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Outcome and Sequelae of Infectious Encephalitis

Kathryn A. Kvam®
Jean-Paul Stahl’
Felicia C. Chow**
Avriane Soldatos®

Acute infectious encephalitis is a widely studied clinical syndrome. Although identified almost
100 years ago, its immediate and delayed consequences are still neglected despite their high fre-
quency and possible severity. We reviewed the available data on sequelae and persisting symp-
toms following infectious encephalitis with the aim of characterizing the clinical picture of these
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Pierre Tattevin patients at months to years after hospitalization. We searched PubMed for case series involving se-

James Sejvar® quelae after infectious encephalitis. We carried out a narrative review of the literature on enceph-
Alexandra Mailles alitis caused by members of the Herpesviridae family (herpes simplex virus, varicella zoster virus,
*Department of Neurology & and human herpesvirus-6), members of the Flaviviridae family (West Nile virus, tick-borne en-
Neurological Sciences, cephalitis virus, and Japanese encephalitis virus), alphaviruses, and Nipah virus. We retrieved 41
gte”t?r ;O[JAFadeFT‘tJCS"tAe‘:iCZ‘e'CA USA studies that yielded original data involving 3,072 adult patients evaluated after infectious enceph-
anford University, Stanford, CA, » . e g .

*Grenoble Alpes University, Grenable, alitis. At least one of the five domains of cognitive outcome, psychiatric disorders, neurological
France deficits, global functioning, and quality of life was investigated in the reviewed studies. Various
*Department of Neurology, tests were used in the 41 studies and the investigation took place at different times after hospital
\Lljvrﬁ'\llle'rns?:;‘gfecfglri gfn”i;osc'ences’ discharge. The results showed that most patients are discharged with impairments, with frequent
San Francisco, CA, USA deficits in cognitive function such as memory loss or attention disorders. Sequelae tend to im-
‘Department of Medicine, prove within several years following flavivirus or Nipah virus infection, but long-term data are
Division of Infectious Diseases, scarce for other pathogens. Further research is needed to better understand the extent of sequelae
University of California, after infecti haliti d dardized thod and h

San Francisco, CA, USA er infectious encephalitis, and to propose a standardized assessment method and assess the re-
°National Institute of Neurological habilitation efficacy in these patients.
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Pathogens and Pathology,
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Zoonotic Infectious Diseases, INTRODUCTION

Centers for Disease Control and
Prevention, Atlanta, GA, USA L . . . .
"Department of Infectious Diseases, Acute encephalitis is a severe neurological syndrome affecting physical, cognitive, and be-

22::51\7:3222‘,3; ?:::' havioral functions. It is associated with substantial mortality during the acute stage of the
disease, particularly in low- and middle-income countries. Most survivors do not recover
fully and often require extended posthospitalization rehabilitation and care to regain their
functional abilities. A recent initiative of the World Health Organization targeted encepha-
litis as a public health priority due to its wide extent of neurological signs, the consequenc-
es on performing the activities of daily living, and the burden of sequelae both for patients
and their caregivers.' The disability-adjusted life years related to encephalitis, regardless

Received  July 4, 2023 of the cause, was estimated to 4.8 million in 2019.> The mean case fatality rate (CFR) for in-

Revised  October 4,2023 fectious encephalitis in the USA has been estimated to be 6%.’ The disease also exerts a high
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patients history, examination findings, and unique environmental or travel exposures can
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greatly facilitate differential diagnoses, laboratory testing is
required to confirm the etiology.* Autoantibodies targeting
neuronal cell-surface and intraneuronal antigens have re-
cently been demonstrated as a frequent cause of encephalitis
mimicking infectious processes.”® Importantly, despite ex-
tensive laboratory testing, most patients with acute en-
cephalitis do not receive a substantiated diagnosis.””

The outcomes and sequelae of encephalitis can vary sig-
nificantly based on the etiological agent. The occurrence of
cognitive, psychiatric, and neurological sequelae following
infectious encephalitis has long been recognized.'” We re-
viewed the literature on outcomes and sequelae of infectious
encephalitis with the aim of summarizing the existing knowl-
edge for clinicians and identifying gaps in the understanding
of persisting symptoms and outcomes that might inform fu-
ture research and clinical applications.

METHODS

Search criteria

We comprehensively searched PubMed from its inception
(circa 1,800) up to March 2022 for all published papers and
abstracts written in English, French, or German using the
following keyword string: ((encephalitis OR meningoen-
cephalitis) AND (infecti*) AND (sequel* OR persisting symp-
toms OR outcome) NOT (autoimmune) NOT (pediat®)).
Only studies that evaluated posthospitalization sequelae
and outcomes were included. Study reports describing mor-
tality, functional status, neuropsychiatric sequelae, and pa-
tient-reported outcomes including quality of life (QOL) and
including at least five patients were included.

Studies of patients with isolated cerebellitis, myelitis, or
meningitis were excluded. Studies including only pediatric
patients were also excluded since the sequelae for this con-
dition have already been thoroughly reviewed." Studies of
encephalitis of unknown cause were included, while those
involving outcomes of immune, toxic, metabolic, or neoplas-
tic encephalopathy/encephalitis were excluded. Studies or
case series of both adult and pediatric patients were includ-
ed only if the results were presented separately so that the se-
quelae specifically in adults could be assessed. Studies or case
series of patients with various clinical presentations of a giv-
en infection (e.g., West Nile neuroinvasive disease [WNND]
and West Nile fever) were retained only if it was possible to
distinguish between neurological and nonneurological pre-
sentations in the reported results. Retrospective studies or
case series of clinical or administrative databases (i.e., with-
out clinical contact with or evaluation of patients by inves-
tigating clinicians) were also excluded, as were reports with
incomplete or questionable clinical documentation.

24 | Clin Neurol 2024;20(1):23-36

Data collection

Data were collected from the selected papers in five outcome
domains: cognitive disorders (assessed using standardized
cognitive tests including memory, attention, and intelligence
scales), sleep disorders, objective neurological deficit exami-
nations (motor, sensory, and cranial nerve dysfunctions),
psychiatric assessments (assessed using standardized scales
or tests), global functioning (e.g., modified Rankin Scale
[mRS]), and patient-reported outcomes (QOL and self-re-
ported symptoms). The data collected included the study pe-
riod, number of patients enrolled in the study, causes of en-
cephalitis, tests and other methods used to assess the patients,
delays between hospital discharge and assessments, and the
results of the assessments.

RESULTS

The initial search for infectious encephalitis identified 4,424
papers. After reading their abstracts, 185 relevant studies were
selected for full text reviews. Forty of these studies met the
inclusion criteria. The included studies along with the assess-
ment tools used and results are summarized in Table 1 and Sup-
plementary Table 1 (in the online-only Data Supplement).

The mRS was the most frequently used tool in any domain
to evaluate the outcome of the patients. The mRS was first
developed for stroke and measures the degree of disability
or dependence in performing the activities of daily living
(Table 2).">"

Measured outcomes

Twenty-two of the 40 studies investigated the cognitive out-
comes of patients using the following classical tests or batter-
ies: Mini Mental State Examination (MMSE), full Wechsler
Adult Intelligence Scale, Wechsler Memory Scale, Montreal
Cognitive Assessment Scale, Trail-Making Test, and Rey Com-
plex Figure Test. The different studies used different combi-
nations of tests. Sixteen studies included a neurological ex-
amination and 12 included self-reported symptoms. Six of
the 12 studies investigating psychiatric outcomes focused on
depression and anxiety. The five studies assessing the QOL
comprised three using 36-item short-form medical outcome
survey (SF-36), one using 12-item shortened version of SF-
36 (SF-12), and one using a questionnaire derived from SF-
12. Global functioning was reported for 15 studies, using the
mRS, Glasgow Outcome Scale (GOS), Liverpool Outcome
Scale (LOS), or in-house questionnaires. Eleven studies in-
vestigated a single domain, mainly the cognitive outcome or
global functioning. Only self-reported symptoms or global
functioning were investigated in seven studies.
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Table 2. Categories of the modified Rankin Scale™™

Score Definition

0 No symptoms

1 No significant disability. Able to carry out usual activities,
despite some symptoms

2 Slight disability. Able to look after own affairs without
assistance, but unable to carry out all previous activities

3 Moderate disability. Unable to attend to own bodily
needs without assistance, but able to walk unassisted

4 Moderate severe disability. Unable to attend to own
bodily needs without assistance, and unable to walk
unassisted

5 Severe disability. Requires constant nursing care and

attention, bedridden, incontinent

The Herpesviridae family

Herpes simplex virus

Herpes simplex virus (HSV) is the most frequently identi-
fied and most-studied cause of encephalitis worldwide. Acy-
clovir (ACV) was discovered in the 1970s, but its benefit over
vidarabin in treating herpes simplex encephalitis (HSE) was
demonstrated in 1984." Prior to the use of high-dose intra-
venous ACV for treating HSE, the in-hospital CFR of HSE
was around 70%, but this has decreased to less than 20% in
recent studies.''® The prevalence of sequelae in HSE survi-
vors is high, with case series showing that 30%-70% of HSE
survivors have persisting symptoms and sequelae with sig-
nificant consequences.'”'* A recent study found full recovery
in only 14% of 43 patients at 3 years after HSE.'® Although
HSE sequelae may be permanent, some improvement in signs
at the time of discharge has been observed in most patients
in the ACV era. Rehabilitation interventions usually imple-
mented after head trauma injury might be effective for HSE
patients."

Cognitive decline in several domains have been reported
in most patients and has a major impact on functional out-
comes. Anterograde or retrograde episodic memory and se-
mantic memory can both be negatively affected.'*** Exec-
utive dysfunction occurs frequently and is responsible for
the inability for some patients to return to work or even per-
form the usual activities of daily living, with proportions as
high as 41% of patients being reported."® Attention disorders
have been reported in as many as 67% of patients.' A study
found the 23% of 24 post-HSE patients had mild intellectu-
al impairment based upon intelligence quotient (IQ) esti-
mates," although pre-encephalitis IQ scores were not avail-
able for comparison. Language and/or speech impairments
also occur frequently after acute HSE and can persist for
years.'"'® While some degree of cognitive injury observed in
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HSE may be permanent, there have been reports of gradual
improvement over time, often taking from months to years.
A recent study found improvements in executive function
and IQ in an unspecified number of patients with HSE after
1 year.

Behavioral sequelae may be observed in 40%-50% of sur-
vivors, including affective/mood disorders, personality chang-
es, aggressiveness, anxiety, depression, sleep disorders, and
emotional instability.'"*"” A case-control study of 30 patients
and 70 healthy controls found that HSE patients had higher
levels of depression and anxiety than did healthy controls
after 1 year.” These sequelae can be responsible for inappro-
priate behavior and reactions, and may result in interperson-
al challenges, including strained interactions with family
members and friends.

Persisting motor or coordination deficits are less common
than cognitive and behavioral symptoms after HSE.'*' Sei-
zures were found in 14% of 34 patients in a case series.”

Varicella zoster virus
Central nervous system varicella zoster virus (VZV) infection
can result in meningitis, myelitis, encephalitis, vasculitis,
and stroke. Here we discuss only sequelae following VZV
encephalitis. Sequelae are frequently reported in patients
with VZV encephalitis.”>** During follow-up, attention def-
icits may be present in 30%-50% of patients,'*** with mild
memory disorders and mental slowing in 15%-45%,'%***
and speech disorders in 30%.”* VZV encephalitis patients
have been found to score poorly on IQ scales, and exhibit
mild behavioral disorders including disinhibition and eu-
phoria.** Data available on the long-term outcome of VZV
encephalitis suggest that improvements occur over time in
at least half of patients.”

Objective neurological sequelae are variably reported. In
a French cohort, 30% of patients had mild motor deficits at
3 years after discharge,'® while there were none in a Swedish
cohort using the National Institutes of Health Stroke Scale.”®
In another study from Sweden, 10 of 13 patients with VZV
encephalitis had neurological sequelae at 1 month after their
hospital discharge, and 6 of 7 had them at a 3-month follow-
up.®

A recent study evaluated 10 Swedish patients aged 24 to 85
years using 11 cognitive tests.”” Compared with normative
values adjusted for age, these patients had lower scores for
executive function, speed and attention cognitive domains,
learning and memory, and language. Moreover, the scores
were lower for older patients than younger ones.

Human herpesvirus-6
A single study investigated the sequelae following human



herpesvirus-6 (HHV-6) encephalitis in adult patients.”® That
cohort of 145 hematopoietic stem cell transplant (HSCT) re-
cipients was retrospectively assessed using a questionnaire
administered at a median of 4.5 years after acute encephali-
tis. The most-frequent sequela was subjective memory im-
pairment (33% of survivors), and only one in five patients
had been able to return to their previous state of activities of
daily living at the time of the study. However, it was not pos-
sible to distinguish the consequences of the encephalitis vs
the underlying disease associated with HHV-6 encephalitis
(immunosuppression, hematological malignancy, and any
other indication for receiving an HSCT).

The Flaviviridae family

West Nile virus (WNYV), Japanese encephalitis (JE) virus
(JEV), and tick-borne encephalitis (TBE) virus are the most
common flaviviruses responsible for encephalitis. Their in-
cidence and prevalence vary with the presence of competent
vectors as well as temporal factors including season and rain-
fall. Most flavivirus infections are asymptomatic, and only a
minority of symptomatic patients will present with neuro-
logical signs. The CFR may be significant among these infec-
tions, such as 18% for WNV encephalitis® and 20% for JE.*
The CFR following TBE depends on the viral subtype: the
Far East subtype is known to be more pathogenic than the
Siberian and European subtypes, with the CFR following
TBE due to the European subtype reportedly being less than
1%.”!

Flaviviruses share a common neurotropism for the thala-
mus, basal ganglia, brainstem, and anterior horn cells of the
spinal cord.*>” Their clinical presentation and outcomes con-
sequently share common features and sequelae, although
there also are some differences. Flaviviruses are responsible
for neuroinvasive illness with a wide range of clinical presen-
tations and severities: meningitis, encephalitis, myelitis, and
acute flaccid paralysis (AFP). Many studies of sequelae fol-
lowing flavivirus neuroinvasive infections have detected co-
horts of patients presenting with the full spectrum of neuro-
invasive diseases, not restricted to encephalitis. It may therefore
be difficult to distinguish sequelae specific to encephalitis in
some of these cases.

West Nile virus

Neurological sequelae are frequent following WNND, in-
cluding tremor and parkinsonism being observed in about
20% of patients.* A case series evaluating motor function
found that 34 patients (69%) had abnormalities in motor
speed.” These signs and symptoms may last for months to
years.>* Severe and persistent neurological deficits are seen
in patients presenting with myelitis or AFP, which are often
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challenging to distinguish from encephalitis sequelae in co-
hort studies.”?*

Up to 75% of patients report persistent cognitive and physi-
cal symptoms following WNND, the most common being
extreme fatigue, generalized weakness associated with joint
pain, and depressive mood.**** One case series found that
42% of patients complained of memory loss and concentra-
tion disorders.”” These symptoms may be responsible for de-
creased QOL: in WNND patients evaluated 18 months after
acute infection, low scores were obtained in the physical do-
main as well as in the social functioning and emotional com-
ponents of the mental health domain of the SF-36." However,
QOL improves during the first year after hospital discharge.*

Depression is a common long-term consequence of WNV
infections, and is more frequent following WNV encephali-
tis than other clinical presentations.” Moderate-to-severe
depression was found in 24% of 49 adult patients with WNND*
and in 34% of 38 patients with WNV encephalitis.* Anoth-
er study applying a complete neuropsychological battery
found that patients with WNND performed slightly worse
than a normative population in psychomotor speed, execu-
tive function, and attention.” Comparable results were ob-
tained in a further study.”

Assessments of 116 patients with WNND or West Nile fe-
ver in New Mexico in 2006 performed 9 months after symp-
tom onset revealed that cognitive impairment was more
prevalent in patients who had WNND.” In that case series,
among 52 WNND patients, 42% experienced concentra-
tion difficulties and subjective memory deficits, 27% had im-
paired comprehension, 25% were confused, and 25% expe-
rienced difficulties in decision-making. Another case series
from New Mexico found that 56% of 41 WNND patients
had cognitive impairment, mainly affecting verbal memory
and psychomotor speed.*

A recent study assessed functional outcomes using the mRS
in 30 patients at from 1 month to 12 years after WNND, and
found that 24 patients (80%) had mRS scores of 0-2 (from
no symptoms to slight disability), suggesting a favorable
outcome in most patients.’® However, seven patients in that
cohort still experienced cognitive impairment as assessed
using the French version of the Telephone Interview for Cog-
nitive Status.

After WNV emerged in Greece, a case series found sequel-
ae following WNND in 22 patients at 16 months after dis-
charge.* That study found a high prevalence and wide range
of sequelae, including anorexia (77%), muscle weakness
(72%), memory disorders (37%), and depression (22%).

Tick-borne encephalitis
TBE is the most common type of arboviral encephalitis in Eu-
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rope, and both its incidence and geographic range are in-
creasing.” Sequelae following TBE have been well document-
ed, which some authors consider to be a compelling argument
for widespread vaccination.”” The morbidity and mortality are
higher for the Far Eastern subtype of the virus than for the
other two subtypes present in Europe (European and Siberian).

Neurological sequelae are seen primarily in patients with
encephalomyelitis or encephaloradiculitis, with focal deficits
in nearly one-quarter of patients.**”” Shoulder girdle paraly-
sis can occur in up to 14%, with hearing impairment and fa-
cial palsy being less common (6%).* In a German study, 47
of 230 patients (20%) presented with motor deficits of the
extremities at a 3-month follow-up.” Persistent dizziness,
tremors, and other symptoms of parkinsonism are reported
in 5%-10% of patients at discharge, but these improve sig-
nificantly during the first year.*****' Not surprisingly, motor
sequelae are more severe in patients with meningoencepha-
loradiculitis than in those with encephalitis or meningitis
alone.”

In Latvia, 29 patients with TBE or tick-borne encephalo-
myelitis diagnosed between 1994 and 2006 were assessed at
a median of 7 years after acute neurological illness.* At the
time of follow-up, 41% presented with moderate sequelae
and 31% with severe sequelae (the criteria were not defined
in the report). These patients were part of a larger cohort of
100 TBE patients presenting with various clinical presenta-
tions: fever, AFP, meningitis, or encephalitis. The main per-
sisting symptoms among these 100 patients were fatigue
(61%), headache (58%), mood disorders (47%), sleep disor-
ders (42%) and dizziness (40%).%

Memory disorders and concentration difficulties were found
in 42% of patients at the time of hospital discharge in a Swiss
case series of 132 patients diagnosed between 1976 and 1996.*
Evaluations of 32 of these patients performed at 5 years after
symptom onset revealed that 31% were still disabled.

In a Swedish study comparing patients with TBE or tick-
borne meningitis with controls, only 14% of the TBE patients
were considered asymptomatic without sequelae or persist-
ing symptoms at the first follow-up visit conducted from a
few weeks to 2 months after the acute illness, while this in-
creased to 19% at the second follow-up visit (up to 6 months
after discharge).” The patients and controls in that study were
also interviewed by phone using a standardized question-
naire at 2 to 15 years after the patients had been discharged,
which revealed that the scores for memory, executive symp-
toms, physical disorders, concentration, learning abilities,
fatigue, and coordination were worse for the patients than
for the controls.

A postencephalitic syndrome (PES) has been reported in
10%-58% of patients during 1 year following hospital dis-

30 J Clin Neurol 2024;20(1):23-36

charge.* This is described as a constellation of persistent
psychiatric, cognitive, and neurological symptoms, which
include emotional lability, low tolerance of stressful situa-
tions, concentration difficulties, anterograde memory defi-
cit, aphasia, visual and hearing deficits, tinnitus, ataxia, trem-
ors, and pain in the limbs.”® This syndrome resulted in 44%
of patients requiring psychiatric follow-up and treatment af-
ter discharge in a large Polish case series.” That study also
found mild cognitive impairment in 31% of patients.

The PES was recently studied in Slovenia with a more strin-
gent definition: at least two new or exacerbated symptoms at
follow-up, or at least one objective neurological symptom.*
Among 304 patients with TBE, tick-borne meningitis, or
tick-borne meningoencephalitis, 127 (42%) had PES at 6
months after discharge while 68 of 207 patients (32%) had
PES after 12 months. The global picture of sequelae improved
after 12 months, with fewer cases with severe PES and more
of those with mild PES. During the final follow-up visit (per-
formed after various intervals), 58% of patients reported at
least one subjective symptom, most frequently headaches
(31%), memory/concentration disorders (21%), and emo-
tional lability (14%). The following objective symptoms were
less frequent (6% of all patients): 3% with paresis/paralysis,
and 1% with tremors, 1% with hearing loss, and 1% with vi-
sual deficits. The patients had a decreased QOL compared
with a control group.®

The sequelae following TBE are more severe in cases of en-
cephalomyelitis. In a German case series of 57 patients, 19%
had fully recovered at 10 years after TBE while 51% still re-
ported sequelae on follow-up.™

Japanese encephalitis
JE is the most frequent epidemic encephalitis worldwide, and
it has the highest burden, especially in low- and middle-in-
come countries with less access to healthcare. JE most fre-
quently affects children, but elderly persons can also present
with acute neuroinvasive infections. The disease can also be
seen in adults who recently settled in areas where the virus
is present or among unvaccinated travelers to endemic ar-
eas. A study found that 81% of 16 patients with JE had a de-
creased score on the MMSE at 3 months after discharge.””
Sequelae following JE can affect the cognitive, behavioral,
and neurological domains. Most studies of the sequelae fol-
lowing JE have focused on children. However, late sequelae
in adult patients were found in a study enrolling patients at
14 years after JE in India.”* Among 453 of 651 patients with
psychiatric disorders at discharge, including hallucinations
and delusions, 78% had improved during the first year and
98% had by 5 years, but 2% still reported restlessness after
14 years. Depression was observed in 34% of these 453 pa-



tients with psychiatric disorders at discharge, but 99% of
them had fully recovered from depression after 5 years. In
the same cohort, 514 of 651 patients presented with speech
disorders at discharge, and 95% of 203 who were followed
up over 14 years recovered. Among the 174 patients who ini-
tially presented with a parkinsonian syndrome encompass-
ing dysarthria and monotonous speech, only 56% had re-
turned to their premorbid speech ability at the end of the
follow-up.*® Hyperkinetic movements (71 of 338 patients,
21%) including tremors (98 of 174 patients, 56%) were fre-
quent at discharge, but had improved in 95% of patients af-
ter 14 years. Comparable proportions and evolution trends
were seen for limb paralysis (151 of 485 patients, 31%) and
corticospinal signs (334 of 485 patients, 69%).”® Although most
patients improved significantly over time, 14 (3%) showed
no improvement after 14 years, with 4 being bedridden, 9
having coarse tremors, and 1 suffering from other movement
disorders. In that study, 381 of 651 patients (59%) had initial
cognitive impairment, including concentration disorders,
memory disorders, impaired capacity for reasoning and
judgement, decreased scores on IQ scales, and inability to
count or use cash.”® The deficits on IQ scales had improved
in 98% of patients by 5 years, except for memory remaining
impaired in 16 of 370 patients (4%) at the end of follow-up.

A recent Chinese cohort study including 35 adults among
85 JE patients found that neurological and cognitive sequel-
ae were more frequent in adult patients than children at fol-
low-ups performed 1 to 8 years after discharge.”® Sensory dis-
orders were seen in 60% of 35 adults, motor disorders in 41%,
aphasia in 14%, and epilepsy in 6%. General, verbal, and per-
formance IQ scores were lower than 70 in 37% of adult pa-
tients, and 72% had memory disorders. The global function-
ing was impaired in 70% of adult patients, with 32% exhibiting
severe impairment as measured using the LOS.

Other infectious causes of encephalitis

Alphaviruses

Eastern equine encephalitis is a rarely reported but probably
underrecognized arboviral disease, with 36 cases reported
in North America from 1988 to 1994.% Eight of the 23 sur-
vivors had permanent moderate-to-severe sequelae, consist-
ing of spastic paralysis, intellectual impairment, and person-
ality changes. Among the cases reported to the US Centers
for Disease Control and Prevention, the CFR was 36%, with
only 1 of 36 patients fully recovering and 8 presenting with
moderate-to-severe sequelae.”

Nipah virus
Nipah virus emerged in the late 1990s in Malaysia and Sin-
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gapore during a major outbreak, and has more recently been
recognized as an important cause of encephalitis in Bangla-
desh.® During the 1999 outbreak in Malaysia, 30 of 94 pa-
tients (32%) hospitalized with Nipah virus encephalitis died
during hospitalization, while 50 (53%) fully recovered and
14 (15%) were discharged with sequelae or persistent symp-
toms.”! Five patients were in a vegetative state, while two were
discharged with cognitive impairment requiring permanent
assistance, three with mild cognitive impairment, three with
cerebellar disorders, and two with encephalitis relapses with
persistent deficits.

Only one of eight patients infected during the 1999 out-
break in Singapore who were evaluated at 2 years after en-
cephalitis onset had no sequelae, while five experienced ma-
jor depression, two had personality changes, and two reported
chronic fatigue syndrome.** All seven patients with sequelae
had impaired memory, which was mostly visual memory but
some also had impairment of verbal memory. Two of the
seven patients who had worked before contracting encepha-
litis were unable to resume work: one due to leg weakness and
the other due to major memory impairment and fatigue.

In Bangladesh, 17 patients with a history of Nipah virus
encephalitis between 2001 to 2004 were assessed for sequel-
ae in 2005 and 2006.% Follow-up examinations of these 17
patients revealed that 7 (32%) had moderate-to-severe se-
quelae, while 4 had cognitive dysfunction, 2 had ataxia, 2
had focal weakness, 1 had cervical dystonia, and 1 had facial
weakness and dysarthria. Four patients experienced symp-
toms after discharge: oculomotor impairment in three and
cervical dystonia in one. In self-assessments, about 70% re-
ported chronic fatigue, 60% mood disorders, and 40% be-
havioral disorders.

Sequelae in cohort studies of encephalitis cases
of various infectious causes
Very few studies have found persistent symptoms and se-
quelae after encephalitis of mixed infectious cause and en-
cephalitis of unknown cause but presumed to be infectious
etiology. Only two studies were consistent with the criteria
that we applied for our search, and they had enrolled patients
with encephalitis of proven or suspected infectious cause. It
should be noted that both studies were conducted before
immune encephalitis was recognized as a major differential
diagnosis of infectious encephalitis and before the appropri-
ate diagnostic tools were widely available. Some patients en-
rolled in these studies without a cause identified for their en-
cephalitis may have had undiagnosed immune encephalitis.
A Finnish study enrolled 45 adult patients hospitalized for
encephalitis between 1990 and 1994 caused by HSV (n=8),
VZV (n=7), other identified infectious agent (n=9), or un-
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known cause (1=21).% Patients were assessed twice, at means
of 45 months and 81 months postdischarge. At the first fol-
low-up evaluation, 30% of patients had an unfavorable out-
come (defined as a score of >4 out of 28 on the Blessed De-
mentia Scale), including six of the eight patients with HSE.
The persistent symptoms included epilepsy in four patients
and hemiplegia in one; only one-third of patients had been
able to resume work. Only 12 patients were evaluated at the
second follow-up, at which time the medical condition had
deteriorated in 2 and was unchanged in 1. The remaining
nine patients performed better in neuropsychological test-
ing, but eight of them still had neuropsychiatric symptoms,
including depression (n=4), aggression (n=2), anxiety (n=1),
and bipolar disorder (n=1).

A prospective study carried out in France used the GOS
to assess the outcome of 176 patients (including 158 adults)
at 3 years after encephalitis.'® The most-frequent causes of
encephalitis were HSV, tuberculosis, and VZV. A poor out-
come, defined as a GOS score of <5, was identified in 45% of
the adult patients. Overall, 75% of previously employed adults
had returned to work, but the proportion was only 55% for
those with HSE (p<0.01). In adult patients, a poor outcome
was significantly associated with age, a low level of educa-
tion, HSV or VZV encephalitis, and medical comorbidities
such as cancer or systemic disease requiring immunosup-
pressive drugs.

DISCUSSION

We aimed to review studies that have investigated the sequel-
ae and persistent symptoms following infectious encephali-
tis. Our main findings are summarized in Table 3. Sequelae
following encephalitis of proven or suspected infectious or-
igin have long been known, but only a small number of rig-
orous, comprehensive studies evaluating outcomes have been
reported. We found that the sequelae of infectious encepha-
litis are diverse and can be quite substantial. Despite achiev-
ing a good functional recovery (most commonly defined us-
ing the mRS in the neurology literature), most studies that
incorporated more-comprehensive neuropsychiatric evalu-
ations and/or patient-reported symptoms found persistent
deficits in most patients.

Our review of the literature revealed some patterns relat-
ed to etiology-specific outcomes. Sequelae following Herpes-
viridae encephalitis are more likely to affect cognitive and
psychiatric domains, whereas flavivirus encephalitis are more
likely to impact neurological and psychiatric domains.

Our review also demonstrated that sequelae continue to
improve over time for most causes of encephalitis in studies
with longer follow-ups. This improvement might be seen
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over years for certain specific infectious agents such as JEV,
Nipah virus, and HSV. Such findings can be an important
source of hope for patients and caregivers. The substantial
burden of disease and protracted recovery also underscore
the need for sufficient resources to optimally care for this
population, not only during the acute period but also over
the long term with comprehensive rehabilitation services.

It is challenging to draw additional conclusions from pre-
vious studies of postencephalitis sequelae due to the diverse
methodologies used to define and assess outcomes. We found
that previous studies are not easily comparable due to differ-
ing case definitions of encephalitis, nonuniform assessment
intervals, and variability in outcome measures, oftentimes
using poorly validated or unvalidated measures. For exam-
ple, understanding the outcome of an arbovirus encephalitis
such as that caused by WNV is complicated by most studies
including patients presenting with WNND rather than strict-
ly encephalitis. Although encephalitis, meningitis, and my-
elitis/encephalomyelitis are different pathophysiological and
anatomic entities, they often overlap clinically, and we opted
to include studies with such overlap in our review since they
represent the clinical reality and spectrum of neuroinvasive
diseases encountered in clinical practice, in which pheno-
types can be overlapping.

Our review suggests that most patients who are consid-
ered to have recovered at discharge should be evaluated
both early and late after hospitalization so that both persis-
tent and new symptoms (e.g., epilepsy) can be assessed. How-
ever, the assessment intervals were heterogeneous in most
studies. Significant differences in the time interval between
the acute episode and follow-up between patients (from sev-
eral months to several years) among some of the retrospec-
tive studies make it difficult to interpret the results obtained
in the entire cohort.

Another difficulty is the wide range of tests used to evalu-
ate patients, including author-designed questionnaires, re-
sults from medical examinations, screening cognitive mea-
sures, and extensive neuropsychological testing. This lack of
uniformity in evaluations makes it difficult to compare out-
comes and draw more-generalized conclusions regarding
postencephalitis recovery. Studies have examined different
aspects of postencephalitis sequelae, with some focusing on
cognitive disorders, some on neurological (motor and sen-
sory) disorders, and others on functional and patient-report-
ed outcomes, such as QOL.

Additional research is needed to better understand the se-
quelae of encephalitis and identify the most-robust tools for
capturing ongoing impairments as well as documenting im-
provement. The mRS is a global disability rating scale that
assesses overall functional independence, but interobserver
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variability is possible® and so it might not adequately cap-
ture severity or the recovery patterns with regards to cogni-
tive disabilities. The main criticism of the mRS is that the dif-
ferent levels are poorly defined, which leads to high interrater
variability. Another challenge with the mRS is its lack of
granularity, resulting in difficulty measuring or document-
ing more-subtle aspects of recovery and disability.

Severe sequelae can have consequences not only for the
patients but also for their families and caregivers. Some pa-
tients may be dependent on formal or informal caregiver
support for performing the activities of daily living. The in-
ability to return to work may also have economic conse-
quences for the household. Neuropsychiatric sequelae can
result in substantial sociodynamic strain on family units. Fi-
nally, family members may experience challenges coping with
the patient’s impairment, which can lead to stress, conflict,
and mood disorders in these family members.

This review of >3,000 adult patients followed up after in-
fectious encephalitis highlights several unmet needs in the
field of postencephalitis recovery. First, we propose that all
encephalitis patients should undergo a comprehensive as-
sessment of their neurological, cognitive, and psychiatric
functions after hospital discharge, and should be referred to
rehabilitation services and psychiatric support when neces-
sary. Even for patients exhibiting significant recovery, evalu-
ating more-subtle sequelae including cognitive and psychi-
atric dysfunction and referring for additional management
and support if indicated can help improve the QOL of both
the patient and their caregivers. Second, patients and fami-
lies should be informed about the nature and persistence of
symptoms that can last for months to years. Third, there is a
need for a standardized assessment method for these patients
to make it possible to cross-compare their conditions, prog-
ress, and outcomes. A standardized assessment method would
also enable more-robust outcome measures for use in treat-
ment trials.

CONCLUSIONS

Infectious encephalitis can have severe neuropsychiatric mani-
festations during the acute stage of the disease. Although var-
ious study methods have been used, the data available on
long-term outcomes of infectious encephalitis demonstrate
consistently that severe impairment is common at months
or even years after the acute illness. Patients should therefore
be closely monitored even after the infection has resolved,
since the acute neurological infection may progress to a
chronic neuropsychological disease.

34 J Clin Neurol 2024;20(1):23-36

Supplementary Materials
The online-only Data Supplement is available with this arti-
cle at https://doi.org/10.3988/jcn.2023.0240.

Availability of Data and Material

The datasets generated or analyzed during the study are available from the
corresponding author on reasonable request.

ORCID iDs

Kathryn A. Kvam
Jean-Paul Stahl
Felicia C. Chow
Ariane Soldatos
Pierre Tattevin
James Sejvar
Alexandra Mailles

https://orcid.org/0000-0002-2532-8315
https://orcid.org/0000-0002-0086-3557
https://orcid.org/0000-0001-9440-9349
https://orcid.org/0000-0003-3570-5230
https://orcid.org/0000-0003-3617-5411
https://orcid.org/0000-0002-2536-3276
https://orcid.org/0000-0002-8739-1168

Author Contributions

Conceptualization: Kathryn A. Kvam, Alexandra Mailles. Data curation:
all authors. Formal analysis: all authors. Validation: Kathryn A. Kvam,
Jean-Paul Stahl, Felicia C. Chow, Ariane Soldatos, Pierre Tattevin, James
Sejvar. Writing—original draft: Alexandra Mailles. Writing—review & ed-
iting: Kathryn A. Kvam, Jean-Paul Stahl, Felicia C. Chow, Ariane Soldatos,
Pierre Tattevin, James Sejvar.

Conflicts of Interest
The authors have no potential conflicts of interest to disclose.

Funding Statement

None

REFERENCES

. World Health Organization. Why encephalitis matters? [Internet].
Geneva: World Health Organization [cited 2023 Oct 1]. Available from:
https://iris.who.int/bitstream/handle/10665/366223/9789240069176-
eng.pdf?isAllowed=y&sequence=1.

2. Wang H, Zhao S, Wang S, Zheng Y, Wang S, Chen H, et al. Global
magnitude of encephalitis burden and its evolving pattern over the
past 30 years. ] Infect 2022;84:777-787.

3. Vora NM, Holman RC, Mehal JM, Steiner CA, Blanton J, Sejvar J.
Burden of encephalitis-associated hospitalizations in the United
States, 1998-2010. Neurology 2014;82:443-451.

4. Whitley RJ, Soong SJ, Linneman C Jr, Liu C, Pazin G, Alford CA. Her-
pes simplex encephalitis. Clinical assessment. JAMA 1982;247:317-
320.

5. Dalmau J, Graus F. Antibody-mediated encephalitis. N Engl ] Med
2018;378:840-851.

6. Gelfand JM. Autoimmune encephalitis after herpes simplex enceph-
alitis: insights into pathogenesis. Lancet Neurol 2018;17:733-735.

7. Khetsuriani N, Holman RC, Anderson L]. Burden of encephalitis-as-
sociated hospitalizations in the United States, 1988-1997. Clin Infect
Dis 2002;35:175-182.

8. Bloch KC, Glaser CA. Encephalitis surveillance through the emerging
infections program, 1997-2010. Emerg Infect Dis 2015;21:1562-1567.

9. Mailles A, Argemi X, Biron C, Fillatre P, De Broucker T, Buzelé R, et
al. Changing profile of encephalitis: results of a 4-year study in France.
Infect Dis Now 2022;52:1-6.

10. Ebaugh FG. Neuropsychiatric sequelae of acute epidemic encephalitis

in children. ] Atten Disord 2007;11:336-338.

11. Khandaker G, Jung J, Britton PN, King C, Yin JK, Jones CA. Long-

term outcomes of infective encephalitis in children: a systematic re-

view and meta-analysis. Dev Med Child Neurol 2016;58:1108-1115.

—



12.

13.

14.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

3L

32.

Farrell B, Godwin J, Richards S, Warlow C. The United Kingdom tran-
sient ischaemic attack (UK-TIA) aspirin trial: final results. ] Neurol
Neurosurg Psychiatry 1991;54:1044-1054.

Rankin J. Cerebral vascular accidents in patients over the age of 60. II.
Prognosis. Scott Med ] 1957;2:200-215.

Skoldenberg B, Forsgren M, Alestig K, Bergstrom T, Burman L,
Dahlgvist E, et al. Acyclovir versus vidarabine in herpes simplex en-
cephalitis. Randomised multicentre study in consecutive Swedish
patients. Lancet 1984;2:707-711.

. Raschilas E Wolff M, Delatour E, Chaffaut C, De Broucker T, Chevret

S, et al. Outcome of and prognostic factors for herpes simplex en-
cephalitis in adult patients: results of a multicenter study. Clin Infect
Dis 2002;35:254-260.

Mailles A, De Broucker T, Costanzo P, Martinez-Almoyna L, Vaillant
V, Stahl JP; Steering Committee and Investigators Group. Long-term
outcome of patients presenting with acute infectious encephalitis of
various causes in France. Clin Infect Dis 2012;54:1455-1464.
McGrath N, Anderson NE, Croxson MC, Powell KE. Herpes simplex
encephalitis treated with acyclovir: diagnosis and long term outcome.
J Neurol Neurosurg Psychiatry 1997;63:321-326.

Utley TFE, Ogden JA, Gibb A, McGrath N, Anderson NE. The long-
term neuropsychological outcome of herpes simplex encephalitis in a
series of unselected survivors. Neuropsychiatry Neuropsychol Behav
Neurol 1997;10:180-189.

Christie S, Chan V, Mollayeva T, Colantonio A. Systematic review of
rehabilitation intervention outcomes of adult and paediatric patients
with infectious encephalitis. BMJ Open 2018;8:¢015928.

Harris L, Griem J, Gummery A, Marsh L, Defres S, Bhojak M, et al.
Neuropsychological and psychiatric outcomes in encephalitis: a multi-
centre case-control study. PLoS One 2020;15:¢0230436.

Berlit P. The prognosis and long-term course of viral encephalitis. ]
Neuroimmunol 1988;20:117-125.

Wetzel K, Asholt I, Herrmann E, Kratzer C, Masuhr E Schielke E.
Good cognitive outcome of patients with herpes zoster encephalitis:
a follow-up study. J Neurol 2002;249:1612-1614.

De Broucker T, Mailles A, Chabrier S, Morand P, Stahl JP. Acute vari-
cella zoster encephalitis without evidence of primary vasculopathy in
a case-series of 20 patients. Clin Microbiol Infect 2012;18:808-819.
Hokkanen L, Launes J, Poutiainen E, Valanne L, Salonen O, Sirén J, et
al. Subcortical type cognitive impairment in herpes zoster encephali-
tis. J Neurol 1997;244:239-245.

Grahn A, Nilsson S, Nordlund A, Lindén T, Studahl M. Cognitive
impairment 3 years after neurological varicella-zoster virus infection:
a long-term case control study. ] Neurol 2013;260:2761-2769.

Persson A, Bergstrom T, Lindh M, Namvar L, Studahl M. Varicella-
zoster virus CNS disease--viral load, clinical manifestations and se-
quels. J Clin Virol 2009;46:249-253.

Eckerstrom M, Nilsson S, Zetterberg H, Blennow K, Grahn A. Cogni-
tive impairment without altered levels of cerebrospinal fluid biomark-
ers in patients with encephalitis caused by varicella-zoster virus: a pi-
lot study. Sci Rep 2020;10:22400.

Ogata M, Oshima K, Ikebe T, Takano K, Kanamori H, Kondo T, et al.
Clinical characteristics and outcome of human herpesvirus-6 enceph-
alitis after allogeneic hematopoietic stem cell transplantation. Bone
Marrow Transplant 2017;52:1563-1570.

Bode AV, Sejvar JJ, Pape W], Campbell GL, Marfin AA. West Nile vi-
rus disease: a descriptive study of 228 patients hospitalized in a 4-coun-
ty region of Colorado in 2003. Clin Infect Dis 2006;42:1234-1240.
Wang X, Su L, Sun S, Hu W, Mu Q, Liang X, et al. Long-term neuro-
logical sequelae and disease burden of Japanese encephalitis in Gan-
su Province, China. Ann Glob Health 2021;87:103.

Taba P, Schmutzhard E, Forsberg P, Lutsar I, Ljostad U, Mygland A, et
al. EAN consensus review on prevention, diagnosis and management
of tick-borne encephalitis. Eur ] Neurol 2017;24:1214-e61.

Pardigon N. Pathophysiological mechanisms of flavivirus infection

33.

34.

35.

36.

37.

38.

39.

40.

41

42.

43.

44.

45.

46.

47.

48.

49.

50.

51

52.

53.

s JCN NG

of the central nervous system. Transfus Clin Biol 2017;24:96-100.
Neal JW. Flaviviruses are neurotropic, but how do they invade the
CNS? J Infect 2014;69:203-215.

Carson PJ, Konewko P, Wold KS, Mariani P, Goli S, Bergloft P, et al.
Long-term clinical and neuropsychological outcomes of West Nile vi-
rus infection. Clin Infect Dis 2006;43:723-730.

Sejvar JJ, Haddad MB, Tierney BC, Campbell GL, Marfin AA, Van
Gerpen JA, et al. Neurologic manifestations and outcome of West Nile
virus infection. JAMA 2003;290:511-515.

Hawkes MA, Carabenciov ID, Wijdicks EFM, Rabinstein AA. Out-
comes in patients with severe West Nile neuroinvasive disease. Crit
Care Med 2018;46:€955-€958.

Klee AL, Maidin B, Edwin B, Poshni I, Mostashari F, Fine A, et al.
Long-term prognosis for clinical West Nile virus infection. Emerg In-
fect Dis 2004;10:1405-1411.

Sejvar JJ, Curns AT, Welburg L, Jones JE Lundgren LM, Capuron L, et
al. Neurocognitive and functional outcomes in persons recovering
from West Nile virus illness. ] Neuropsychol 2008;2:477-499.

Haaland KY, Sadek J, Pergam S, Echevarria LA, Davis LE, Goade D,
et al. Mental status after West Nile virus infection. Emerg Infect Dis
2006;12:1260-1262.

Loeb M, Hanna S, Nicolle L, Eyles J, Elliott S, Rathbone M, et al. Prog-
nosis after West Nile virus infection. Ann Intern Med 2008;149:232-
241.

. Berg PJ, Smallfield S, Svien L. An investigation of depression and fa-

tigue post West Nile virus infection. S D Med 2010;63:127-129, 131-
133.

Murray KO, Resnick M, Miller V. Depression after infection with
West Nile virus. Emerg Infect Dis 2007;13:479-481.

Sadek JR, Pergam SA, Harrington JA, Echevarria LA, Davis LE, Goade
D, et al. Persistent neuropsychological impairment associated with
West Nile virus infection. J Clin Exp Neuropsychol 2010;32:81-87.
Anastasiadou A, Kakoulidis I, Butel D, Kehagia E, Papa A. Follow-up
study of Greek patients with West Nile virus neuroinvasive disease.
Int ] Infect Dis 2013;17:e494-e497.

Haglund M, Forsgren M, Lindh G, Lindquist L. A 10-year follow-up
study of tick-borne encephalitis in the Stockholm area and a review
of the literature: need for a vaccination strategy. Scand ] Infect Dis
1996;28:217-224.

Karelis G, Bormane A, Logina I, Lucenko I, Suna N, Krumina A, et al.
Tick-borne encephalitis in Latvia 1973-2009: epidemiology, clinical
features and sequelae. Eur J Neurol 2012;19:62-68.

Czupryna P, Moniuszko A, Pancewicz SA, Grygorczuk S, Kondrusik
M, Zajkowska J. Tick-borne encephalitis in Poland in years 1993-
2008--epidemiology and clinical presentation. A retrospective study
of 687 patients. Eur ] Neurol 2011;18:673-679.

Lammli B, Miiller A, Ballmer PE. [Late sequelae of early summer
meningoencephalitis]. Schweiz Med Wochenschr 2000;130:909-915.
German

Kaiser R. The clinical and epidemiological profile of tick-borne en-
cephalitis in southern Germany 1994-98: a prospective study of 656
patients. Brain 1999;122(Pt 11):2067-2078.

Laursen K, Knudsen JD. Tick-borne encephalitis: a retrospective study
of clinical cases in Bornholm, Denmark. Scand ] Infect Dis 2003;35:354-
357.

Mickiene A, Laiskonis A, Giinther G, Vene S, Lundkvist A, Lindquist
L. Tickborne encephalitis in an area of high endemicity in lithuania:
disease severity and long-term prognosis. Clin Infect Dis 2002;35:650-
658.

Lenhard T, Ott D, Jakob NJ, Pham M, Biumer P, Martinez-Torres F,
et al. Predictors, neuroimaging characteristics and long-term outcome
of severe European tick-borne encephalitis: a prospective cohort study.
PLoS One 2016;11:e0154143.

Veje M, Nolskog P, Petzold M, Bergstrom T, Lindén T, Peker Y, et al.
Tick-borne encephalitis sequelae at long-term follow-up: a self-report-

www.thejen.com 39



- J C N Sequelae of Infectious Encephalitis

54.

55.

56.

57.

58.

59.

ed case-control study. Acta Neurol Scand 2016;134:434-441.

Kaiser R. Tick-borne encephalitis: clinical findings and prognosis in
adults. Wien Med Wochenschr 2012;162:239-243.

Haglund M, Guinther G. Tick-borne encephalitis--pathogenesis, clini-
cal course and long-term follow-up. Vaccine 2003;21(Suppl 1):S11-S18.
Bogovic P, Stupica D, Rojko T, Lotri¢-Furlan S, Avsi¢-Zupanc T, Kas-
trin A, et al. The long-term outcome of tick-borne encephalitis in Cen-
tral Europe. Ticks Tick Borne Dis 2018;9:369-378.

Kalita J, Misra UK, Srivastava A. Cognitive impairment in encephali-
tis: P3 and MRI correlation. Electromyogr Clin Neurophysiol 2009;49:
27-33.

Sarkari NB, Thacker AK, Barthwal SP, Mishra VK, Prapann S, Srivas-
tava D, et al. Japanese encephalitis (JE) part II: 14 years follow-up of
survivors. ] Neurol 2012;259:58-69.

Deresiewicz RL, Thaler SJ, Hsu L, Zamani AA. Clinical and neurora-
diographic manifestations of eastern equine encephalitis. N Engl J

36 J Clin Neurol 2024;20(1):23-36

60.

61.

62.

63.

64.

Med 1997;336:1867-1874.

Sejvar JJ, Hossain ], Saha SK, Gurley ES, Banu S, Hamadani JD, et al.
Long-term neurological and functional outcome in Nipah virus in-
fection. Ann Neurol 2007;62:235-242.

Goh KJ, Tan CT, Chew NK, Tan PS, Kamarulzaman A, Sarji SA, et al.
Clinical features of Nipah virus encephalitis among pig farmers in Ma-
laysia. N Engl ] Med 2000;342:1229-1235.

Ng BY, Lim CC, Yeoh A, Lee WL. Neuropsychiatric sequelae of Nipah
virus encephalitis. ] Neuropsychiatry Clin Neurosci 2004;16:500-504.
Hokkanen L, Launes J. Cognitive recovery instead of decline after
acute encephalitis: a prospective follow up study. J Neurol Neurosurg
Psychiatry 1997;63:222-227.

Rohlwink UK, Chow FC, Wasserman S, Dian S, Lai RP, Chaidir L, et
al. Standardized approaches for clinical sampling and endpoint as-
certainment in tuberculous meningitis studies. Wellcome Open Res
2020;4:204.





