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Abstract Herpetic infections have plagued humanity for
thousands of years, but only recently have advances in
antiviral medications and supportive treatments equipped
physicians to combat the most severe manifestations of
disease. Prompt recognition and treatment can be life-
saving in the care of patients with herpes simplex-1 virus
encephalitis, the most commonly identified cause of spo-
radic encephalitis worldwide. Clinicians should be able to
recognize the clinical signs and symptoms of the infection
and familiarize themselves with a rational diagnostic ap-
proach and therapeutic modalities, as early recognition and
treatment are key to improving outcomes. Clinicians
should also be vigilant for the development of acute com-
plications, including cerebral edema and status epilepticus,
as well as chronic complications, including the develop-
ment of autoimmune encephalitis associated with antibod-
ies to the N-methyl-D-aspartate receptor and other neuro-
nal cell surface and synaptic epitopes. Herein, we review
the pathophysiology, differential diagnosis, and clinical and
radiological features of herpes simplex virus-1 encephalitis
in adults, including a discussion of the most common
complications and their treatment. While great progress
has been made in the treatment of this life-threatening
infection, a majority of patients will not return to their
previous neurologic baseline, indicating the need for

further research efforts aimed at improving the long-term
sequelae.
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Introduction

Encephalitis is inflammation of the brain parenchyma with
neurologic dysfunction, and can result from infectious,
postinfectious, and noninfectious causes [1]. Infection consti-
tutes approximately 50 % of identifiable cases and is the most
commonly identified etiologic category of encephalitis [2].
Herein, we review the clinical and radiological manifestations,
diagnostic evaluation, and treatment of herpes simplex virus-1
(HSV-1) encephalitis (HSVE), the most common infectious
cause of sporadic encephalitis.

Herpetic infections have been recognized since the time of
ancient Greece. The word herpes translates as Bcreeping^ or
Bcrawling^, and is a reference to herpetic skin lesions.
Goodpasture [3] and others demonstrated that material from
herpetic lip and genital lesions produced encephalitis when
introduced into the scarified cornea or skin of rabbits. In the
1920s, the Mathewson commission was among the earliest
reports to suggest HSV caused encephalitis in humans [4].
The first pediatric case report of HSVE was published in
1941 [5]. The first adult case, a 25-year-old man who present-
ed with headache, fever, aphasia, and left pupillary dilatation,
was reported in 1944 [6]. On postmortem pathological exam-
ination, there were numerous petechiae and ecchymoses with
perivascular lymphocytic cuffing in the left temporal lobe,
midbrain, and pons. Intranuclear inclusions were identified
and virus was isolated from the patient’s brain. Significant
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progress in the pathobiology, diagnosis, and treatment of
HSVE has been made since these early reports.

Pathophysiology

HSV-1 is 1 of 8 human herpes viruses (HHV), including HSV-
2, varicella zoster virus (VZV; HHV-3), Epstein–Barr virus
(HHV-4), cytomegalovirus (HHV-5), HHV-6, HHV-7, and
HHV-8. The herpesviruses are large, double-stranded DNA
viruses that are well-adapted to human infection as they estab-
lish lifelong infection, rarely cause death of the host, and are
readily spread between individuals.

HSV initially gains access to host tissues through mucous
membranes or damaged skin. After primary infection of the
mucosal or skin epithelium, the virus infects sensory neurons
via interactions with cell-surface glycosaminoglycans such as
heparan sulfate [7], and cell adhesion molecules such as nectin-
1 [8, 9], and travels to the neuronal cell body in the dorsal root
ganglion via fast retrograde axonal transport [10, 11].

The mechanisms by which HSV gains access to the central
nervous system (CNS) in humans are unclear, and this re-
mains an area of debate. The most likely routes include retro-
grade transport through the olfactory or trigeminal nerves [9,
12, 13], or via hematogenous dissemination. The viral tropism
for the orbitofrontal and mesiotemporal lobes argues against
hematogenous dissemination in most cases. Experimental ev-
idence in animals supports transmission to the CNS via either
or both the trigeminal and olfactory routes, and suggests that
virions can spread to the contralateral temporal lobe via the
anterior commissure [13].

Unlike other cranial nerves with sensory functions, the ol-
factory nerve pathways do not route through the thalamus but
connect directly to the frontal and mesiotemporal lobes (in-
cluding the limbic system). There is some evidence to support
olfactory spread to the CNS in humans, but definitive data are
lacking [12, 14–16]. The trigeminal nerve innervates the me-
ninges, and spread to the orbitofrontal and mesiotemporal
lobes could also occur through this route [17]. However, as
the sensory nuclei of the trigeminal nerve are located in the
brainstem, one would expect the relatively rare occurrence of
brainstem encephalitis associated with HSVE to bemore com-
mon if this were the primary route of entry to the CNS in most
cases [18–20].

Whether HSVE is a reactivation of latent virus or caused by
primary infection is also an area of contention; both may oc-
cur. Proposed pathogenic mechanisms include reactivation of
latent HSV in the trigeminal ganglia with subsequent spread of
infection to the temporal and frontal lobes, primary CNS in-
fection, or perhaps reactivation of latent virus within the brain
parenchyma itself [17, 21–23]. In at least half of HSVE cases,
the viral strain responsible for encephalitis is different from
the strain that causes herpetic skin lesions in the same patient,

an observation that suggests the possibility of primary CNS
infection [24].

Infection with HSV triggers a robust response from the
innate immune system until adaptive immunity is able to assist
in clearing active infection. Early in the course of the immune
response to HSV, pattern recognition receptors, called Toll-
like receptors (TLRs), located on cells of the innate immune
system, recognize and bind to conserved viral motifs known
as pathogen associated molecular patterns [25]. This triggers
dimerization of the TLRs, which subsequently activates sig-
naling pathways that initiate the production of proinflamma-
tory cytokines such as interferons (IFNs), tumor necrosis fac-
tor, and various interleukins [26]. IFNs contribute to host re-
sistance to viral proliferation through activation of the Jak-Stat
signaling pathway [27], and by triggering production of both
RNAse enzymes that destroy cellular RNA (both host and
viral) and double-stranded RNA-dependent protein kinase,
which halts cellular translation [28]. Deficiencies in the im-
mune response to HSV (e.g., defects in the TLR-3 pathway,
including TLR3 itself, UNC93B1, TIR-domain-containing
adapter-inducing IFN-β, tumor necrosis factor receptor-
associated factor-3, TANK-binding kinase 1, or IFN regulato-
ry factor-3) leave the host susceptible to HSVE [29–31].

The inflammatory cascade recruits innate immune cells and
primes adaptive immunity, which can lead to necrosis and
apoptosis of infected cells. While the host immune response
is critical to eventual viral control, the inflammatory response,
particularly recruitment of activated leukocytes, may contrib-
ute to tissue destruction and consequent neurologic sequelae
[32, 33].

After primary infection, the virus establishes a latent state
for the life of the host and remains quiescent unless reactivated
[34]. In order to establish and maintain latency, a number of
complex processes must be balanced. These include silencing
of viral lytic-phase genes, abrogation of host cellular defense
mechanisms (e.g., apoptosis), and evasion of host immunity,
including both innate and acquired immune responses (e.g.,
suppression of major histocompatibility complex expression)
[35, 36]. HSV-specific CD8+ T cells take up residence in the
trigeminal ganglia and contribute to maintaining the virus in
the latent state [37]. During reactivation, the expression of
viral genes occurs in a temporally organized fashion, as
reviewed recently [38]. Once reactivated, the virus can infect
neighboring neurons and travel to tissues innervated by the
infected dorsal root ganglia to cause recurrent disease and
shed infectious viral particles that can be transmitted to others.

Epidemiology

HSV-1 infection is common, with seropositivity among older
adults estimated to be 60–90 % worldwide [39]. A survey
from 2005 to 2010 including Americans between 14 and
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49 years of age in the USA estimated HSV-1 seropositivity at
~54 % and HSV-2 seropositivity at ~16 % [40]. While HSV-2
is also capable of causing encephalitis (particularly in the im-
munocompromised host), HSV-1 is responsible for ~90 % of
HSV encephalitis in adults and children, and is the focus of
this review [41]. Despite only rarely manifesting as encepha-
litis in infected individuals, HSV-1 is consistently the single
most common cause of sporadic encephalitis worldwide
[42–52]. The incidence of HSVE worldwide is estimated to
be between 2 and 4 cases/1,000,000 [44], and the incidence in
the USA is similar [53]. There is a bimodal distribution with
peak incidence in the very young (up to 3 years of age), and
again in adults aged > 50 years, but the majority of cases occur
in those over 50, with both sexes equally affected [44, 54–56].

Clinical Manifestations

Key to early recognition and treatment of HSVE is familiarity
with the syndrome of encephalitis, which includes alteredmen-
tal status (typically for ≥ 24 h), accompanied by evidence of
brain parenchymal inflammation. Findings supportive of brain
inflammation may include fever, new seizures, focal neurolog-
ic signs, cerebrospinal fluid (CSF) pleocytosis (≥5 nucleated
cells/ml), and radiological and/or neurophysiologic abnormal-
ities [e.g., contrast-enhancing lesions on magnetic resonance
imaging (MRI) or abnormal findings on electroencephalogra-
phy (EEG), respectively] [1]. Encephalitis must be distin-
guished from encephalopathy, a broader term that refers to a
clinical state of disorientation, confusion, behavioral, and other
cognitive changes that can occur in the setting of encephalitis,
as well as numerous other noninflammatory conditions.

Many patients present with prodromal symptoms, suggest-
ing upper respiratory tract or other systemic infection. Signs
and symptoms of encephalitis then progress over the course of
several days in most cases of HSVE [57, 58]. The most com-
mon manifestations include encephalopathy, fever, seizures,
headaches, and focal neurological deficits [57–62]. Although
clinical features of HSVE have been well described in multi-
ple large epidemiological studies, the clinical manifestations
lack specificity. In a series of 106 cases of HSVE, the primary
reasons for hospital presentation were seizures (32 %), abnor-
mal behavior (23 %), loss of consciousness (13 %), and con-
fusion or disorientation (13 %) [60].

Immunocompromised Individuals

Immunocompromised patients present a greater diagnostic
challenge. In the largest series to date, Tan et al. [63] retro-
spectively reviewed and compared the clinical manifestations
and course of immunocompromised and immunocompetent
patients with HSVE. In that study, immunocompromised

patients were less likely to present with prodromal symptoms
or with focal neurologic deficits. They had more extensive
brain involvement that was more often distributed outside
the temporal lobes and it was not uncommon to observe a lack
of pleocytosis in the CSF. Morbidity and mortality were sig-
nificantly higher in the immunocompromised group, with
35.7 % mortality compared with 6.7 % mortality in the immu-
nocompetent. Autopsy in 3 immunocompromised patients
who died of HSVE revealed an atypical, noninflammatory,
Bpseudoischemic^ histologic pattern [64].

Evaluation and Differential Diagnosis

In the setting of suspected encephalitis, the value of a thor-
ough history and physical examination cannot be overstated,
and a thoughtful approach is critical to narrowing the differ-
ential. Key elements of the history are intended to identify
alternative causes of encephalitis and include immune-
suppressing medications or illness, travel history (both recent
and remote), and mosquito/tick exposure. Weight loss and
infectious symptoms, including low-grade fever, rash, and so
on, and neurologic or psychiatric abnormalities such as apha-
sia, behavioral changes and seizure-like activity should also
be reviewed. Full neurologic and general medical examina-
tions are critical and may uncover clues to the diagnosis.
Patterns of neurologic dysfunction may help to suggest an
etiology, for example cranial neuropathies and autonomic in-
stability may suggest a brainstem encephalitis, which can help
to narrow the differential diagnosis [65]. Tremors, movement
disorders, or other signs referable to the basal ganglia may also
assist in guiding the differential [65]. Differentiating enceph-
alitis from its mimics can be especially challenging in the
elderly and the immunocompromised. Focused laboratory
testing and prompt neuroimaging assist greatly in the diagnos-
tic approach.

Laboratory Studies

Serum laboratory studies that should be obtained on all adults
with encephalitis include complete blood count with differen-
tial, electrolytes, measures of renal and liver function, blood
cultures, HIV testing (consider RNA), and treponemal testing.
In children with encephalitis, Mycoplasma pneumoniae IgM
and IgG, as well as Epstein–Barr virus serologies (VCA IgG
and IgM and EBNA IgG), should be obtained. Serum should
also be reserved from the presentation, with convalescent se-
rum collected 10–14 days later for paired antibody testing if
needed (such as in idiopathic encephalitis). HSV serologies
are generally not clinically helpful in the acute setting [66]. In
patients at risk for tuberculosis, such as the immunocompro-
mised and homeless individuals, skin or blood testing for
Mycobacterium tuberculosis should be considered.
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Unless contraindicated (see acute complications; edema),
lumbar puncture should be obtained in all patients with en-
cephalitis, but should not delay the administration of empiric
antimicrobials. Important studies to obtain in adults with en-
cephalitis include opening pressure, cell count and differen-
tial, protein, glucose, Gram stain, oligoclonal bands, IgG in-
dex, bacterial cultures, HSV-1/HSV-2 polymerase chain reac-
tion (PCR), VZV PCR (and IgG and IgM if available), entero-
virus PCR, cryptococcal antigen or India ink staining, and
Venereal Disease Research Laboratory test. The opening pres-
sure in HSVE is generally normal or slightly elevated. There is
considerable variation in the CSF profile of HSVE, but a typ-
ical profile includes a moderate lymphocytic pleocytosis (10–
200/mm3), may demonstrate elevated erythrocytes (normal–
minimally elevated counts are common), moderately elevated
protein (50–100 mg/dl), and normal glucose (although
hypoglycorrhachia may be present in a minority of patients)
[60]. PCR for HSV-1 and HSV-2, which has supplanted viral
cultures and other studies as the test of choice, should be
obtained from the CSF and has high sensitivity (96 %) and
specificity (99 %) [67, 68]. False-negative PCR can occur
early in the illness [98–100], and if the clinical suspicion is
high, aciclovir should be continued empirically and repeat
CSF HSV PCR obtained within 3–7 days [43].

Neuroimaging

Computed tomographic (CT) imaging is generally inadequate
for the evaluation of encephalitis, but, in practice, is often
obtained as the initial neuroimaging study in the encephalo-
pathic patient and may suggest an alternate etiology. CT im-
aging in encephalitis is beneficial for rapid evaluation of pa-
tients in whom there is clinical concern for edema and/or shift
of brain compartments that might require intervention or con-
traindicate lumbar puncture. Abnormal findings have been
observed in 25–80 % of patients with HSVE imaged soon
after admission [62, 69]. CT findings suggestive of HSVE
include hypodense lesions (typically in the temporal lobe),
edema, or contrast enhancement [70–72]. However, CT is
unable to differentiate between HSVE and many of its
mimics, and lacks sensitivity, particularly early in the course
of the illness. For diagnostic purposes, MRI is superior to CT.
For example, in a recent study [60], CT scan was abnormal in
roughly half of all cases, while MRI was abnormal in nearly
all patients with HSVE.

MRI with and without contrast is the neuroimaging study of
choice in the evaluation of encephalitis and is abnormal in the
vast majority of cases of HSVE [73]. MRI is the most sensitive
and specific imaging method for HSVE, particularly early in
the course of the illness [74]. Typical findings on MRI include
asymmetric hyperintense lesions on T2-weighted sequences
corresponding to areas of edema in the mesiotemporal and
orbitofrontal lobes and the insular cortex [75].

Accumulating evidence suggests that diffusion restriction
on diffusion-weighted imaging (DWI) is frequently seen early
in the course of HSVE and may be among the earliest
neuroradiologic manifestations [76]. McCabe et al. [77] re-
ported an adult with HSVE in whom HSV PCRwas negative,
but early diffusion restriction was observed in the anterior
temporal lobes and the insular cortex. More reports demon-
strating improved sensitivity of DWI over fluid-attenuated
inversion recovery (FLAIR) sequences were soon to follow
in adults [78], children [79], and neonates [80, 81]. One report
demonstrated correlation between DWI lesions and clinical
response to treatment [82]. In the largest retrospective study
to date comparing DWI with FLAIR, Renard et al. [83] dem-
onstrated that early in the course (<2 weeks from symptom
onset) DWI demonstrated as many or more lesions, and these
were easier to visualize compared with FLAIR. FLAIR signal
abnormalities appeared more prominent later in the course.
The authors also noted early signal changes in the thalamus
that were detected on FLAIR but not DWI—a finding that
appeared to be related to HSVE and not associated seizures
or other factors. Overall, DWI changes in the temporal or
frontal lobes in the appropriate clinical setting should be con-
sidered a clue to the diagnosis of HSVE.

While traditional teaching has emphasized bilateral tempo-
ral involvement as characteristic of HSVE, this has not held
true in contemporary studies. On the contrary, a recent study
of cases of encephalitis with temporal lobe abnormalities
found that bilateral temporal lobe involvement was associated
with lower odds of HSVE compared with all other etiologies
and when directly compared with autoimmune etiologies [84].
In that study of immune competent adults, patients with
HSVE, as compared with other infectious or autoimmune eti-
ologies of their temporal lobe encephalitis, weremore likely to
be older and white, and to present acutely and with fever,
seizures, and upper respiratory symptoms. In addition to bi-
lateral temporal lobe involvement, lesions outside the tempo-
ral lobe or limbic region suggested an alternate diagnosis.

EEG

In the acute setting, a number of electrographic findings have
been associated with HSVE, including periodic discharges,
focal or generalized slowing, and electrographic seizures, in-
cluding status epilepticus (SE) [85, 86]. Seizures and epilepsy
in the setting of HSVE have recently been reviewed [87].
Periodic discharges in HSVE have been observed generally
between days 2 and 15 and may manifest before structural
lesions can be observed on CT [88, 89]. While EEG is recom-
mended as part of the diagnostic evaluation of patients with
encephalitis, there are few studies characterizing the contribu-
tion of EEG to diagnosis and prognosis in these patients, par-
ticularly in the era of MRI. Sutter et al. [90] recently reviewed
103 patients with encephalitis who presented between 1997
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and 2011, 12 of whom had HSVE [90]. Patients with HSVE
were significantly more likely to have periodic discharges and
focal slowing in the frontotemporal and occipital areas com-
pared with patients with encephalitis of other etiologies, con-
sistent with previous studies [91, 92].

Differential Diagnosis

In 1989,Whitley et al. [93] reviewed 432 cases of encephalitis
that underwent temporal lobe biopsy for presumed HSVE.
Among these, 195 patients (45 %) had HSVE, 95 patients
(22 %) had other identifiable etiologies, and 143 patients
(33 %) remained idiopathic, despite biopsy. Among the most
common treatable mimics were other infections (viral, bacte-
rial, mycobacterial, and fungal), malignancy, vascular disease
(more often hemorrhagic than thrombotic), and a few cases of
toxic or metabolic disease. No diagnostic studies, alone or in
combination, were felt to be sufficiently characteristic to be
diagnostically useful. Since that study, the advent of MRI and
establishment of HSV PCR (see above) have significantly
improved the clinician’s ability to diagnose HSVE.
However, even with contemporary diagnostic modalities, the
identification of HSVE mimics remains challenging.
Numerous infectious agents and autoimmune syndromes
may present similarly to HSVE. In addition, a number of other
conditions can mimic HSVE (Table 1).

Chow et al. [84] recently reviewed the clinical and neuroim-
aging features of 251 cases of temporal lobe encephalitis from
the California Encephalitis Project. Among all cases of temporal
lobe encephalitis, 43 % were infectious and 16 % were nonin-
fectious etiologies. Of the infectious causes, HSVEwas themost
commonly identified agent, followed by tuberculosis and VZV.
In the absence of zoster, HSVand VZV can be clinically indis-
tinguishable [94]. More than half of the noninfectious etiologies
were immune-mediated, including anti-N-methyl-D-aspartate
receptor (NMDAR) encephalitis, antivoltage-gated potassium
channel complex encephalitis (more precisely anti-leucine-rich
glioma-inactivated protein 1 [LGI1] and anti-contactin- associ-
ated protein-like 2 [Caspr2] antibodies), and CNS vasculitis.
Despite extensive evaluation, 41 % remained idiopathic.

Diagnostic Pitfalls

There are 3 things to consider. 1) Failure to recognize enceph-
alitis. This can lead to insufficient testing (i.e., not obtaining
MRI and CSF studies which can lend support to the diagno-
sis). 2) Absence of CSF pleocytosis. As noted above, multiple
studies have demonstrated that immunocompromised patients
are less likely to have CSF pleocytosis [63, 95–97]. 3) False-
negative PCR studies. HSV-1 PCRmay yield a false-negative,
particularly early in the course of the HSVE and among chil-
dren [98–100]. When suspicion is high, patients should be

treated empirically, despite a negative PCR, and HSV PCR
from the CSF should be repeated within 3–7 days [43].

Management

Initial Management

The first priority on presentation is to recognize and treat any
emergent issues (Fig. 1). This includes rapid evaluation of
hemodynamic and respiratory sufficiency, which is particular-
ly important in the setting of decreased level of consciousness.
Rapid evaluation for other potentially reversible causes of
encephalopathy such as hypoglycemia, hypercarbia, electro-
lyte abnormalities, and so on, can readily be performed in the
emergency setting, and abnormalities should be treated
promptly. After initial stabilization, the patient should be ap-
propriately triaged and may require admission to the intensive
care unit (ICU) [101]. Decreased level of consciousness, se-
vere comorbidities, and autonomic dysfunction are some of
the indications for ICU admission. Whenever possible, a ded-
icated neurological ICU is recommended; barring this, admis-
sion to a medical ICU or rapid transportation to the closest
neurological ICU should be considered. Close real-time coor-
dination of care with a multidisciplinary medical team (i.e.,
critical care, neurology, and infectious disease) is suggested.

Table 1 Encephalitis mimics

Vascular

Ischemic stroke

Subarachnoid hemorrhage

Intracerebral hemorrhage

Cerebral venous sinus thrombosis

Posterior reversible encephalopathy syndrome

Reversible vasoconstriction syndrome

Vasculitis

Metabolic derangement

Hepatic and/or renal encephalopathy

Hypoglycemia, hyponatremia

Septic encephalopathy

Mitochondrial encephalopathy

Wernicke’s encephalopathy

Toxic

Alcohol, drugs

Trauma

Neoplastic

Primary brain tumor

Metastases

Epileptic

Nonconvulsive status epilepticus
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Empirical Treatment of Encephalitis

While clinical, laboratory, radiographic, and neurophysiologic
findings on presentation may suggest HSVE, no combination
of features is sufficiently sensitive and empirical treatment
should be initiated in all patients with encephalitis [43]. As
noted below, early initiation of aciclovir is the most readily
modifiable factor for improving outcomes. Intravenous
aciclovir 10 mg/kg q8h for 14–21 days should, therefore, be
initiated promptly and the diagnostic evaluation should never
delay antimicrobial therapy in patients with encephalitis [43].
As bacterial meningoencephalitis often cannot be excluded on
clinical grounds, and septic encephalopathy is a common
mimic of HSVE [102], we recommend the addition of
broad-spectrum antibiotics until bacterial infection can be ex-
cluded. Recent UK guidelines for the empiric management of
encephalitis support this approach [65]. Following initiation
of antimicrobial therapy, continued close clinical evaluation
and frequent revisiting of the possibility of alternate diagnoses

can help to avoid premature closure when a diagnosis has not
yet been established.

Antiviral Medication

IV aciclovir is the first-line treatment for HSVE at a dose of
10 mg/kg q8h and should be continued for 14–21 days
(Table 2). The benefit of aciclovir in HSVE was established
by 2 landmark clinical trials conducted in the mid-1980s.
Whitley et al. [103] randomized 208 patients with presumed
HSVE to either aciclovir intravenously at a dose of 10 mg/kg
q8h or vidarabine for 10 days. All patients underwent diag-
nostic brain biopsy, among whom 69 (33 %) had biopsy-
proven HSVE. Treatment with aciclovir was associated with
a significantly reduced rate of mortality compared with
vidarabine (28 % vs 54 %; p=0.008). This supported the
results from a multicenter Swedish study published in 1984
that compared aciclovir with vidarabine in 127 patients with
presumed HSVE (53 of whom had biopsy-confirmed HSVE)

Treat seizures 
and consider 

cEEG

No

Yes

If refractory cerebral
edema, consider further 

neurosurgical intervention

Clinical Survey: Airway, 
Breathing, Circulation

(A-B-C) + Glucose 
Consider ICU admission

Initiate diagnostic evaluation 
including MRI, EEG, labs

Alternate diagnosis
confirmed?

Acyclovir +/-
antibiotics

No evidence of
encephalitis

Evidence of
encephalitis

Treat
appropriately

YesNo

Repeat
diagnostic 
evaluation
in 24-48 
hours

Decreased or altered
level of consciousness?

No

Yes

Evidence for
cerebral 
edema?

Evaluate for
seizures 

and status 
epilepticus

Evaluate and 
treat for other 

causes of 
encephalopathy;

Closely monitor
mental status

HSVE
Confirmed:
continue 
acyclovir

14-21 days

High suspicion:
continue 
acyclovir,

repeat PCR in
3-7 days 

Rapidly 
progressing?

Yes

No

Medical 
management;

ICP Monitoring/
Ventriculostomy

Medical 
management

No Yes

Other infectious or 
autoimmune encephalitis

identified:
treat appropriately

Check HSV PCR
In CSF

Positive Negative

Negative

Close monitoring
following completion

of therapy

If development of
new/recurrent neurologic
symptoms, evaluate and

treat for seizures, 
viral relapse (rare)
or autoimmunity

Follow both pathways simultaneously

Fig. 1 Management of patients with suspected herpes simplex virus-1
encephalitis (HSVE). Adapted from Venkatesan and Geocadin [101].
cEEG = continuous electroencephalography; CSF = cerebrospinal fluid;

ICP = intracranial pressure; ICU = intensive care unit; PCR = polymerase
chain reaction; SE = status epilepticus
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[104]. That study also found that aciclovir treatment reduced
mortality compared with vidarabine (19 % vs 50 %; p=0.04).
Together, these trials established aciclovir as the standard of
care in HSVE.

Aciclovir is a nucleoside analog with strong antiviral activ-
ity against HSV-1, HSV-2, and VZV, and is a relatively safe
medication. After uptake into the cell, virally encoded thymi-
dine kinase phosphorylates aciclovir into aciclovir
monophosphate, which is subsequently phosphorylated into

the active aciclovir triphosphate by cellular kinases. The initial
phosphorylation of aciclovir does not occur to any appreciable
extent in noninfected cells, providing a degree of selectivity
for infected cells. An analog to deoxyguanosine triphosphate,
aciclovir triphosphate competitively inhibits viral DNA poly-
merase and is incorporated into DNA, which leads to chain
termination as a result of the absence of a 3' hydroxyl moiety.
The affinity of aciclovir triphosphate is much higher for viral
DNA polymerase than for the human homolog, which in-
creases the therapeutic window [105, 106].

Oral aciclovir is approximately 15–30 % bioavailable and
achieves widespread tissue and fluid penetration with CSF
concentration roughly 50 % of that in serum. The plasma
half-life is approximately 2–3 h in patients with normal renal
function but is longer in those with renal insufficiency, for
whom doses must be reduced. Patients with creatinine clear-
ance (CrCl) of 25–50 ml/min/1.73 m2 should be given 10 mg/
kg q12h; those with CrCl 10–25 ml/min/1.73 m2, 10 mg/kg
q24h; and those with CrCl < 10 ml/min/1.73 m2 5 mg/kg
q24h. Patients on thrice-weekly hemodialysis should be given
2.5–5.0 mg/kg q24h (given after dialysis on those days), while
those on peritoneal dialysis should be treated with 10 mg/kg
q24h [107]. Approximately 15% (9–22% in 1 study [108]) of
drug is bound to serum proteins and therefore much of the
drug can be removed by dialysis. No dosage adjustments are
needed in patients with hepatic impairment.

Aciclovir is cleared by both glomerular filtration and tubu-
lar secretion and can precipitate in the renal tubules to cause
obstructive nephropathy [109]. When this occurs, it typically
develops after several days of therapy and may affect as many
as 20 % of patients but is generally reversible [110]. Given this
risk, we routinely monitor renal function, provide a slow infu-
sion over 1–2 h, and pretreat with intravenous fluids to main-
tain urine output of approximately 75 ml/h. Neurotoxicity is
rarely reported, mostly in patients with pre-existing renal in-
sufficiency, and manifests as delirium, tremors, myoclonus,
and possibly coma [111]. This can be difficult to diagnose in
the setting of HSVE. Given the risks of toxicity, doses of
aciclovir should be reduced as appropriate in patients with
pre-existing renal insufficiency, particularly those on dialysis.

Aciclovir is considered pregnancy category B by the US
Food and Drug Administration, indicating no clear risk in
humans. At least 1 large observational study which included
1804 pregnancies with exposure to aciclovir, valaciclover, or
famciclovir during the first trimester demonstrated no correla-
tion between exposure and an increased risk of birth defects
[112].

Although rare (i.e., < 1 % in the immunocompetent), viral
resistance to aciclovir has emerged, particularly among pa-
tients with immunocompromise [113], and may be encoun-
tered in asmany as 30% of patients who have undergone bone
marrow transplantation, who appear to be the highest-risk
group. Treatment resistance should be considered in patients

Table 2 Therapeutics used in the treatment of herpes simplex virus-1
encephalitis (HSVE) and its complications

Indication Typical dosing/administration

HSVE Aciclovir, 10 mg/kg i.v. q8h for 14–21 days

Renal insufficiency

CrCl 25–50 ml/min/1.73 m2: 10 mg/kg q12h

CrCl 10-25 ml/min/1.73 m2: 10 mg/kg q24h

CrCl <10 ml/min/1.73 m2: 5 mg/kg q24h

Thrice-weekly hemodialysis: 2.5–
5.0 mg/kg q24h (given after dialysis)

Peritoneal dialysis: 10 mg/kg q24h

Hepatic impairment: no adjustment needed,
use caution

Aciclovir resistance Foscarnet 90 mg/kg i.v. q12h or
60 mg/kg i.v. q8h

Aciclovir shortage Ganciclovir 5 mg/kg q12h

Cerebral edema Mannitol 0.25–1 g/kg bolus q4–6 h

Dexamethasone 10 mg q6h

Hypertonic saline

Active brain herniation, 23 % saline
(30-ml bolus via central venous access)

Maintenance, 2–3 % saline (250–500-ml
boluses or continuous venous infusion;
3 % saline via central venous access)

Seizures and SE

First line, initial dosing Lorazepam 0.1 mg/kg i.v. up to
4 mg per dose

Midazolam 0.25 mg/kg i.m. up to
10 mg maximum

Diazepam 0.15 mg/kg i.v. up to
10 mg per dose

Second line, initial dosing

Fosphenytoin loading dose: 20 mg PE/kg
(maximum rate of administration 150 mg
PE/minute); if necessary, an additional
5 mg PE/kg 10 minutes after the loading
dose Levetiracetam 1000–3000 mg i.v.

Valproate sodium, 20–40 mg/kg i.v.

Third line, loading dose Propofol 1–2 mg/kg

Phenobarbital 20 mg/kg i.v.

Pentobarbital 5–15 mg/kg i.v.

CCrl Creatinine clearance; PE Phenytoin equivalents; SE Status
epilepticus
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who are not responding as expected to standard treatment, or
when there is evidence of clinical worsening, though it can be
difficult to determine whether this represents treatment failure
or the natural course of the illness. Three primary mechanisms
of viral resistance to aciclovir have been described: absent or
decreased levels of thymidine kinase, decreased phosphoryla-
tion of aciclovir by thymidine kinase, and decreased affinity of
viral DNA polymerase for aciclovir triphosphate [114, 115].

Viral resistance to aciclovir can be associated with resis-
tance to other antiviral tyrosine kinase-dependent nucleoside
analogs such as ganciclovir, penciclovir, and its prodrug,
famciclovir. In the case of aciclovir resistance, the preferred
treatment is foscarnet [116, 117], a pyrophosphate analog and
selective inhibitor of viral DNA polymerase that does not re-
quire phosphorylation for its antiviral activity [118–120]. After
binding to viral DNA polymerase, foscarnet prevents the
cleavage of the pyrophosphate moiety from deoxynucleotide
triphosphates, thereby abridging chain elongation.

As foscarnet has poor oral bioavailability, it is given intra-
venously and approximately 20 % of administered drug is
taken up by bone and cartilage. The drug undergoes minimal
metabolism and is almost exclusively cleared by both glomer-
ular filtration and tubular secretion [120]. The dosing in
HSVE is 90 mg/kg i.v. q12h or 60 mg/kg i.v. q8h and should
be reduced for patients with renal insufficiency.

Foscarnet is more toxic than aciclovir and should be given
in consultation with experts in infectious disease. Renal tox-
icity resulting from direct tubular injury can be attenuated by
giving intravenous fluids concomitantly [121]. Electrolyte ab-
normalities including hypocalcemia and hypomagnesemia are
another common occurrence during treatment, and may con-
tribute to reports of seizures associated with foscarnet treat-
ment [120]. Nausea is also common during infusion. As with
aciclovir, monitoring of electrolytes and renal function is im-
portant during foscarnet administration.

In the event of aciclovir shortage, ganciclovir or foscarnet
can be given. Ganciclovir is an analog of the nucleoside gua-
nosine that is activated by viral and cellular kinases to the
triphosphate form, which then preferentially inhibits viral
DNA polymerase, similar to aciclovir [122]. The drug is ex-
creted unmodified in the urine and dose reduction is necessary
in patients with renal insufficiency. The dosing for ganciclovir
is 5 mg/kg q12h. Cidofovir should not be given for infections
of the CNS, however, as it achieves inadequate penetration of
the blood–brain barrier.

Duration of Treatment

The current guidelines recommend intravenous aciclovir for
14–21 days in cases of HSVE [43]. Though the initial studies
provided aciclovir for 10 days, relapses beyond this were sub-
sequently reported [123, 124], prompting most physicians to
provide a longer duration of therapy (notably, many cases of

apparent relapse may be immune mediated rather than infec-
tious—see below). Some advocate repeat CSF PCR at 14–
21 days, with longer treatment if PCR is positive [125, 126],
though we generally reserve this for patients who have had a
complicated course or have not responded to therapy as well
as expected. A recently completed trial noted a lack of benefit
from an additional 3 months of oral valaciclovir for the reduc-
tion of post-HSVE neuropsychiatric complications in 87
adults with PCR-proven HSVE [127].

According to the UK guidelines for the treatment of en-
cephalitis, aciclovir can be safely discontinued in immuno-
competent patients when an alternative diagnosis is
established, or HSV PCR from the CSF has been negative
on 2 occasions at least 24–48 h apart, or if all of the following
conditions are met: negative CSF PCR obtained > 72 h from
symptom onset, no alteration of consciousness, normal brain
MRI, and CSF leukocytes are < 5 cells/ml [65].

Corticosteroids

Preclinical and animal studies have suggested a potential ben-
efit associated with the use of corticosteroids in HSVE [128];
however, clinical evidence in humans is scant. While the host
immune system paradoxically contributes to tissue injury, it is
also important for suppressing viral spread and replication. As
corticosteroids have both potent anti-inflammatory and immu-
nomodulatory effects that may, theoretically, facilitate viral rep-
lication, it is not surprising that differing opinions exist regard-
ing their use in HSVE [129, 130]. A nonrandomized retrospec-
tive study of 45 patients with HSVE suggested that the addition
of corticosteroids to aciclovir may be associated with improved
outcomes [131], thus prompting larger-scale clinical trials.

The German trial of aciclovir and corticosteroids in HSVE
(GACHE) was a multicenter, multinational randomized,
placebo-controlled clinical trial intended to compare aciclovir
plus dexamethasone to aciclovir and placebo [132]. Patients
with CSF HSV PCR positivity were to be randomized to the
experimental or control group. Both groups would be given
aciclovir 10 mg/kg q8h for 14 days. The experimental arm of
the trial would receive 40 mg dexamethasone q24h for 4 days
[133]. However, the trial was not completed as a result of
limited recruitment.

The dexamethasone in herpes simplex virus encephalitis
(DEX-ENCEPH) trial is a multinational, randomized con-
trolled trial that is currently enrolling patients with HSVEwith
CSF PCR positivity. Patients will be randomized to receive
dexamethasone 10 mg q6h for 4 days or no steroids, and the
primary outcome will be a verbal memory score. The UK
encephalitis guidelines have suggested against the routine
use of corticosteroids in HSVE until results from controlled
trials are available [65]. Our practice has been to reserve cor-
ticosteroids for patients in whom there is significant edema
and mass effect.
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Complications of HSVE

In addition to respiratory and circulatory insufficiency, impor-
tant acute neurologic complications of encephalitis include
seizures and elevated intracranial pressure associated with
brain edema and herniation.

Case 1: A 33-Year-old Woman with Complications
of HSVE

A 33-year-old woman presented with a generalized tonic-
clonic seizure after several days of upper respiratory tract in-
fection, headache, fever, confusion, and word-finding difficul-
ty. Brain MRI revealed diffusion restriction and FLAIR
hyperintensity with edema in the mesial temporal lobe and
hypothalamus (Fig. 2). EEG demonstrated periodic discharges
in the left temporal area. Lumbar puncture revealed 7 nucleated
cells/μl (90 % neutrophils), 295 erythrocytes/μl, and normal
glucose and protein. HSV-1 PCR was positive in the CSF and
she was treated with aciclovir. One week into her hospitaliza-
tion, after initially improving she developed right lateral rectus
palsy and depressed level of consciousness. Repeat MRI dem-
onstrated increased edema in the left temporal lobe. The patient
eventually recovered but she was left with subtle language
deficits. Follow-up MRI 6 months after her HSVE demonstrat-
ed cystic encephalomalacia in the left anterior temporal lobe.

Edema and Herniation

Cytotoxic and/or vasogenic edema associated with the infec-
tious process or the host immune response can lead to focal or
global mass effect and increased intracranial pressure in

HSVE. When this is suspected, rapid bedside evaluation and
head CT are indicated. Several studies in patients with men-
ingitis have suggested that CT should precede lumbar punc-
ture in patients with signs such as optic disc edema, new
seizures, or severe impairment of consciousness (see Table
10 in [65] for a succinct summary of contraindications to
lumbar puncture) [134–136]. In practice, we find that most
patients have had an initial CT scan in the emergency depart-
ment prior to neurological evaluation.

Kalanuria et al. [137] recently reviewed the management of
herniation. Initial emergency measures that may attenuate in-
tracranial pressure include elevation of the head of the bed to
at least 30 degrees, adequate oxygenation with target oxygen
saturation > 90 %, and brief (<2 h) hyperventilation with tar-
get PaCO2 of 30–35 mmHg. Hyperosmolar therapy with ei-
ther hypertonic saline or mannitol should be considered in
cases where mass effect from significant edema is noted. We
favor hypertonic saline over mannitol and, though no random-
ized clinical trials exist, a meta-analysis has supported this
practice [138]. Two percent sodium (Na) solution can be given
through a peripheral line, while 3 % or 23.4 % Na should be
given through a central line. Boluses of 250–300 ml 2–3%Na
can be given to maintain serum sodium in the range of 150–
155, with conversion to maintenance infusion as needed. In
active brain herniation, a 30-ml bolus of 23.4 % Na can be
given. If the patient is hyponatremic at presentation, sodium
must be corrected slowly given the risk of myelin injury, and
mannitol may be the safer option. Hypertonic therapy carries
risk of myelin injury, subdural hematoma/effusion, rebound
cerebral edema, phlebitis, hypotension, pulmonary edema,
heart failure, hypokalemia, hyperchloremic acidemia, coagu-
lopathy, and intravascular hemolysis.

Fig. 2 Magnetic resonance
imaging in acute herpes simplex
virus-1 encephalitis. (A)
Diffusion restriction on diffusion-
weighted imaging (DWI) in the
left mesial temporal lobe that
corresponded to (B, C) fluid-
attenuated inversion recovery
(FLAIR) hyperintensity. (D) On
day 8, with clinical deterioration,
there was increased fluid
restriction on DWI in the left
mesial temporal lobe with
tracking along the cortical ribbon
that corresponded with (E, F)
increased FLAIR hyperintensity
and swelling
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In severe cases of cerebral edema refractory to the afore-
mentioned medical management, barbiturate coma and/or de-
compressive craniectomy should be considered. Case series
and case reports suggest the potential for good outcomes, even
in cases of bacterial meningitis or viral encephalitis requiring
surgical intervention [139]. Patients with evidence of obstruc-
tive hydrocephalus should likewise be evaluated for surgical
intervention such as external ventricular drainage.

Seizures

Seizures are common in encephalitis and some 15 % of pa-
tients have SE during the course of their illness [140–142]. A
recently published Cochrane review of the use of antiepileptic
medications for the primary and secondary prevention of sei-
zures in viral encephalitis concluded that there was insuffi-
cient evidence to support either practice [143]. However, our
practice is to provide antiepileptic medications to all patients
with seizures and encephalitis given the possibility of
excitotoxicity and further brain injury in the setting of recur-
rent seizures.

Status epilepticus (SE) is defined as seizure lasting > 5 min
or recurrent seizure activity without recovery between epi-
sodes. A treatment algorithm for the management of patients
in SE has recently been published [144], and guidelines for the
management of convulsive and nonconvulsive SE are also
available [145]. The first priorities of managing patients in
SE are airway protection and support of respiration and circu-
lation as needed. Bedside glucose testing should be promptly
obtained and hypoglycemia corrected as needed. First-line
antiepileptic agents for patients with SE include lorazepam
(0.1 mg/kg up to 4 mg per dose given at 5–10-min intervals),
midazolam (10 mg intramuscularly), or diazepam (10 mg per
rectum). First-line therapy will abort SE in roughly half of all
patients [146]. All patients with convulsive SE should be giv-
en a second-line agent immediately after administration of the
first-line agent in order to prevent further seizures. We prefer
valproate sodium (25–40 mg/kg i.v.) [147–149] or
fosphenytoin (18–20 phenytoin equivalents/kg i.v.) [150],
which are among the best studied antiepileptic therapies in
SE. Phenytoin may precipitate hypotension that can generally
be corrected by giving a fluid bolus and reducing the rate of
infusion. In hemodynamically tenuous patients, we therefore
prefer valproate, which can be rapidly infused and is generally
well tolerated, even in the critically ill. SE in a patient with
HSVE may be a manifestation of increasing edema and mass
effect, and emergent brain CT should be considered while
treatment is being initiated.

If seizures do not abate with first- and second-line therapy,
we initiate anesthetic infusion with propofol or midazolam as
our preferred agents, though no one anesthetic has been
shown to be superior to the others. This should be titrated to
cessation of clinical seizure activity. Continuous EEG should

be initiated emergently for patients who are unconscious but
without clinical evidence of seizures, as subclinical seizures
are common in this setting and can only be diagnosed by EEG.
Notably, in patients with subclinical SE, intravenous anesthe-
sia has been associated with increased mortality, suggesting
that it should be avoided if possible [151]. Once seizures have
been controlled and preventative antiepileptic agents have
reached therapeutic doses, infusion is generally maintained
for 24 h before controlled taper of anesthetic agents with con-
tinuous EEG monitoring.

Among patients who have seizures but do not experience
SE, the underlying inflammatory epileptogenic stimulus in
HSVE is likely to persist for at least the duration of the illness.
Therefore, with the first seizure we begin secondary preven-
tion with an antiepileptic medication such as levetiracetam
(starting dose 1000–3000 mg i.v. or p.o.), lacosamide (200–
400 mg i.v. or p.o.), valproate sodium (20–40 mg/kg i.v. or
p.o.), or other antiepileptic agent, generally based on comor-
bidities and patient/physician preference. The aforementioned
agents can be given with i.v. loading doses.

Case 2: A-79-Year-old Woman in SE

A 79-year-old woman presented in SE 3 months after being
treated for HSVE. Brain MRI is shown in Fig. 3. HSV PCR
and other infectious studies from the serum and CSF were
negative. Anti-NMDAR IgG antibodies were detected in the
CSF by immunofluorescence assay at 1:20 (normal: <1:1).
With antiepileptic medications, steroids, plasma exchange,
and intravenous immunoglobulin (IVIg), the patient improved
and was discharged to skilled nursing care. Anti-NMDAR
encephalitis and other immune-mediated encephalitides can
be triggered by HSV [152]. In contradistinction to the initial
HSVE, significant contrast enhancement on brain MRI has
been observed [153], and may be a biomarker of autoimmune
relapse, though future studies with greater patient numbers are
needed. Importantly, these cases of clinical relapse after
HSVE appear to respond favorably to immunotherapy [153].

Outcomes

HSVE is a cause of significant morbidity and mortality. The
mortality of untreated HSVencephalitis is roughly 70 %, and
97 % of survivors will not return to their previous level of
function [41, 154–156]. Clinical trials in the 1980s demon-
s t r a t ed s i gn i f i c an t l y imp roved ou t comes w i t h
intravenous aciclovir, as described above [103, 104], and the
1-year mortality with current antivirals and supportive care is
now in the range of 5–15%, despite high rates of admission to
the ICU [44, 60, 157]. However, consequent neuropsychiatric
deficits remain common (69–89 %) [60, 157].
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The economic burden of HSVE is also very high. Given the
emergence of West Nile virus neuroinvasive disease in the
USA and the recognition of immune-mediated etiologies,
such as anti-NMDAR encephalitis, Vora et al. [158] estimated
the burden of encephalitis-associated hospitalizations from
1998 to 2010, updating a previous study [159]. They reported
a mean length of hospital stay of 11.2 days with a median
inpatient charge of $48,852 for encephalitis-related hospitali-
zations and $58,082 for encephalitis related to herpes, in 2010.

Among the most significant negative prognostic factors are
older age, coma/lower level of consciousness at presentation,
restricted diffusion on DWI, and delay in aciclovir adminis-
tration [57]. Sutter et al. [90] observed that a normal EEG was
the independent factor most strongly associated with survival.
Kim et al. [160] recently retrospectively reviewed 29 patients
with PCR-proven HSVE and found that severe EEG abnor-
malities were predictive of poor outcome at 6 months, al-
though this was not observed in a series of 45 patients from
the Mayo Clinic [57]. Early recognition and timely adminis-
tration of aciclovir are critically important for improving out-
comes, and late administration of aciclovir is the most readily
modifiable risk factor for poor outcomes [62, 63, 161, 162].
Factors contributing to delayed treatment include
immunocompromise [63], severe comorbid disease, history
of alcohol abuse, absence of fever, and CSF leukocytes
<10/ml [162].

Immune-Mediated Encephalitis and Apparent HSVE
Relapse

While most cases of HSVE are monophasic, a subset of pa-
tients return to medical attention with an apparent clinical

relapse after completing treatment. Most are children who
present with choreoathetosis [163]; however, patients of all
ages may present with a variety of neurologic manifestations
such as new changes in behavior or personality, memory def-
icits, and seizures. The frequency of clinical relapse has been
reported to range from 5 % to 27 %, with the higher frequen-
cies observed in children [163–166]. The relapse is generally
less severe than the initial illness; however, fatal cases have
been reported [167].

While viral relapse is possible and some cases have had at
least transient HSV PCR positivity during the relapse episode
[165], many have no evidence of HSVactivity, as demonstrat-
ed by negative HSV PCR from the CSF and poor clinical
response to antiviral medications. An immune-mediated pro-
cess has long been suspected in this setting. In one study, 32
consecutive adults with CSF PCR- or serology-proven HSVE
who were treated with aciclovir or vidarabine were prospec-
tively followed for relapse, which occurred in 4 patients [168].
However, none of these had HSV PCR positivity in the CSF
during the apparent relapse, and markers of neural and glial
cell damage (including neuron-specific enolase, S-100, and
glial fibrillary acidic protein) were markedly lower in the
CSF during relapse than on initial presentation. The authors
concluded that direct viral cytotoxicity was not the mechanism
of relapse, but rather suggested an immune-mediated process.

Recent evidence has supported the immune-mediated hy-
pothesis. Multiple case reports and, more recently, case series
have demonstrated that many patients with HSVE relapse de-
velop anti-NMDAR immunoglobulins [152, 169–174].
Antibodies targeting other known neuronal antigens and un-
identified neuronal antigens have also been reported in this
setting [152, 153, 174, 175]. The precise pathogenic

Fig. 3 Central nervous system
autoimmunity following herpes
simplex virus-1 encephalitis. (A–
C) Extensive patchy
postgadolinium enhancement
involving the gray and white
matter of the temporal and frontal
lobes, and corpus callosum. (D–
F) Corresponding fluid-
attenuated inversion recovery
(FLAIR) sequences demonstrate
left > right temporal lobe cystic
encephalomalacia and FLAIR
hyperintense lesions
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mechanisms remain to be elucidated, but may involve mech-
anisms of molecular mimicry or an autoimmune response to
the release of neuronal antigens associated with host cell lysis.

Armangue et al. [153] recently reported 14 patients with
HSVE relapse and compared the clinical, imaging, and labo-
ratory features in adults and teenagers (median age 40 years,
range 13–69 years) with those in young children (median age
13 months, range 6–20 months). Older patients were signifi-
cantly less likely to have choreoathetosis or decreased level of
consciousness compared with children. Moreover, diagnosis
and treatment were delayed in older patients [85 days from
relapse symptom onset to antibody testing (range 17–
296 days) vs 4 days (range 0–55 days) in children;
p=0.037]. In some cases, the development of neuronal auto-
antibodies may occur early in the illness and the syndrome can
appear as progression of the initial HSVE episode. Brain MRI
during the relapse episode frequently demonstrated contrast
enhancement that improved with immunomodulatory therapy.

Patients with post-HSVE immune-mediated encephalitis are
likely to respond favorably to immunotherapy but may be left
with neurological deficits attributable to the HSVE. First-line
treatment with steroids and/or IVIg or plasma exchange result-
ed in substantial improvement in all patients in the series by
Armangue et al. [153]. One patient who had SE transiently
improved with plasma exchange but developed further seizures
and required second-line treatment with rituximab and IVIg.

Given the recent data outlined above, clinicians should be
aware of the risk of immune-mediated relapse after HSVE,
which is likely an under-recognized complication. Early
follow-up (i.e., within 1 month of discharge) should be strongly
considered in order to monitor for evidence of immune-
mediated complications, which may be misdiagnosed as pro-
gression or recrudescence of HVSE deficits. A high index of
suspicion is warranted, particularly in adults, who are less likely
to present with stereotyped neurologic manifestations such as
chorea. Evaluation for viral relapse with HSV PCR from the
CSF should be coupled with evaluation of an immune-
mediated etiology by historical and examination findings
and testing for autoantibodies from the CSF. If clinical suspi-
cion is high, sending specimens to a research laboratory with
expertise in immune-mediated encephalitides should be consid-
ered and evaluation for antibodies targeting unidentified neuro-
nal antigens may be fruitful. BrainMRI is helpful in identifying
other possible post-HSVE complications that might mimic re-
lapse and contrast enhancement may be a marker of immune-
mediated sequelae [153]. Once viral reactivation or persistence
have been excluded, treatment with immunomodulatory thera-
py should be strongly considered with a combination of ste-
roids and IVIg as a reasonable first-line regimen. Second-line
therapy with rituximab and/or cyclophosphamide is reasonable
in patients who do not respond to first-line agents. Future stud-
ies investigating the epidemiology, pathophysiology, and opti-
mal clinical management of these patients are warranted.

Future Lines of Investigation

Although significant advances in the treatment of HSVE have
been made since the first reports in the 1940s, there is still a
great need to improve outcomes. The diagnostic challenges
presented by encephalitis and the high frequency of idiopathic
cases stresses the importance of improving our diagnostic ap-
proach to the encephalitic patient. Further studies are needed
in order to determine what contribution the host immune sys-
tem plays in damaging the CNS, and mechanisms of such
damage remain to be fully elucidated. Deepening our under-
standing of the role of host immunity in HSV pathogenicity
may have significant implications for attenuating the long-
term sequelae of HSVE and further investigations in this area
should be pursued. Methods capable of decreasing the long-
term neurocognitive deficits in patients with HSVE are also
greatly needed. The development of a vaccine to prevent pri-
mary infection with HSV is an area of active research and has
the potential to prevent serious complications of HSV infec-
tion [176].

Required Author Forms Disclosure forms provided by the authors are
available with the online version of this article.
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