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KEY POINTS

� Herpes simplex encephalitis has standardized therapy that should be started empirically if
the diagnosis is considered. Rare cases can have an autoimmune NMDA receptor en-
cephalitis following infection with herpes simplex that can be treated.

� Arthropod-borne encephalitides, such as West Nile virus encephalitis and Eastern equine
encephalitis, have limited studies suggesting positive outcomewith immunoglobulin treat-
ment. Treatment of these disorders remains supportive.

� Progressive multifocal leukoencephalopathy has no proven treatment, but new attempts
using immune stimulation therapy have shown limited promise.
INTRODUCTION

The timing for the submission of this article coincides with a unique time in history,
when we are challenged by the pandemic of Coronavirus Disease 2019 (COVID-19).
There is great uncertainty about how best to treat the COVID-19 illness, which parallels
the challenges of treating viral infections in general. There are few options for treat-
ment of viral encephalitis. Besides herpes simplex encephalitis (HSE), and its rare
complication of N-methyl-D-aspartate (NMDA)-receptor encephalitis afterward due
to autoimmune mechanisms that can be successfully treated, there are few well-
established treatments for viral encephalitis. This discussion seeks to summarize cur-
rent knowledge of treatment in selected topics of viral encephalitis. It will not cover hu-
man immunodeficiency virus (HIV) encephalitis, as its treatment parallels the treatment
for HIV disease and is deserving of a discussion by itself. The treatment is nuanced
and somewhat controversial, as antiretroviral therapy variably penetrates the central
nervous system, although penetration may not dictate success of therapy. Most of
the encephalitis-causing viruses are not mentioned in this discussion because they
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have no specific treatment other than supportive care. Exciting new therapy that may
(or may not) succeed in treating progressive multifocal leukoencephalopathy (PML)
has emerged and is discussed.
By definition, encephalitis is an inflammation of the parenchyma of the brain. Viral

encephalitis implies that a virus directly invades and replicates in cells within the brain.
The term “encephalitis” also indicates a clinical syndrome arising from infection and
inflammation in the parenchyma, rather than in the leptomeninges. When both the lep-
tomeninges and brain parenchyma are involved, the term “meningoencephalitis” is
preferred. In para-infectious encephalitis, a systemic viral infection is associated
with a febrile encephalopathy, sometimes with inflammatory spinal fluid but without
direct evidence of brain invasion by the virus. When a pathologically purulent infection
is produced, the preferred term is cerebritis, which is more connected to bacterial
infections.
Viral encephalitis has an estimated incidence of 7 per 100,000 per year.1 In general,

a specific cause is identified in less than 50% of patients in the United States.2 Many
viruses (Boxes 1 and 23,4) have been implicated as the cause. Spinal fluid testing by
serologic identification or nucleic acid identification (by polymerase chain reaction
[PCR]) is generally required to identify the specific etiologic virus.1,5 The epidemiology
of each virus responsible for central nervous system infection is distinct in terms of the
patients who are at highest risk, geographic distribution, and seasonal occurrence,
which is especially important for the arboviruses and enteroviruses. The details of
epidemiology and incidence are beyond the scope of this discussion, which is focused
here on the treatment. There are several excellent consensus documents from around
the world that summarize much of the data about etiology and diagnostic testing.6–9

A common treatment associated with encephalitis is the treatment of seizures. In
the context of encephalitis, seizures are common and frequently refractory to antiep-
ileptic drugs. However, the seizures themselves can increase morbidity and mortality,
Box 1

Common causes of encephalitis in the United States

A. Nonseasonal
Herpes simplex virus type 1 (herpes simplex encephalitis)
Herpes simplex virus type 2 (neonatal encephalitis or adult meningoencephalitis)

B. Seasonal: summer and fall—arboviruses (arthropod-borne)
West Nile virus
St. Louis encephalitis virus
Eastern equine encephalitis virus
Western equine encephalitis virus
La Crosse/California encephalitis virus

C. Seasonal: non–arthropod-borne
Summer and fall: enteroviruses (including coxsackie viruses, echoviruses, polioviruses, and
enterovirus 71)
Winter: influenza virus

D. Immunosuppressed patients
Human immunodeficiency virus (chronic HIV encephalitis)
Varicella zoster virus (subacute encephalitis)
John Cunningham (JC) virus (progressive multifocal leukoencephalopathy)
Cytomegalovirus (ventriculitis or encephalitis)
Human herpesvirus 6 (subacute encephalitis)
Epstein-Barr virus (subacute encephalitis)
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Box 2

Uncommon causes of viral encephalitis in the United States

Causes originating within the United States
Powassan encephalitis virus
Jamestown Canyon virus
Cache Valley Virus
Zika virus3

Chikungunya virus4

Variegated squirrel borna virus
Lymphotropic choriomeningitis virus
Rabies
Measles (subacute sclerosing panencephalitis)
Mumps
Adenovirus
Herpes B virus (of monkeys)
Rubella (progressive rubella panencephalitis)

Causes originating outside the United States
Zika virus3

Tick-borne encephalitis virus (Russia, Asia)
Japanese encephalitis virus (Japan, Southeast Asia, Malaysia)
Venezuelan equine encephalitis virus (Central and South America)
Dengue virus (Southern Asia, Africa, South America)
Rift Valley fever virus (east central Africa)
Murray Valley encephalitis virus (Australia)
Powassan encephalitis virus (Canada)
Nipah virus (Malaysia and Bangladesh)
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so vigorous treatment attempts are required. Epilepsy treatment is beyond the scope
of this discussion.

HERPETIC VIRAL ENCEPHALITIDES
Herpes Simplex Encephalitis

HSE remains the most common nonepidemic viral encephalitis in the United States. It
causes 10% of encephalitis in the United States.10 Epidemiology estimates 1 case per
250,000 to 500,000 individuals per year. Great strides have been made in the success
of diagnosis, with sensitive PCR techniques, and characteristic MRI findings.11 Herpes
simplex type 1 virus (HSV-1) is the usual virus identified, with more than 90% of cases
related to HSV-1. It tends to cause clinical signs of focal cortical neurologic deficits
including hemiparesis, aphasia, and seizures. HSE commonly involves limbic parts
of the brain, which can lead to prominent behavioral changes at the beginning of
the illness before the patient’s level of consciousness is depressed. Focal or general-
ized seizures are particularly common when encephalitis affects the cerebral cortex,
especially the temporal lobes.
Before acyclovir (and the drug used to treat it previously, vidarabine), 70% of pa-

tients died of infection.12 Even using acyclovir, which is the current therapy, mortality
is still 15%, and fewer than 20% of patients are able to return to full-time employment
after treatment, often because of cognitive deficits that persist.
Multicenter prospective trial results emphasize that early treatment affects

outcome.13 When HSE is suspected in the acute setting by the presence of focal signs
or symptoms, early empirical treatment is recommended even while the diagnostic
evaluation is proceeding. The current therapy-of-choice treatment is intravenous
acyclovir (10 mg/kg every 8 hours for 14–21 days). The original trial in the 1980s
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was performed with 14 days of intravenous therapy.13 However since that time, given
the relatively low toxicity of acyclovir, experts have recommended 21 days of therapy
for patients with severe neurologic deficits or at risk for immunosuppression or a more
severe course. However, given the difficulty of obtaining prospective data in this rare
disease, a controlled trial to support a longer duration of therapy or higher doses of
acyclovir to improve neurologic outcomes has not been performed.
A trial of prolonged oral valacyclovir after the standard 2 weeks of intravenous

acyclovir was performed in a group of patients who had relatively mild disease (ie,
they were able to take oral medications and comply with protocol). However, oral vala-
cyclovir did not change the severity of neurologic deficits between placebo and active
oral medication at 6 and 12 months of follow-up.14

Herpes Simplex Encephalitis and Steroids

It has been long speculated that the severe injury to the brain as a consequence of
HSE and the persistent neurologic deficits occur not only because of active infection
but also because of a significant immune response to the virus by the host. Pathology
with significant necrotizing immune response has been considered important in gener-
ating brain injury and persistent neurologic deficits. Because immune factors play a
role in injury, corticosteroids with antiviral therapy were proposed to attenuate the im-
mune response and lessen long-term deficits. This was initially tested in a multicenter,
multinational German protocol using acyclovir and corticosteroids; 2 doses of dexa-
methasone, 40 mg, were given every 24 hours for 4 days with acyclovir and compared
with acyclovir alone.15 The trial closed due to insufficient enrollment, and the results
have never been published.
More recently, another European multicenter trial of dexamethasone in herpes sim-

plex virus encephalitis was initiated in the United Kingdom: https://clinicaltrials.gov/
ct2/show/NCT03084783?term5encephalitis&cond5NCT03084783&rank515.16,17 It
is currently enrolling (Dexamethasone in Herpes Simplex Virus Encephalitis (DexEn-
ceph) - http://www.encephalitis.info/). To combine data and improve power of the
study, a trial is currently being carried out in France with the same protocol that com-
pares dexamethasone with placebo with both arms initially treating in combination
with acyclovir.17

N-Methyl-D-Aspartate Receptor Encephalitis After Herpes Simplex Encephalitis

Autoimmune encephalitis has been described and confirmed as a consequence in a
minority of patients who have had HSE. Before this was recognized as a definitive en-
tity, a minority of patients were recognized as having a clinical course that seemingly
suggested clinical relapse after HSE. However, this apparent relapse with worsening
focal clinical disease and worsening MRI abnormalities, is unaccompanied by the
usual viral confirmation of herpes simplex virus PCR in the spinal fluid. This was initially
described as a “biphasic illness.” It typically occurs as a relapse in the first 1 to 7 weeks
after the initial diagnosis of HSE. This was initially described in adults18 and then in
children who experienced HSE.19 Eventually, once the recognition of autoimmune
encephalitis-associated NMDA receptor (NMDAR) antibodies was described, testing
revealed that patients who had apparent relapse of HSE without detectable virus actu-
ally had NMDAR antibodies in the spinal fluid.20,21 The exact frequency and risk fac-
tors that determine clinical worsening and NMDAR antibodies in the spinal fluid
have not been described. This rare complication of a rare disorder makes uncertainty
the rule about risks and outcomes of this complication.22

In the largest study published to date, which enrolled 51 patients with HSE,22 none
of the patients initially had antibodies to neuronal antigens in the spinal fluid. Fourteen
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(27%) of patients developed autoimmune encephalitis (date range: 17�63 days after
diagnosis), and all had neuronal antibodies (cerebrospinal fluid [CSF] analysis was
most sensitive). Nine (64%) had NMDAR antibodies, and 5 [36%] had other neural an-
tibodies at or before onset of relapse symptoms. The other 37 patients did not develop
autoimmune encephalitis. Among the patients who did not develop autoimmune en-
cephalitis after herpes simplex, 11 (30%) developed antibodies (n 5 3 to NMDAR,
n5 8 to unknown antigens), implying that the presence of antibodies does not always
predict the occurrence of autoimmune encephalitis as a complication of HSE. Howev-
er, antibody detection within 3 weeks of HSE was a statistically significant risk factor
for autoimmune encephalitis.
Autoimmune-relapse, post-HSE may respond to corticosteroids, intravenous

immunoglobulin (IVIg), or plasma exchange, but no randomized trials are available.
There is no universal agreement about how to treat this entity. Once clinical deteriora-
tion and worsening imaging has been detected, patients typically receive 5 days of
intravenous (IV) methylprednisolone, 1 g each day, followed by oral steroids initiated
typically at 60 mg of prednisone per day followed by a taper.22 IVIg may be considered
in patients who cannot tolerate steroids. Plasma exchange may be used in patients
with treatment-refractory disease or in patients with contraindications to other
treatments.

Other Viruses in the Herpes Virus Group

Varicella zoster virus meningoencephalitis
Although rare, varicella zoster virus (VZV) meningoencephalitis can occur as a
complication of cutaneous zoster, occasionally without overt cutaneous manifesta-
tions. Older individuals and immunosuppressed hosts are most vulnerable to this
complication of zoster encephalitis. Typical treatment is a regimen similar to that
for HSE with acyclovir, 10 mg/kg, IV, every 8 hours for 14 days. No prospective trials
exist to confirm that this is satisfactory, and some investigators suggest a �21-day
course of acyclovir, particularly in immunosuppressed hosts with more severe
disease.9,23

Cytomegalovirus meningoencephalitis
Cytomegalovirus (CMV) produces a characteristic ventriculitis or ascending asym-
metric polyradiculopathy in immunosuppressed hosts, best described in patients
with acquired immunodeficiency syndrome (AIDS). Improvements in antiretroviral
therapy in the past 20 years have made this serious neurologic infection uncommon.
MRI shows characteristic ependymal ventricular enhancement with gadolinium imag-
ing. CMV PCR in the spinal fluid is usually positive and confirmatory of CSF dissemi-
nation of the virus. Typical treatment for cytomegalovirus is ganciclovir, 5 mg/kg IV
every 12 hours plus foscarnet 90 mg/kg for 2 weeks.9,24 Cidofovir, administered at
5 mg/kg IV weekly for 2 weeks, is more controversial because it does not penetrate
the blood-brain barrier.

Epstein-Barr virus encephalitis
Diagnosis of this entity is challenging because the spinal fluid of patients with immu-
nosuppressive illness and other causes for encephalitis can yield false-positive PCR
results. Epstein-Barr serology in the blood is ubiquitous in the population and is not
sensitive or specific for patients with encephalitis. Furthermore, Epstein-Barr virus
(EBV) can reactivate systemically at times of other illness, and lymphocytes carrying
EBV from the systemic circulation can be recruited to the nervous system as part of
the inflammatory response. This may produce a false-positive PCR, when another
agent is responsible for the patient’s clinical encephalitis. PCR for EBV has, however,
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been useful in detecting opportunistic, EBV-driven lymphoma in immunosuppressed
hosts and in the AIDS population. Currently, no specific treatments are effective for
EBV. Patients have variably been treated with corticosteroids, but the potential risks
must be weighed against the benefits.9

Human herpes virus 6
Variable success has been reported for treatment of human herpes virus 6 (HHV-6) en-
cephalitis in hematopoietic stem cell transplant recipients using ganciclovir, foscarnet,
or valganciclovir, alone or in combination.25 The treatment recommendation for HHV-6
encephalitis is foscarnet (60 mg/kg every 8 hours for both A and B variants). Ganciclo-
vir (5 mg/kg every 12 hours) is an alternative option only for the B variant of HHV-6
encephalitis.7

Effective antiviral therapy does not exist for most forms of viral encephalitis, except
for HSE.12 However, because of the usual delay in establishing or excluding the diag-
nosis of HSE, patients suspected of having encephalitis should start acyclovir therapy
(10 mg/kg IV every 8 hours for 2 weeks), while specific serologic and spinal fluid ana-
lyses are being performed to make a diagnosis. Supportive measures for patients with
encephalitis typically include intensive care unit treatment in the initial phases of the
illness, directed at reducing intracranial pressure, and treating seizures that are a com-
mon accompaniment.

NON-HERPETIC VIRAL ENCEPHALITIDES
West Nile Virus Encephalitis

The most common epidemic viral encephalitis in the United States is now West Nile
virus (WNV). WNV encephalitis was unknown in the United States until 1999. This is
a mosquito-borne arbovirus, introduced presumably by infected animals, with birds
being the principal intermediate host. Human disease is not transmissible from human
to human, except in unusual circumstances like transplanted organs or blood transfu-
sion. It is estimated that only 1% to 2% of patients infected with WNV develop central
nervous system disease. Neuro-invasive disease manifestations include meningitis
(25%–40%), encephalitis (55%–60%), or acute flaccid paralysis (5%–10%). Meningitis
can occur in any age group, unlike encephalitis, which is more common in the elderly
or immune suppressed. Acute flaccid myelitis (“poliomyelitis”) can occur in any age
group.
The diagnosis is usually confirmed by identification of anti-WNV IgM in CSF in the

acute setting of encephalitis symptoms often with impaired consciousness. Positive
serum serology indicates exposure but not necessarily neuro-invasive disease.
West Nile encephalitis cases show a high incidence of polymorphonuclear cell pre-
dominance in the CSF.26

Currently, there is no successful treatment for WNV encephalitis. However, some
agents have been proposed and used, so far without generalized success. Two pa-
tients with serologic confirmation of WNV infection, who presented with deteriorating
mental status and progression to coma, were treated with standard interferon alpha-
2b within 72 hours of presentation.27 Within 48 hours after initiation of therapy, both
patients demonstrated rapid neurologic improvement. It remains unclear if the change
in clinical status was due to interferon or to spontaneous improvement. Scattered re-
ports of open-label interferon alpha used in other patients were regarded as
unsuccessful.28,29

A large, multicenter, phase-2 trial of IVIg enriched with antibodies against WNV was
conceived and organized by the Collaborative Antiviral Study Group. The study with
62 patients enrolled was published recently with negative results.30
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Ribavirin has been tried in a few cases. It was not considered to be beneficial, and
concern was raised that it might actually harmful and therefore not recommended by
the Infectious Disease Society of America.9

Commercial pharmaceutical attempts have created synthetic anti-sense RNA as in-
hibitors of WNV replication. Those have not yet come to clinical trial.31

Eastern Equine Encephalitis Virus

Eastern equine encephalitis (EEE) is established in the United States, but outbreaks
have fortunately been rare. The clinical manifestations can be quite severe, and the
disease, transmitted by mosquitos, usually presents with fever, mental status
changes, and seizures. This disease has a very high mortality (65% in some series).
Focal cerebral signs are common, including increased intracranial pressure, and
CSF white blood cell counts can exceed 1000 mm3. It is typically diagnosed by pos-
itive EEE serology in the spinal fluid. Positive serum serology suggests recent expo-
sure and is suspicious for the cause of the encephalitis.
There has been a recent outbreak in the United States. As of December 17, 2019,

the Centers for Disease Control and Prevention has received reports of 38 confirmed
cases of EEE virus disease for this year including 15 deaths.32 Treatment is supportive.
There have been attempts to treat the disease with IVIg, and 2 case reports have sug-
gested some benefit.33,34 However, there are no prospective trials.
PROGRESSIVE MULTIFOCAL LEUKOENCEPHALOPATHY

PML is a primary demyelinating disease of the central nervous system caused by
infection with John Cunningham (JC) virus, which infects oligodendrocytes, killing
those cells selectively and leading to focal demyelination, which spreads in a circum-
ferential pattern to adjacent, uninfected cells. This disease does not present as typical
encephalitis. It produces a subacute, focal neurologic deficit, more strokelike that pro-
gresses over time without fever, usually with normal spinal fluid cell count. It is a dis-
ease of immunosuppressed hosts, most commonly seen in association with AIDS or a
lympho-reticular malignancy like lymphoma or chronic lymphocytic leukemia. It can
occur in any immunosuppressed state with compromise of cell-mediated immunity.
Thus, transplant patients and patients with exogenous immunosuppression, such as
rheumatological conditions, are vulnerable. In the past 15 years, much attention has
been focused on the occurrence of PML in patients with multiple sclerosis (MS)
treated with immunosuppressive drugs, most prominently natalizumab. However,
many of the MS disease-modifying agents carry a risk of PML.35

Treatment for PML has been disappointingly unsuccessful until recently, when
there have been small series of open-label treatments of patients with immune-
modifying drugs. Past medications included cytosine arabinoside (ARA-C), which
was originally tried in the 1970s and 1980s as a PML treatment because of the anti-
viral effect of the nucleoside analog ARA-C interfering with DNA replication of JC vi-
rus. A small open-label series in non-AIDS patients suggested that approximately
one-third had a nonfatal outcome, and some even had neurologic improvement.36

However, a prospective trial in patients with AIDS was considered unsuccessfull.37

There were delays in initiating ARA-C in the prospective trial that may have influ-
enced the outcome.
The serologic monitoring of patients of JC virus in patients with MS considering

treatment with disease-modifying therapy is based on antibodies in the blood, and
the decision to select specific therapy for MS is beyond the scope of this discussion.
The diagnosis of PML in MS, however, is similar to the diagnosis of PML in patients
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with other immunosuppressive illness and relies on JC virus PCR detection in the spi-
nal fluid. That assay is only approximately 70% sensitive.
Treatment of patients with MS who developed PML after taking natalizumab re-

quires specific discussion. When natalizumab was initially released, a higher incidence
of PML was recognized than had been noted in clinical trials of the drug. The drug was
suspended from use and then reintroduced with safety-monitoring requirements.36

However, management of the PML, once diagnosed in the context of natalizumab-
associated therapy or other immune-modifying therapy for MS, should lead to specific
treatment. Management of PML has routinely used plasma exchange (PLEX) to hasten
clearance of natalizumab from the bloodstream. The patient’s immune system is
allowed to reconstitute and clear JC virus from the brain. PLEX has no known role
in affecting virus clearing from the brain. However, exacerbation of symptoms and
inflammation of lesions on MRI with clinical worsening have occurred indicative of im-
mune reconstitution inflammatory syndrome (IRIS). IRIS seems to be more common
and more severe in patients with natalizumab-associated PML than in patients with
HIV-associated PML. If IRIS occurs, the treatment is to use high-dose IV methylpred-
nisolone typically 1000 mg IV each day for 5 days and then a tapering dose of oral
prednisone usually over 3 to 4 weeks, typically starting with 60 mg per day.
There has been some doubt expressed about whether plasmapheresis (PLEX)

removes natalizumab from the body more quickly or, indeed, has any effect on the
outcome of PML37 One study looked at outcomes of patients with MS and natalizu-
mab (NTZ)-associated progressive multifocal leukoencephalopathy in 193 interna-
tional and 34 Italian NTZ-PML cases. PLEX did not improve the survival or clinical
outcomes of Italian or international patients with MS and NTZ-PML,37 This point is still
being debated, but most experts would still recommend plasma exchange in the initial
phase of treatment. The newer therapies discussed later in this article, which enhance
immunity through the PD-1 pathway, should not be applied to patients with MS. These
PD-1 inhibitor drugs are known to exacerbate MS.
AIDS-related PML is typically initially treated with optimizing antiretroviral therapy

and attempts to clear virus from the brain by enhancing the patient’s immune system
with combined antiretroviral therapy (cART). Some other immune reconstitution stra-
tegies (see later in this article) have been suggested for patients with AIDS whose im-
mune restoration is refractory to antiretroviral therapy.
For transplant recipients, immunosuppressive therapy can be tapered or discontin-

ued temporarily until there is immune reconstitution and clearing of the virus from the
brain. The possibility of organ rejection is a risk. In the case of patients on immunosup-
pressive therapy for autoimmune disease, the therapy can be discontinued for 2 to
3 months, allowing the patient’s own immune system to reconstitute and help to clear
the virus. These 2 situations require close clinical reexamination and monitoring with
MRI scan to watch for neurologic worsening secondary to IRIS. Repeat spinal fluid
PCR for JC virus may also help to guide therapy.
Immune-enhancing drugs like the PD-1 inhibitor pembrolizumab have been sug-

gested as a novel therapy to restore immunity and treat PML. Pembrolizumab has
shown promise in patients with leukemia, lymphoma-associated PML, or other condi-
tions in which there is no other ability to reverse immune suppression.38 This drug
works through the PD-1 blockade and attempts to “reinvigorate” anti–JC virus im-
mune activity. In a recent study, 8 adults with PML were administered pembrolizumab,
2 mg per kilogram of body weight every 4 to 6 weeks.38 Five patients had clinical
improvement or stabilization of PML accompanied by a reduction in the JC viral
load in the CSF by PCR analysis. The other 3 patients had no meaningful change in
outcome. At least 2 other cases have shown no clinical benefit when treated in this
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fashion.39,40 The factors determining response to pembrolizumab may be due to
exhausted T cells.40,41 It was concluded that more study of immune checkpoint inhib-
itors in the treatment of PML is warranted.
Allogeneic BK virus-sensitized T cells have also been proposed as a treatment strat-

egy for PML patients with no ability to reverse their immune-suppressed status, given
the strong antigenic overlap between JC virus and BK virus.42 In a small series, 3 PML-
immunosuppressed patients, each with a different kind of immunosuppression, were
treated with partially expanded ex vivo, HLA-matched, third-party–produced, cryo-
preserved BK virus–specific T cells. One patient was undergoing a conditioning
regimen for cord-blood transplantation. Another had a myeloproliferative neoplasm
treated with rituximab, and the third had AIDS. T-cell infusion in 2 of the patients,
led to alleviation of the clinical signs and imaging features of PML, and clearing of
JC virus from the cerebrospinal fluid. The other patient had a reduction in JC viral
load and stabilization of symptoms that persisted until her death 8 months later.
Two of the patients had IRIS and required treatment of IRIS as part of their therapy.

SUMMARY

Therapy for viral encephalitis remains largely supportive in many circumstances. Spe-
cific inroads have been achieved in selected virus infections. Strategies to develop im-
mune therapy or more specific viral-targeted therapy appear promising. When dealing
with encephalitis, questions about penetration of the central nervous system will
remain. Perhaps the lessons learned in the treatment of COVID-19 will translate to
future trials of viral encephalitis due to other viruses.
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