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Abstract: Background: From time to time, physicians face challenging diagnostic and therapeutic
issues concerning the acute management of children with viral encephalitis.

Objectives: The aim of this article is to provide an updated narrative review on the similarities and
differences between SARS-CoV-2 and influenza encephalitis.

Methods: A PubMed search was performed with the function “Clinical Queries” using the key
terms “SARS-CoV-2” OR “Influenza” AND “Encephalitis”. The search strategy included meta-
analyses, clinical trials, randomized controlled trials, reviews and observational studies. The search
was restricted to the English literature and pediatric population. This article compares similarities
and contrasts between SARS-CoV-2 and influenza-associated encephalitis.

ARTICLE HISTORY

Results: Encephalitis is an uncommon manifestation of both influenza and SARS-CoV-2. Both vi-
ruses are associated with fever and respiratory symptoms. However, SARS-CoV-2 patients may on-
ly have mild symptoms or be asymptomatic as silent carriers, rendering the disease spread difficult
to control. Influenza patients usually have more severe symptomatology and are often bed bound for
several days limiting its spread. Influenza is associated with seasonal and annual outbreaks, whereas
SARS-CoV-2 has become endemic. Complications of encephalitis are rare in both viral infections
but, when present, may carry serious morbidity and mortality. Many long-term sequelae of COVID-
19 infections (long COVID-19) have been described but not with influenza infections. Mortality as-
sociated with encephalitis appears higher with influenza than with SARS-CoV-2. Prophylaxis by
immunization is available for both influenza and SARS-CoV-2. Specific efficacious antivirals are
also available with oseltamivir for influenza and nirmatrelvir/ritonavir for SARS-CoV-2. Steroids
are indicated with more severe SARS-CoV-2 but their role is not distinct in influenza disease.
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Conclusion: Encephalitis is a rare complication of influenza and SARS-CoV-2 infections. Both car-
ry significant morbidity and mortality. Efficacious vaccines for prophylaxis and antivirals for treat-
ment are available for both viruses.
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1. INTRODUCTION

From time to time, physicians face challenging diagno-
stic and therapeutic issues concerning the acute management
of children presenting with symptoms of encephalitis.
Entering the fourth winter of the COVID-19 pandemic, we
have encountered several cases of SARS-CoV-2 and

influenza encephalitis [1-3]. The SARS-CoV-2 and influenza
viruses may even co-infect, especially in winter months,
causing a more severe clinical picture [4]. We performed a
review of the literature on SARS-CoV-2 and influenza
encephalitis. A PubMed search was performed with the
function “Clinical Queries” using the key terms “SARS-
CoV-2” OR “Influenza” AND “Encephalitis”. The search
strategy included meta-analyses, clinical trials, randomized
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controlled trials, reviews and observational studies, and was
restricted to the English literature and children. The search
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Table 1. SARS-CoV-2 versus influenza encephalitis syndromes.
- SARS-CoV-2 Influenza A
Develops over hours to days and manifests as personality, » Fever, headache.
behavioural, conscious or cognitive changes [S1]. > Seizures and altered consciousness [55].
Fever, headaches [15]. »  Acute non-inflammatory encephalopathy
Altered mental status and seizures also occur in patients with presenting with seizures and coma may occur
COVID-19 encephalitis. [17, 62].

Symptomatology » Specific acute encephalopathy syndromes: acute
necrotizing encephalopathy, mild
encephalopathy with reversible splenial lesion,
acute encephalopathy with biphasic seizures and
late diffusion restriction, and hemiconvulsion-
hemiplegia syndrome [16].

Encephalitis occurs in approximately 0.003% of pediatric COVID- »  Encephalitis in 1.4% hospitalized patients with
19 cases in one report [2]. influenza [16].
0.2% in a systematic review and meta-analysis [1]. » The mean annual incidence was 2.8 per
Prevalence Encephalitis occurs more frequently in patients with severe 100,0?(1)2]am0ng Australian children aged <14
COVID-19 [5]. years L16].
Encephalitis in 7% hospitalised patients with COVID-19 in Wuhan, > Peak incidence was between 6 and 18 months of
China, and 69% of patients in intensive care with COVID-19 in age [62].
France [12].
Transmission Person-to-person, zoonosis [63-65] Person-to-person, zoonosis [63-65]
Diagnostic criteria for COVID-19-related encephalitis were not Culture, antigen test, PCR of respiratory
well established [41]. secretions [45].
Possible encephalitis can be suspected in patients with SARS-CoV- » Cranial MRI in 3 cases displayed multifocal
2 detected in respiratory or other non-CNS samples, with no other lesions in the thalami, brainstem and cerebellar
cause found to explain the CNS affection [12]. hemisphere. MRI demonstrated reversible
CSF can be normal or may reveal elevated protein and pleocytosis splemal lesion in the corpus callgsumm. EEG
[13]. tracings were characterized by diffuse slow
Diagnostic tests . . wave activity in 4 cases, and status epilepticus
SARS-COV2 could be isolated in only a few cases [15, 41]. in 1 case [55].
M_agneti_c resonance imaging abqomalities were four_ld in092.0% > Neuroimaging shows cerebral oedema in most
w1th an mtra'crama'l vessel gadolinium enhanfzement in 85 A) of cases, but around 10-20% will show features of
patients, while an 1ngreased CSF/serum quotient of albumin _ ANE or acute necrotising encephalopathy [17].
suggestive of disruption of the blood-brain barrier was reported in
86% [15].
EEG with nonspecific changes and near-physiological patterns [13].
COVID-19-related encephalitis responsive to high-dose » Mannitol can be given, an external ventricular
glucocorticoids [5, 50, 51]. drain can be placed, and a posterior fossa
IV methylprednisolone 500mg iv for 3 days with good effects in an craniectomy can be performed in case of high
adult [5] intracranial pressure [10].
Treatment ' > Empirical earl £ oral oseltamivir (Tamifl
Antivirals: Early use of nirmatrelvir/ritonavir in mild cases. mpirical early use of oral oseltamivir (Tamiflu)
Remdesivir in severe cases. (11].
» Intravenous immunoglobulin and/or
methylprednisolone for severe cases [3, 55].
Very low mortality rate, the estimated mortality rate was 0.0002% » Significant neurologic morbidity occurred in
without encephalitis. 54% of an Australian study [16]
The average mortality rate of encephalitis in COVID-19 patients »  20-30% fatality [2, 17]
was 13.4% in one study [1]. > Persisting neuro disability in around one-third of
Prognosis Possible high mortality, but no exact epidemiology has been survivors is associated with cerebral atrophy
s citedfor COVID-19 encephalitis [2, 12, 13, 66]. [17]
Approximately 51% of children survived without detectable
neurologic sequelae.
Life-thretenting presentations are rare but can include severe
encephalopahty, stroke, acute fulmiant cerebral edema [67].

was restricted to the English literature and patients < 18

2. PATHOGENESIS

years of age to familiarize physicians with the management
of children with SARS-CoV-2 and influenza encephalitis in
the upcoming winter and beyond (Table 1).

SARS-CoV-2 and influenza viruses first invade the
human body and replicate outside the CNS (central nervous
system). Encephalitis refers to inflammation involving the
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brain parenchyma with resultant neurologic dysfunction,
whereas encephalopathy refers to the disruption of brain
function in the absence of an inflammation of the brain
parenchyma. The two viruses are usually not found in the
cerebrospinal fluid (CSF) of patients inferring that this is a
parainfectious process. Upon infection, SARS-CoV-2 and
influenza viruses could disseminate to the brain via the
circulatory system. The causative virus as well as the host's
inflammatory response, disrupts neural cell function, causing
cerebral edema and bleeding. Extensive white blood cells
and microglia in the CNS are commonly present in patients
with encephalitis. Significant necrosis of nerve cells may be
seen. In the two encephalitis syndromes (ES) caused by
SARS-CoV-2 and influenza viruses, the CNS may be
severely affected in a minority of cases [5]. Encephalitis due
to COVID-19 may be caused by the proinflammatory
cytokine storm or rarely direct viral invasion in the CNS; a
similar cytokine release state is seen in influenza infections,
causing cytokine storms in our bodies [5, 6].

3. CLINICAL FEATURES

Symptoms of encephalitis usually occur abruptly and
include fever, altered mental status, headache, decreased
level of consciousness, unusual behavior, hallucinations,
confusion, personality change, sensitivity to light, nausea,
vomiting, and, in severe cases, paralysis, seizures and coma
[7, 8]. In an infant, a tense or bulging fontanelle indicates
increased intracranial pressure [9, 10]. Severe symptoms
more commonly occur among infants and the elderly. The
clinical features of encephalitis caused by SARS-CoV-2 and
influenza are similar. A meticulous history and a comprehen-
sive physical examination are essential to guide the
management of children with encephalitis [11].

The incidence of COVID-19 encephalitis varies depen-
ding on the season of the study [12-15]. Encephalitis occurs
more frequently in patients with severe COVID-19 [5]. En-
cephalitis occurs in approximately 0.003% of pediatric
COVID-19 cases [2]. Encephalitis was reported in 7% of
hospitalised patients with COVID-19 in Wuhan, China, in
early 2020, and 69% of patients in intensive care units with
COVID-19 in France [12]. The local Hong Kong data
suggest that the incidence of encephalitis associated with
SARS-CoV-2 is low in children, but the mortality may be
significant [2]. In Hong Kong, the incidence of encephalitis
as a complication of COVID-19 in the general population
was 0.2% (95% confidence interval [CI] = 0.056-0.44%).
The average mortality rate of encephalitis in COVID-19
patients was 13% (95% CI = 3.8%-26%) [1].

There has been no direct comparison with influenza en-
cephalitis but a low incidence of encephalitis and significant
mortality is also observed. Death or significant neurologic
sequelae occurred in 54% of patients reported by an
Australian study [16]. Fatality occurs in approximately 20-
30% of patients with influenza encephalitis [2, 17]. Persis-
ting neuro disability is reported in around one-third of
survivors with influenza encephalitis, associated with cereb-
ral atrophy [17]. One study reports no difference in hospital-
ization rates, admission rates to intensive care unit and rates
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of mechanical ventilator use between patients with COVID-
19 and influenza [18]. The incubation period for COVID-19
depends on the variants. The most recent Omicron variants
have shorter incubation periods. In a 2022 systematic review
and meta-analysis of 142 studies with 812 patients, the
pooled incubation period of COVID-19 was 6.57 days (95%
confidence, 6.26 to 6.88). The mean incubation period of
COVID-19 caused by the Alpha variant, Beta variant, Delta
variant, and Omicron variant was 5 days, 4.5 days, 4.4 days,
and 3.4 days respectively [19]. A person typically develops
symptoms about 5 days after an infectious exposure to
SARS-CoV-2 (except for the Omicron variant). On the other
hand, the incubation period of influenza is typically between
1 and 4 days.

An individual is contagious for about a full day before
symptoms appear for both COVID-19 and influenza. The
infectivity period tends to be longer with SARS-CoV-2 than
with influenza [20]. Older children and adults with influenza
appear to be most contagious during the first three to four
days but may remain contagious for approximately seven
days of their illness. Patients infected with SARS-CoV-2
remain infectious for ten days after symptoms first appear.
The virus is detectable for much longer in some patients;
however, transmission in these cases is questionable.

The clinical features of SARS-CoV-2 and influenza are
similar and include fever, sore throat, coryza, chills, cough,
fatigue, headache, and occasionally diarrhea and vomiting
[21-25]. Infection with SARS-CoV-2 is unique in that some
infected individuals with COVID-19 develop the symptoms
of anosmia and/or hypogeusia. Children with COVID-19 are
at unique risk for the multisystem inflammatory syndrome in
children (MIS-C), especially those with immunodeficiency
or asthma [23, 26-31]. More pediatric patients with SARS-
CoV-2 than those with influenza develop MIS-C in the US
[32, 33]. Interestingly, MIS-C is less often diagnosed among
Asian children [27, 34]. Asymptomatic infection is more
common in children with SARS-CoV-2 (especially with the
Omicron variant) than in children with influenza. Children
are less likely to be hospitalized than adults with COVID-19
and more likely to have mild or asymptomatic symptoms
[23, 25, 28, 35-37]. Mortality rates of children infected with
COVID-19 are low [38]. Mitigation efforts for the influenza
pandemic or epidemics are not as extensive as those for the
SARS-CoV-2. Children with influenza generally do not need
to be strictly isolated.

The so-called “long COVID” syndrome describes many
conditions in patients recovered from COVID-19 infection.
However, many of these symptoms are vague and could also
occur in patients with other severe respiratory tract infections
[3]. The lack of pre-morbid information in most patients also
makes “long COVID” difficult to define and delineate. More
research is required to delineate better these symptoms in
COVID-19 patients, especially those with encephalitis. In
contrast, long-term sequelae of influenza “long influenza”
have not been described.

4. INVESTIGATIONS

CSF for microbiologic investigations, protein and glu-
cose, measurement of opening and closing pressures, and
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radiologic imaging are important but should not defer resu-
scitation and prompt antiviral administration [11, 39, 40]. In
most cases, the viral diagnosis is readily made in respiratory
secretions by rapid antigen testing and polymerase chain
reaction (PCR) [4]. A lumbar puncture before imaging
studies might be contraindicated in the presence of a sus-
pected increase in intracranial pressure, focal neurologic
signs and seizures. An elevated protein level of >2.4 g/L in
the CSF and high serum levels of aminotransferase are
characteristic of acute necrotizing encephalopathy (ANE).
Computed tomography (CT) of the brain reveals bilateral
hypodensities of the cerebellum and thalamus, with diffuse
edema and brainstem compression and a triventricular
hydrocephalus. Cerebral abnormalities can be detected by
magnetic resonance imaging (MRI) in a significant number
of patients with encephalitis. In one study of patients with
SAR-CoV-2 encephalitis managed at the Geneva University
Hospitals, MRI abnormalities of the brain were found in
92% of patients [15]. Gadolinium enhancement of intracra-
nial vessels was observed in 85% of patients. An increased
CSF to serum quotient of albumin that is suggestive of
disruption of the blood-brain barrier was reported in 85.7%
of patients [15]. The above tests can be used to diagnose
encephalitis but cannot differentiate SARS-CoV-2 ence-
phalitis from influenza A encephalitis.

The brain histology of deceased patients with viral
encephalitis shows dead neurons with nuclear dissolution
and hypereosinophilia; and perivascular inflammatory cells,
such as microglia, macrophages, and lymphocytes. Virions
within neurons may be seen under electron microscopy [7].
Fatal cases of acute fulminant cerebral edema where the CSF
were negative for SAR-CoV-2 have been reported, suggest-
ing a para-infectious process is involved. SAR-CoV-2 has
also been isolated from the CSF in approximately 6% of cas-
es. Therefore, direct invasion of the brain parenchyma is also
responsible in a small number of cases.

5. DIFFERENTIAL DIAGNOSES AND DIAGNOSIS

Differential diagnoses of these two viral encephalitis
include autoimmune or parancoplastic diseases such as anti-
NMDA receptor encephalitis, cerebral abscess, tuberculosis,
drug-induced delirium, drugs or toxins exposure, neuro-
syphilis, cerebral vascular disease, metabolic disease, and
encephalitis from bacterial, fungal, protozoal, or parasitic
worm infection [5-7] In children, the clinical features of viral
encephalitis, acute disseminated encephalomyelitis (ADEM),
as well as immune-mediated encephalitis, are similar [7]. As
such, other diagnostic investigations and methodologies are
needed to differentiate viral encephalitis from immune-
mediated inflammatory CNS diseases.

The diagnosis of COVID-19 and influenza infection is
often based on the constellation of clinical features of the
respective infection, epidemiologic data and specific viral
testing. COVID-19 encephalitis and influenza encephalitis
should be suspected in patients with features of encephalitis
and detection of SARS-CoV-2 or influenza virus, respec-
tively, in the CSF, respirator or other non-CNS samples [12,
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41, 42]. CSF examination can be normal or reveal elevated
protein level, normal glucose level and /or pleocytosis [13]
SARS-CoV-2 RNA could be detected only in a minority of
cases. In one study of 304 patients with COVID-19 ence-
phalitis whose CSF was tested for SARS-CoV-2 with PCR,
only 17 (6%) patients were tested positive [43] Likewise, the
chances of isolating influenza in CSF are low. Electro-
encephalogram (EEG) often shows nonspecific changes [13].
Etiologic diagnosis of encephalitis caused by SARS-CoV-2
and influenza can be based on the detection of the respective
virus with rapid antigen testing or PCR of the CSF or
respiratory secretion [44, 45].

6. MANAGEMENT

Treatment of encephalitis caused by SARS-CoV-2 or
influenza is primarily supportive and supplemented with
antiviral therapy. Individuals with encephalitis often require
intensive care for frequent neurological examinations
(including the use of the Glasgow Coma Scale score to
quantify the level of consciousness), respiratory support,
correction of fluid and electrolyte disturbance, renal and
hepatic dysfunction, autonomic dysregulation, seizures, and
non-compulsive status epilepticus [7].

Specifically, COVID-19 and Influenza can be treated
with specific antivirals in the early stage of the illness. Early
oral administration of oseltamivir (Tamiflu), a neuramini-
dase inhibitor, is recommended in treating more severe
influenza disease, including encephalitis [46-48]. In
December 2021, emergency use of oral nirmatrelvir/ritonavir
for the treatment of COVID-19 was granted in the United
States; Canada, the European Union and the United
Kingdom followed suit with full authorization soon after.
One study showed that oral nirmatrelvir/ritonavir reduced
death and the risk of hospitalization by 88% [49]. Viral
resistance rarely occurs. Studies have shown that COVID-
19-related encephalitis is responsive to high-dose gluco-
corticoid steroids [5, 50, 51]. Some practical points are
provided by the American College of Physicians, primarily
for outpatient treatment of adults with COVID-19 [52].
Nirmatrelvir-molnupiravir ormolnupiravir should be consi-
dered to treat patients with mild-to-moderate SARS-CoV-2
in the outpatient setting who are within five to seven days of
the onset of symptoms and at high risk for progression to
severe disease. Remdesivir should be considered to treat
patients with confirmed mild-to-moderate SARS-CoV-2 in
hospital settings who are within 7 days of the onset of
symptoms and at high risk for progressing to severe disease.

Elevated intracranial pressure might be relieved with the
use of steroids, mannitol or hypertonic saline, but there is
limited data on the efficacy of these treatments for viral
encephalitis. Seizures can be treated with phenytoin or
valproic acid. Status epilepticus may require treatment with
benzodiazepines. Seizures and status epilepticus can be
treated by appropriate selection of antiepileptic medications
tailored to the clinical situation, patient characteristics and
comorbidities. Short-term use of antipsychotic medications
may be needed if behavioral alterations are present. Given
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the possibility of complications that may develop from any
viral encephalitis, a multidisciplinary team consisting of
physicians, rehabilitation specialists, and speech therapists
are important for the management of these patients [7]. The
use of high-dose glucocorticosteroids in influenza-related
encephalitis remains controversial. Empirical steroid usage
has been reported with inconsistent results [3, 53-56].

The virus activates an immune-mediated reaction that
causes encephalitis in a significant portion of those patients
for which immunomodulatory treatment could provide
benefits [6-9].

7. PROGNOSIS

If treated, individuals with COVID-19 encephalitis and
influenza encephalitis often recover without long-term
sequelae. In one study of 99 children with encephalitis at a
mean follow-up of 35.6 months, only 51% of children
survived without detectable neurologic sequelae. Some indi-
viduals may have developmental delay, difficulty concen-
trating, learning problems, behavior problems, speech
disorders, memory loss, visual deficit, or motor deficit
following encephalitis. Rarely individuals remain in a
vegetative state that may become persistent or permanent.
The most common long-term complication of viral
encephalitis is seizures that may occur in ten to twenty
percent of patients over several decades. Seizures resulting
from viral encephalitis are generally resistant to medical
therapy [7, 57-61].

CONCLUSION

In summary, encephalitis is a rare and severe compli-
cation of SARS-CoV-2 and influenza infections that are
associated with significant morbidities and mortalities, and
both share a very similar presentation. Diagnosis of the viral
etiology is readily made with PCR testing of respiratory
specimens, as the yield of isolating SARS-CoV-2 or
influenza in the CSF is low. Specific antivirals are available
for both the treatment of COVID-19 and influenza infection
and should be administered promptly for suspected
encephalitis. Steroids might be useful for the management of
more severe infections. Prophylaxis for these severe
complications with vaccines for SARS-CoV-2 and influenza
is readily available for children and should be advocated by
healthcare professionals to increase the vaccination update
rate. Encephalitis caused by both viruses may be associated
with severe sequelae and mortality.

LIST OF ABBREVIATIONS

ADEM = Acute Disseminated Encephalomyelitis
CNS = Central Nervous System

COVID-19 = Coronavirus Disease 2019

CSF = Cerebrospinal Fluid

ES = Encephalitis Syndromes

LP = Lumbar Puncture
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NMDA = N-methyl-D-aspartate Receptor
receptor

SARS = Severe Acute Respiratory Syndrome
SARS-CoV-2 =  Severe Acute Respiratory Syndrome-

Coronavirus2
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