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Abstract

Acute Encephalitis Syndrome (AES) is one of the important health problems in childhood that leads to severe
morbidity, mortality and sequelae. Herpes Simplex Virus (HSV) attributing towards such viral encephalitis carries
importance with respect to its global prevalence challenging pathogenesis and morbidity outcomes. This report
provides a review on several studies on epidemiology, pathogenesis (molecular and immune mechanism), clinical
presentation, diagnosis and treatment related to Herpes simplex encephalitis (HSE) in children. It highlights wide
spread distribution of HSE in children throughout the globe with mortality upto 70% in spite of availability of effective
antiviral agent. In this context early diagnosis is a challenge as early CSF studies and imaging may not provide
confirmatory diagnosis so an empirical treatment of Acyclovir will be of value. The review pointed that LATs play an
important role in molecular modulation but it is still challenging to explain the exact cellular mechanism. The current
antivirals available have shown to be potentially useful in curing symptomatic illness but eliminating neuronal carrier
stage is still an issue of research for drug development. Better understanding of biochemical and immune response
if available can open the scope for use of immunomodulators that can prevent reactivation. This review also focuses

upon challenges in immunopathogenesis and treatment and vaccine development.

Keywords: Herpes simplex virus; Infection; Viral DNA; Lesions;
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Introduction and Epidemiology

Infection due to Heparan Simplex Virus (HSV) was first
documented in Greece where Hippocrates used the term herpes which
mean to creep or cranial herpetic infection defining its spreading
lesion. It was reported by Vidal in 1893 as transmissible from person to
person [1]. HSV is a member of Herpesviridae whose genome is made
up of single large double stranded DNA molecule. The virus is made
up of four components; Viral DNA (152kbp), Icosahedral capsid,
Tegument and Envelope. There are two HSV types manifesting with
neurological symptoms in humans; one is HSV-1 which generally
causes orofacial lesions and other is HSV-II that causes genital lesions.
Human being acts as the only reservoir for HSV infection. Following
entry to the host, these viruses enter into the corresponding neuronal
ganglia (trigeminal ganglia in HSV-I and lumbosacral ganglia in HSV-
II) and establish a latent infection for the whole life [2]. The primary
infection may or may not have symptomatic presentation, but
manifests as reactivations from time to time depending upon stress
(e.g. fever) and hormonal imbalance in the host [3].

HSV infection is endemic throughout the globe and its widespread
distribution has been evidenced by serological investigation indicating
high prevalence of antibody against HSV. Prevalence of HSV-I and
HSV-II has also been observed to vary with geographical location,
socioeconomic status and age [4]. Two to four individuals per million
populations per year are affected by HSV, of which more than 90%
cases are due to HSV-I [5]. HSV-I has a varied clinical presentation;
they  are  herpes  labialis,  keratitis,  gingivostomatitis,
meningoencephalitis, encephalitis and sometimes herpes genitalis [4].

Central nervous system (CNS) infections due to HSV are less
common but they are associated with significant morbidity and
mortality even after antiviral therapy. Neurological involvement in
HSV infections can be categorized as neonatal HSV CNS disease when
it affects neonates and as Herpes Simplex Encephalitis (HSE) in
individuals after the neonatal period.

The incidence of HSE due to confirmed HSV-1 and HSV-2
infections were reported as 1.2 cases per 100,000 inhabitants per year
[5] and is considered the most common cause of sporadic, fatal
encephalitis [6]. The incidence of HSE peaks between the age of 6
month and 3 years, a period during which vast majority of cases are
consequences of primary infection with HSV-1 [5]. HSE can occur as a
primary infection (30%) or it can be caused by a recurrent infection
(70%) and virtually all cases of HSE are caused by HSV-1 [5]. If
untreated, HSE mortality approaches 70% and of those patients who
do survive, significant neurologic morbidity occurs in nearly 97% [7].
More than 90% cases are due to HSV-1 and rests are caused by HSV-2
[8]. After the introduction of Acyclovir (ACV) for the treatment of
HSV, the mortality has been reduced but still 20% deaths and
permanent disability like cognitive and memory impairment is
common [8]. HSE is manifested with an acute or sub-acute illness that
causes both general and focal signs of cerebral dysfunction. Fever,
headache, confusion, behavioral changes, focal neurologic findings are
major clinical manifestations during HSE [9]. Only 10% of the
childhood HSE cases have a prior history of mucosal symptoms like
cold sores or conjunctivitis [10].

Childhood encephalitis due to HSV is rare and its prevalence varies
with geographic location. In an investigation from Japan during
1984-1993, HSV was the third most predominant causative agent of
acute encephalitis [11]. HSV was also the most common cause in an
observational prospective multicentric study conducted in Spain [12].
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A Swedish study during 1992-93 on rapid diagnostic identification in
viral CNS infection indicated HSV-1 as the most prevalent viral agent
[13]. Similarly, in a retrospective study of 170 children aged 1 month to
15 years over a period of 13 years (1979-1991) showed that HSV-1 was
the most common virus (10%) in Slovenia [14]. In China and
Thailand, cases of HSE have been reported to be comparatively less
prevalent [15,16]. Recently, a study of encephalitis in Australia
reported HSV as the dominant cause of infectious encephalitis [17]. By
definition, neonatal herpes simplex disease presents in the first 4 weeks
of life and is almost always acquired by perinatal exposure to HSV.
HSV infection of the neonate is rare with an estimated rate of 1 in
3,200 deliveries which is one-third of cases of neonatal herpes disease
[18]. Long term neurological sequlae in most of the cases and 4%-14%
mortality rate has been observed even after treatment in HSE [19].

Pathogenesis

The HSV-1 cycle starts when the virion gets attached to the
epithelial cells through glycoprotein B (gB) and glycoprotein C (gC) by
interacting with heparan sulphate proteoglycan (HSPG) [20]. Virus
enters by fusing with plasma membrane or formation of endocytic
vesicles. Fusion is mediated through glycoprotein D (gD) and
interaction with cellular receptors. Interaction of cellular receptors
causes conformational changes in gD which results in formation of
multi protein fusion complex of gD and gB along with gH and gL so as
to achieve fusion [21]. Nectin-1 is responsible for entry into neuronal
cell population [22,23]. After fusion of HSV-1 envelope with plasma
membrane, the tegument and nucleocapsid is delivered inside the
cytosol. Tegument proteins here regulate cell process, escape from
immune system and promote viral gene transcription. Tegument
protein VP16 associates with host cell factor-1(HCF-1) in cytosol and
enters into nucleus where VP16/HCF-1 complex binds with octamer
binding transcription factor-1(Oct-1) to form transcription factor
complex which starts transcription of immediate early or a gene [24].
Immediate early (IE) gene product activates transcription of early or
genes that encode for protein necessary for replication of viral DNA.
Structural components of virions are synthesized from expression of Y’
or late genes after completion of viral DNA replication [25]. Different
units of virions are then assembled and released to infect nearby cells.

Virions of HSV-1 enter the neuron through axon and travel in
retrograde direction towards cell body [26]. After reaching nucleus,
viral genome is released into nucleus and circularize so that DNA
synthesis can be started. Such circular DNA has been observed during
viral latency of HSV-1 [27,28]. Inside neuron the virus may follow one
or the other pathway; (a) genomic IE gene may be activated and leads
to productive infection or (b) productive infection may be checked by
the presence of neuronal factor and let the virus enter into latent state
[29-31]. Neuronal susceptibility or resistance to more productive
infection is influenced by presence of different regulatory RNA or
protein [32-35].

Latency and reactivation can be possibly explained by
molecular mechanism as following

The only transcripts readily detectable during latency are the latency
associated transcripts (LATs) [36]. The mechanism behind the latency
is inconclusive. One of the possible mechanisms has been attributed to
the greater distance travelled by virus leading to less availability of
tegument protein at the responding site [37,38]. Another theory
proposes that HCF-1 is sequestered in cytoplasm so that it would not
interact with VP16 inside nucleus [39]. Thus, a combined viral and

host cell factors are probably responsible for establishment of latent
infection of neurons. With some specific stimuli viral gene expression
occurs in ganglia and later in peripheral sites. LATs are a set of co-
linear RNAs transcribed from a locus within the repeat regions
flanking the unique long region of the viral genome [40]. Their
transcription leads to the production of an 8.3 kb minor LAT primary
transcript which is then spliced to produce an unusually stable 2.0 kb
intron which is further spliced to produce an additional stable 1.5 kb
intron [41].Together, these two RNA species are termed the major
LATs. A number of recent studies have identified the presence of
primary micro RNA (miRNA) sequences throughout the HSV-1 and
HSV-2 genomes with the vast majority localized to the LAT locus
[40-46]. LATs are proposed to be important though, are not essential
for latency establishment, maintenance or reactivation [47,48]. The
most consistent inn vivo phenotype associated with LAT-negative virus
mutants has been associated with reduction in the efficiency of virus
reactivation. LATs may repress the lytic gene expression which was
demonstrated in two studies that shown increased abundance of lytic
gene transcripts during acute [49] and latent infection [50] of murine
trigeminal ganglia with LAT deletion mutant. However, within this
region two SRNA species (SRNA 1 & sRNA2) have recently been
discovered [51] and both of these sRNAs were found capable of
inhibiting productive infection in tissue culture but to different extents.
Despite showing only weak repression of virus replication in
comparison with sRNA1, sRNA2 exhibited down-regulation of ICP4
protein accumulation whilst not affecting cognate mRNA levels [52].
Another major observation attributed to the expression of the LATS is
the inhibition of cell death in response to virus infection. A number of
studies have attributed anti-apoptotic functions to the LATs [53]. These
studies demonstrate a functional role in cell survival but a mechanism
by which LAT could exactly produce this outcome, is still lacking.

Role of immune system in infection and disease

Replication in peripheral epithelial cells leads to production and
release of type 1 interferon which activates cells of the innate immune
system. Recruited neutrophils induce apoptosis in infected cells and
phagocytose dying cells. Activated natural killer (NK) cells release
interferon-y and granzymes A and B that induce apoptosis in infected
cells. Dendritic cells (DCs) secrete proinflammatory cytokines; take up
antigen and present viral peptides to cells of the adaptive immune
system. The innate immune response limits viral replication in the
periphery and presents antigen to the naive lymphocytes to activate the
adaptive immune response. It appears that the principal role of B cells
in the immune response to HSV-1 infection is not to produce
neutralizing antibodies but instead to present antigen and secrete
cytokines [54]. Activated CD4+T and CD8+T cells play a pivotal role
in clearing the primary infection. Additionally, CD8+ T cells are also
thought to be important for maintaining the virus in the latent state.

Neuronal invasion and maintenance of infection in nerve
cells

Before invading the nervous system, HSV typically infects and
replicates in somatic cells (such as epithelia). To invade the nervous
system of the host, viral particles enter nerve termini of the PNS and
undergo retrograde transport towards the cell body, where they initiate
a lifelong latent infection [55]. Targeted directional transport of viral
particles in neurons is an integral part of the viral lifecycle and it is
achieved by bidirectional transport of viral particles along axons and
dendrites [56,57] due to polarized nature of neurons [58,59]. In vivo,
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directional spread is likely dependent upon the structure and
connectivity of the neuron cell types that are typically infected. HSV-1
and HSV-2 often establish latent infections in sensory neurons of the
dorsal root and trigeminal ganglia [60]. These neurons are mostly
pseudounipolar and have a bifurcated axon, such that one branch
projects towards the periphery while the other synapses with neurons
of the CNS. Axonal sorting and anterograde transport of newly
replicated particles is thought to proceed down both branches of these
axons [61,62]. Trans synaptic movement of viral particles occurs
routinely from infected PNS neurons into higher order CNS neurons
[63-65]. As evidence of this, HSV genomes are readily detectable in the
CNS of infected rodents and humans [57,66]. Furthermore, Chen et al.
demonstrated that latent HSV-1 and HSV-2 genomes could be
reactivated from mouse brain stem indicating that the CNS can be a
latency site for HSV with the potential to cause recurrent disease [52].
Since HSV-1 gains access to the body of their natural hosts by infecting
epithelial surfaces of the oronasal region, it may also invade the CNS
directly via the olfactory routes [67]. In brains of patients suffering
from herpes simplex encephalitis, immunohistochemical analysis
showed an enrichment of viral antigen mainly in the medial and
inferior temporal lobes, hippocampus, amygdaloid nuclei, olfactory
cortex, insula and cingulate gyrus [68]. This localization pattern would
be consistent with entry of the virus via the olfactory pathway with
spread along the base of the brain to the temporal lobes. However
another possibility is that herpes simplex encephalitis may result from
viral spread from the trigeminal ganglia to the temporal and frontal
cortex which would be consistent with the known site of HSV-1
latency. Further work is needed to understand the molecular factors
that determine the route of HSV neuroinvasion. Casrouge et al
previously reported that autosomal recessive mutations in UNC-93B, a
transmembrane protein located within the ER, render children more
susceptible to herpes simplex encephalitis by disrupting the interferon
(IFN) response pathway [69]. UNC-93B functions by delivering TLR3,
TLR7 and TLR9 from the ER to the endosome. Apart from this, single
gene inborn errors/mutation in TLR 3 dependent induction of IFN
pathway has also been implicated for cause of childhood HSE. These
mutations are either autosomal dominant (AD); UNC93B, TLR3,
TRAF3, TRIF, partial TBK1deficiencies or autosomal recessive AR16;
TLR3, TRIF [70] deficiencies. Few cases having AR STAT1 deficiency
affecting cellular response to IFN [71] and X linked recessive NEMO
deficiency with impaired TLR3 dependent IFN production also been
demonstrated [58].

Clinical presentation

Herpes simplex encephalitis is manifested with acute focal,
necrotizing inflammation and swelling of the brain tissue. In one study
HSV was reported to be the cause of 52% of the focal encephalitis
cases, 25% of the mild cases and none of the diffuse cases. Thus HSV
was majorly associated with the development of focal encephalitis but
is less likely to produce diffuse or non-focal disease. Apart from that,
HSV infection should still be ruled out in patients with mild or
atypical presentations of encephalitis [72]. Patients suffering from
meningitis typically had fever, headache, neck rigidity, altered
sensorium but not focal neurological findings which is generally
overlapping with encephalitis [73]. Range of clinical presentations of
encephalitis in a case series of encephalitis of different aetiology was
assessed in a PCR confirmed study [72] where patients were grouped
into those with focal, diffuse and mild encephalitis. Patients manifested
with focal disease had weakness, sensory abnormalities, aphasia, visual
field defects or cranial nerve palsies and/or focal abnormalities on

neuroimaging studies. Patients with diffuse disease were reported to
have a decreased level of consciousness and neurobehavioural changes,
but did not have focal abnormalities on neurological examination.
Patients with mild encephalitis had preserved level of consciousness
(Glasgow Coma Scale >13) predominantly in comparison to focal and
diffuse groups. HSV was the major cause of encephalitis in this study
being responsible for approximately 37% of cases [72].

Source of HSE in neonatal disease could be difficult to identify as a
history of known maternal HSV disease (genital or occasionally oral) is
not universal and maternal disease may be asymptomatic [10].
Lethargy, poor feeding, irritability, temperature instability or seizures
may be observed in neonates but the diagnosis is made by brain MRI
and Lumber puncture. CSF findings includes pleocytosis (CSF WBC
count >25 cells/ microliter in infants younger than 28 days old and >10
cells/microliter inpatients aged 29-90 days [74]; in conjunction with
positive CSF culture and/or a finding of HSV DNA in the CSE. Sixty
eight percent of these neonates also have skin manifestation (Figure 1).

Diagnosis

Clinical presentation of HSE is similar to a case of acute encephalitis
syndrome and there is no such clear cut clinical presentation or a
group of symptoms for which it can be attributed to HSV-1. This is an
ever persisting enigma and any case of AES is first supposed to be due
to HSV-1 in the absence of any vector borne encephalitis outbreak or
any history pointing toward other viruses.

Mild atypical meningoencephalitis is a syndrome characterized by
meningeal and neurological signs caused by HSV infection/
reactivation. It resolves without sequelae [73,75,76]. PCR has been
used to detect HSV DNA in the CSF of patients who present with such
cases. Patients with radiculomyelitis had also been reported to contain
HSV DNA in their CSF [77,78]. Bell's palsy [79,80], cluster headaches
[81,82], migraines [83] and even common recurrent headaches [84]
had been suggested to have HSV infection or reactivation as a cause.
There is chance that treated cases of HSE have been observed with
chronic granulomatous herpes encephalitis which was misinterpreted
as neoplasm [85]. In addition, patients at risk for chronic HSV
encephalitis could be identified through anti-viral immunity
specifically to HSV-1 with TLR3.

Examination of the CSF

CSF analysis generally had elevated mononuclear cells and protein.
Lymphocytic pleocytosis between 10-500 cells/mm? was reported in
85% of HSE patients; less than 8% of patients with biopsy or PCR-
proven disease had normal CSF cell count [73,86,87]. Elevated protein
(60-700 mg/dl) was found in 80% of patients whereas protein >800
mg/dl was uncommon [86]. In some patients, RBCs (10-500 cells/
mm?) were present or there may be a mild hypoglycorrhachia (30-40
mg/dl glucose). HSV culture from CSF was reported to be very difficult
[88].

Neuro-diagnostic tests

Magnetic resonance imaging (MRI) and EEG are the common
neuroimaging tests used for the diagnosis of HSV infections. Normal
MRI findings had been observed in 10% of PCR-positive patients but
the remainder had temporal lobe abnormalities. In the initial stage of
HSE, MRI generally had abnormal reports showing damage to the
blood-brain barrier, oedema and necrosis in the temporal lobe [72,89].
In addition to that, high signal intensity lesions on T2-weighted images
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in the medial and inferior temporal lobe extending upto insula were
also reported. Abnormalities may be seen on diffusion-weighted or
FLAIR images in case of normal images in conventional MRI [90].
Lesions were rarely been observed in the basal ganglia, brainstem or
cerebellum. Electroencephalography had only limited diagnostic utility
as it shows non-specific slow-wave activity during the first 5-7 days of
illness followed by paroxysmal sharp waves or triphasic complexes

with temporal predominance [91,92]. Some patients did show periodic
lateralizing epileptiform discharges (PLEDs) at a rate of 2-3 Hz
originating from the temporal lobe [93]. PLEDs do not define but they
can be suggestive of diagnosis of HSE. PLEDs may be absent at very
early stage of disease and their absence does not exclude or
significantly reduce the likelihood of HSE. Resolution of EEG
abnormalities does not correlate well with clinical recovery [94].
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Virological diagnosis of HSE

The widespread use of PCR amplification of HSV DNA has
improved our understanding of the signs and symptoms of HSE. It has
also expanded the spectrum of diagnosis in HSV-related infections of
the CNS. Brain biopsy along with virus isolation which has a specificity
of 100% is the accepted standard for diagnosis before the use of PCR.
In most cases of HSE, HSV DNA is present in CSF and can be detected
by PCR [95-97]. In two very important studies to date, PCR of CSF was
compared with brain biopsy (98) and brain biopsy was compared with
intrathecal HSV antibody assay [96]. The first investigation shown CSF
PCR was positive in 53 of 54 patients (98%) with biopsy-proven HSE
and negative in 94% of biopsy-negative cases. Based on this study, PCR
has a sensitivity of 98%, specificity of 94%, a positive predictive value of
95% and a negative predictive value of 98% [98]. In other study, a series
of 43 HSE cases were tested by HSV in brain biopsy or necropsy and/or
intrathecal HSV IgG antibody production and in 60 patients with acute
febrile focal encephalopathy (first suspected to be HSE but excluded by
the absence of intrathecal HSV antibody synthesis), 238 CSF samples

were tested. HSV DNA was detected in 42 of the 43 patients with HSE,
all but one was positive in the first CSF and all the control subjects
were PCR negative [96]. The results of CSF HSV PCR should always be
evaluated with pre-test likelihood that a patient has HSE. In patients
with a low prior probability of HSE, a negative CSF HSV PCR result
reduces disease likelihood to <1%. However, in patients with a high
prior probability of HSE (e.g. an individual with typical EEG and MR
findings and a CSF pleocytosis), a negative test only reduces disease
likelihood to ~5%, but does not exclude it completely. It is therefore
important to consider these issues carefully when deciding
continuation of antiviral therapy based on PCR results. It has recently
been reported that false-negative CSF PCR tests may occur when PCR
is performed within 72 h after onset of symptoms. These are cases
where it may be justified to continue antiviral therapy. Porphyrin
compounds derived from the degradation of haeme of erythrocytes
may also cause false-negative CSF HSV PCR result [96]. As a result
negative PCR results in bloody CSF specimens should be carefully
interpreted. HSV DNA is detectable by PCR in the CSF for at least 1
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week after symptom onset in most patients with HSV-related infection
of the CNS (99). In one study, 100% PCR positivity was reported when
CSF was collected within 10 days after onset of symptoms, 30%
positivity for samples collected between 11-20 days and 19% for
samples collected between 21-40 days [99]. The European guidelines
suggested that isolation of virus from brain biopsy tissue should be
replaced with PCR of CSF and subsequently by antibody assay for
diagnosis of HSE [100]. Though HSV PCR is sensitive and specific but
should be done in the late phase as early CSF collection has led to
negative result as reported in one of the study [101]. The real-time PCR
assay (TagMan) is more sensitive, specific, fast and eliminates the
hybridization steps usually required after PCR [97]. However, it
requires the expensive instrumentation for the sole purpose of
specifically testing specimens by a PCR-based assay. On the other hand
microchip-based technologies can identify a variety of fluorescently
labeled clinical markers and have the potential to integrate additional
laboratory functions other than separation and detection of clinical
markers [102].

Treatment and Prevention

ACYV therapy in paediatric patients

Fifty percent of patients died by the age of one year due to CNS
neonatal HSV disease in the pre-antiviral era [103]. Evaluations of two
different doses of vidarabine and of a lower dose of acyclovir (30
mg/kg/day for 10 days) reported that both of these antiviral drugs
reduce mortality to 14% [104]. The lower dose of acyclovir superseded
vidarabine as the better treatment option for neonatal HSV disease due
to its favorable safety profile and its ease of administration. Higher
dose of acyclovir (60 mg/kg/day or 21 days) brought down the
mortality to 4% for CNS disease [105]. Acyclovir therapy should be
stopped when there is a negative CSF HSV PCR and very low cell
count (<5 cellsy/mm?), normal MRI neuroimaging, normal EEG, a full
and quick recovery with normal level of consciousness or an
alternative diagnosis is proved [10].

The improvements in mortality and morbidity achieved with the use
of higher-dose acyclovir support the dose of acyclovir at 60 mg/kg/day
delivered intravenously in three divided daily doses and it is currently
recommended [105,106]. The dosing interval of intravenous acyclovir
may have to be increased in premature infants, based on their
creatinine clearance [107]. As noted above, all patients with CNS HSV
involvement should have a repeat lumbar puncture at the end of
intravenous acyclovir therapy to rule out PCR positivity [108]. Persons
who remain PCR positive should continue to receive intravenous
antiviral therapy until PCR negativity is achieved [108,109].
Neutrophil counts should be monitored at least twice in a week
throughout the course of intravenous acyclovir therapy and decreasing
the dose of acyclovir or administering granulocyte colony-stimulating
factor if the absolute neutrophil count remains below 500/l for a
prolonged period [105].

Other Treatment

Decompressing hemicraniectomy has been used to treat life
threatening HSE. Though it is exceptional option for management but
has been opted as salvation therapy in life threatening situation, with
intractable high intracranial pressure (ICP) and brain herniation. It
was suggested in patients with high ICP not responding to medical
treatment [6].

Passive immunotherapy as an adjuvant to active antiviral
interventions could be the future therapeutic options for improvement
in the management of neonatal HSV disease. Both human and
humanized monoclonal antibodies directed against gB or gD were
reported to be beneficial in animal models of HSV disease [110,111].
Studies with humans have documented the protective effects of high
titers of neutralizing antibodies in neonates [112] and they are more
likely to have localized disease (and less likely to have disseminated
disease) once they are infected [113,114].

Outcome

It is difficult to assess the clinical outcome of young children.
Therefore one year follow up should be done. Adverse outcome was
age related and reported in younger children below 11 months. It was
also reported that patients aged between 3-35 months were more likely
to be severely disabled [115]. The clinical outcome generally included
developmental delay (both motor and cognitive), body convulsion,
behavioral problem, hemiplegia and sometimes need of rehabilitation
centers. Children less than one year were at high risk [115]. The
incidence of disability after HSE was high with 50% cases showing
complete recovery after one year [6].

Limitations of antiviral therapy for HSV CNS infections

In patients affected by HSV, the best outcomes are seen when
appropriate antiviral therapy is given prior to significant viral
replication within the CNS or widespread dissemination throughout
the body [116]. Theoretically if clinicians are able to initiate
appropriate therapy earlier, it may be possible to improve current
outcomes. The authors of this study highlight the need for clinicians to
have an increased awareness of HSV infections in an effort to decrease
the time for diagnostic evaluation and treatment. Though
characteristic findings on magnetic resonance imaging (MRI) of the
brain or electroencephalography (EEG) may be helpful, the current
gold standard for diagnosis of HSV infection with CNS involvement is
the detection of HSV DNA in the CSF by polymerase chain reaction
(PCR). Other causes of encephalitis can mimic the MRI findings of
HSV CNS infections [117] and though the EEG findings of affected
patients often have the classic periodic spike and slow-wave patterns
early in the course of disease, this is nonspecific [118,119]. HSV PCR is
more specific and provides rapid diagnosis. However, some
laboratories are unable to perform the test in a timely fashion and so
prompt diagnosis remains a limitation to optimal therapy in many
cases. It should also be recognized that negative CSF HSV PCR has
been documented early in the course of illness in cases later confirmed
to be HSV infection [120].

Other antivirals in clinical trials for therapy HSE

Valacyclovir (VCV) is being used as it is absorbed rapidly and is
converted to ACV by the herpetic enzyme VCV hydrolase.
Approximately 55% of an orally administered dose of VCV is available
as ACV (a three to fivefold increase in bioavailability). Thus, VCV is
preferred in most settings. Thrombotic microangiopathy has been
reported in immune-compromised HIV-infected patients with CD4+
cell counts of less than 50 cells/pl receiving high doses of VCV over
long periods of time (median: 54 weeks; range: 8-77 weeks) [121,122].
Famciclovir is another drug which rapidly metabolized to the active
drug penciclovir, which is a synthetic acyclic guanine derivative with a
spectrum of activity and a mechanism of action similar to that of ACV
but it is 100 times less potent inhibitor of viral DNA replication.
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Ganciclovir and its prodrug, valganciclovir, differ from ACV and
famciclovir because they are efficiently phosphorylated but are
associated with a greater risk of neutropenia and renal toxicity [123].

Helicase/Primase inhibitor has shown promising result in animal
model but resistant virus easily obtained by serial passage and these are
unable to revert back to wild form in the absence of drug [124,125].
TLR-3 agonist like polyinosinic acid: polycytidilic acid (Poly I:C) has
been tested in animal model survival rate was significantly higher in
comparison to lipopolysaccharide which is a TLR-4 agonist. This may
also provide neuro-protection [126].

Vaccine development

The two major strategies in vaccine development are subunit
vaccines and live-attenuated viral vaccines. One live-attenuated
vaccine candidate was R7020, which was constructed on an HSV-1
background genetically deleted in some of the loci responsible for
neurovirulence inserted with HSV-2 sequences to broaden the
immune response and with the TK gene added to retain susceptibility
to ACV for safety [127]. However, results of clinical trials were
disappointing and two doses of the vaccine failed to deliver enough
antigens to induce a sufficient immune response [128]. More
promising results have been obtained with subunit vaccines. While the
gD2gB2-MF59 vaccine developed by Chiron was found to be
ineffective in randomized, double-blind, placebo controlled studies
[129]. The recently completed studies with a gD-2 vaccine from
GlaxoSmithKline show greater potential [129]. The differences
between these vaccine candidates may relate to the adjuvant; the
adjuvant for the Chiron vaccine was MF-59, a potent inducer of Th2
responses whereas the adjuvant for the gD-2 vaccine contains alum
plus monophosphoryl lipid A, a potent inducer of Thl responses. Two
double-blind randomized trials of the gD-2-alum monophosphoryl
lipid vaccine demonstrated efficacy against genital herpes in women
who are seronegative for both HSV-1 and HSV-2 at baseline but failed
to demonstrate efficacy in men regardless of their HSV serologic status
[130].

Future Perspectives

Child hood HSE can also be due to TLR3 deficiency in fraction of
children and it should be taken seriously when recurrence of HSE is
observed. In addition to that genes in TLR3 pathway and TLR3
mutation should be searched and patients with TLR3 deficiency should
be followed up carefully. Investigation based on differential response of
TLR and other pattern recognition receptors need to be searched for,
so that its effect on neonatal HSV encephalitis can be found. Difference
in T cell response to HSV by neonates and older children can open up
new avenue of research where more complete knowledge of immune
response could lead to formulation of intervention. Neonatal HSV
encephalitis is an important clinical problem as well as a fascinating
example of age dependent immunity. By designing rational clinical and
biomedical experiment to understand the dynamic relation between
host and virus safe and effective therapies to treat or prevent neonatal
HSV encephalitis can be done.

Vaccine development against HSV-1 ad 2 is difficult and it is due to
complex life cycle, dormant or silent (latent) infection in most of the
time and it is represented by absence of vaccine against ocular or
orofacial herpes beyond phase I. There is only single vaccine with glyB
and glyD, tested in last 18 years in human to prevent herpes genitalis.
Recently T cell epitope based HSV vaccine development has been

advocated and need to be considered by majority of the scientific
community so that challenges can be sorted out and opportunities can
be explored.

Till now genetic cause of HSE in childhood has been attributed to
five aetiologies; UNC-93B deficiency, Autosomal dominant TLR3
deficiency, Autosomal recessive TLR3 deficiency, Autosomal dominant
TRAF-3 deficiency, TRIF deficiency and TBK-1 deficiency. Recent
studies have shown that only a small portion of children with HSE
carry mutations of TLR3-IFN pathway. But larger portion of patients
display a impaired production of IFN I & II after TLR-3 activation, so
proteomic study can help to understand the susceptibility to HSE.
Presence of anti NMDAR antibodies in HSE positive cases have been
reported and that subgroup of patient will be benefitted from
immunotherapy which may sometimes be ignored continuing
treatment based on HSV positivity. It should be investigated in
children so that children with HSE may be benefitted. Human and
humanized monoclonal antibodies directed against gB and gD are
beneficial in animal model of HSV disease but studies in human are yet
to be carried out.

Conclusion

The review gives an impression that LATs play an important role in
molecular modulation but it is still challenging to explain the exact
cellular mechanism. The current antivirals available have shown to be
potentially useful in curing symptomatic illness but eliminating
neuronal carrier stage is still an issue of research for drug development.
Better understanding of biochemical and immune response if available
can open the scope for use of immunomodulators that can prevent
reactivation hence severe illness. Further to this, challenges in the area
of vaccine development, laboratory diagnosis and early clinical
suspicion of severe manifestations need to be resolved for optimal
reduction in morbidity and mortality due to HSE in children.
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