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Viral encephalitis; Objectives: To review the diagnostic criteria for encephalitis and encephalopathy of presumed
Diagnosis; infectious etiology, as well as the diagnostic workup for viral encephalitis and its treatment
Treatment approaches. The authors also intended to summarize relevant information on specific viruses

frequently found in Brazil.

Source of data: Literature search on Pubmed/MEDLINE using the following keywords: *‘viral’’,
“*encephalitis’’, ‘‘child’’, or ‘‘adolescents’’, filtering for articles on humans and in English.
Summary of data: Viral encephalitis is the most common cause of encephalitis and is respon-
sible for high rates of morbidity, permanent neurologic sequelae, and according to the virus,
may have high mortality rates. The most common etiologies are herpesviruses 1 and 2 (HSV-1
and HSV-2), non-polio enterovirus, and arboviruses (in Brazil, dengue, Zika, and chikungunya).
Other relevant etiologies are seasonal influenza, cytomegalovirus (CMV), Epstein-Barr virus
(EBV), human herpesvirus 6 (HHV-6), and the re-emergent measles.

Conclusion: Clinical data, laboratory results, and neuroimaging findings support the diagnosis
of encephalitis and the specific viral etiology. To increase the likelihood of etiologic confirma-
tion, it is important to know the best approach to collecting samples and to choose the best
identification technique for each virus. The differential diagnosis of viral encephalitis includes
other infections and immune-mediated inflammatory central nervous system disorders.
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PALAVRAS-CHAVE
Encefalite viral;

Encefalite viral: uma revisao pratica sobre abordagem diagnéstica e tratamento

Objetivos: Revisar os critérios diagnosticos para encefalite e encefalopatia de etiologia infec-
ciosa presumida, assim como a investigacao diagnostica para encefalite viral e suas abordagens
terapéuticas. Além disso, pretendemos resumir tdpicos relevantes sobre os virus especificos

Fonte de dados: Pesquisa bibliografica feita nos bancos de dados Pubmed/Medline utilizando
as seguintes palavras-chave: ‘‘viral’’, ‘‘encephalitis’’, ‘‘child’’ ou ‘‘adolescents’’, limitando

Resumo dos dados: A encefalite viral é a causa mais comum de encefalite e é responsavel
por altas taxas de morbidade, sequelas neuroldgicas permanentes e, de acordo com o virus,
altas taxas de mortalidade. As etiologias mais comuns sao herpes virus 1 e 2 (HSV-1 e HSV-
2), enterovirus nao polio e arbovirus (no Brasil, Dengue, Zika e Chikungunya). Outras etiologias
relevantes sdo a influenza sazonal, o citomegalovirus (CMV), o virus Epstein-Barr (EBV), o herpes

Conclusdo: Dados clinicos, resultados laboratoriais e de neuroimagem apoiam o diagnodstico
de encefalite e a etiologia viral especifica. Para aumentar a probabilidade de confirmacao
etioldgica, é importante conhecer a melhor abordagem para coletar amostras e escolher a
melhor técnica de identificacdo para cada virus. O diagnostico diferencial de encefalite viral
inclui outras infeccdes e distUrbios inflamatorios do sistema nervoso central imunomediados.

© 2020 Sociedade Brasileira de Pediatria. Publicado por Elsevier Editora Ltda. Este é um artigo
Open Access sob uma licenca CC BY-NC-ND (http://creativecommons.org/licenses/by-nc-nd/4.

Diagnéstico; Resumo
Tratamento
frequentemente encontrados no Brasil.
os artigos a estudos em humanos e escritos em inglés.
virus humano 6 (HHV-6) e o sarampo reemergente.
0/).
Introduction

The reported annual incidence of encephalitis in children
is around 16/100,000 child-years during the second year of
life, remaining high until the age of 10, and it is about
1/100,000 child-years at the age of 15." The most common
etiology is viral? and the frequency of specific agents varies
according to geographic location, season, patient immuno-
logical status, and viral genetic mutations over time. Viral
encephalitides usually occur after hematogenic viral dis-
semination into the central nervous system (CNS). However,
herpesviruses and Lyssavirus (rabies) can cause neurologic
disease through nerve-rout dissemination.® They are respon-
sible for high rates of morbidity, can cause neurologic
permanent sequelae and, according to the virus, may have
high mortality rates. Therefore, all efforts should be made
to guarantee prevention through vaccination and provide
antiviral treatment when available.

The most common viral encephalitis agents are her-
pesviruses 1 and 2 (HSV-1 and HSV-2), non-polio enterovirus,
and arbovirus." Other relevant etiologies are seasonal
influenza, cytomegalovirus (CMV), Epstein-Barr virus (EBV),
and human herpesvirus 6 (HHV-6). The present study reviews
the clinical aspects of the more common viral encephalitides
listed above, with a special focus on Brazilian epidemiol-
ogy and the re-emergent measles. This review does not
cover viruses that cause more frequently chronic progressive
encephalopathies such as human immunodeficiency virus
(HIV) or John Cunningham virus (JCV), nor arboviruses unre-
ported in Brazil.

Methodology

The authors performed a literature search on
Pubmed/MEDLINE using the following keywords: ‘‘viral,”’
“‘encephalitis,”” ‘‘child,”’ or ‘‘adolescents,’’ filtering for
articles on humans and in English. Relevant articles for this
review were selected and reviewed in detail. The authors
also looked for relevant manuscripts in the references
of the selected articles and included additional work on
specific topics from the authors’ personal files.

Definition of encephalitis

Encephalitis is defined by inflammation of the brain
parenchyma with resulting neurologic dysfunction that can
be caused by infection or autoimmunity.* It is confirmed by
identification of the inflammation in brain tissue specimens.
However, this is rarely indicated, thus indirect evidence
of inflammation in clinical presentation and ancillary non-
invasive tests such as neuroimaging and cerebrospinal fluid
(CSF) analysis are used.

Several other neurologic conditions may cause
encephalopathy without any evidence of brain inflam-
mation. Besides encephalitis per se, this review includes
encephalopathy of presumed viral etiology (systemic symp-
toms and signs or laboratory confirmation of systemic viral
infection associated with neurologic dysfunction).

In general, encephalitis should be suspected when
symptoms or signs of neurologic dysfunction (headache,
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decreased level of consciousness, seizures, focal deficits,
papilledema, behavioral changes) present acutely (24-72h)
along with systemic manifestations such as fever, lym-
phadenopathy, rash, arthralgia, myalgia, respiratory symp-
toms, or gastrointestinal symptoms, or with history of
exposure to known risk factors (traveling to endemic areas,
animal bites, exposure to insects or ticks).>® Then, brain
imaging - usually non-contrasted computed tomography
(CT) of the brain - is recommended before lumbar punc-
ture for CSF analysis when elevated intracranial pressure is
suspected.® Magnetic resonance imaging (MRI) may provide
better characterization of brain inflammation, demonstrate
focal lesions, and help in the differential diagnosis of
idiopathic inflammatory CNS disorders.” Electroencephalog-
raphy (EEG) should be ideally performed in all patients® to
detect focal or generalized epileptiform activity. In selected
cases, EEG may also be helpful to determine the origin of
behavioral issues as being primarily psychiatric or caused by
underlying encephalopathy.®

Diagnostic criteria of encephalitis and
encephalopathy of presumed infectious
etiology

In 2013, the International Encephalitis Consortium published
recommendations for case definitions of encephalitis and
encephalopathy of presumed infectious etiology, as well as
the diagnostic workup on those cases.

The following criteria were recommended:’

Major criterion (required)

Patients presenting to medical attention with altered mental
status (defined as decreased or altered level of conscious-
ness, lethargy, or personality change) lasting >24h with no
alternative cause identified.

Minor criteria (two required for possible
encephalitis; three or more required for probable
or confirmed encephalitis)

o Documented fever >38°C within the 72 h before or after
presentation.

e Generalized or partial seizures not fully attributable to a
pre-existing seizure disorder.

e New onset of focal neurologic findings.

e CSF leukocyte count >5mm?

e Abnormality of brain parenchyma on neuroimaging sug-
gestive of encephalitis that is either new from prior
studies or appears acute in onset.

e Abnormality on electroencephalography consistent with
encephalitis and not attributable to another cause.

Initial workup of viral encephalitis

After identifying a possible or probable case of encephali-
tis/encephalopathy of presumed infectious etiology, it is
desirable to identify the specific etiology (Table 1). How-
ever, even with comprehensive testing, more than 50% of

Table 1 Preferred diagnostic test according to suspected

etiology.

Virus Preferred diagnostic test

HSV-1/HSV-2 CSF PCR
Consider repeating within 2-7
days of disease onset if
negative with high clinical
suspicion®

vzv CSF specific 1gG

Stool and throat PCR are
preferred over CSF PCR

EBV Serum EBV capsid antigen IgG
and IgM (VCA) and EBV nuclear
antigen 1gG (EBNA)

Enterovirus

HHV-6 CSF PCR paired with serum
PCRP
Influenza Culture, antigen test, PCR of

respiratory secretions
Dengue/Zika/Chikungunya CSF PCR or CSF-specific IgM
Measles CS- specific IgG
CMV CSF PCR or CSF-specific IgM

CSF, cerebal spinal fluid; PCR, polymerase chain reaction; HSV,
herpes virus; VZV, varicella zoster virus; EBV, Epstein-Barr virus;
HHV-6, human herpes virus 6; CMV, cytomegalovirus.

@ If not tested for CSF PCR, consider testing CSF for HSV-1gG
after 10-14 days of disease onset.

b To exclude viral integration to the host DNA (causing false
positive results).

the encephalitides will remain without determination of
the specific causative agent.? The International Encephali-
tis Consortium’ has suggested an algorithm for etiologic
workup. Here the relevant aspects of the investigations for
viral etiologies are listed:

1) When performing lumbar puncture, collect at least 5mL
of fluid and freeze unused fluid for additional testing.

2) Identify CSF leukocyte count with differential, proteins,
lactate, and glucose.

3) Test for HSV-1/2 (polymerase chain reaction [PCR]) in CSF
(if test available, also consider HSV CSF IgG and IgM).

4) Test for enterovirus (PCR) (more sensitive in throat swab
and stool than in CSF)

5) Test EBV serology (VCA IgG and IgM and EBNA IgG).

6) Hold acute serum and collect convalescent serum 10-14
days later for paired antibody testing.

7) When clinical features of extra-CNS involvement are
present, additional testing is recommended (e.g., biopsy
of skin lesions, bronchoalveolar lavage and/or endo-
bronchial biopsy in those with pneumonia/pulmonary
lesions, throat swab PCR/culture in those with upper
respiratory illness; stool culture in those with diarrhea).

Patients with viral encephalitis might have increased
opening pressure on lumbar puncture. They usually present
lymphocytic pleocytosis, mildly elevated protein, and nor-
mal glucose.®®° In many cases brain MRI is normal, but it
is likely to have specific findings, especially in case of HSV
encephalitis.’® EEG is abnormal in more than 80% of patients
with viral encephalitis, showing diffuse high amplitude slow
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waves and/or focal epileptiform activity.® Continuous EEG
monitoring may be necessary to identify non-convulsive
status.'’

Empiric treatment

When viral encephalitis is suspected, the first measures
include supportive treatment and correction of any elec-
trolyte disturbance, autonomic dysregulation, and renal and
hepatic dysfunction.'? Also, it is important to treat seizures
and non-convulsive status epilepticus.

If viral encephalitis cannot be ruled out in the first six
hours of admission, it is recommended to start empirical
treatment with acyclovir.* (Fig. 1) Acyclovir has antiviral
activity against HSV and related viruses® that are usually
the most common causes of viral encephalitis. The dosing
should be 500 mg/m? every eight hours in children with ages
ranging from 3 months to 18 years, and 10 mg/kg/dose every
eight hours in children older than 12 years. Dosing should be
adjusted if there is previous renal impairment.®

Up to 20% of patients treated with acyclovir may develop
crystal-induced nephropathy; this usually manifests after
four days of treatment.’3 The nephropathy is reversible, but
renal function should be monitored and the patients should
be maintained adequately hydrated. Oral acyclovir does not
achieve therapeutic CNS levels and should not be used to
treat viral encephalitis.®

Confirmed cases of HSV encephalitis in children or ado-
lescents should receive acyclovir treatment for 14-21 days.
Some authors recommend CSF PCR re-evaluation after this
period, and if still positive, they advise to maintain treat-
ment and repeat CSF analysis every week until negative
before stopping acyclovir.'*"> In addition, even in cases in
which the confirmation of HSV encephalitis is not possible,
the treatment should be continued unless CSF is negative for
HSV after 72 h of disease onset and there is normal MRI and
CSF leukocyte count, and a normal level of consciousness is
observed or an alternative diagnosis is made.®

Specific considerations

Each viral agent has clinical and laboratorial particularities
(Table 1) that should be remembered to increase etiological
identification.

HSV encephalitis

HSV-1 is the main cause of viral encephalitis in pediatric
patients in most reports. HSV-2 more commonly causes
meningitis in adults. Besides the positive PCR for HSV in
CSF, there are some clues to increase the suspicion of HSV
encephalitis.

Brain CT may show specific abnormalities (reduced
attenuation in one or both temporal lobes or areas of
hyperintensity®) suggestive of HSV in up to 80% of patients
at presentation.'® Brain MRI may demonstrate hyperintense
areas on the T2-weighted image (T2WI), fluid-attenuated
inversion recovery (FLAIR), or diffusion-weighted images,
and T1-weighted image (T1WI) with gadolinium enhance-

ment on temporal lobes, cingulate gyrus, orbitofrontal, and
insular cortex.

CSF may be hemorrhagic in HSV encephalitis in up to 50%
of the patients.” CSF PCR on days two through ten of illness
has more than 95% sensitivity and specificity for HSV.'* If
there is high clinical suspicion and the first result is nega-
tive, it is recommended to take another sample in two to
seven days. In this situation, PCR is usually positive even
after acyclovir." If the CSF has not been tested for HSV by
PCR, a CSF sample should be tested for IgG after ten to 14
days of disease onset.°

The EEG may demonstrate non-specific slowing or peri-
odic lateralizing epileptiform discharges (PLEDS).°

VZV encephalitis

In children, VZV encephalitis usually occurs concurrently
with chickenpox. However, it might occur as reactivation
of a previous infection without skin lesions.'® Brain MRl may
demonstrate grey and white matter lesions and their tran-
sition. Most lesions are ischemic, but hemorrhagic lesions
might also occur along with areas of stenosis in small and
large vessels."” Detection of CSF antibodies to VZV appears
to be more sensitive than the identification of viral DNA,
especially if there is evidence of vasculopathy.' Further-
more, the presence of cutaneous vesicular lesions might help
to establish the diagnosis.

The treatment of VZV encephalitis is intravenous acy-
clovir 500 mg/m? (3 months-12 years) or 10-15mg/kg/dose
every eight hours if older than 12 years of age. If there
is evidence of vasculopathy, corticosteroids can be used
(60-80 mg of prednisolone).® No specific antiviral treatment
is recommended for VZV cerebellitis, due to the lack of
benefit in those cases.®

Enterovirus encephalitis

Enterovirus is the second most common cause of viral
encephalitis after the Herpesviridae family. There are sev-
eral reports over time of enterovirus encephalitis outbreaks
in summer.2%2" Patients usually present with diarrhea, vom-
iting, and depending on the virus serotype, they may present
with hand-foot-and-mouth disease, herpangina, or other
types of exanthema.

Brain MRl may demonstrate hyperintense T2WI and FLAIR
lesions in the midbrain, pons, and medulla, especially in
enterovirus type 71 (E71) CNS infection.* The lesions are
usually severe and characterized by necrosis and demyeli-
nation. It is advised to collect CSF, stool, and throat samples
for PCR because it has been observed that the isolated CSF
analysis may yield false-negative results.?’

There is no specific treatment for immunocompetent
children with enteroviral encephalitis.

EBV encephalitis

EBV is an important cause of encephalitis in adolescents.
As PCR is associated with false-positive and false-negative
results in EBV, serology is recommended.’” Doja et al.??
reported that patients with EBV encephalitis are more likely
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Criteria for encephalitis or encephalopathy of
presumed infectious etiology

Exclusion of other causes of

encephalopathy

acyclovir

If viral etiology can not be ruled out in the first
6 hours, initiate empiric treatment with

diseases

Etiological investigation for viral (see table 1)
and other infections and inflammatory CNS

|

v

Virus identifyed

Inconclusive

|

Switch antiviral
if necessary

Report when indicated

Further investigation according to
I clinical hypothesis
Repeat CSF PCR / serology

!
l Viral etiology can not be ruled
Rehabilitation and follow-up out complete 14-21 days of
acyclovir

Figure 1

to present unspecific prodromes rather than classic mononu-
cleosis syndrome. Then, clinically it may be difficult to
distinguish EBV encephalitis from other viral encephalitides.
Interestingly, focal abnormalities may be seen in the basal
ganglia on the brain MRl and might help in the differential
diagnosis.'?

Some groups reported the use of acyclovir and ganciclovir
to treat EBV encephalitis, but there is no strong evidence in
the literature to support this approach.

HHV-6

Usually, in HHV-6 encephalitis, patients are below the age
of 2 or immunocompromised, and develop gastrointestinal
symptoms along with ataxia and prolonged convulsions.®
T2WI mesial temporal lobe hyperintensity might be observed
on the brain MRI. CSF-positive PCR results should be con-
firmed through negative serum PCR due to the possibility
of viral DNA integration to the host DNA.? There are no
clinical trials regarding treatment duration and dosing, but
usually ganciclovir and foscarnet isolated or in combination
are indicated to treat HHV-6 encephalitis.?

Algorithm for management of encephalitis/encephalopathy of presumed viral etiology.

Influenza

Influenza encephalitis has variable severity phenotypes. It
may present with mild encephalopathy, malignant brain
edema, or acute necrotizing encephalopathy. Neurologi-
cal symptoms (seizure, altered or loss of consciousness,
decreased cognitive processing speed, motor paralysis or
sensory loss, abnormal behavior) develop approximately two
days after systemic symptoms (fever, myalgia, respiratory
symptoms).?® There is evidence that the H1N1 strain of
influenza A may cause more neurological manifestations
than seasonal flu.°

Brain MRI may help in the differential diagnosis, showing
bilateral thalamic necrosis?’ in severe cases or reversible
lesions on the splenium of the corpus callosum.?® Other
neuroimaging findings can be used to define severity and
prognosis, such as multifocal, symmetrically distributed
brain lesions of the thalamus, cerebral white matter, brain-
stem, cerebellum, and parenchyma.?’ The definite diagnosis
is made by positive viral culture, viral antigen test, or
viral RNA PCR of respiratory secretions, or by significant
increases in the titer of the hemagglutination inhibition
test.3°
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As it has been reported that the identification of influenza
in the CSF is infrequent, it is not clear if the encephalitis
occurs due to direct CNS infection or by cytokine release.?”
Usually, treatment with amantadine and/or oseltamivir is
indicated.

Arbovirus encephalitis

Arbovirus infections associated with encephalitis are trans-
mitted to humans by arthropods. In Brazil, the most relevant
arboviruses causing encephalitis are flaviviruses (dengue and
Zika virus) and alphavirus (chikungunya virus).

It is difficult to differentiate dengue encephali-
tis from encephalopathy caused by systemic metabolic
complications secondary to the infection. Encephalitis is
defined by the identification of the virus in the CNS through
PCR, IgM CSF positivity, or NS1 antigen in the CNS along
with CSF pleocytosis.>’ However, Soares et al.*? reported
that most patients with CNS infection confirmed by PCR did
not have CSF pleocytosis. In their prospective cohort dengue
was the most common cause of encephalitis in adults and
adolescents.

For Zika virus encephalitis, there are only few case
reports of encephalitis associated to acute viral infection.
Those reports have described brain MRl abnormali-
ties characterized by cortical edema®® and hyperintense
T2WI lesions in the cortical and subcortical white
matter.*

Chikungunya encephalitis is more common in infants
under 1year of age, with a case-fatality rate of 16.6%.3°
No specific MRI finding has been identified yet. In clin-
ical studies, chikungunya viral RNA or positive IgM in
the CSF have been used to define chikungunya-associated
encephalitis.®

Measles encephalitis

Even though measles was declared eliminated from the
Americas in 2016, recently another outbreak of the disease
has begun. Thus, it is important to recognize possible neu-
rological complications of the measles infection. Measles
encephalitis may be characterized by mild symptoms, with
brain MRI showing reversible lesions on the splenium of
the corpus callosum. However, these MRI findings may
also be found in influenza encephalitis, as mentioned
above.3

However, one severe fatal complication of measles is
the subacute sclerosing panencephalitis. This is especially
important in the differential diagnosis of autoimmune
encephalitis. It usually occurs in immunocompetent individ-
uals who acquired the infection before vaccination, causing
widespread CNS demyelination and neuronal loss.’”3¢ The
neurologic symptoms (intellectual deterioration, person-
ality changes, and behavioral abnormalities, weakness,
rigidity, myoclonus, and autonomic failure) occur six to
11years after the primary infection, and they are associ-
ated with the persistence of the virus in the brain. The
diagnosis is confirmed by the presence of measles anti-
bodies in the CSF.*® No therapy is considered curative for
this condition and the only way to prevent it is through
vaccination.

CMV encephalitis

Although CMV encephalitis is more frequent in immuno-
compromised patients, it should be considered in patients
under 6 months of age with new-onset seizures, fever,
poor-feeding, and CSF protein elevation.** To confirm the
diagnosis, either CSF PCR or IgM can be used; however, PCR
appears to be more sensitive. The indicated treatment is
ganciclovir for four weeks.>’

Differential diagnosis

Viral encephalitis can be suspected by clinical history,
physical examination findings, and epidemiological infor-
mation. Travel history may also give clues to the viral
or alternative etiology (e.g., subacute and chronic clini-
cal evolution for mycobacteria and fungi, animal contact
for fungi and bacteria, suspected food for bacteria and
parasites, geographic location for endemic infections).
During the diagnosis workup, they may be differenti-
ated from other infectious encephalitides by general
CSF and blood laboratory findings (e.g., neutrophilic CSF
predominance in bacterial, positive blood cultures), as
well as specific detection of viral particles by PCR or
antibodies.

Nevertheless, the most challenging differential diagnosis
in the pediatric age group is between viral encephalitis and
immune-mediated inflammatory CNS diseases such as acute
disseminated encephalomyelitis (ADEM) and autoimmune
encephalitis. Both viral and ADEM/autoimmune encephalitis
can present subacutely, with CSF lymphocytic predomi-
nance, and systemic prodromal syndromes (mild respiratory
symptoms, fever, myalgia).

ADEM patients have encephalopathy with or without
focal symptoms, usually associated with previous history
of vaccination or infection in the previous two months.
The brain MRl may reveal diffuse, bilateral, poorly defined
T2WI hyperintense lesions with involvement of white matter
and deep grey matter.“’ Lesions are usually formed at the
same time, so all may (or may not) show contrast enhance-
ment. Most patients have a monophasic disease, but a few
patients with ADEM-like presentations may have recurrent
disease.

The increasing recognition of immune-mediated
encephalitis is also important in the differential diag-
nosis of infectious encephalitis. Autoimmune encephalitis
has specific clinical phenotypes according to the specific
autoantibody. The most relevant autoimmune encephalitis
in the pediatric age group is anti-N-methyl-D-aspartate
receptor (anti-NMDAr) encephalitis, which might present as
worsening of neurologic symptoms after HSV encephalitis.
In these cases, the autoimmunity is probably due to the
immune response to neuronal surface antigens released
during infection of the CNS.*' Another relevant autoim-
mune encephalitis in the pediatric age group is the GABAa
encephalitis, which usually presents with seizures and
has specific brain MRI findings.*' A better understanding
of these disorders will help clinicians to understand the
interfaces between infections and immune responses that
may drive neuroinflammation by over-activation of the
immune system.
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Conclusions

Viral encephalitis is the most common cause of encephali-
tis in children and adolescents. All possible efforts should
be made to establish the specific diagnosis using epidemi-
ological information, clinical presentation, and ancillary
tests. The differential diagnosis is not restricted among
different viruses, but also includes other infections and
immune-mediated inflammatory CNS disorders like ADEM
and autoimmune encephalitis.

In order to increase the likelihood of positive results for
a specific virus, it is important to know the best approach
to collecting samples and to choose the best identifica-
tion technique for each virus. Further studies are required
to investigate defective mechanisms of defense against
pathogens that might be genetically determined.

Treatment for specific viral etiologies may be initiated as
soon as possible, and sometimes, when there is a high level
of suspicion, empirical antiviral treatment is reasonable
until etiologic confirmation is possible. Further research is
also required to develop new therapies for unmet medical
needs like arboviral and enterovirus infections.
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