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Abstract

For most clinicians managing a patient with encephalitis will be an infre-
quent event. The range of differential diagnoses in a child presenting with
a clinical syndrome that could be encephalitis is broad. In addition, there
are many pathogens that can cause encephalitis. In view of these facts, a
systematic approach to clinical assessment, investigation and treatment,
based on epidemiology and an understanding the limits of investigations,
is crucial to effective management of this condition. This review focuses
on encephalitis aetiology and investigation; HSV encephalitis; myco-
plasma encephalitis; and flavivirus encephalitis as a globally important

cause of disease.

10.1 Introduction

Encephalitis presents several challenges to the
clinician. Firstly. the presenting signs and symp-
toms of central nervous system (CNS) disease
(e.g. altered consciousness/behaviour, seizures,
focal neurology) and infection (e.g. fever, rash)
are common to a wide variety of non-infectious
and infectious conditions which are hard to
distinguish on clinical grounds alone. Secondly,
the pathogens able to cause encephalitis are
numerous. Finally, at presentation children are
usually becoming progressively more unwell and
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may have significant neurological and respiratory
compromise for which timely intervention and
support will prevent secondary damage.

In view of these facts a systematic approach to
clinical assessment, investigation and treatment,
based on epidemiology and an understanding
the limits of investigations, is crucial to the
effective management of this condition. This short
review will focus on encephalitis aetiology and
investigation, HSV encephalitis (due to its preva-
lence and the existence of treatment), mycoplasma
encephalitis (frequently implicated in encephalitis
but for which there are significant uncertainties
around pathogenesis and treatment), flavivirus
encephalitis (as a globally important cause of dis-
ease) and ‘Louping ill’ (out of local interest).

Several comprehensive reviews of childhood
encephalitis have been published recently [1, 2]

N. Curtis et al. (eds.), Hot Topics in Infection and Immunity in Children IX, 133
Advances in Experimental Medicine and Biology 764, DOI 10.1007/978-1-4614-4726-9 10,

© Springer Science+Business Media New York 2013



134

and recommendations on investigation and man-
agement produced in the US and UK [3, 4].

10.2 Regional Epidemiology
Together with a History of
Travel, Immunisation Status,
Immune Compromise and
Animal Exposure Guides Initial
Investigation

Although viral causes are most common, enceph-
alitis or encephalitis-like syndromes can also
be caused by bacteria, mycobacteria, fungi and
parasites.

UK and North American studies demonstrate the
importance of the following pathogens in childhood
encephalitis (treatable causes are underlined) [5-7]:

1. Herpes viruses (HSV, VZV, EBV)

2. Respiratory viruses (e.g. influenza, para-influenza,
adenovirus)

3. Enteroviruses

4. Mycoplasma pneumoniae

A history of travel, lack of immunisation, immune

compromise and animal exposure extends this list

to include:

5. Lack of immunisation—Measles, mumps

6. Travel—Arboviruses (e.g. Japanese encephalitis,
West Nile virus, tick borne encephalitis; St Louis
encephalitis)

7. Immunocompromise—HIV, Listeria. Toxoplasma,
CMV, HHV6. JC, Cryptococcus

8. Animal exposure—Borrelia burgdorferi, Rabies,
Bartonella henselae (Cat-scratch disease)

HSV herpes simplex virus, VZV Varicella Zoster virus,
EBV Epstein Barr virus, HIV human immunodeficiency
virus, CMV cytomegalovirus, HHV6 human herpes virus 6

Other pathogens may cause clinical syndromes
very similar to encephalitis and these, although
usually considered separately, are an important
consideration in the differential diagnosis of
treatable causes. Such pathogens include; bacteria
causing meningitis (or a meningo-encephalitis)
such as Streptococcus pneumoniae, Neisseria
meningitidis and Haemophilus influenzae; Plas-
modium falciparum causing malaria; Mycobacte-
rium tuberculosis causing TB meningitis.
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The relative importance of these pathogens
varies by region of the world and season [8].
In central, northern and eastern Europe, tick
borne encephalitis is the a prevalent pathogen
associated with encephalitis. In areas of South-
East Asia, such as Vietnam, Japanese encephalitis
predominates. Such is the importance of tick
borne encephalitis and Japanese encephalitis in
these regions that in some countries, vaccines
against these pathogens are part of the routine
immunisation schedule.

Whilst not exhaustive, the above list, com-
bined with a full history, allows investigation for
the pathogen causing encephalitis to be focused
on the most likely organisms. However it is
important to note that even with extensive inves-
tigation no definite pathogen is identified in a sig-
nificant proportion of cases [5, 9, 10].

Of the many organisms causing encephalitis
only a limited number have specific treatment
(these are highlighted in the list above). Despite
the prevalence of arboviruses in many regions
of the world there is currently little to support
specific treatment for any of these organisms.
There is a single case report of an individual
surviving rabies associate with a specific intensive
care unit based treatment protocol but this is the
exception and has not been replicated [11].

10.3 Initial Investigation and
Empirical Treatment should be
Focussed on Non-infectious
Differential Diagnoses
Together with Common or

Treatable Infectious Causes

The extent of investigation will depend on
resources available and region. Confirmation
of encephalitis is based on the combination of
findings from cerebrospinal fluid (CSF) micros-
copy, CNS imaging, identification of a specific
pathogen (e.g. HSV from CSF PCR) and in some
cases EEG. The importance of investigation for
non-infectious causes lies in the lack of speci-
ficity of the initial presenting clinical syndrome
and the wide variety of other treatable causes
(Table 10.1). Various guidelines have been
published and the list of first-line investigations
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Table 10.1 Non-infectious differential diagnoses for
children presenting with possible encephalitis. (Adapted
from Long 2010 [2]) (With kind permission from Springer
Science + Business Media B.V.)

Non-infectious,
para-infectious and
autoimmune

Reye syndrome

Acute disseminated
encephalomylitis

Acute necrotizing encephalopathy
Neoplasia Primary or metastatic
Paraneoplastic diseases
Cerebrovascular Ischemic stroke
Subdural/epidural hematoma
Vasculitis

Systemic Metabolic conditions
Connective tissue disorders
Drug intoxication

Other Epilepsy
Head injury

Confusion migraine

used in one UK centre, for the child presenting
with encephalopathy which may be encephalitis,
is given here (Table 10.2).

Empirical anti-microbial treatment should
include cover for likely bacterial pathogens caus-
ing CNS infection. In the UK, penicillin would
cover N. meningitidis and most S. pneumoniae,
however the possibility of H. influenzae, Staphylo-
coccus aureus, penicillin resistant S. pneumoniae
and Gram negative pathogens means that a third
generation cephalosporin (eg ceftriaxone) is indi-
cated. For the severely unwell child it is reason-
able to cover Listeria with amoxicillin until the
clinical picture is clearer as, although rare, it is
described in immunocompetent children. High
dose intravenous acyclovir treatment is manda-
tory for any child with suspected encephalitis.
Other treatments depend on the specific history
and risk factors for the individual case.

10.4 HSV Encephalitis is Treatable
but Still Problematic

HSV is the commonest non-seasonal cause of
encephalitis (HSVE) and is treatable. Despite this
HSV often provides the clinician with diagnostic
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and therapeutic dilemmas. The outcome of HSVE
in the pre-acyclovir era was devastating, with a
mortality of 70 % and neuro-disability almost the
rule amongst survivors. In 1986 a comparison of
10 days of acyclovir demonstrated a significantly
improved outcome in comparison to vidarabine
[12]. Of 69 individuals recruited to the trial the
mortality in the 32 randomised to acyclovir treat-
ment was 28 % versus 54 % in the vidarabine
group. Of the survivors, 38 % in the acyclovir
group versus 14 % in the vidarabine group were
‘functioning normally’. In these trials the dura-
tion of treatment was 10 days and there were no
relapses. However one of the authors of this study
noted that ‘many patients were still febrile at the
conclusion of treatment suggesting that a longer
duration of therapy ...may be advisable’ [13].
Relapses of patients treated with acyclovir have
been reported and in addition neonatal trials indi-
cated the improved outcomes of 21 days of treat-
ment versus 10 days (although the latter group
also had a lower dose of acyclovir) [14]. These
factors have led to the current recommendations
for treatment duration of 14-21 days. The major
modifiable factor associated with poor outcome in
HSVE is now delay in starting acyclovir and clini-
cians should have a low threshold for starting acy-
clovir in any child with a compatible syndrome.
Detection of HSV DNA on PCR testing of
CSF is the current ‘gold standard’ of diagno-
sis. However a negative CSF PCR is found in a
number of children in the early stages of disease
(see Table 10.3). Diagnostic work-up should
therefore include an LP at least 72 h after the
onset of symptoms even if this means a repeat LP
for children who presented at <72 h. An impor-
tant issue is that a number of children with sub-
sequently proven HSV will have a normal CSF
white cell count [15]. Whilst scanning is usually
abnormal in HSVE, this may not be the case early
in the course of the illness particularly with CT
[16]. A wide variety of imaging findings have
been described from the classic fronto-tempo-
ral lesions through to more diffuse lesions. The
decision to discontinue acyclovir treatment in a
child with an encephalitis-like illness needs to be
considered in the light of these diagnostic uncer-
tainties and should be based on clinical recovery
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Table 10.2 The investigation of children with unexplained encephalopathy. a Initial investigation and b targeted fur-
ther investigation in relation to risk-factors from detailed history. (Adapted from clinical guidelines at the Children’s

Hospital, Oxford)
A J

Investigation
Radiology  : CT (+/- contrast) or MRI if available

Sedation contraindicated - contact anaesthetist for GA if necessary

Blood : FBC/film, UEs/glucose/Ca/Mg. LF Ts/coags

Blood gas. ammonia (urgent), lactate. amino acids (biochemistry ‘to store’)

Blood culture

Serology (>2ml) for EBV, CMV. Mycoplasma, Lyme, HIV (specific consent required)
CSF : Opening pressure, gram stain, culture, gluc/protein, lactate, PCR (HSV/VZV/Entero/Adeno)
Urine : Culture. organic/amino acids/toxicology (biochemistry “to store”)

Throat swab : PCR (Entero/Adeno)
NPA : PCR (Influenza/Parainfluenza/Adeno/RSV/Entero) only if compatible symptoms

Box | Additional ID investigations

Many uncommon infectious causes of encephalopathy have specific treatments(box 3) and are
important to consider in terms of history of potential risk factors (e.g. travel, animal exposure.
immune compromise, immunisations (MMR)) +/- investigation including;

Immunocompromise
CMV

HHV6

Measles (unvaccinated)
Cryptococcus neoformans
Mycobateria tuberculosis
Toxoplasma gondii

- blood/CSF per

- CSF per

- serology (serum/saliva)

- Cryptococcal antigen (blood/CSF), India ink stain (CSF)
- CSF for AFBs/TB culture

- serology

Travel - country-dependent

Malaria

Rickettsial diseases ( Typhus, spotted fevers)
Rabies if animal bite/ bat exposure
Arboviruses (JE, WNV, TBE)

Measles (unvaccinated)

Mycobaterium tuberculosis (contact history)

- thick and thin film

- serology

- discuss investigation

- serology / CSF per

- serology (serum/saliva)

- CSF for AFBs/TB culture

Animal exposure
Bartonella henselae (cat-scratch)

Rabies if animal bite/ bat exposure

- serology
- discuss investigation

together with (i) normal MRI, (ii) negative CSF
PCR at >72 h post-onset of symptoms and nega-
tive EEG [1]. In practice if all of these investiga-
tions are normal and there is complete recovery
then discontinuing acyclovir around 10 days
may be considered in that the risk of HSVE is
relatively low and a course of treatment has been
given that was shown to be efficacious in the
original trials. If there are significant clinical,
CSF, MRI or EEG abnormalities consistent with

HSVE, and no alternative diagnosis, then a full
21-day course of treatment is warranted despite a
negative CSF PCR [1, 17]. An algorithm to facili-
tate the decision to discontinue acyclovir treat-
ment has been described previously [17] and this
issue is discussed in detail in a recent review of
childhood encephalitis [1].

With sensitive CSF PCR testing, cases of pos-
sible HSVE may be identified in clinical settings
where the illness appears very mild compared to
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Table 10.3 Case series which document the occurrence
of initial negative HSV PCR in individuals with subse-
quent confirmed herpes simplex encephalitis. [15, 39-41]

Study Total Initial
number  negative
with HSV
HSE PCR
Weil et al. [41] 11 3 Negative day
Clin Infect Dis 1-3, positive
day 4-7
Stugahl et al. [40] 10 2 Positive 4-7
Scan J Infect Dis days later
Guffond et al. [39] 22 1 Negative day
Clin Infect Dis 3, positive
day 8
De Tiege et al. 38 8 Negative day
[15] Clin Infect (children) 0-3
Dis

typical HSVE or there are possible alternative
diagnoses [18]. Whilst it has been speculated
that some of these may be reactivation, of what
is a persistent neurotropic virus, identification of
HSV in CSF remains a clear indication for a full
course of acyclovir treatment.

The availability of valaciclovir, a highly bio-
available alternative to intravenous acyclovir, has
prompted some discussion about its role in treat-
ing invasive HSV disease. This is particularly
relevant where a prolonged course of intravenous
treatment requires secure venous access which
in some cases can become more challenging as
treatment progresses. There is a case report of
oral valaciclovir use in one child with confirmed
HSVE during the last week [19] and an uncon-
trolled series of cases from Vietnam treated with
oral valaciclovir [20]. In the latter six individu-
als with confirmed HSVE were treated with oral
valaciclovir and two died (days 2 and 3) whilst
the other four completed treatment. These four
had negative CSF PCRs by day 10 and CSF
aciclovir concentrations were considered to be
therapeutic, although levels fell with increasing
duration of treatment. At present this agent can-
not be recommended at any stage of treatment of
HSVE.

Even with acyclovir there are still significant
sequelae to HSVE and adjunctive treatments
have been considered. Steroids have been associ-
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ated with clinical recovery in some case reports
[21] and improved outcomes in some case series
[22]. A randomised trial is currently in progress
in Europe [23]. At the present time corticoste-
roids remain of unproven benefit in HSVE.

10.5 Mycoplasma pneumoniae is
Frequently Identified in the
Setting of Encephalitis

M. pneumoniae is a common respiratory tract
infection in childhood and is associated with
a wide variety of neurological complications
including encephalitis. In some studies of
encephalitis M. pneumoniae has accounted for
5-13 % of cases [24, 25]. It’s relative rarity in
other studies may relate to limitations of current
diagnostic methods [26] and also the occur-
rence of disease in cycles (3—4 years in the UK)
longer than most epidemiological studies [27].
The detection of organisms via culture or PCR
in CSF suggests that direct invasion of the cen-
tral nervous system plays an important role in
pathogenesis in at least some individuals [24,
26]. However immunological mechanisms are
likely to be important in many children includ-
ing cases of ADEM [28]. In most centres testing
is limited to serology whose limited specificity
and sensitivity reduces the ability to determine
the role of this agent in encephalitis. In one of
the most detailed case series, PCR identified M.
pneumoniae DNA in CSF, or in throat swabs in
conjunction with positive serological evidence
of infection, in almost 7 % of cases of childhood
encephalitis (11 out of 159 children) [24]. Around
two-thirds of these children had significant neu-
rological sequelae at follow-up. In a further 25 %
of cases of encephalitis there was evidence for a
possible role of M. pneumoniae although many of
these children also had other pathogens detected
as well. Not all children had a respiratory pro-
drome and the lack of such a prodrome was asso-
ciated with the detection of M. pneumoniae by
PCR in the CSF (rather than confirmation by
serology with a negative CSF PCR). Given the
evidence regarding neurological sequelae it is
reasonable to consider empirical treatment for
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M. pneumoniae in settings and seasons where
infection is common. A CNS penetrating agent
should be used and options include azithromy-
cin [29], fluoroquinolones [30] and doxycycline
although there is no definitive evidence for effi-
cacy [3].

10.6 Arboviruses Including Japanese
Encephalitis are Rarely Seen
in the UK but are Globally
Important Causes of Viral
Encephalitis

Arbovirus (Arthropod Borne virus) is a collo-
quial term referring to viruses that are sustained
in cycles of transmission between host vertebrate
species and vector arthropods such as mosqui-
toes or ticks. A number of these viruses can cause
encephalitis in humans, who are usually not the
primary host but an evolutionary ‘dead-end’ for
the virus. The major families of ‘arboviruses’ are
Bunyaviridae (La Crosse virus), Togaviridae (e.g.
Eastern and Western Equine encephalitis and Chi-
kungunya) and Flaviviridae (e.g. Japanese enceph-
alitis, West Nile virus, St Louis encephalitis, tick
borne encephalitis). Globally it is viruses from the
genus flavivirus, within the family Flaviviridae,
which are responsible for the greatest burden of
disease. The combination of vector ecology, host
ecology and virus biology result in very specific
geographic and seasonal patterns for these infec-
tions and the most significant flaviviruses vary by
region. The mosquito-transmitted flaviviruses that
typically cause encephalitis are Japanese encepha-
litis, West Nile virus and St Louis encephalitis.
Although only a minority of infections result in
significant disease, encephalitis is one of the char-
acteristic disease syndromes of these viruses [31].

Japanese encephalitis is estimated to cause
up to 67,900 cases of encephalitis annually [32]
despite the fact that there is an effective vaccine
which has been incorporated into routine immun-
isation programmes in many areas of the world.
This virus is endemic in many areas of Asia and
causes sporadic disease in the western Pacific
and north Australia. Cases are predominantly in
children, with significant neurological morbidity
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and a case fatality rate of 20-30 %. Between
30-50 % of survivors suffer neuropsychological
sequelae. Disease in returning travellers is rare.
Whether this is due to exposure or immunisation
of travellers is unclear but the short incubation
period (5-15 days) reduces the probability of
Japanese encephalitis being a significant consid-
eration except in the first 1-2 weeks after return.
The prevalence of this disease in certain regions
has driven attempts to find an effective treatment
including trials of steroids and interferon-2 alpha
but to date none have been shown to have efficacy
[33, 34]. Effective immunisation programmes of
individuals exposed to infection is the mainstay
of prevention for this disease. For many years
Japanese encephalitis was known as Japanese
B encephalitis although the use of this term has
now mostly lapsed. The origin of this term was as
a distinction from type A epidemic encephalitis
(encephalitis lethargica).

Since the introduction of its mosquito vector
into the US in 1999 West Nile virus has become
an important diagnostic consideration in the
North America [35]. The arrival of this pathogen
to the USA demonstrates the dynamic epidemi-
ology of this virus family related to the inter-
dependence of host, vector and virus. Despite
suggestive experiments in animal models with
immunoglobulin treatment and some human data
there remains no proven treatment for infection
with this virus [36].

Some other flaviviruses rely on tick vectors.
In many areas of central and eastern Europe and
across Russia into China one of several strains
of tick borne encephalitis make up one of the
most common aetiologies of encephalitis [37].
The incidence of disease has been increasing
over recent years perhaps in response to climatic
variables. Several countries in this region include
vaccines against this virus in routine immunisa-
tion schedules.

10.7 ‘Loupingill’:the UK Flavivirus

Many regions of the world have syndromes of
viral encephalitis related to arboviruses sus-
tained in life-cycles adapted to very specific
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local ecologies and the UK is no exception.
The ‘Louping ill’ virus is the only flavivirus
endemic in the UK [38]. It is closely related
to tick borne encephalitis virus. The life-cycle
involves tick vector (Ixodes ricinus) which is
found mainly in areas of rough upland grazing
or moorland. ‘Louping ill’ is an infection of
the nervous system and occurs mostly in sheep
and grouse. Human cases are rare and usually
related to occupational exposure (abattoir work-
ers, shepherds, vets). A range of syndromes have
been described one of which is an encephalitis.
There is no specific treatment and the name
relates to the leaping behaviour of the sheep
which develop symptomatic disease manifest by
‘spring(ing) into the air.’

10.8 Conclusion

For the clinician, managing a child with an
encephalitis-like syndrome a detailed history
(including travel, immunisation status, animal
exposure and evidence of immune-compromise)
will facilitate prompt and effective investigation
and treatment of important causative pathogens.
Despite this, in a significant number of cases
no aetiology will be identified. Key issues in
management are prompt empiric treatment with
antibiotics and acyclovir, consideration of other
likely treatable causes (infectious and non-infec-
tious) and good supportive care.
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