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Abstract
As specialists in acute neurology, neurohospitalists are often called upon to diagnose and manage acute viral infections affecting
the nervous system. In this broad review covering the neurology of several acute viral infections, our aim is to provide key
diagnostic and therapeutic pearls of practical use to the busy neurohospitalist. We will review acute presentations, diagnosis,
and treatment of human herpesviruses, arboviruses, enteroviruses, and some vaccine-preventable viruses. The neurological
effects of coronaviruses, including COVID-19, are not covered in this review.
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Introduction: Approach to the Patient

Accurate diagnosis and treatment of patients with acute
neurological disease from viral infections begins with col-
lecting historical data. Most acute infectious neurological
syndromes begin and worsen over a short number of days, up
to 2–3 weeks. Identification of a patient’s specific symptoms,
together with the neurological examination, define a clinical
syndrome (eg, encephalitis, meningitis, cerebellitis, acute
flaccid myelitis, etc.) which will frame the workup and
differential diagnosis. For example, a patient presenting with
3 days of fever and rapidly deteriorating mental status cul-
minating in seizure activity would raise suspicion for an
encephalitis. A patient presenting with fever, rash, and par-
aparesis or focal weakness may raise concern for an infectious
myelopathy or polyradiculitis. Before narrowing the etiologic
differential diagnosis to a viral infection, the history and
examination are used to rule out other causes. Vascular,
structural lesions, and acute toxic-metabolic causes can be
ruled in or out using a combination of the tempo on pre-
sentation and the presence or absence of associated symptoms
(fever, constitutional, and other systemic symptoms). In many
cases, further acute diagnostic testing (bloodwork, computed
tomography, lumbar puncture with cerebrospinal fluid
analysis) will be required to exclude competing causes, in-
cluding non-viral infectious diseases.

Key historical features which help to narrow the infectious
differential diagnosis include assessment of host factors such
as risk of exposure (eg, travel, sick contacts, zoonotic ex-
posure, injection drug use, sexual history, and occupational
history) and immunocompetence (eg, immunosuppressive

therapy, hematological malignancy, HIV status, vaccination
history). Geographic locale and seasonality are other im-
portant pathogen-related factors which need to be considered.
These features, along with the results of initial diagnostic
testing, help to distinguish viral, bacterial, and fungal causes
of infection since the clinical presentations overlap. Some-
times, prodromal symptoms may indicate a specific diag-
nosis, such as a dermatomal rash in varicella zoster infection.
In other cases, symptoms may increase the likelihood of
infection but are not specific enough to rely upon (eg, fever,
upper respiratory tract symptoms). Localization is an es-
sential, albeit imperfect, tool which can assist in ranking the
most likely viral (or non-viral) infectious agent in combi-
nation with the patient’s risk factors. For example, a patient
with untreated human immunodeficiency virus (HIV)
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presenting with a polyradiculopathy raises concern for cy-
tomegalovirus (CMV), whereas an immunocompetent patient
presenting with an encephalitis brings herpes simplex virus 1
(HSV1) to the top of the list of considerations. Conversely,
acute flaccid myelitis (AFM) can occur with numerous vi-
ruses. The patient’s age, seasonality, geography, and exposure
history allow the clinician to weigh the likelihood of en-
terovirus vs West Nile virus and confirm the suspicion with
targeted diagnostic testing. Table 1 outlines how each step in
the clinical evaluation is used to guide the diagnostic search.

As our review centers around viral causes, we list the
clinical presentations, diagnostic approach, and recom-
mended therapies for each in the sections that follow, or-
ganized by virus.

Human Herpesviruses

Viruses in the family Herpesviridae commonly cause neu-
rological disease. They are reviewed in the following sections
and in Table 2.

Herpes Simplex Virus 1 (HSV1)

Background. HSV1 is the most common cause of sporadic
acute encephalitis in adults, with most cases representing
reactivation of latent disease. HSV encephalitis has an esti-
mated annual incidence of 24 per million people with no
seasonal variation and tends to affect those over age 50.1

Historically HSVencephalitis was fatal in greater than 70% of
untreated patients.2 Timely treatment with antiviral therapy
reduces mortality to less than 20%,3,4 although many sur-
vivors live with residual disability.5

Clinical Syndromes And Diagnostic Evaluation. The most com-
mon presenting symptoms include fever, headache, altered
mental status, focal neurological deficits, and seizures.4 Man-
ifestations can be nonspecific, and early consideration is key in
making the diagnosis. Cerebrospinal fluid (CSF) polymerase
chain reaction (PCR) to detect HSV deoxyribonucleic acid
(DNA) has become a diagnostic standard due to its excellent
sensitivity and specificity (98% sensitive, 94% specific).6,7 PCR
is incompletely sensitive less than 72 hours from symptom
onset,8 so CSF PCR can be repeated after 72 hours when clinical
suspicion remains high despite an early negative result. CSF
usually shows a lymphocytic pleocytosis and elevated protein,
but rare patients may have a normal CSF profile.9 Head
computed tomography (CT) may be normal but is insensitive.
Brain magnetic resonance imaging (MRI) is abnormal in vir-
tually all cases, with rare exceptions early in the disease course.4

In a prospective cohort study, brain MRI was found to be 81%
sensitive and 100% specific for HSV encephalitis.10 Typical
imaging findings include FLAIR and T2-hyperintensity and
gadolinium enhancement in the mesial temporal lobe(s) (Figure
1). Diffusion weighted imaging may be abnormal, and changes
can precede those seen on T2-sequences. Insular, inferior frontal

lobe, and cingulate hyperintensity can be seen; while brainstem,
cerebellar and widespread cortical involvement have been re-
ported in a minority of immunocompromised patients.11

Electroencephalography (EEG) often shows nonspecific find-
ings, but the presence of lateralized slowing or periodic dis-
charges can suggest HSVencephalitis in the appropriate context
(sensitivity∼86%based on studies from the late 1970s and early
1980s).12

Treatment. Intravenous (IV) acyclovir is the treatment of
choice for HSVencephalitis and should be empirically started
as soon as the diagnosis of HSV encephalitis is suspected.
Treatment should not be delayed until definitive diagnostic
studies are obtained, since delayed treatment is associated with
poorer outcomes.5,13 IVacyclovir is dosed at 10mg/kg q8h and
continued for 14–21 days, with renal dose adjustment as re-
quired.14 The use of 14 vs 21 days depends on illness severity.
Empiric acyclovir can be discontinued if a negative CSF HSV
PCR test is obtained more than 72 hours after symptom onset
in patients with a low probability of HSV encephalitis after
diagnostic evaluation.3 Therapy should not be discontinued in
patients with a high suspicion of HSV encephalitis and a
negative CSF HSV PCR unless an alternate diagnosis is made.
Adjunctive corticosteroids are of unproven benefit.

Post-Infectious Autoimmune Encephalitis. Late worsening or
apparent relapse of encephalitis in survivors should prompt
consideration of persistent viral infection and autoimmune
encephalitis. Along with a repeat HSV PCR on CSF, serum
and CSF testing for neuronal cell-surface and synaptic au-
toantibodies (using commercially available autoimmune
encephalitis panels), is recommended. Autoimmune en-
cephalitis has been reported following HSV encephalitis in
about to 30% of cases, with anti-N-methyl-D-aspartate
(NMDA) receptor antibodies being the most common.15 In
the authors’ experience, test performance by a laboratory
which also does immunofluorescence-based screening to
detect unclassified autoantibodies is preferred.

Herpes Simplex Virus 2 (HSV2)

Background. HSV2 is an alpha herpesvirus that most com-
monly causes genital sores (genital herpes). HSV2 is pre-
dominantly sexually transmitted, and it causes neurological
disease during primary infection or reactivation from latent
HSV2 in sensory ganglia. Neurological manifestations of
HSV2 can occur without any history of previous mucocu-
taneous HSV2 lesions and it is estimated that only 5-30% of
patients present with a previous history of HSV2 mucocu-
taneous lesions or concurrent/antecedent lesions at neuro-
logical presentation.16-18

Clinical Syndromes. In adults, the most common neurological
manifestation of HSV2 is a lymphocytic meningitis. HSV2 is
also the most common cause of recurrent lymphocytic
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meningitis (eg, Mollaret’s meningitis).19,20 Twenty to thirty
percent of patients presenting with HSV2 meningitis will have
subsequent recurrent episodes of meningitis.16,17 In most
patients with recurrent HSV2 meningitis, the severity of
meningitis, degree of pleocytosis, and likelihood of a positive
HSV2 PCR decrease with each recurrence. Less common
neurological complications include meningoencephalitis or
encephalitis (particularly in the immunocompromised patient),
sacral polyradiculitis (Elsberg syndrome), acute retinal ne-
crosis, or myelitis.21

Diagnosis. HSV2 PCR testing in the CSF is the diagnostic test
of choice for patients with meningitis, with a sensitivity of
87% in primary and 70% in recurrent meningitis.22 CSF
typically demonstrates a lymphocytic pleocytosis with ele-
vated CSF protein levels. MRI brain may demonstrate diffuse
leptomeningeal enhancement in cases of meningitis but is
most often noncontributory.

Treatment. There is no consensus on the optimal treatment of
HSV2 meningitis, as demonstrated by the various combi-
nations of IV acyclovir and oral valacyclovir that have been
reported.17,18 The authors often administer IV acyclovir at a
dose of 5-10 mg/kg q 8 hours while the patient is symptomatic
(eg, for 48-72 hours) and transition to oral valacyclovir (1g
PO TID) as symptoms improve to complete a 10–14 day total
course of antiviral treatment. Most patients have a benign/
favorable outcome, but neurological sequelae have been well
documented.16,18

Special Considerations. The prevention of HSV2 meningitis
recurrences in individual patients remains a challenging
clinical issue. Data from a randomized controlled trial found
no benefit in preventing recurrent episodes of meningitis in
patients prescribed oral valacyclovir suppression treatment
over 2 years.16 The authors offer suppression treatment to
patients with recurrent mucocutaneous HSV2 eruptions.
Suppressive therapy directed against HSV2 also reduces

shedding of human immunodeficiency virus 1 (HIV1) in
genital secretions of HIV-positive individuals, likely due to
synergy between HSV2 and HIV1.23 Whole exome se-
quencing in patients with recurrent HSV2 meningitis has
detected rare genetic variants related to ubiquitin proteasome,
autophagy, and cell proliferation pathways, suggesting that
affected patients may have an underlying immune defect.24,25

Varicella Zoster Virus (VZV)

Background. Primary infection with VZV is best known for
causing chickenpox in children, now a much rarer occurrence
in regions where vaccination has been routine since the mid-
1990s. Following primary infection, the virus remains latent
in dorsal root ganglia and can subsequently reactivate, es-
pecially when immunity against VZV wanes with increasing
age or immunocompromise.26

Clinical Syndromes. Neurological manifestations of re-
activated VZV, known collectively as herpes zoster, are
commonplace in practice, yet can be difficult to identify. VZV
can involve any segment of the neuraxis and patients do not
always have the classic dermatomal vesicular rash (eg, zoster
sine herpete).27,28 VZV vasculopathy and other syndromes
may present many weeks to months following reactivation of
latent VZV.27 VZV can present in a disseminated or chronic
manner in patients with diminished cell-mediated immunity,
such as persons living with AIDS or organ transplant
recipients.29

While VZV can present as a cerebellitis in children and
encephalitis in adults, meningitis without parenchymal brain
involvement is a common manifestation. VZV vasculopathy
can complicate infection, causing ischemic stroke or intra-
cerebral hemorrhage (Figure 2). Additional clinical syn-
dromes include zoster ophthalmicus, outer retinal necrosis,
cranial neuritis (as with Ramsay Hunt syndrome), myelitis,
radiculitis, and segmental motor neuropathy (zoster paresis).
If present, the characteristic herpetiform rash may be a clue to

Figure 1. Herpes simplex virus (HSV) encephalitis. Characteristic bilateral T2/FLAIR hyperintensity and edema of the temporal lobes with
extension into the insular cortices and limbic system.
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the expected level of neuraxial involvement.27 Postherpetic
neuralgia, characterized by persistent pain lasting for at least
3 months following a shingles eruption, remains a significant
cause of post-zoster morbidity.27

Diagnosis. Most patients with acute CNS manifestations of
herpes zoster have a lymphocytic pleocytosis in CSF, but this
can be absent. In patients with meningoencephalitis, testing
CSF for VZV DNA by PCR has a sensitivity of 80-95% and
specificity >95%.3 Confirming intrathecal production of VZV
IgG using the VZV antibody index may improve diagnostic
sensitivity when PCR is negative since clinical symptoms
may begin weeks after VZV reactivation (when the yield of
PCR may wane). The VZV antibody index requires mea-
surement of CSF and serum VZV IgG along with the total
CSF and serum IgG or albumin. Intrathecal VZV IgG syn-
thesis is considered increased when the index quotient is 1.5
or greater.30,31 The VZV antibody index is a diagnostic ad-
junct and should not be considered a definitive test. VZV IgM
is generally not useful for confirming a clinical diagnosis of
herpes zoster neurological disease because of poor specificity.
Particularly when focal deficits are present, consider CT or
MR angiography (plus or minus vessel wall MRI, where
expertise exists) to detect VZV vasculopathy.

Treatment. Treatment of VZV neurological infection de-
pends on the area of involvement and whether the patient is
immunocompromised.29 Cutaneous manifestations, zoster
ophthalmicus, and zoster oticus without CNS involvement
can be treated with oral valacyclovir 1g TID for 7-10 days.
Disseminated disease, meningoencephalitis, myelitis, and
vasculopathy are treated with IV acyclovir 10 mg/kg q8h for
14–21 days.3 With vasculopathy, corticosteroids can be
considered, but the benefit is uncertain.32

Prevention. Vaccination prevents VZV neurological disease
and morbidity from postherpetic neuralgia. An inactivated
recombinant zoster subunit vaccine is preferred for indi-
viduals over age 50 or those at increased risk due to im-
munocompromise. Live virus vaccine is contraindicated in
immunocompromised people but continues to be standard in
childhood vaccination series.

Epstein-Barr Virus (EBV)

EBV is a ubiquitous virus which causes self-limited infection
(infectious mononucleosis) in children and adolescents.
Neurological disease from EBV occurs rarely as a primary
infection in children33 or in immunocompromised adults.34

Figure 2. Varicella zoster virus (VZV) meningitis complicated by ischemic stroke. Brain MRI illustrates T2/FLAIR hyperintensity and diffusion
restriction consistent with an ischemic stroke in the right anterior thalamus (A-B). T1 post-gadolinium images demonstrate subtle
perivascular and leptomeningeal enhancement (C).
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Manifestations are variable and can involve the CNS or PNS,
including meningoencephalitis, cerebellitis, optic neuritis,
transverse myelitis, facial palsy, and polyradiculoneuropathy.35

EBV infection is also associated with post-transplant lympho-
proliferative disorder (PTLD) and primary CNS lymphoma.29

Prior EBV infection is a risk factor for the development of
multiple sclerosis (MS), however the mechanism linking EBV
to MS remains unclear.36

The challenge often lies in determining whether EBV is
the causative agent in an acute neurological syndrome and
deciding whether it requires directed treatment. Serology
and viral loads in the blood can determine the timing and
presence of systemic infection but are nonspecific re-
garding nervous system involvement. As reviewed else-
where,37 the presence of IgM antibody against the viral
capsid antigen (VCA), and IgG antibody against Epstein-
Barr early antigen (EA) in acute blood samples are often
markers of acute infection. IgM VCA antibodies usually
disappear within 4-6 weeks of EBV infection and those
against EAwithin 3–6 months. Conversely, the presence of
IgG antibodies against VCA and the detection of anti-
bodies against Epstein-Barr nuclear antigen (EBNA) are
generally indicative of prior infection and persist for life.
Monospot testing is not reliable in evaluating potential
neurological EBV infections as both false positive and
false negative results are common. Imaging of relevant
neuraxial compartments with MRI is often useful, and
certain radiologic patterns, such as reversible T2-
hyperintense, diffusion-restricting splenial lesions have
been identified in patients with EBV encephalitis.38 As
with imaging, CSF analysis may be inconclusive, since
findings can be normal. EBV DNA detected by CSF PCR
may be supportive of neurological infection; it is also
found incidentally in healthy people and may reactivate
during other illnesses. CSF EBV PCR is 100% sensitive
and 98.5% specific for HIV-associated primary CNS
lymphoma,39 but the specificity is likely lower for EBV
meningoencephalitis. Patients with EBV meningoen-
cephalitis and CNS lymphoma have a high EBV load in
CSF, which can help distinguish them from persons with
postinfectious neuroinflammation.40 A caveat is that co-
infection with other viral and non-viral pathogens may also
increase EBV replication in CSF.41 Low level evidence
suggests that measuring a baseline EBV load in CSF in
presumptive infection helps to correlate with response to
treatment.42 The lack of normal reference values may limit
interpretation.

No treatment guidelines are available, but antiviral therapy
can be considered when neurological symptoms are attributed
to EBV. Ganciclovir and derivatives are preferred by some
experts since valganciclovir was found to suppress EBVoral
shedding.43 Other antivirals, such as acyclovir have activity
against EBV but the clinical benefit is unknown.44 IVIG has
been used anecdotally for suspected post- or para-infectious
manifestations; however high-level evidence for its efficacy

is lacking.45 When PTLD is suspected, rituximab, other
chemotherapies, or reduction of immunosuppression are
sometimes used.

Cytomegalovirus (CMV)

Cytomegalovirus has a high seroprevalence in the general
population of 40-100%.46 Nervous system involvement occurs
in two major contexts: congenital infection and in severely
immunocompromised adults (eg, organ transplant recipients,
advanced HIV). Congenitally acquired CMV causes encepha-
litis with seizures, sensorineural hearing loss, and develop-
mental delay and can be missed since not all neonates (10%)
display classic features.47 It may be first suspected when per-
iventricular calcifications are seen on cranial ultrasound, or
when an infant does poorly on routine hearing screening. In
neonates, detection of CMV DNA by PCR of urine or saliva is
diagnostic during the first 21 days of life. The introduction of
combined antiretroviral therapy (cART) in people living with
HIV has decreased the burden of symptomatic CMV in that
population.48 Neurological manifestations in people with ad-
vanced HIV most commonly include retinitis, poly-
radiculomyelitis, mononeuritis multiplex, and less commonly
encephalitis with ventriculitis.49-51

Neuraxial MRI and CSF analysis can support the di-
agnosis. Punctate periventricular lesions with persistent
diffusion restriction on MRI may be the imaging correlate
of intracellular viral inclusions seen on histopathology.52

CSF analysis shows a pleocytosis with a high proportion of
neutrophils, low glucose, and elevated protein. The pattern
of lymphocytic pleocytosis, normal glucose, and elevated
protein may also be seen. The diagnosis requires detection
of CMV DNA by CSF PCR (sensitivity 62-100%, speci-
ficity 89–100%),53 with no established role for serology.

Ganciclovir +/- foscarnet IV for 14‒21 days is recom-
mended for patients with CMV neurological infection. Fo-
scarnet is preferred by some experts due to its superior CNS
penetration and when there is concern for antiviral resis-
tance.3 The authors avoid combining ganciclovir and fo-
scarnet due to toxicity except in clinically severe cases.
Patients who remain severely immunocompromised (eg, CD4
count below 100 cells/mm3) may benefit from continuing
with maintenance valganciclovir.49

Human Herpesvirus 6 (HHV6)

HHV6 is found ubiquitously in the general population.54

Acquired by most children prior to 3 years of age, it causes the
common febrile illness roseola but may also be asymptom-
atic. HHV6 usually causes neurological disease when it re-
activates in immunocompromised patients, particularly those
with depressed T-cell mediated immunity (eg, stem cell
transplant recipients).55 In the post-transplant setting, an
acute limbic encephalitis associated with HHV6 in CSF has
been well described.56 Clinical features are compatible with
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other causes of limbic encephalitis, and brain MRI shows T2-
hyperintensity involving the mesial temporal lobe(s).56 Rare
cases of limbic encephalitis attributed to HHV6 in non-
transplant patients can also occur. CSF typically shows a
mild lymphocytic pleocytosis.

ConfirmingHHV6 as the pathogenic agent can be challenging
because viral DNA is detected in the blood and CSF of healthy
people due to asymptomaticHHV6 chromosomal integration into
telomeres.57 Furthermore, immunocompromised individuals are
prone to HHV6 reactivation which may be unrelated to acute
neurological symptoms. A recent study suggested that a CSF/
blood replication ratio of >1 using quantitative PCRmay support
a diagnosis of HHV6 encephalitis in immunocompromised pa-
tients by confirming that viral replication is increased in the CSF
compartment (and not a bystander).58

Intravenous ganciclovir or foscarnet is recommended to
treat HHV6 encephalitis, with treatment choice depending on
the clinical context and patient comorbidities.59 Combination
therapy can be considered in some cases but carries a greater
risk of toxicity.

Arboviruses

Arthropod-borne viruses (arboviruses) are transmitted to humans
by vectors including mosquitos, ticks, and sandflies. These ribo-
nucleic acid (RNA) viruses may come from different viral families

(eg, Flaviviridae, Togaviridae, Peribunyaviridae, etc.). Infection
may be asymptomatic, symptomatic with a non-specific febrile
illness, or neuroinvasive. Neuroinvasive arboviral infections are
difficult to distinguish from one another based on clinicoradiologic
features, but seasonality along with the patient’s travel/recreational
history can guide the diagnostic search (Table 3).

West Nile Virus (WNV)

Background. WNV is a flavivirus closely related to Japanese
encephalitis and St. Louis encephalitis viruses.60 Humans are
infected with WNV predominantly by mosquito bites, al-
though infrequent cases of transmission through blood
products, organ transplantation, and vertical/placental
transmission have been reported.60 WNV infections are re-
ported each year in most states within the United States and in
most provinces in Canada.61

Clinical Syndromes. Approximately 25%of patients infectedwith
WNV develop symptomatic illness characterized by fever, ma-
laise, widespread maculopapular rash, and gastrointestinal
symptoms, known as West Nile fever (WNF).60 Less than 1% of
patients with WNV infection will develop neuroinvasive disease
(WNND) characterized by meningitis, encephalitis, and/or acute
flaccid myelitis (AFM).62 Movement disorders including tremor,
opsoclonus-myoclonus syndrome and parkinsonism have also

Table 3. Arbovirus epidemiology and at-risk populations. Reproduced with permission from Schultz JS, Sparks H & Beckham JD. Arboviral
central nervous system infections. Curr Opin Infect Dis. 2021 Jun 1;34(3):264-271. doi: 10.1097/QCO.0000000000000729. Published originally
by Wolters Kluwer Health, Inc.77

Family/Virus Vector Host Distribution At-risk populations

Flaviviridae / West Nile
virus

Mosquito: Culex
pipiens

Passerine birds Continental United States,
Southern Europe

Age >65 years, immunocompromised,
seasonal exposure

Flaviviridae / Usutu virus Mosquito: Culex
species

Passerine birds Northern Africa, Southern
Europe

Age >65 years, immunocompromised,
seasonal exposure

Flaviviridae / Japanese
encephalitis virus

Mosquito: Culex
species

Avian and
mammalian
species

Southeast Asia, Philippines,
Oceania

Age <18 years, immunocompromised,
rural and seasonal exposure

Flaviviridae / Tick-borne
encephalitis virus

Tick: Ixodes species Small rodents Eastern and Northern Europe,
Northern Russia, Eastern
China

Outdoor and seasonal exposure to
ticks

Flaviviridae / Powassan
virus

Tick: Ixodes species Small rodents Northern United States,
Canada, and Northeast Asia

Outdoor and seasonal exposure to
ticks

Togaviridae / Eastern
equine encephalitis
virus

Mosquito: Culex
and Aedes
species

Avian species North and Eastern United
States

Outdoor exposure during seasonal
epidemic cycle

Togaviridae / Venezuelan
encephalitis virus

Mosquito: Culex
and Aedes
species

Small rodents Central and South America Outdoor exposure during seasonal
epidemic cycle

Togaviridae / Chikungunya
virus

Mosquito: Aedes
species

Primates Africa, India, Southeast Asia,
Caribbean

Endemic regional exposure

Peribunyaviridae / La
Crosse virus

Mosquito: Aedes
species

Small mammals/
rodents

Midwestern United States Children with outdoor exposure
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been reported to complicate WNND, possibly due to tropism for
subcortical gray matter structures including the substantia nigra
pars compacta, basal ganglia, cerebellum, and thalamus.63,64

Clinical risk factors for severe WNF or WNND include older
age, immunosuppression, male sex, hypertension and diabetes.65

Diagnosis. The appropriate testing for the immunocompetent
adult patient with suspected WNND is serum and CSF WNV
IgM.66 Due to the transient and low grade viremia found in
infected patients, the sensitivity and utility of WNV reverse
transcription-polymerase chain reaction (RT-PCR) testing is
limited.66 One caveat is the absence of a humoral immune
response in patients who are immunosuppressed/
immunocompromised (eg, with rituximab), in which case
serum/CSF WNV RT-PCR is often necessary for diagnosis as
seroconversion may be absent or delayed.67,68 Furthermore,
while CSF WNV IgM is the most helpful test in diagnosing
WNND with a sensitivity approaching 100%,69 caution is
warranted in atypical clinical presentations since both serum and
CSFWNV IgMmay persist for months after acute infection – a
clinical situation in which acute and convalescent serologies can
be particularly helpful.70,71 IgG and IgM cross reactivity to
related viruses in the same genus (Flavivirus) or non-specific
reactivity is another potential pitfall in WNND diagnosis which
can be resolved by confirmatory plaque reduction neutralization
testing (PRNT) at a reference laboratory. A CSF pleocytosis is
commonly detected in WNND (>90%) and a neutrophilic
predominance (>50% polymorphonuclear cells) is seen in about
50% of cases.72 BrainMRI inWNND can be normal. Abnormal
findings are common and variable in localization, including T2/
FLAIR hyperintensities of deep gray structures (Figure 3),
meningeal involvement, non-specific white matter T2/FLAIR
hyperintensities, or abnormal signal of the cauda equina and
spinal cord with AFM cases.73

Management and Outcomes. The mortality in patients who
developWNVencephalitis is approximately 10%.60Mortality is

rare in patients with WNV meningitis. The management for
patients withWNF orWNND is supportive – there is no known
disease modifying treatment option. A recent trial of high titer
WNV IgG intravenous immunoglobulin (IVIG) was stopped
due to slow recruitment and unavailability of treatment product,
so the benefit of IVIG remains unknown.74 Following WNV
infection and WNND, patients frequently report fatigue and
subjective cognitive symptoms for weeks or months.75 Specific
neurological complications of WNND include parkinsonism,
cognitive dysfunction, and limbweakness (typically after AFM-
related WNND).75

Non-WNV Arboviruses

Clinical features of WNND are shared by many arboviruses,
and the diagnostic process is similar (including the pitfalls
regarding IgM/IgG cross reactivity and insensitivity of RT-
PCR). CSF in non-WNV neuroinvasive arboviruses often
shows a lymphocytic pleocytosis with normal or elevated
protein and normal glucose.76 Disease-specific treatments for
neuroinvasive arboviral infections are not available, and
management is supportive. Prevention of exposure to mos-
quito or tick bites in high risk areas is crucial, and there is
hope for future vaccine development.77 Outcomes are vari-
able depending on the involved regions of the nervous system
and patient comorbidities.

Enteroviruses

Background. Enteroviruses (EVs) of the Picornaviridae
family are a heterogenous group of single-stranded RNA
viruses that commonly result in clinical infection in
humans worldwide, sometimes with neurological
involvement.78,79 Seven species are known to cause
clinical disease in humans (enterovirus A, B, C, and D;
rhinovirus A, B, and C) and commonly EVs are cate-
gorized based on their serotype.78 While the most

Figure 3. West Nile virus (WNV) encephalitis. Cerebellar, asymmetric midbrain and bilateral medial thalamic involvement are illustrated.
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notorious enterovirus, poliovirus, has largely been
eradicated throughout most of the world, EVs have
captured widespread attention in recent years due to the
emergence of outbreaks in North America of non-
poliovirus EV infections (eg, EV-D68, EV-A71) caus-
ing AFM, predominantly in children.80-82

Clinical Syndromes. EVs are a common cause of often mild and
self-limited childhood infections resulting in upper respiratory
symptoms, hand-foot-mouth disease, rhinitis, or gastrointestinal
symptoms. Enteroviral infections occur more frequently in
children than adults and are transmitted via respiratory and
fecal-oral routes. Occasionally, enteroviral infections can
be complicated by CNS involvement presenting with
meningitis, encephalitis, AFM, or brainstem encephali-
tis.83 In patients with an acquired or inherited humoral
immunodeficiency state, EVs can also present with rapidly
progressive cognitive impairment or chronic
meningitis.84,85

Diagnostic Evaluation. CSF studies usually reveal a lym-
phocytic pleocytosis. Unique brain MRI findings that may
suggest CNS enteroviral infection include dorsal medulla,
dorsal pons, and fourth periventricular T2/FLAIR le-
sions.86 Spinal MRI may show predominant anterior horn
involvement in the setting of AFM.86 CSF RT-PCR can
help confirm CNS enterovirus disease; however, it is in-
creasingly recognized that the yield of RT-PCR in the CSF
may be low in specific settings including EV-D68 asso-
ciated AFM (detected in just 2% of AFM CSF samples).86

If CNS enterovirus infection is suspected, other bodily
fluids (such as nasopharyngeal swab, serum, and stool) in
addition to CSF should be tested for EV nucleic acid
(increases detection to 20-43% in patients with AFM).87 If
positive, the specific EV might then be typed at an aca-
demic or public health laboratory.86

Treatment. The treatment of CNS EV infections is sup-
portive. Treatments used in clinical practice include IVIG
based on case reports or case series (especially in im-
munosuppressed or immunocompromised patients).86,88

Other agents with anti-enterovirus activity (pleconaril,
pirodavir, pocapavir) are experimental or not readily
available. The authors trial IVIG treatment in patients with
underlying immunodeficiency/immunosuppression and
chronic or relapsing CNS enterovirus infection in shared
decision making with the patient.

Other Selected Viral Infections With
Neurological Effects

An exhaustive review of all viruses causing neuroinvasive
or secondary effects on the nervous system is beyond the
scope of this article. Included below are several ‘can’t

miss’ infections of special interest to the reader because
they are common, treatable, or vaccine-preventable.

Acute Manifestations of Human Immunodeficiency
Virus (HIV)

Neurological manifestations are commonplace in the setting of
primary, acute HIV infection, including during the 24 week
window where conventional antibody tests for HIV may be
negative or indeterminate.89 These manifestations can include
headaches (reported in 30‒70%), meningitis, meningoencepha-
litis, cognitive dysfunction, seizures, and peripheral findings
mimicking Bell’s palsy, Guillain-Barré syndrome, and myelor-
adiculopathy.89 By definition, they will be accompanied by
cardinal features of acute HIV seroconversion which resemble
infectious mononucleosis. Structured evaluation in a population
with primary HIV infection confirmed that while neurological
findings were common (occurring in 53%), they are usually mild,
suggesting that there may be publication bias favoring severe
cases.90

Findings on MRI range from normal to showing high T2
signal intensity or enhancement in the relevant neuraxial
compartment. CSF studies show elevated HIV RNA, consistent
with evidence that HIV CNS infiltration occurs within days of
infection.91,92 Although HIV does not productively infect
neurons, it may gain access to the nervous system through
infection of macrophages or microglia, and a CSF macrocytosis
is often discovered.89 Despite the lack of productive infection by
HIV, neuronal death can occur via indirect mechanisms through
release of neurotoxic molecules from neighboring glial cells or
via interaction with HIV proteins. Expert consensus is to treat
patients with cARTas soon as possible.89 Some advocate for the
selection of agents with superior CNS penetration to address
formation of HIV reservoirs and viral escape into the CNS.93

HIV-associated CD8 encephalitis was first described in 2013
and presents acutely in patients with HIV receiving cART
(including well controlled HIV).94 Brain MRI may show linear
gadolinium-enhancing perivascular lesions or diffuse white
matter T2/FLAIR hyperintensities. The pathogenesis is not well
understood; however, brain biopsies show activation of astro-
cytes and microglia with CD8+ lymphocytes in perivascular
spaces. There appears to be an association with HIV viral escape
and IRIS upon re-introduction of cART following an inter-
ruption of treatment.95 Patients with CD8 encephalitis may
respond to corticosteroids.

Rabiesvirus

Rabies is caused by infection by viruses from the Lyssavirus
genus (family Rhabdoviridae). The virus is transmitted to hu-
mans by a bite from an infected dog in more than 99% of cases,
with other hosts including bats, foxes, and raccoons.96 In areas
with vigorous canine rabies vaccination protocols, including the
United States, exposure is most often linked to bats. In many
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cases a clear bite is not documented or may be inapparent by
history or exam, and exposure alone should be considered a
potential risk factor. The 60 000 fatalities reported annually
worldwide are likely an underestimation, since cases may not be
documented in areas where the disease is endemic in Africa,
Asia, and South America – likely due to resource limitations.96

After an incubation period of 20-90 days, the disease enters the
CNS in a retrogrademanner from an infected bite, causing death
within 5–11 days from onset of the neurological symptoms.96

The earliest neurological symptoms include encephalopathy
alternating with agitation/hyperactivity (furious or encephalitic
rabies) and weakness which can occur in the limbs and involve
bulbar as well as respiratory muscles (paralytic rabies). Hy-
drophobia and aerophobia occur in 50% of patients and are
considered pathognomonic. Fever, pruritis, paresthesias, and
dysautonomia are often seen as part of the clinical course.

Diagnosis of rabies in areas where the disease is endemic
is mostly clinical, but antemortem or postmortem detection of
the viral nucleic acid can be confirmatory.96 The disease is
considered lethal once neurological illness is established,
except for a handful of documented survivors (for example in
Wisconsin in 2004),97 and supportive care is recommended.
Attempts to replicate specific treatment protocols associated
with rare cases of survival have had inconsistent results, and it
remains unclear what treatment or host factors were critical in
these exceptional cases. Immunization of human travelers
and infected dogs is the most effective method for preventing
illness, since there is no cure. Use of rabies immunoglobulin
or post-exposure vaccination is not completely effective at
preventing clinical disease but can greatly improve the
probability of survival.96

Measles, Mumps, and Rubella

Measles cases were resurgent in 2019 with 1282 reported in
the United States, compared to the year 2000 when measles
was declared eliminated by the Centers for Disease Control
and Prevention (CDC).98 This resurgence has been attributed
to the unvaccinated population, with some cases brought to
the United States from travel-related exposure. Measles en-
cephalitis occurs in 1/1000 measles cases during acute in-
fection after the characteristic febrile illness featuring rash,
cough, coryza, and Koplik spots.98 The encephalitis may be
severe with mortality in 15% and residual neurological
disability in 25%.99 Diagnosis can be confirmed by detection
of viral DNA by PCR of CSF, nasopharyngeal, throat or urine
samples. Serum IgMmay be unreliable in the first 4 days after
the rash begins.100 A rare but important late complication is
subacute sclerosing panencephalitis (SSPE), felt to be caused
by replication of mutated measles virus within the brain 7-
10 years after primary infection.101 SSPE is characterized by
progressive neurological deterioration, seizures, generalized
periodic discharges on EEG, and diffuse damage to gray and
white matter on brain MRI. SSPE eventually progresses to

coma, death, or severe neurological disability.101 Treatment is
supportive with both measles encephalitis and SSPE.

Mumps is similarly vaccine-preventable and can present
with a self-limited febrile illness featuring characteristic
parotitis, orchitis, or oophoritis. Mumps can be associated
with meningitis (<10% of cases) or encephalitis (<1% of
cases) and fulminant neurological presentations are very
rare.100 Deafness may occur due to involvement of cranial
nerve VIII.102 Diagnosis is often clinical, but can be con-
firmed based on the presence of viral DNA using PCR of
CSF, saliva, or urine within the first week of symptoms. IgM
and IgG in serummay be rendered unreliable based on patient
vaccination status, however their presence in CSF is a more
specific indicator of CNS infection.100

Rubella causes a characteristic febrile exanthem and can
cause severe complications when acquired congenitally by
the fetus of a non-immune mother, including cataracts, car-
diac anomalies, intellectual, and hearing impairment.103 In-
fants may be diagnosed with suspected or probable congenital
rubella syndrome based on the presence of the aforemen-
tioned clinical features. Congenital rubella syndrome can be
confirmed when laboratory evidence of infection is dem-
onstrated by isolation of virus from bodily fluid specimens (or
RNA by RT-PCR), rubella-specific IgM, or persistently el-
evated convalescent antibody titers in the infant. As with
measles and mumps, neurological sequelae of rubella in-
fection are best prevented by widespread vaccination.

Conclusion

As we reviewed, neurological manifestations of acute viral
infections are protean. Equipped with a diagnostic approach
to recall salient features of the discussed neurological in-
fections, neurohospitalists can contribute to early recognition
and prompt treatment, resulting in a positive influence on
patient outcomes.
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