Chapter 47 )
Encephalitis

Check for
updates

Marios Lampros, Georgios Alexiou, and Neofytos Prodromou

47.1 Introduction

Inflammation of cerebral parenchyma (or Encephalitis) is a relatively rare disease
associated with a high mortality rate if left untreated. The introduction of antiviral
regimens against herpes simplex virus (HSV) such as acyclovir, the increase in the
number of immunosuppressed patients, the implementation of widespread vaccina-
tion for diseases such as mumps have caused significant alterations in the epidemio-
logical landscape and the management of patients with encephalitis [1, 2]. The risk
for encephalitis development is probably higher in the pediatric age group, while
different pathogens are observed among different age groups. Currently, new types
of auto-immune encephalitis such as Anti-N-methyl-D-aspartate receptor (anti-
NMDAR) encephalitis have been recognized. In this chapter, we discuss epidemio-
logical, clinical, imaging, and treatment features of pediatric encephalitis and the
association of encephalitis with common neurosurgical conditions [3, 4].

47.2 Epidemiology

The epidemiology of encephalitis in the pediatric population is not well described
due to a lack of prospective studies in the literature. An incidence ranging from
2-10/100.000 cases has been reported, while the incidence is probably higher in
infants. The mean age of children with encephalitis is approximately 6 years. No
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significant sex predilection has been observed [5, 6]. The implementation of vacci-
nation programs against viruses such as measles, rubella, polio, and mumps has
eliminated the encephalitis associated with these pathogens, which consisted a sig-
nificant cause in the past [7]. Despite that, these diseases should be suspected in
unvaccinated children with symptoms of encephalitis. Moreover, the spread of
Human Immunodeficiency Virus (HIV) and the use of immunosuppressive or che-
motherapeutic regimens in patients receiving transplantation or in patients with can-
cer respectively have caused a significant increase in the number of
immunosuppressive patients. These patients are at high risk of encephalitis from
herpesviruses (HSV1-2, CMV, EBV, HHV 6-7) [8, 9] Epidemic outbreaks (local or
national) of encephalitis are usually associated with infections from arboviruses or
enteroviruses [10, 11]. The seasonal distribution of encephalitis is not sufficiently
studied. However, some authors suggest the use of oseltamivir as a part of the initial
empirical regimen in patients with encephalitis during periods of seasonal (winter
months) flu outbreak [12].

47.3 Aetiology

The complete understanding of pediatric encephalitis etiology remains unclear,
with viral agents being the responsible pathogen in approximately 60—80% of the
cases. Table 47.1 summarizes the main causes of encephalitis in children and their
treatment. The cause of encephalitis is not identified in more than one-third of cases
of encephalitis despite extensive laboratory testing [5, 6]. Contrary to adult enceph-
alitis where HSV-1 is the leading cause, a wider spectrum of pathogens is involved
in children. Despite that, HSV-1 remains a remarkable cause and accounts for
5-15% of pediatric encephalitis cases. The leading pathogens of pediatric encepha-
litis are Varicella-Zoster Virus (VZV), respiratory viruses and enteroviruses, which
account for 20% of encephalitis cases each. Other viruses associated with encepha-
litis are adenoviruses, Cytomegalovirus (CMV), Human herpesvirus (HHV) 6-7,
Epstein—Barr virus (EBV), with immunosuppressed patients being at greater risk
for developing encephalitis from these viruses [6]. Arboviruses such as West-Nile
Virus (WNV) and Japanese Encephalitis Virus (JEV) are other causes of viral
encephalitis and are associated with epidemic outbreaks [13, 14]. Measles, mumps,
rubella, and chickenpox should be considered a cause of encephalitis in unvacci-
nated children.

Bacterial encephalitis accounts for 10-30% of pediatric encephalitis cases and
may affect solely the cerebral parenchyma or occur as meningoencephalitis.
Mycobacterium tuberculosis (M. tuberculosis), Mycoplasma pneumoniae (M. pneu-
moniae), and Listeria monocytogenes (L. monocytogenes) are the leading causes of
bacterial encephalitis in children. Nonetheless, a wide spectrum of bacteria have
been reported as a cause of encephalitis including Streptococcus pneumoniae
(S. pneumoniae), Neisseria meningitidis (N. meningitidis), Borrelia burgdorferi
(B. burgdorferi), Bartonella quintana (B. quintana) [6, 15]. An increased incidence
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Table 47.1 Summary of the main causes of encephalitis in children and their treatment

Type of Significant
encephalitis causes Treatment
Viral VZV Acyclovir
HSV-1 Acyclovir®
Enteroviruses Ribavarin or intravenous immunoglobulins
Respiratory Oseltamivir
viruses
EBV Acyclovir
CMV Ganciclovir, Valganciclovir, Foscarnet, Cidofovir
HSV-2 Acyclovir®
WNV Supportive
JVE Supportive
HIV Anti-retroviral
Bacterial M. tuberculosis | Anti-tubercular
M. pneumoniae | Azithromycin
L. Amoxicillin
monocytogenes
S. pneumoniae Ceftriaxone
N. meningitidis | Ceftriaxone
B. burgdorferi Ceftriaxone
B. quintana Doxycycline
Fungal C. neoformans Amphotericin B or fluconazole
Parasitic T. gondii Sulfadiazine and pyrimethamine
Auto-immune ADEM Corticosteroids, i.v. immunoglobulin
Anti-NMDAR Corticosteroids, i.v. immunoglobulin, removal of the
ovarian teratoma in women
Rasmussen Unknown Corticosteroids, plasmapheresis, iv immunoglobulin, or

functional hemispherectomy

Varicella-Zoster Virus (VZV), Herpes simplex virus (HSV), Cytomegalovirus (CMV), Human
herpesvirus (HHV) 67, Epstein—Barr virus (EBV), West-Nile Virus (WNV), Japanese Encephalitis
Virus (JEV), Human Immunodeficiency Virus (HIV), Acute Diffuse Encephalomyelitis (ADEM),
Anti-N-methyl-D-aspartate receptor (anti-NMDAR), Mycobacterium tuberculosis (M. tuberculo-
sis), Mycoplasma pneumoniae (M. pneumoniae), Listeria monocytogenes (L. Monocytogenes),
Streptococcus pneumoniae (S. pneumoniae), Neisseria meningitidis (N. meningitidis), Borrelia
burgdorferi (B. Burgdorferi), Bartonella quintana (B. quintana), Toxoplasma gondii (T. gondii)
and Cryptococcus neoformans (C. neoformans)

*Absolute indication to reduce mortality

of encephalitis associated with Chlamydia pneumoniae (C. pneumoniae) has been
reported in recent years [16]. Fungi and parasites are known causes of encephalitis
in immunosuppressed patients, but in pediatric series, very few reports of such cases
exist. Common pathogens included in this category are Toxoplasma gondii (T. gon-
dii) and Cryptococcus neoformans (C. neoformans) [17]. Naegleria fowleri enceph-
alitis should be suspected when the patient has a current history of swimming in
lakes and is associated with a high mortality rate [18].
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Although infective encephalitis is the most common form of encephalitis, many
autoimmune causes of encephalitis have also been identified [19]. ADEM is prob-
ably the most common form of non-infective encephalitis. It is a demyelinating
disease that shares clinical and imaging features with Multiple Sclerosis (MS) and
is a type of anti-MOG associated encephalomyelitis. ADEM typically occurs after a
viral infection (e.g. VZV, EBV, CMV, Enteroviruses, COVID-19) or very rarely fol-
lowing vaccinations and bacterial infections (e.g. M. pneumoniae) [4, 20, 21]. Anti-
NMDAR encephalitis is another typical encephalitis that occurs in children and may
account for 30-50% of all autoimmune encephalitis cases. Auto-antibodies against
the GIuN1 subunit of NMDAR are detected and it has been associated with HSV-1
infection. Moreover, it is associated with the existence of ovarian teratoma in
approximately 30-50% of the cases in women [19, 22, 23]. Other antibodies that are
associated with encephalitis are anti- Gamma Amino Butyric Acid (GABA)
Receptors, anti-glutamic acid decarboxylase (GAD) in limbic encephalitis, and
voltage-gated potassium channel (VGKC)-protein complex antibodies. Despite
that, 60% of autoimmune encephalitis are seronegative and different criteria have
been proposed for their diagnosis [5, 19, 24, 25]. Rasmussen encephalitis is another
possibly immune-mediated encephalitis associated with chronic seizures in chil-
dren. This encephalitis in particular is of neurosurgical interest because the definite
treatment is functional hemispherectomy [26].

47.4 Clinical Manifestation

Approximately 60% of patients with encephalitis usually have a prodrome period of
flu or diarrheal syndrome. The prominent clinical feature of encephalitis is the
occurrence of encephalopathy (altered consciousness or behavioral changes)
together with fever. Focal deficits, hemiparesis, and seizures may typically be
observed in patients with encephalitis [5, 6]. Meningism (headache, neck stiffness,
photophobia) is suggestive of meninges involvement and thus of meningoencepha-
litis usually associated with bacterial infections. Clues that facilitate in the differen-
tial diagnosis from other Central Nervous System pathologies such as tumors
include the onset of acute symptoms, the presentation of fever, a recent history of
viral infection, or recent vaccination (in ADEM). Limbic encephalitis is usually
immune-mediated or paraneoplastic and affects structures of the limbic system (e.g.
temporal lobe, amygdala, hippocampus), and patients usually occur with loss of
short-term memory, seizures, confusion, hallucination, or other psychiatric distur-
bances. Rasmussen encephalitis is an exceedingly rare type of encephalitis that typi-
cally affects one cerebral hemisphere of children and occurs with seizures and loss
of functions of the affected hemisphere (e.g. hemiparesis, hemianopia, cognitive
impairment) [26]. The onset of hydrocephalus in encephalitis without the involve-
ment of meninges is very uncommon. In the majority of cases, the hydrocephalus
concerns patients who have bacterial meningoencephalitis and is treated with an
external or ventriculoperitoneal (VP) shunt [27].
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47.5 Diagnosis

Encephalitis is generally defined as the onset of encephalopathy of at least one-day
duration, as well as exclusion of other pathologies that could explain the patient’s
clinical picture, with additionally two or more of the following criteria [28, 29]:

e Fever

e CSF pleocytosis (more than 4-5 white cells per mm?).

* Seizures or neurological deficits that cannot be attributed to other conditions.

* Imaging findings suggestive of encephalitis.

e Electroencephalography (EEG) findings suggestive of encephalitis (slow waves-
high amplitude).

Features from the patient’s history that may assist in the encephalitis diagnosis is
a recent history of flu or gastroenteritis, bacterial infections associated with enceph-
alitis, recent vaccinations, known local epidemic waves of viruses related to enceph-
alitis (e.g. WNV, JEV), and the existence of any known immunodeficiency (e.g.
HIV infection). However, as previously discussed, the cause of encephalitis will not
be identified in approximately half of the patients.

CSF puncture is the most important initial test that should be performed in any
patient with a suspicion of encephalitis. Nevertheless, it is important to exclude any
possible signs of raised intracranial pressure (ICP) prior to the procedure due to the
risk of brain herniation. Clinical features that raise a concern for elevated ICP is
papilledema, seizures, and decreased level of consciousness. In these patients, a
Commutated Tomography (CT) scan should be performed to evaluate ICP before
the lumbar puncture. CSF findings that suggest encephalitis are pleocytosis (more
than 5 cells per mm?) with most of them being lymphocytes. Glucose and protein
levels are usually within the normal range in contrast to cases of bacterial meningi-
tis where glucose levels are low and protein levels are increased [30]. Despite that,
low glucose levels and increased protein levels are observed in bacterial, fungal, or
protozoal encephalitis (or meningoencephalitis). Polymerase Chain Reaction (PCR)
of CSF is performed in all cases with suspicion of encephalitis to detect HSV1-2,
VZV, HIV, CMV, HHV 6-7, (Para) Influenza, and Enteroviruses in accordance with
the patient’s history and the CSF is usually sent for bacterial and fungi cultures. It is
important for the clinicians to note that the PCR analysis of CSF may be negative in
the first 2 days of the infection. Thus, a single negative result does not exclude an
infection. Despite that, the sensitivity of the test is very high after the second day
even with the administration of an empirical antiviral regimen [6, 29]. Additionally,
blood, throat, and nasopharyngeal samples are collected for culture, biochemical,
serology, and PCR analysis for the common pathogens of encephalitis. Serology is
commonly utilized to detect an increase in the title of IgM antibodies, or a new
increase in the title of IgG antibodies which may facilitate the diagnosis. Stool sam-
ples may be collected to detect enteroviruses [5, 6].

Clinically, the differential diagnosis between autoimmune and infectious enceph-
alitis is challenging and cannot be based on the patient’s clinical presentation. In
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both types of encephalitis, fever and a prodrome period of flu-like symptoms may
be observed, but in autoimmune encephalitis, the fever is usually developed later in
the progression of the disease. In autoimmune encephalitis, and especially in
encephalitis associated with NMDAR, psychiatric symptoms and behavioral altera-
tion are more prominent than in infective encephalitis, while in encephalitis associ-
ated with anti-GABA Receptors (GABA-R) seizures are usually the prominent
feature. Auto-immune encephalitis is very rare in immunosuppressed individuals
[31]. The typical serological workup for auto-immune encephalitis in children
includes autoantibodies test for NMDAR, GABA-R, VGKC-protein complex,
GAD, MOG (in ADEM), and Leucine-rich glioma inactivated 1 (LGI-1). Despite
that, approximately 30-50% of autoimmune encephalitis will be seronegative and
their diagnosis is mainly guided by the exclusion of any other known causes of
acute encephalitis [19].

47.6 Imaging

Although neuroimaging is typically not diagnostic of encephalitis, it is the most
important examination to exclude other intracranial or other CNS pathologies. At
the time of admission, a brain CT scan will be performed in the majority of patients
to evaluate a possible contradiction for lumbar puncture (increased ICP or hernia-
tion) [30]. Additionally, in the initial CT, the presence of a hemorrhagic stroke or
space-occupying lesions (e.g. abscesses, neoplasms) can be evaluated. Brain
Magnetic Resonance Imaging (MRI) is the neuroimaging examination of choice to
evaluate a patient with suspected encephalitis. Generally, encephalitis’ lesions dis-
play high signal in T-2 weighted images and restricted diffusion in Diffusion-
Weighted Images (DWI). In HSV-1 the middle temporal lobes, insular cortexes,
inferolateral frontal lobes, and limbic system structures are usually affected bilater-
ally, while HSV-2 affects diffusely the brain parenchyma. In children, extra limbic
lesions are not uncommon. The main differential diagnoses that should be consid-
ered are low-grade gliomas, gliomatosis cerebri, and limbic encephalitis (unusual in
children). In VZV, the cerebral cortex, the cerebellum, and basal ganglia are usually
affected, while areas with hemorrhages may be observed [32].

With the exception of ADEM and probably limbic encephalitis, most types of
autoimmune encephalitis have no specific imaging findings, and in many cases the
initial brain MRI does not display any pathological feature. In ADEM the prominent
feature is the presentation of tumefactive demyelinating lesions with high signal in
T2-WI bilaterally in the brain and the spinal cord. These lesions display little to no
mass effect even though many of them can be large in size [33]. After Gadolinium
(Gd) administration, a ring enhancement of the lesion may be observed in
T1-WI. Differential diagnoses for ADEM include MS (dissemination in space and
time), Hurst disease, lymphomas, high-grade gliomas (Anaplastic astrocytoma and
Glioblastoma). The absence of mass effect and the prominent involvement of the
white matter are the key imaging features that assist in the differential diagnosis
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from brain neoplasms [34]. NMDAR associated encephalitis usually appears with
no lesions in MRI in the initial imaging, and if present the findings are atypical and
presented as areas with high signal in T2-WI [35].

47.7 Treatment

At the time of the admission, the pathogen of encephalitis is usually unknown and
an empirical regimen is administrated against the pathogens of encephalitis associ-
ated with a high mortality rate (HSV 1-2) and against the common pathogens of
bacterial meningitis (N. meningitides, S. pneumoniae, H. influenza), especially in
cases where the patient presents symptoms of meningism. Infection from HSV-1
and HSV-2 is highly lethal with approximately 80% mortality rate if left untreated,
and thus it is of crucial significance to cover the patients with an anti-viral regimen
as early as possible [30].

Ideally, a lumbar puncture should be performed immediately after the clinical
suspicion of encephalitis, but if the lumbar puncture is delayed more than 6 h a
treatment regimen that includes acyclovir should be administrated. The anti-viral
regimen of choice for HSV and VZV encephalitis is intravenous (iv) acyclovir.
Oseltamivir may be co-administrated in the flu seasons. The UK protocol of pediat-
ric viral encephalitis management suggests the use of iv acyclovir for 2 weeks (or
3 weeks in immunosuppressed), and evaluation of CSF with PCR at the end of treat-
ment. If the virus is still detected in the CSF, acyclovir should be continued for one
week. The circle of weekly acyclovir treatment is continued until HSV/VZV is not
detected in CSF [30, 36]. If evidence of meningism is present, ceftriaxone is admin-
istrated to cover the bacterial causes of meningitis. Moreover, if the patient’s history
set a suspicion of other causes of encephalitis such as recent pneumonia with
M. pneumoniae, consumptions of contaminated products (eg. infection from
L. monocytogenes), a recent tick (eg. Lyme disease) or tuberculosis, the empirical
regimen should be modified with the addition of appropriate antibiotics for each
pathogen [5, 29]. An anti-fungal and anti-protozoal regimen may be considered in
patients with HIV infection if low glucose and high protein levels are present in
CSF. A specific protocol for the treatment of auto-immune pediatric encephalitis in
children has not been established. In the majority of the cases, corticosteroids are
the first-line treatment. Alternative treatments include the use of intravenous immu-
noglobin and plasma exchange. In women with NMDAR encephalitis associated
with a teratoma, removal of the teratoma can lead to a full recovery in approxi-
mately 60-70% of the patients [19].

Neurosurgical intervention is usually not required in patients with infectious
encephalitis. A call for neurosurgical evaluation is required in cases of hydrocepha-
lus development. In these cases, a VP or external CSF shunt may be required. Risk
factors for the onset of hydrocephalus development include cases of mumps enceph-
alitis, bacterial meningoencephalitis, signs and symptoms of meningism, and recur-
rent seizures (especially status epilepticus). An additional role of the neurosurgeon
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in cases of encephalitis used to be to obtain a brain biopsy in cases where the diag-
nosis cannot be established with the conventional laboratory and imaging methods.
However, the introduction of PCR in clinical practice has eliminated the need for a
brain biopsy in encephalitis diagnosis [5]. Finally, in the case of Rasmussen enceph-
alitis which does not respond to conservative treatment with corticosteroids, plas-
mapheresis or iv immunoglobulin, a functional hemispherectomy may be needed to
control the seizures and to improve patients’ quality of life [26, 35].

47.8 Prognosis

Despite the application of novel treatment protocols and the use of acyclovir, the
mortality rate of infectious encephalitis remains high and ranges from 10-30%. The
younger age of affected children and infection from HSV1 and HSV-2 are possibly
the most significant risk factors for survival. Severe neurological sequelae such as
seizures, truncal ataxia, hemiparesis, behavioral disorders, and quadriplegia may be
observed in 10-20% of children [6]. In ADEM and encephalitis associated with
NMDAR antibodies, the mortality rate is lower (5—15%). Nevertheless, the morbid-
ity remains high, and moderate to severe neurological impairments are observed in
approximately 20% of children after the treatment [37-39].
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