, while the remaining 18 were
diagnosed based on typical clinical symptoms following close contact with confirmed COVID-19 cases. The
length of hospital stay was similar between the two groups (p=10.843).

A total of 152 AE patients received one or more doses of COVID-19 vaccines. Among them, 105 patients
were administered inactivated vaccines, 26 received adenovirus vector vaccines, and 21 were given recombinant
protein vaccines. The remaining 17 patients did not receive vaccination due to various reasons. More AE
patients in the post-COVID-19 epidemic group were vaccinated than those in the pre-COVID-19 epidemic
group (94.51% vs. 84.62%, p=0.033). In addition, more AE patients in the post-COVID-19 epidemic group were
infected with COVID-19, compared to AE patients in the pre-COVID-19 epidemic group (89.01% vs. 57.69%,
p<0.001).

The clinical characteristics of AE in pre- and post- COVID-19 epidemic
The clinical manifestations of the two groups were compared as shown in (Table 2). Significant differences
were observed in autonomic dysfunction (20.51% vs. 41.76%, p =0.003), abnormal movements (35.90% vs.
54.95%, p=0.013), and seizures (39.74% vs. 54.95%, p =0.049) between the AE pre- and post-COVID-19
groups. Compared to the AE patients with onset before the COVID-19 epidemic, AE patients with onset after
the COVID-19 epidemic were likely to have complications such as pneumonia (40.66% vs. 24.36%, p=0.025)
other immune diseases (23.08% VS 8.97%, p=0.014). Among AE patients with onset after the COVID-19
epidemic, the most common immune disease was thyroid dysfunction (7.69%, 7/91), followed by systemic
lupus erythematosus (2.20%, 2/91) and Sjogren’s syndrome (2.20%, 2/91). There was no difference in the risk of
association with tumors between AE patients with onset before or after the COVID-19 epidemic (p >0.05). The
median CASE score was higher in the post-COVID-19 epidemic group (median 8, IQR:4-11) than in the pre-
COVID-19 epidemic group (median 5, IQR:3-9; p=0.041). There were no significant differences in the rates of
ICU admission (11.54% vs. 15.38%), mechanical ventilation (8.97% vs. 8.79%), and the median length of ICU
stay (18, IQR:5.25,25 vs. 11.5, IQR:5,18.25) between the pre- and post-COVID-19 epidemic groups (p>0.05).
The auxiliary examination results showed that there were no significant differences in the elevated opening
pressure, CSF pleocytosis, elevated CSF IgG, elevated CSF protein levels or abnormal of cranial MRI findings
between the two groups. Abnormal EEG (n=74, 81.3%) was more common in the post-COVID-19 epidemic
group. Specifically, epileptic discharges appeared more commonly in the post-COVID-19 epidemic group
(28.57%) than in the pre-COVID-19 epidemic group (12.82%, p = 0.013).

Item Pre-COVID-19 Post-COVID-19 | Effect values | P values
AE (n=169) 78 91

Gender 0.071 0.353
Male, n (%) 45 (57.69) 46 (50.55)

Female, n (%) 33 (42.31) 45 (49.45)

Age(y), median (IQR) 21.5(12.75, 43.50) | 24 (12, 52) -0.069 0.438
BMI (mean +SD) 19.96£4.20 20.48+3.85 0.130 0.407
Smoking, n (%) 14 (17.95) 20 (21.98) -0.050 0.515
Drinking, n (%) 13 (16.67) 10 (10.99) 0.088 0.253
Hospital stays(d), median (IQR) 12.5 (10, 16.75) 12 (10, 17) -0.0176 0.843
Vaccination -0.164 0.033*
21, n (%) 66 (84.62) 86 (94.51)

None, n (%) 12 (15.38) 5(5.49)

Infected COVID-19, n (%) 45 (57.69) 81 (89.01) ~0.419 p<0.001*
AE onset before Infected COVID-19, n (%) 0 (0.00) 5(5.49)

AE onset after infected COVID-19, n (%) 45 (57.69) 76 (85.52)

Diagnosed via SARS-CoV-2 PCR or antigen testing | 40 68 0.068 0.448

Table 1. The baseline characteristics of AE patients in pre- and post-COVID-19 epidemic. *P value <0.05

is significant. AE autoimmune encephalitis, COVID-19 coronavirus disease 2019, SARS-CoV-2 PCR

nasopharyngeal swab SARS-CoV-2 polymerase chain reaction testing, IQR interquartile range, SD standard

deviation, BMI body mass index. Significant values are in bold.
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Item Pre-COVID-19 | Post-COVID-19 | Effect values | P values
AE (n=169) 78 91

AE symptoms

Fever, n (%) 34 (43.58) 46 (50.55) ~0.069 0.366
Seizures, n (%) 31(39.74) 50 (54.95) -0.152 0.049*
Psychiatric disturbance, n (%) 48 (51.28) 49 (53.84) 0.078 0.313
Disturbance of consciousness, n (%) 32(41.03) 33(36.26) 0.049 0.526
Abnormal movements, n (%) 28 (35.90) 50 (54.95) -0.190 0.013*
Autonomic dysfunction, n (%) 16 (20.51) 38 (41.76) -0.277 0.003*
Type of encephalitis -0.019 0.803
Anti-NMDAR encephalitis, n (%) 26 (33.33) 32 (35.16) - -
Other AE, n (%) 52 (66.67) 59 (64.84) - -
CASE score, median (IQR) 5(3,9) 8(4,11) 0.182 0.041*
Associated tumor, n (%) 5(6.41) 4 (4.96) 0.045 0.561
Complicated by pneumonia, n (%) 19 (24.36) 37 (40.66) -0.173 0.025*
Complicated by immune diseases, n (%) 7 (8.97) 21 (23.08) -0.189 0.014*
Antibiotic use, n (%) 24 (30.77) 42 (46.15) ~0.157 0.041%
ICU admission, n (%) 9(11.54) 14 (15.38) -0.56 0.467
ICU stays(d), median (IQR) 18 (5.25, 25) 11.5 (5, 18.25) 0.153 0.326
Use ventilator, n (%) 7 (8.97) 8(8.79) 0.01 0.985
Abnormal EEG, n (%), 55 (67.95) 74 (81.3) -0.127 0.099
Slow activity, n (%) 22 (28.21) 24 (26.37) 0.021 0.790
Epileptic discharges, n (%) 10 (12.82) 26 (28.57) —-0.192 0.013*
Abnormal MRI, n (%), (miss =3) 54 (71.05) 62 (68.89) 0.023 0.762
CSF

Pleocytosis, n (%) 45 (57.69) 51 (56.04) 0.017 0.829
Elevated CSF IgG, n (%) 40 (51.28) 46 (50.55) 0.007 0.924
Elevated opening pressure, n (%) 11 (14.10) 22 (24.18) -0.127 0.100
Elevated CSF protein levels (>450 mg/L) (n, %) | 33 (42.31) 40 (43.96) -0.017 0.829
Treatment

First-line immunotherapy, n (%)

Steroids (n, %) 75 (96.15) 88 (96.70) —-0.150 0.847
IVIG (n, %) 50 (64.10) 44 (48.35) -0.158 0.040*
PE (n, %) 5(6.41) 7 (7.69) -0.025 0.746
Second-line immunotherapy, n (%)

Rituximab (n, %) 5 (6.41) 15 (16.48) -0.155 0.043*
Cyclophosphamide, n (%) 7 (8.97) 5(5.49) 0.068 0.380
Other immunotherapy

MME n (%) 16 (20.51) 9(9.89) 0.149 0.052
AZA (n, %) 5(6.41) 5(5.49) 0.019 0.801
Mortality, n (%) 2 (2.56) 5(5.49) -0.073 0.341
Baseline mRS, median (IQR) 3(2,4) 3(2,4) 0.055 0.524
mRS on Discharge, median (IQR) 3(2,4) 2(1,3) —0.065 0.457
mRS at follow up, median (IQR) 1(0,1) 1(0,1) -0.117 0.162
Relapse at follow up (n, %) 4(5.13) 9 (9.89) -0.089 0.247

Table 2. The clinical characteristics of AE in pre- and post- COVID-19 epidemic. *P value <0.05 is
significant. AE autoimmune encephalitis, COVID-19 coronavirus disease 2019, CASE Clinical Assessment
Scale in Autoimmune Encephalitis, ICU intensive care unit, IQR interquartile range, SD standard deviation,
CSF cerebral spinal fluid, NMDAR N-methyl-D-aspartate receptor, MRI magnetic resonance imaging, EEG
electroencephalogram, IVIg intravenous immunoglobulin, PE plasma exchange, mRS modified Rankin Scale,
MMF mycophenolate mofetil, AZA azathioprine. Significant values are in bold.

All patients with AE in the hospital received immunotherapy, along with symptomatic and supportive
treatments, of which approximately 64.10% (50/78) AE patients in the pre-COVID-19 epidemic group and 48.35%
(44/91) AE patients in the post-COVID-19 epidemic group were treated with IVIG (p=0.040). AE patients with
onset after the COVID-19 epidemic were more likely to receive rituximab (16.48%, 15/91) compared to those
with onset before the COVID-19 epidemic (6.41%, 5/78, P=0.043). No statistical differences were observed
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in the proportion of patients with AE receiving steroids, PE, cyclophosphamide, or other immunotherapies.
There were no significant differences between the mRS score and mortality at discharge in the before and post-
COVID-19 epidemic groups (p>0.05).

In the cohort, 9 (9.89%) AE patients in the post-COVID-19 epidemic group and 4 (5.13%) AE patients in the
pre-COVID-19 epidemic group suffered from relapse (p>0.05). Among the relapsed AE patients, 12 (92.31%,
12/13) of them were infected with COVID-19.

Clinical characteristics of anti-NMDAR encephalitis in pre- and post- COVID-19 epidemic

Of the 169 cases of AE, there were 58 cases of anti-NMDAR encephalitis included in the analysis. 26 anti-
NMDAR encephalitis patients had an onset of AE before the COVID-19 epidemic and 32 anti-NMDAR
encephalitis patients had an onset after the COVID-19 epidemic. There were no statistical differences in
gender, age, or COVID-19 vaccination status between the anti-NMDAR encephalitis patients pre- and post-
COVID-19 epidemic (Table 3). The most common clinical manifestations in both the pre- and post-COVID-19
groups were abnormal mental status (80.77% vs. 84.38%), epilepsy (69.23% vs. 78.13%), and disturbance of
consciousness (50.00% vs. 59.38%). CASE scores and NEOS scores were obtained at the time of first admission
for patients with anti-NMDAR encephalitis, no statistical difference was observed in CASE scores and NEOS
scores between the two groups (p>0.05). No significant differences were found in the rate of anti-NMDAR
encephalitis with or without ovarian teratomas, pneumonia, or other immune diseases. All anti-NMDAR
encephalitis cases were confirmed by positive CSF NMDAR antibody titers. However, there was no significant
difference in cerebrospinal fluid NMDAR antibody titers between the patients with anti-NMDAR encephalitis in
the pre-and post-COVID-19 epidemic groups. All patients with anti-NMDAR encephalitis received intravenous
methylprednisolone, except for 2 patients with gastrointestinal bleeding. Approximately 43.75% (14/32) of
the anti-NMDAR patients were treated with rituximab in the after group, compared to only 15.38% (4/26) in
the before group (p =0.025). No significant differences were observed in the administration rates of first-line
immunotherapy or other immunomodulatory therapies between the pre- and post-COVID-19 groups.

Features of relapsed AE in AE patients infected with COVID-19

The relapse of AE occurred in 12 (9.52%, 12/126) patients infected with COVID-19 and 1 (2.33%, 1/43) patient
without COVID-19. Among the AE patients infected with COVID-19, patients with or without relapse were
compared. The features of relapsed AE in patients infected with COVID-19 are presented in Table 4. There
was no significant difference in demographics between patients with or without relapse in AE patients infected
with COVID-19. Among these relapsed AE patients, approximately 42% (5/12) were anti-NMDAR encephalitis
and 17% (2/12) were anti-myelin oligodendrocyte glycoprotein (MOG) encephalitis. Unknown antibody types
constituted approximately 17% (2/12) (Fig. 2). Abnormal cranial MRI (100%) occurred in all AE patients infected
with COVID-19 and 3 (25.00%) were associated tumors. 58.33% of patients with AE relapse and COVID-19 had
comorbidities with other immune diseases, which was higher than patients without AE relapse and COVID-19
(p<0.05). The median baseline mRS scores in patients with relapsed AE and COVID-19 were 4 (IQR 4,5) and
4 (IQR 2.75,4.25) in patients without AE relapse and COVID-19 (p =0.029). After treatment, no significant
difference between the median mRS scores between the two groups (p>0.05).

Discussion

COVID-19 has profoundly affected global socio-economic structures and public health over the past four
years and remains an ongoing pandemic due to the emergence of new variants. In some countries, individuals
may experience up to three or four waves of infections annually’>. A wide spectrum of neurological and
neuropsychiatric symptoms are commonly observed during the acute phase of COVID-19 415, These symptoms
can persist into the post-acute phase, referred to as long COVID'®. Several case reports and systematic reviews
have described the neurological manifestations of COVID-19, including acute disseminated encephalomyelitis
and autoimmune encephalitis'”'8. However, there is alack of cohort studies examining patients with autoimmune
encephalitis who are infected with COVID-19. Therefore, this study provides a cohort study that focuses on the
characteristics in AE patients in China, diagnosed before and after the adjustment of COVID-19 prevention
strategies since the beginning of December 2022.

In the current study, the number of hospitalized new onset AE patients in our hospital increased after the
adjustment of prevention strategies. This suggests that AE may be a neurological complication of COVID-19.
This is consistent with previous studies®!® which had found that encephalitis is a complication of COVID-19,
especially in severely ill COVID-19 patients. Pardis et al. had reported a sharp rise in AE cases during the
COVID-19 pandemic!’. COVID-19 may invade the central nervous system through the following four
pathways: olfactory nerve pathway, synaptic connection pathway of neurotropic viruses, infected lymphocyte
hematogenous migration pathway and vascular endothelial cell infection pathway?*?!. The spike protein
of SARS-CoV-2 alters the blood-brain barrier (BBB) function, which provides an additional mechanism of
potential CNS entry?2. Also, as more neurological complications are reported after the COVID — 19 pandemic,
clinicians are more aware of screening for AE, which may raise detection rates. Previous study had showed that
vaccination is a protective factor for COVID-19%. However, in our study, within the post COVID-19 epidemic
group, more AE patients had been vaccinated against COVID-19. Moreover, this group also had a higher
number of patients contracted COVID-19. In the early stages of the epidemic, there was a shortage of COVID-19
vaccines. Additionally, some individuals hesitated to get vaccinated due to limited awareness of the vaccine’s
importance?!. Moreover, AE is an autoimmune disease, and patients diagnosed with AE prior to the COVID-19
epidemic often did not receive the newly developed vaccine after their diagnosis.

This study also showed that AE patients in the post-COVID-19 epidemic group had higher rates of developing
more severe clinical manifestations of seizures, abnormal movements, and autonomic dysfunction. The median
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Anti-NMDAR encephalitis Pre-COVID-19 | Post-COVID-19 | Effect values | P values
Total 26 32

Gender 0.069 0.597
Male, n(%) 14 (53.85) 15 (46.88) -

Female, n(%) 12 (46.15) 17 (53.12) -

Age(y), median (IQR) 14 (8.75, 25.25) | 13 (9.25, 20.50) 0.490
Vaccination, n(%) 22 ((84.62) 29 (90.63) ~0.092 0.689
Symptoms

Fever, n (%) 10 (38.46) 14 (43.75) -0.053 0.684
Seizures, n (%) 18 (69.23) 25 (78.13) ~0.101 0.442
Disorders of mental, behavior, n (%) 21 (80.77) 27 (84.38) -0.047 0.718
Disturbance of consciousness, n (%) 13 (50.00) 19 (59.38) -0.094 0.475
Abnormal movements, n (%) 9 (34.62) 16 (50.00) -0.154 0.239
autonomic dysfunction, n (%) 8(30.77) 17 (53.12) —-0.225 0.087
CASE score, median (IQR) 7 (4.75,17.25) 9.5(6.25,13.75) | 0.085 0.578
NEOS score, median (IQR) 1(0,2) 1.5(0,2) —-0.067 0.597
ICU admission, n (%) 7 (26.92) 9(28.13) -0.013 0.919
Use ventilator, n (%) 3(11.54) 6 (18.75) -0.099 0.495
Abnormal EEG, n (%) 25(96.15) 28 (87.50) 0.153 0.367
Slow activity, n (%) 14 (53.85) 25(78.13) -0.257 0.050
Epileptic discharges, n (%) 8(30.77) 17 (53.13) -0.225 0.087
Delta brush, n (%) 1(3.85) 5(15.63) —-0.192 0.209
Abnormal MRI, n (%), miss=1 17 (65.38) 14 (45.16) 0.202 0.127
Qvarian teratoma, n (%) 2(7.69) 3(9.38) -0.030 1.000
Complicated by pneumonia, n (%) 10 (38.46) 9 (28.13) 0.110 0.404
Complicated by other immune diseases, n (%) | 1 (3.85) 5(15.63) -0.192 0.209
CSF NMDAR antibody titers positive 0.102 0.764
1:1<titers<1:32, n (%) 18 (69.23) 25(78.13) -
1:32 < titers < 1:300, n (%) 7(26.92) 6 (18.75) -
1:300 < titers, n (%) 1(3.85) 1(3.12) -
Treatment

First-line immunotherapy

Steroids (n, %) 24 (92.31) 32 (100.00) ~0.210 0.197
IVIG (n, %) 16 (61.54) 24 (75.00) —-0.145 0.270
PE (n, %) 4(15.38) 5(15.63) —-0.003 1.000
Second-line immunotherapy

Rituximab (n, %) 4(15.38) 14 (43.75) -0.305 0.025*
Cyclophosphamide, n (%) 6 (23.08) 4 (12.50) 0.139 0.319
Other immunotherapy

MME n (%) 4(15.38) 5(15.63) —-0.003 1
AZA (n, %) 2(7.7) 1(3.13) 0.103 0.582
Baseline mRS, median (IQR) 4(2.75,5) 4(3,5) 0.030 0.839
mRS on Discharge, median (IQR) 3(2,5) 3(2,4) -0.207 0.168

Table 3. Clinical characteristics of anti-NMDAR encephalitis in pre- and post- COVID-19 epidemic. *P
value <0.05 is significant. AE autoimmune encephalitis, COVID-19 coronavirus disease 2019, CASE Clinical
Assessment Scale in Autoimmune Encephalitis, NEOS anti-NMDAR Encephalitis One-Year Functional
Status, ICU intensive care unit, IQR interquartile range, SD standard deviation, BMI body mass index, CSF
cerebral spinal fluid, NMDAR N-methyl-D-aspartate receptor, MRI magnetic resonance imaging, EEG
electroencephalogram, IVIg intravenous immunoglobulin, PE plasma exchange, mRS modified Rankin Scale,
MMF mycophenolate mofetil, AZA azathioprine. Significant values are in bold.

CASE score, which was used to assess the severity of autoimmune encephalitis in the AE patients, was higher
in the post-COVID-19 epidemic group. This suggests that AE patients in the post-COVID-19 epidemic group
may experience more severe symptoms. Pneumonia was common in AE after COVID-19 infection and the rate
of antibiotic use was much higher. This may be related to the fact that more AE patients in the post-COVID-19
epidemic group were infected with COVID-19, which led to pneumonia. There were no statistically significant
differences in the rate of ICU admission, ventilator utilization, the length of ICU stays, or the mortality of
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AE with COVID-19 Patients with relapse | Patients without relapse | Effect values | P values
Total, n (%) 12 (9.52) 114 (90.48) -
Gender -0.015 0.862
Male, n (%) 6 (50.00) 60 (52.63) -
Female, n (%) 6 (50.00) 54 (47.37) -
Age(y), median (IQR) 26.5 (9, 49.5) 23 (13, 48.25) 0.121 0.490
BMI (mean +SD) 19.83+£3.52 20.78+£4.08 0.439
Smoking, n (%) 2(16.67) 24 (21.05) —-0.032 1.000
Drinking, n (%) 2(16.67) 15 (13.16) 0.030 0.665
Vaccination, n (%) 12 (100) 102 (89.47) 0.202 0.229
1,n (%) 2(16.67) 15 (13.16)
2,1 (%) 2(16.67) 36 (31.58)
>3,n (%) 8 (66.67) 39 (34.21)
None, n (%) 0 (0.00) 12 (10.53)
Hospital stays(d), median (IQR) 13 (10, 17) 11.5 (10, 18) —-0.002 0.990
AE symptoms
Fever, n (%) 7 (58.33) 59 (51.75) 0.039 0.664
Seizures, n (%) 8 (66.67) 53 (46.49) 0.119 0.231
Psychiatric disturbance, n (%) 7 (58.33) 64 (56.14) 0.013 0.884
Disturbance of consciousness, n (%) 5(41.67) 49 (42.98) —-0.008 0.930
Abnormal movements, n (%) 6 (50.00) 52 (45.61) 0.026 0.772
Autonomic dysfunction, n (%) 6 (50.00) 38 (33.33) 0.103 0.249
Abnormal EEG, n (%) 7 (58.33) 77 (67.54) -0.057 0.520
Abnormal MRI, n (%) 12 (100) 78 (68.42) 0.205 0.019*
Type of encephalitis 0.040 0.651
Anti-NMDAR encephalitis, n (%) 5(41.67) 40 (35.09) -
Other AE, n (%) 7 (58.33) 74 ((64.91) -
CASE score, median (IQR) 8(5.25,11.5) 6.5(4,11) —-0.081 0.644
Associated tumor, n (%) 3 (25.00) 5 (4.39) 0.248 0.029*
Complicated with pneumonia, n (%) 6 (50.00) 50 (43.86) 0.036 0.684
Complicated by other immune diseases, n (%) | 7 (58.33) 19 (16.67) 0.302 0.001*
Antibiotic use, n (%) 6 (50.00) 60 (52.63) -0.015 0.862
ICU admission, n (%) 3(25.00) 18 (15.79) 0.073 0.420
Use ventilator, n (%) 2(16.67) 12 (10.53) 0.057 0.623
CSF
Pleocytosis, n (%) 8 (66.67) 60 (52.63) 0.083 0.544
Elevated CSF IgG, n (%) 5(41.67) 57 (50.00) —-0.049 0.763
Elevated opening pressure, n (%) 2(16.67) 24 (21.05) -0.032 1.000
Elevated CSF protein levels (>450 mg/L), n (%) | 5 (41.67) 50 (43.86) -0.013 0.884
Treatment
First-line immunotherapy
Steroids, n (%) 12 (100) 111 (97.37) 0.051 1.000
IVIG, n (%) 6 (50.00) 62 (54.39) -0.026 0.772
PE, n (%) 1(8.33) 8(7.02) 0.015 1.000
Second-line immunotherapy
Rituximab, n (%) 2(16.67) 16 (14.04) 0.022 0.681
Cyclophosphamide, n (%) 1(8.33) 8(7.02) 0.015 1.000
Other immunotherapy
MME n (%) 2(16.67) 16 (14.04) 0.022 0.681
Continued
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AE with COVID-19 Patients with relapse | Patients without relapse | Effect values | P values
AZA, n (%) 1(8.33) 5(4.39) 0.054 0.459
Mortality, n (%) 2(16.67) 3(2.63) 0.211 0.071
Baseline mRS, median (IQR) 4(4,5) 3(2.75,4.25) -0.371 0.029*
mRS on Discharge, median (IQR) 2.5(1,3.75) 3(2,4) 0.111 0.518
mRS at follow up, median (IQR) 1(0.25, 4.25) 1(0,1) -0.279 0.090

Table 4. Features of AE relapse in patients with AE and COVID-19. *P value <0.05 is significant. AE
autoimmune encephalitis, COVID-19 coronavirus disease 2019, CASE Clinical Assessment Scale in
Autoimmune Encephalitis, ICU intensive care unit, IQR interquartile range, SD standard deviation, BMI body
mass index, CSF cerebral spinal fluid, NMDAR N-methyl-D-aspartate receptor, MRI magnetic resonance
imaging, EEG electroencephalogram, I'VIg intravenous immunoglobulin, PE plasma exchange, mRS modified
Rankin Scale, MMF mycophenolate mofetil, AZA azathioprine. Significant values are in bold.

anti-NMDAR
encephalitis
® anti-MOG encephalitis

anti-GAD6S
encephalitis
anti-GABA-B
encephalitis

® anti-L.G1 encephalitis

® Unknown antibody
tvpes of AE

Fig. 2. Types of relapsed AE in AE Patients with COVID-19. Abbreviations: NMDAR, N-methyl-D-aspartate
receptor; MOG, Myelin oligodendrocyte glycoprotein; GAD65, glutamic acid decarboxylase 65; GABA-B,
gamma aminobutyric acid B; LG1, leucine-rich glioma-inactivated 1.

AE. This is in contrast to previous studies?>?® which suggested that AE patients with COVID-19 would have
higher ICU admissions, ventilator utilization rates, and mortality rates. A probable cause of this phenomenon
is an ongoing viral mutation of the virus. In the most recent variant, SARS-CoV-2 is less pathogenic and less
symptomatic than previous variants®”?%.

AE patients in the post-COVID-19 epidemic group were more likely to have comorbidities with other
autoimmune diseases. This suggests that COVID-19 infection could act as a trigger for autoimmune
conditions, potentially leading to immune system dysregulation'®. Additionally, this study found that IVIG was
used less frequently in AE patients in the post-COVID-19 epidemic group, which appears to contradict the
perception of immunoglobulins being effective in treating COVID-19%. This may be attributed to a shortage
of immunoglobulin supplies following the widespread COVID-19 epidemic. However, it is also important to
consider that both COVID-19 infection and IVIG therapy have been associated with coagulation disorders,
leading to clot formation and pulmonary embolism with detrimental effects on patient recovery and survival’®3!.

In the post-COVID-19 group, a higher number of AE patients were treated with the second-line
immunosuppressive drug rituximab, likely due to concerns about encephalitis relapse. This indicates that
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the widespread prevalence of COVID-19, along with AE patients contracting the virus, may have influenced
clinicians to favor second-line immunosuppressive therapies to reduce the risk of encephalitis relapse.

Despite the higher CASE scores and more severe clinical presentations in AE patients in the post-COVID-19
epidemic group, the mRS scores of AE patients improved significantly after immunotherapy. No statistical
difference was observed in the mRS scores between the pre-or post-COVID-19 epidemic groups. This suggests
that AE patients were responsive to immunotherapy pre- and post- COVID-19 epidemic. Our results are
consistent with a previous study*’which had found that IVIG and corticosteroids were helpful in the treatment
of COVID-19 patients with encephalitis.

In this study, anti-NMDAR encephalitis accounted for 34.23% (58/169) of AE, of which 26 anti-NMDAR
encephalitis patients had an onset in pre-COVID-19 epidemic and 32 patients had an onset post-COVID-19
epidemic. Mental and behavioral disorders were the most common neurological manifestations of anti-NMDAR
encephalitis in both groups, followed by seizures. Our results are consistent with those of a systematic review by
Ahmad**which showed that altered mental status was the most prevalent neurological manifestation among the
anti-NMDAR encephalitis patients with COVID-19, followed by focal or generalized seizures.

Approximately 43.75% (14/32) anti-NMDAR encephalitis patients in the post-COVID-19 epidemic group
were treated with rituximab, and only 15.38% (4/26) anti-NMDAR encephalitis patients used rituximab
in the pre-COVID-19 epidemic group (p=0.025). This suggests a preference for rituximab as a second-line
immunotherapy in combination with conventional first-line immunotherapy after the COVID-19 epidemic.
The probable reasons for this are consistent with the previous statement that clinicians were more concerned
about the relapse of encephalitis in the after the COVID-19 epidemic period. It is important to note that this
observed phenomenon might be subject to the influence of multiple factors. These include, but are not limited
to, the accessibility of healthcare services, the diagnostic awareness of clinicians, and the continuously evolving
treatment practices.

Patients with anti-NMDAR encephalitis achieved a favorable prognosis at follow-up (mRS<1) in both
groups, indicating that patients with anti-NMDAR encephalitis responded well to immunotherapy pre- and
post- COVID-19 epidemic. This finding is similar to previous studies, which showed that the majority (74%) of
the anti-NMDAR encephalitis patients with COVID-19 had a good outcome®.

A subgroup analysis of relapsed AE patients was conducted in AE patients with or without COVID-19
infection to explore the relationship between AE relapse and COVID-19. Approximately 9.52% (12/126) AE
patients with COVID-19 infection experienced relapse, and about 2.33% (1/43) AE patients without COVID-19
infection experienced relapse (p =0.188). This indicates that COVID-19 infection in AE patients did not increase
their risk of AE relapse. A case report showed that patients with autoimmune encephalitis experienced early
clinical relapse of encephalitis after receiving a second dose of the COVID-19 vaccine®’. However, there was no
association observed between vaccination status and AE recurrence in our study. Therefore, our study proves to
a certain extent, that COVID-19 vaccination has no long-term effect on AE relapse. A real-world cross-sectional
survey in China had indicated an overall favorable safety profile of the inactivated COVID-19 vaccine for AE
patients®.

In this study, 42% of AE patients who experienced relapse and had a COVID-19 infection were diagnosed
with anti-NMDAR encephalitis, followed by anti-MOG encephalitis and AE with unidentified antibody types
as the next major categories. The data showed that relapsed AE patients with COVID-19 infection had a higher
rate of abnormal cranial MRIs and comorbidities including other autoimmune diseases and tumors. A possible
mechanism is that potential tumor antigens can cause immune activation, proliferation of T and B lymphocytes,
and the production of tumor-specific antibodies, ultimately leading to cross-reactivity with NMDAR.
Furthermore, the structure of the NMDAR GIuN1 subunit is similar to the SARS-CoV-2 nonstructural protein
8, which may also explain the association between this infection and the relapse of anti-NMDAR encephalitis’.
SARS-CoV-2 on CNS is through systemic and local inflammatory response causing cytokines storming and
immune cells reactivation, which may increase immune dysregulation and lead to more relapses for these
patients®. In this study, most AE patients with relapse and COVID-19 infection had a good prognosis at their
latest follow-up.

Conclusion

This study showed that AE patients in the post-COVID-19 epidemic group had more severe symptoms, higher
CASE scores, and a higher rate of complications such as pneumonia and other immune diseases. Rituximab as a
second-line immunotherapy is commonly used in combination with conventional first-line immunotherapy in
the post- COVID-19 epidemic. COVID-19 infection did not increase the risk of AE relapse in AE patients. AE
patients with AE relapse and COVID-19 had a higher rate of complication with autoimmune diseases, tumors,
abnormal cranial MRIs, and baseline mRS.

Limitations

This study has certain limitations. As a retrospective analysis, the study did not conduct COVID-19 variant
testing on patients in the after epidemic period, and the sample size may not be sufficiently large, and some
bias might have occurred. While it suggests a correlation between AE and COVID-19, it does not clarify the
underlying mechanisms between the two diseases. Nonetheless, this study offers a comprehensive analysis of the
available data with valuable preliminary insights.

Data availability
Data supporting the findings of this study are accessible upon request from the corresponding author.
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