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Abstract

Introduction The novel Coronavirus Disease 2019 (COVID-19) is an infection caused by the Severe Acute Respiratory
Syndrome Coronavirus 2 (SARS-CoV-2) which has been spreading rapidly amongst humans and causing a global pandemic.
The notorious infection has shown to cause a wide spectrum of neurological syndrome, including autoimmune encephalitis.
Objective Here, we systematically review the literature on autoimmune encephalitis that developed in the background of
SARS-CoV-2 infections and also the possible pathophysiological mechanisms of auto-immune mediated damage to the
nervous system.

Methodology An exhaustive search was made in Medline/PubMed, Embase, Scopus and other medical databases, and 28
relevant published articles were selected according to the strict inclusion criteria.

Results Autoimmune encephalitis can occur via three possible proposed pathophysiological mechanism and can manifest
during or after the acute infection period. It is more common in adult but can also occur in the paediatric patients. There were
various spectra of autoantibody panels reported including antineuronal antibody, anti-gangliosides antibody and onconeural
antibody. Majority of the patients responded well to the immunomodulating therapy and achieved good recovery.
Conclusion In conclusion, SARSCoV-2 infection can induce various spectrum of autoimmune encephalitis. It is a major
concern since there is very limited long-term study on the topic. Hence, this review aims to elucidate on the potential long-
term complication of SARS-CoV-2 infection and hopefully to improve the management and prognosis of COVID-19.
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Introduction

The Severe Acute Respiratory Syndrome Coronavirus 2
(SARS-CoV-2) is a newly emerged zoonotic virus that
causes the Coronavirus Disease 2019 (COVID-19) [1]. It
was first reported in Wuhan, Hubei Province, China on 29
December 2019, where four cases of an acute respiratory
syndrome of unknown aetiology were linked to a local
Huanan South China Seafood Market and have been caus-
ing a global catastrophic since then [2].

SARS-CoV-2 is an enveloped, single-stranded positive-
sense RNA genome virus, which has a spherical or oval
shape and an average size of 100 nm in diameter. There
are large club-shaped spikes of glycoprotein membrane on
the viral surface, which makes the viral particles appear
like a typical crown-like shape in an electron microscope
[3]. Taxonomically, the SARS-CoV-2 is part of the SARS-
related coronaviruses species that belong to the subgenus
Sarbecovirus, along with the other subgenuses namely
Embecovirus, Hibecovirus, Merbecovirus and Nobeco-
virus which are part of the genus Beta-coronavirus [4].
These viruses are more common in animals worldwide.
However, there are a few types, such as HCoV-HKUI,
HCoV-0C43, HCoV-229E and HCoVNL63 that are known
to affect the humans and cause a mild respiratory illness
[5, 6]. And there are some that have caused a large-scale
epidemic before in the last two decades, such as the case
of the Severe Acute Respiratory Syndrome (SARS-CoV)
in the year 2002 to 2003, where it has infected more than
8400 individuals with the mortality rate of 11% across 26
countries around the world [7, 8], and then the Middle-
East Respiratory Syndrome (MERS-CoV) in the year 2012
to 2013 which has affected about 2500 people and caused
the death of 850 people [9]. SARS-CoV-2 is the first coro-
navirus to have caused a global range pandemic.

The SARS-CoV-2 infection results in a syndrome of
various systemic and respiratory symptoms such as dry
cough, breathing difficulty, fever and fatigue that some-
times can be critical causing severe pneumonia and cardi-
orespiratory failure that require specialized management
in intensive care units [10, 11]. In addition to that, it is
well documented that SARS-CoV-2 infection can affect
the nervous system causing a wide range of neurologi-
cal symptoms [11]. Autoimmune encephalitis, which is
an immune-mediated inflammatory condition involving
the brain tissue, is one of the syndromes that have been
reported to occur in the background of SARS-CoV-2 infec-
tion. It has been postulated that the autoinflammatory
condition was triggered in response to the viral infection
in addition to any other environmental confounding fac-
tors in a genetically susceptible patient [12]. This condi-
tion will have a long-term implication on the patient who
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recovered from the SARS-CoV-2 infection. Therefore, in
the light of the possibility of autoimmune disorders linked
to SARS-CoV-2 infection, this review aims to summarize
all the published reporting of autoimmune encephalitis
that occurs in COVID-19 patients and hopefully provide
useful information for the diagnosis and management of
the condition.

Methods

An exhaustive search of scientific publications which con-
sist of a case series and reports was conducted using the
following online databases: Medline/PubMed, Embase,
Scopus, Web of Science, as well as Google scholar. The
search MeSH term keywords used were: {“Encephalitis”,
OR ““autoimmune encephalitis”, OR “limbic encephalitis”,
OR “NMDA-encephalitis”} AND {“SARS-CoV-2”, OR
“COVID-197, OR “coronavirus”}. All relevant articles
were analysed for the possible autoimmune encephalitis
related to COVID-19. These articles were published from
1 January 2020 to 31 July 2021. There were 45 articles that
were organized according to the search words. The refer-
ence list of these articles was also searched and analysed
for additional reporting related to autoimmune encephalitis
in COVID-19 disease which identifies additional 15 arti-
cles. A flow chart of the search process is shown in Fig. 1.
These articles were then carefully filtered for their rel-
evance based on selection criteria. Amongst the selection
criteria that were considered: diagnosed case of COVID-
19, confirmed case of autoimmune encephalitis either by
the presence of the serum or cerebrospinal fluid autoan-
tibodies or the typical radiological findings and have a
clear description of the clinical cases. The occurrence of
autoimmune encephalitis in COVID-19 is explored, and a
brief review is then performed.

Results

We reviewed more than 60 scientific papers on autoimmune
encephalitis that occurs in confirmed cases of SARS-CoV-2
infection that were published since 1 January 2020 to 31 July
2021 which include limited case series and case reports. We
focused on the details on how the diagnosis of autoimmune
encephalitis was made based on the serology and radiology
investigations done, treatment given and the prognosis of each
case. After considering the selection criteria, 26 case reports
and 2 limited case series are included in the study. A brief
summary of the selected articles is briefly described in Table 1.
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Fig. 1 Flow chart of the litera-
ture search process according to
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Pathophysiological mechanism of autoimmune
encephalitis in SARS-CoV-2 infection

The exact pathophysiological mechanism of autoimmune
encephalitis in SARS-CoV-2 infections is still yet to be
understood. One of the most plausible proposed mecha-
nisms was a molecular mimicry in response to the SARS-
CoV-2 infection which led to activation of host antibodies
that cross-reacted and identified self antigens as foreign
and cause damages to various system, including the central
nervous system (CNS) [13]. There were various anti-neu-
ronal autoantibodies that have been discovered to affect the
nervous system in SARS-CoV-2 infected patients, namely
the anti-N-methyl-D-aspartate-receptor (NMDAR) anti-
body [14-19], anti-contactin-associated protein-like-2
(CASPR2) antibodies [20], anti-myelin oligodendrocyte
glycoprotein (MOG) antibody [21, 22], anti-glutamic
acid decarboxylase (GAD) antibody [23], anti-GD1la
antibody [24] and many others. This mechanism was also
suggested to explain other neurological complications of

SARS-CoV-2 infection, namely Guillain—-Barré syndrome
[25] and acute disseminated encephalomyelitis [26], which
further support the theory of molecular mimicry as the
pathophysiology of autoimmune encephalitis.

Another proposed mechanism was systemic hyperinflam-
mation due to over activation of host immune system caus-
ing the release of large amounts of inflammatory cytokines
as a response to SARS-CoV-2 infection in a phenomenon
known as “cytokine storm”. These inflammatory media-
tors are transported throughout the body including the cen-
tral nervous system and result in inflammatory damage or
encephalitis [27]. This mechanism was further supported
by the evidence from the laboratory finding on the serol-
ogy and cerebral spinal fluid (CSF) analysis which shows
elevated proinflammatory parameters such C-reactive pro-
tein and D-dimer [11, 28, 29] and also the inflammatory
mediators, such as the IL-6 [14, 16, 29]. In addition to that,
the electroencephalogram (EEG) findings from some of the
patients reveal diffuse patterns which are indicative of exten-
sive inflammation [16, 19-21, 26, 30-32].
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The third proposed pathophysiological mechanism was
direct invasion of the virus into the central nervous system
that led to the development of encephalitis. Since the earlier
times of the pandemic, it has been postulated that the SARS-
CoV-2 virus could enter the brain parenchyma through either
the transsynaptic propagation or the haematogenous inva-
sion [11]. Oosthuizen K, et al. [33] reported a case of mid-
dle-aged man with SARS-CoV-2 infection presented with
progressive ataxia who was found to have SARS-CoV-2
particles detected via polymerase chain reaction (PCR) in
the CSF. The patient was also noted to have positive anti-
amphiphysin antibody in the serum, which is an onconeu-
ral antibody that is usually associated with paraneoplastic
encephalitis despite no malignancy found upon extensive
full body screening. This may show that viral infections
can trigger antibodies against cell surface antigens as it was
well documented in the case of Herpes Simplex virus (HSV)
encephalitis which can trigger anti-NMDAR encephalitis
through uncovering epitopes resulting in antibody responses
[34]. However, Siahaan YM, et al. [35] suggested that direct
invasion of SARS-CoV-2 virus into the CNS is less likely
to be the main mechanism of encephalitis in SARS-CoV-2
infection. This is because there are very limited cases where
SARS-CoV-2 infected patients with encephalitis had posi-
tive PCR against SARS-CoV-2 detected in the CSF.

Autoimmune encephalitis in SARS-CoV-2 infection

From the cases that we reviewed in this article, 24 (80%)
of the patients were adults with the majority (58%) of them
aged more than 55 years old [20, 24, 30-32, 36-43]. Six
(20%) of the patients were from paediatric age, defined as
12 years and younger [18, 21-23, 26]. Amongst the most
commonly reported neurological presentation of autoim-
mune encephalitis in SARS-CoV-2 infection are altered
mental status [21, 30, 32, 36-39, 41-44, 47], psychomo-
tor agitation [14, 15, 20], memory deficit [20, 30, 36],
some form of psychogenic disturbance like hallucinations
or delusions [14-16, 23, 46], ataxia [19, 24, 26, 31, 33]
and seizure [15-18, 20-22, 36, 37, 42, 43, 45, 47]. Based
on the typical findings on magnetic resonance imaging
scan of the brain, six of the patients had limbic encepha-
litis [36-38, 42, 43], three had cerebellitis [24, 31, 39]
and one had brain stem encephalitis [33]. There were 11
patients reported to develop autoantibodies either in the
serum or/and in the cerebrospinal fluid (CSF) sample.
Six of these autoantibodies were anti-NMDAR antibody
[14-19], two were anti-MOG antibody [21, 22], and one
anti-GAD [23], anti-GD1a [24] and anti-CASPR2 anti-
bodies [20] each. Grimaldi S, et al. [31] reported a case
of an elderly man who presented subacute cerebellar
syndrome with myoclonus which occurs after the acute
SARS-CoV-2 infection. His positron emission tomography

@ Springer

scan of brain showed a diffuse pattern compatible with
encephalitis and cerebellitis, and his CSF analysis revealed
no elevated protein and normal cell counts, but there were
high titres of autoantibodies directed against the nuclei of
Purkinje cells, striatal and hippocampal neurons found.
He was successfully treated with high-dose corticosteroid
and intravenous (IV) immunoglobulin G and had com-
plete recovery. McAlpine LS, et al. [32] on the other hand
reported a novel immunostaining pattern from the anti-
neural autoantibodies test on the CSF in a young male
patient presented with bizarre delusion and hallucination.
The patient was successfully treated with IV immunoglob-
ulin G and achieved complete recovery.

In this review, majority (77%) of the patients had the
autoimmune encephalitis occurred during or concurrent
with the acute infection of the SARS-CoV-2 which is termed
“para-infectious presentation” [14-16, 18-23, 26, 31-33,
36-39, 44-47]. From this, 30% of the patients presented
with neurological manifestations before developing fever
and respiratory symptoms [14, 15, 21, 26, 31, 32, 38, 45,
47]. Six (20%) of the cases occurred after the acute infection
[24, 30, 40-43], and only one (3%) occurred before the acute
infection which was reported by Allahyari F, etal. [17] in a
young female with anti-NMDAR antibody positive in CSF.
She was successfully treated with high-dose corticosteroid
and IV immunoglobulin G with complete recovery.

There were 18 patients that were treated with high-dose
corticosteroid, which is either oral prednisolone (1 mg/kg,
max 60 mg) daily or pulsed intravenous (IV) methylpred-
nisolone 1 g daily [14-17, 19-21, 23, 24, 26, 31, 33, 36,
37, 40-42, 47]. On the other hand, 15 patients were treated
with IV immunoglobulin G [14-19, 22, 23, 26, 30, 31, 36,
39, 41, 46]. There were two patients that were treated with
just antiseizure medication [43, 45], and three patients were
not given any treatment at all [32, 37, 44]. There were nine
patients that received a combination of high-dose corticos-
teroid and IV immunoglobulin G [14, 15, 17, 19, 23, 26, 31,
36, 41], and two were subjected into plasma exchange [16,
20]. Monti G et al. [16] reported a young patient with anti-
NMDAR antibodies positive in the CSF which was treated
with a combination of plasma exchange, IV immunoglobulin
G and corticosteroid and had complete recovery. Guilmot
A., et al. [20] on the other hand reported an elderly patient
with positive anti-CASPR2 antibody in both CSF and serum
which was successfully treated with high-dose corticosteroid
and plasma exchange and had complete recovery.

The prognosis of autoimmune encephalitis in SARS-
CoV-2 infection based on all the cases in our study was
generally good where 20 (67%) of the patients have com-
plete or almost complete recovery [16-24, 26, 30, 31, 33,
37, 39, 42-47]. There were five (17%) patients that have
incomplete recovery [15, 21, 36, 37, 40], and only two (7%)
patients had poor recovery, which was the case of limbic
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encephalitis reported by Hosseini AA, et al. [43] and a case
of post-SARS-CoV-2 infection autoimmune encephalitis
presenting as new-onset refractory status epilepticus which
was reported by Dono F, et al. [41].

Autoimmune encephalitis in SARS-CoV-2 infection
in paediatric

Out of the 30 patients that were reviewed in this article,
there were six paediatric patients defined as age 12 years and
younger. Vraka K, et al. [21] reported a case of an anti-MOG
antibody positive in the serum of a 13-month-old girl. The
young girl was successfully treated with high-dose corticos-
teroid and achieved complete recovery. Another similar case
was reported in a 7-year-old girl by Ahsan N, et al. [22] who
also had anti-MOG antibody positive in the serum. She was
treated with IV immunoglobulin G and had a good recovery
with only mild dysarthria. Burr T, et al. [18] and Sarigecili
E, et al. [19] on the other hand reported a 23-month-old girl
and a 7-year-old boy with anti-NMDAR IgG antibody which
were both treated with a combination of high-dose corticos-
teroid and IV immunoglobulin G and had a complete and
almost complete recovery. It is worth to mention that not all
of the paediatric patients have autoantibody positive in the
serum or CSF. Vraka K, et al. [21] reported another case in
their article on a 10-year-old girl who presented with right-
hand weakness and fluctuating sensorium. She has normal
CSF analysis findings and negative autoantibody panel. She
was not given any immunomodulating therapy and still has
neglect over her right hand and impairment of her verbal
memory. Another case was reported by McLendon LA, et al.
[26] in a 17-month-old girl who developed upper limb weak-
ness and ataxia, which was also treated with a combination
of high-dose corticosteroid and IV immunoglobulin G and
had complete and almost complete recovery. However, the
authors did not include the CSF analysis and the autoanti-
body panel test results in the report.

Discussion

SARS-CoV-2 belongs to the genus of beta-coronavirus
which is a zoonotic disease that can infect both humans
and animals. Since it was first reported in December 2019,
the infection has spread rapidly across country borders and
caused massive global pandemic. Up to date, there are more
than 200 million reported confirmed cases of COVID-19,
and more than four million deaths have taken place from
more than 150 countries around the world [48]. Infection
by SARS-CoV-2 causes a typical clinical syndrome such
as fever, cough, shortness of breath, myalgia and fatigue.
Other clinical presentations that are considered non-typical
are diarrhoea, anorexia, conjunctival congestion, nausea and

vomiting. About 20 to 30% of patients may progress to more
critical conditions with acute respiratory distress syndrome,
septic shock, disseminated intravascular coagulation, acute
heart failure and acute kidney injury [49]. Another peculiar-
ity about SARS-CoV-2 infection is the propensity to affect
the nervous system. In our previous studies, we reviewed
multiple clinical evidences that show SARS-CoV-2 involve-
ment on the nervous system and raised a major concern on
the possibility of future autoimmune complication involving
the nervous system [11]. There have been multiple cases
that have been reported on the possible autoimmune occur-
rence in SARS-CoV-2 infection. Therefore, here we studied
the link between autoimmune encephalitis in SARS-CoV-2
infection and the prognosis of the condition.

Similar to what have been observed in autoimmune dis-
ease involving the nervous system induced by other viral
infections like HSV which itself is more common to cause
encephalitis [34], autoimmune encephalitis can occur after
the resolution or more commonly during the acute phase
of SARS-CoV-2 infection. It can happen in any spectrum
of disease severity, and some can even occur without any
of the typical symptoms of COVID-19. Apart from that,
there were various types of serum and CSF autoantibodies
related to encephalitis that have been reported, namely anti-
gangliosides antibody (such as anti-GAD antibody [23] and
anti-GD1a antibody [24]), anti-neuronal antibodies (anti-
NMDAR antibody [14-19] and anti-CASPR?2 antibody [20])
and onconeural antibodies (anti-amphiphysin antibody [33]).
The clinical significance of the anti-amphiphysin antibodies
in the case reported by Oosthuizen K, et al. [33] was unclear
given that no malignancy was identified in the patient. How-
ever, the RNA of SARS-CoV-2 was detected in the CSF
sample of the patient, which could indicate direct invasion
of the virus to the CNS causing encephalitis that may have
induced responses against amphiphysin, which is an intra-
cellular synaptic antigen. However, the association still war-
rants future studies for further explanation and to explore the
associations between SARS-CoV-2 infection and immune-
mediated CNS disease.

The possibility of immune-mediated neurology disease
in SARS-CoV-2 infection leading to future disabilities is
still a major concern. This is because the unknown com-
plications can occur years after the recovery from acute
infection, especially when evidence have shown other types
of coronaviruses that are linked to central nervous system
dysfunction such as multiple sclerosis [50]. Furthermore,
there were cases where antibody against MOG, which is a
myelin protein that exclusively expressed on the surface of
CNS myelin sheaths, was reported amongst the paediatric
patients [21, 22]. Antibody against MOG has been associ-
ated with various autoimmune inflammatory demyelinating
diseases, such as multiple sclerosis and acute disseminated
encephalomyelitis (ADEM). ADEM is an autoimmune
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demyelinating disease that commonly affects the brainstem
and spinal cord and typically presents as a monophasic dis-
order associated with multifocal neurologic symptoms and
encephalopathy [22]. Therefore, more reporting of cases
and studies are deemed necessary to illuminate the link and
potential reversibility of the neurological syndrome, and the
overall impact of the infection in promoting other neurologi-
cal diseases in the future.

Limitations of the study

This study has limitations, where most of the articles ana-
lysed are case reports and limited case series. Apart from
that, this article mainly uses descriptive analysis to review
and summarize the clinical cases.

Conclusion

In conclusion, primary data on COVID-19 patients with
autoimmune encephalitis remains limited. Therefore, this
review aims to illuminate the occurrence of autoimmune
encephalitis in SARS-CoV-2 infection based on the evidence
presented from the previous published case reporting and
also attempt to educate clinicians around the world regarding
the conditions in order to improve the prognosis of COVID-
19 by delivering the appropriate treatment promptly.
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