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 CURRENT
OPINION Central nervous system infections produced by

varicella zoster virus

Maria A. Nagela,b, Christy S. Niemeyera, and Andrew N. Bubaka

Purpose of review

Varicella zoster virus (VZV) causes varicella, establishes latency, then reactivates to produce herpes zoster.
VZV reactivation can also cause central nervous system (CNS) disease with or without rash. Herein, we
review these CNS diseases, pathogenesis, diagnosis, and treatment.

Recent findings

The most common CNS manifestation of VZV infection is vasculopathy that presents as headache, cognitive
decline, and/or focal neurological deficits. VZV vasculopathy has also been associated with cerebral
amyloid angiopathy and moyamoya syndrome. Rarely, VZV will produce a meningitis, encephalitis,
cerebellitis, and myelopathy. Pathogenic mechanisms include direct VZV infection of affected tissue,
persistent inflammation, and/or virus-induced hypercoagulability. Diagnosis is confirmed by the temporal
association of rash to disease onset, intrathecal synthesis of anti-VZV antibodies, and/or the presence of
VZV DNA in CSF. Most cases respond to intravenous acyclovir with corticosteroids.

Summary

VZV produces a wide spectrum of CNS disorders that may be missed as some cases do not have an
associated rash or a CSF pleocytosis. Clinicians must be vigilant in including VZV in their differential
diagnosis of CNS infections as VZV is a ubiquitous pathogen; importantly, VZV CNS infections are
treatable with intravenous acyclovir therapy and corticosteroids.
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INTRODUCTION

Varicella zoster virus (VZV) is a ubiquitous, exclu-
sively human alphaherpesvirus. Primary infection
causes varicella (chickenpox), after which VZV
establishes latency in ganglionic neurons and adre-
nal glands [1–5]. With a decline in VZV-specific cell-
mediated immunity, as seen in elderly or immuno-
suppressed individuals, VZV reactivates to produce
zoster that can be complicated by postherpetic neu-
ralgia, zoster sine herpete, and other multisystem
disorders (Fig. 1) [6]. VZV has also been associated
with giant cell arteritis and aortitis [7,8]. Aside from
these peripheral diseases, VZV can also spread cen-
trally to produce vasculopathy, meningitis, enceph-
alitis, cerebellitis, and myelopathy with or without
rash. The burden of VZV disease is significant, given
that more than 90% of the world population harbors
latent virus and more than 50% will reactivate by
85 years of age and develop disease. Herein, we
review the clinical features, pathogenesis, diagnosis,
and treatment of VZV central nervous system
(CNS) disorders.

VARICELLA ZOSTER VIRUS
VASCULOPATHY

VZV vasculopathy manifests as stroke, aneurysm,
dissection, and other vascular abnormalities.
Patients present with headache, confusion, hemi-
paresis, and/or other focal neurological deficits. VZV
vasculopathy can be acute and monophasic or
chronic/progressive. In these chronic/progressive
cases, aside from VZV vasculopathy causing a step-
wise accumulation of neurological deficits [9],
recent reports have described VZV vasculopathy
causing a multiinfarct dementia over a 2-year period
in a 69-year-old man without associated rash [10]
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and moyamoya syndrome over an 11-month period
in a 10-year old girl with varicella [11

&

].

Stroke

Multiple epidemiological studies have shown an
increased risk of transient ischemic attacks (TIAs)
and stroke after zoster compared with nonzoster
controls (reviewed in ref. [12

&&

]). Specifically, a ret-
rospective US study shows that the adjusted inci-
dent rate ratios (IRRs) for TIAs are 1.56 or 5.12 for all
zoster patients or patients aged 18–49 years, respec-
tively; the IRRs for stroke are 1.40 and 8.12 for all

zoster patients or patients aged 18–49 years, respec-
tively [13].

An analysis of 30 VZV vasculopathy cases shows
that 63% had rash, 67% had a CSF pleocytosis, 97%
had brain imaging abnormalities, and 70% had
angiographic abnormalities [14]. Detection of anti-
VZV IgG antibody was the best test for diagnosis as
93% of the individuals had intrathecal synthesis of
anti-VZV antibodies and only 30% had VZV DNA in
CSF [15]. Approximately 67% of individuals stabi-
lized/improvedwithantiviral therapy. Because rash is
absent in 37% of individuals VZV DNA is absent in
70% of CSF, and there is an average delay of 4.2
months from time of rash to stroke symptoms/signs,
the diagnosis of VZV vasculopathy is often missed.
Another study of four patients showed that all had
rash and stroke involving the anterior and/or poste-
rior circulation; three had elevated hypercoagulable
factors; two had cranial nerve palsies preceding
stroke; one had angiographic abnormalities; and
three responded to acyclovir, steroids, and antith-
rombotic agents [16].

Aneurysm and pseudoaneurysm

VZV vasculopathy can present as cerebral aneurysm,
with or without hemorrhage or rash [17–19]. Evi-
dence that VZV infection of arteries is directly
involved in pathogenesis is provided by two cases
showing that the aneurysmal wall contained viral
antigen and herpesvirus particles [20,21]. A note-
worthy case is that of an immunosuppressed 41-

KEY POINTS

� As tissues and most arteries are innervated, VZV can
directly infect them following reactivation from ganglia
and spread along neurites, producing a wide spectrum
of disease.

� VZV CNS infections can manifest as a vasculopathy,
meningitis, encephalitis, cerebellitis, and myelopathy,
with or without varicella or zoster rash.

� VZV CNS disease can be diagnosed by temporal
association of rash and symptoms/signs, intrathecal
synthesis of anti-VZV antibodies, and/or the presence
of VZV DNA in CSF.

� VZV CNS disease is treatable with intravenous
acyclovir and corticosteroids, as well as anticoagulants
if a hypercoagulable state exists.

Primary VZV infection
Varicella (Chicken Pox)

Latency 
>90% World Population

Reactivation 
>50% by 85 years of age

Herpes zoster
“Shingles”

Zoster sine herpete
&

other multisystem 
disorders

VZV central nervous 
system disease

Vasculopathy
Meningitis
Encephalitis
Cerebellitis
Myelopathy

Postherpetic Neuralgia

FIGURE 1. Varicella zoster virus produces varicella on primary infection, establishes latency, then reactivates to cause zoster
that can be complicated by postherpetic neuralgia, zoster sine herpete, and a spectrum of central nervous system disease.
VZV, varicella zoster virus.
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year-old woman who developed disseminated zos-
ter and a severe headache in the setting of a
normal angiogram, followed by headache recur-
rence and development of nine new intracranial
aneurysms [22]. Diagnosis was made by the pres-
ence of VZV DNA in CSF; as acyclovir treatment
led to clinical improvement and size reduction/
resolution of the vascular lesions – these lesions
initially coined as ‘aneurysms’, most likely repre-
sented pseudoaneurysms.

Dissection and other vascular abnormalities

Rare cases of VZV vasculopathy manifesting as dis-
sections have been described. Two pediatric cases
developed rash followed 2–4 weeks later by carotid
artery dissections in the setting of vigorous activity
[23]. Although trauma and exercise are frequently
associated with arterial dissection, VZV infection in
the wall of an artery may predispose the artery to
dissection if it is subjected to further trauma.
Another case describes a 60-year-old woman with
zoster and a ruptured left vertebral artery dissection
and subarachnoid hemorrhage; anti-VZV antibodies
were present in CSF; and patient recovered after coil
embolization, intravenous acyclovir, and antiplate-
let therapy [24]. A final noteworthy report describes
a 62-year-old man with herpes zoster ophthalmicus
who developed headache and vomiting 1 month
later; MRI revealed an acute infarct of the frontal
lobe and bilateral internal carotid artery dissection.
Patient stabilized with antiviral therapy, corticoste-
roids, and heparin [25].

Other rare vascular abnormalities have been
associated with VZV vasculopathy, including doli-
choectasia of the anterior and posterior circulation
with multiple small deep-seated infarcts in a late
adult cancer survivor [26], ectasia with stenosis and
aneurysm in AIDS patients [17], and sinus thrombo-
sis in adult and pediatric patients [27–32].

Pathogenesis of varicella zoster virus
vasculopathy

Direct virus infection, persistent inflammation and
virus-induced hypercoagulability may contribute
independently or together in VZV vasculopathy
pathogenesis.

In latently infected individuals, VZV vasculop-
athy occurs after virus reactivates from trigeminal or
upper cervical ganglia then travels along neurites to
infect the adventitia of cerebral arteries; a similar
process can occur during primary infection. Infected
adventitial fibroblasts secrete cytokines that recruit
inflammatory cells to the arterial wall; soluble fac-
tors released by immune cells contribute to

accumulation of intimal myofibroblasts, potentially
leading to ischemia, as well as destruction of the
media, potentially leading to aneurysm, pseudoa-
neurysm, and other arterial abnormalities [reviewed
in refs. [33,34–37]. A recent study found that adven-
titial fibroblasts may transdifferentiate into myofi-
broblasts during infection and cause endothelial cell
activation, in part through apoptotic virion-con-
taining microparticles [38

&

]. In addition, VZV may
produce a hypercoagulable state, leading to throm-
bosis [39,40]. Finally, with regards to recurrent or
persistent VZV vasculopathy, this may be produced
by intermittent episodes of reactivation and virus
deposition to the arteries; virus-induced epigenetic
alterations of adventitial fibroblasts such that they
chronically secrete pro-inflammatory cytokines;
and/or deposition of insoluble, toxic, proinflamma-
tory amyloid, as supported by recent studies show-
ing the co-existence of VZV vasculopathy with
cerebral amyloid angiopathy [41

&

], production of
intracellular amyloid-beta and amyloid, as well as
production of an extracellular amyloidogenic envi-
ronment in VZV-infected cells in vitro [42], and
elevated levels of amyloid and an amyloidogenic
environment in acute zoster plasma [43].

VARICELLA ZOSTER VIRUS MENINGITIS
AND ENCEPHALITIS

VZV infection can produce a meningitis [44] or
encephalitis [45] that can co-exist together [46–
49], as well as occur in conjunction with a VZV
vasculopathy and/or radiculitis [50,51,52

&&

]. A
nationwide prospective cohort study in Denmark
of 92 adults with VZV encephalitis identified key
features: there was a near equal gender distribution
with a median age of 75 years; the incidence was 5.3/
1 000 000/year; 39% were immunocompromised;
and symptoms included confusion (76%), headache
(56%), nausea (45%), gait abnormalities (42%), and
personality change (41%) [52

&&

]. Imaging showed
vasculitis in 16% and encephalitic abnormalities in
13% with a predilection for the brainstem and deep
brain structures. Patients were treated with intrave-
nous acyclovir, and in-hospital, 1-month, and 3-
month mortalities were 4, 9, and 11%, respectively.
Unfavorable outcomes were present in 69%.

VARICELLA ZOSTER VIRUS CEREBELLITIS

Cerebellitis is another rare CNS complication of VZV
infection that can occur before, during or after rash,
as well as in the absence of rash [53–55]. Patients
with VZV cerebellitis present with balance prob-
lems, speech disturbances, nystagmus, headache,
and vomiting. The mechanisms of VZV cerebellitis

CNS infections produced by varicella zoster virus Nagel et al.

0951-7375 Copyright � 2020 Wolters Kluwer Health, Inc. All rights reserved. www.co-infectiousdiseases.com 275



 Copyright © 2020 Wolters Kluwer Health, Inc. All rights reserved.

is unclear and may involve postviral inflammatory
responses or direct infection of cerebellum [53,54].

VARICELLA ZOSTER VIRUS MYELOPATHY

VZV myelopathy patients typically present with a
spastic paraparesis, with or without sensory fea-
tures or sphincter problems; MRI may show a
transverse myelitis or longitudinal serpiginous-
enhancing lesions [56,57]. In a study of 31 cases
of VZV myelitis, 54.8% were immunocompromised
(predominantly with acquired immunodeficiency
syndrome); 45.2% had a preceding rash at the level
of myelopathy; and with antiviral therapy, immu-
nocompetent patients had favorable outcomes but
immunocompromised patients had poor outcomes
yet reduced mortality [58

&&

]. Postmortem analyses
of the spinal cord may show frank invasion of VZV
in the parenchyma with associated inflammation
[57] and, in some instances, spread of virus to
adjacent nerve roots. VZV can also produce spinal
cord infarction [59].

DIAGNOSIS AND TREATMENT

Diagnosis and treatment for VZV CNS infections
follow those for VZV vasculopathy, where more stud-
ies have been published [14,15]. Overall, diagnosis is
made by: the temporal association of rash to onset of
neurological symptoms and signs; the presence of
VZV DNA in CSF by PCR; and intrathecal synthesis of
anti-VZV antibodies. Although there are no studies
on the diagnostic benefits of peripheral anti-VZV
antibody levels for CNS infection, serum anti-VZV
IgG and IgM can be measured; a four-fold increase in
anti-VZV IgG titers indicates persistent virus infec-
tion and a positive anti-VZV IgM indicates recent
infection/reactivation. Treatment includes intrave-
nous acyclovir (10–15 mg/kg) every 8 h for 14 days,
adjusted for creatinine clearance; prednisone 60 mg
daily for days 1–5 of acyclovir treatment; and anti-
coagulants if hypercoagulability is suspected. For
recurrences, an additional round of intravenous acy-
clovir for 14 days may be required. On the basis of our
clinical experience, if the patient continues to have
disabling, recurrent VZV CNS infections when intra-
venous acyclovir is discontinued, we evaluate for
cancer that mayproduceglobal immunosuppression,
as well as conduct a full immunological work-up
(including natural killer cell function assays and
lymphocyte proliferation/ELISPOT assays for VZV).
We have observed cases of recurrence because of low
immune cell or antibody subsets, natural killer cell
dysfunction, and specific lymphocyte proliferation
defects to VZV. For patients with confirmed immu-
nological deficits and continued recurrence, after

intravenous acyclovir is discontinued, we continue
oral valacyclovir (1 g daily) and do a trial of monthly
IVIG for 6 months.

VACCINATION FOR VARICELLA ZOSTER
VIRUS CENTRAL NERVOUS SYSTEM
DISEASE

Currently, we have vaccines for varicella (Varivax,
Merck, Kenilworth, NJ) and zoster (Zostavax, Merck;
Shingrix, GlaxoSmithKlein, Philadelphia, PA). Zos-
tavax is a live, attenuated, single-dose vaccine that
prevents zoster and subsequent PHN [60]. Shingrix is
the second Food and drug Administration (FDA)-
approved zoster vaccine that is now the preferred
vaccine recommended by the Centers for Disease
Control Prevention [61,62]. Shingrix is a two-dose,
nonlive, recombinant zoster vaccine containing
VZV glycoprotein E and the AS01B adjuvant system.
Shingrix is recommended for individuals at least
50 years of age, excluding individuals who are
negative for VZV immunity, have active zoster or
recurrent zoster/inflammation in the eye, or are
pregnant/breastfeeding.

Although Zostavax and Shingrix prevent zoster
and PHN, it is unclear if they will prevent VZV CNS
disease. One study using administrative claims data
of older US Medicare beneficiaries showed no asso-
ciated protective effect of Zostavax on preventing
acute cardiovascular events [63]; another study
using self-reporting health information in a US tele-
phone survey showed a 50% reduction in reports of
stroke in vaccinated individuals compared with
unvaccinated controls [64

&

]. It remains to be deter-
mined if zoster vaccination is effective or potentially
detrimental in VZV CNS disease. In the majority of
VZV CNS disease, it is the virus-induced inflamma-
tion that causes damage, raising the possibility that
a robust, vaccine-driven, immune response within
cerebral arteries, brain parenchyma, or spinal cord
could worsen outcomes. Alternatively, if immune-
mediated clearance of VZV occurs prior to the initi-
ation of an aberrant inflammatory response, zoster
vaccination may be appropriate. Overall, although
zoster vaccination prevents zoster and PHN, its effi-
cacy for other VZV-related diseases is unknown. In
addition, it is not applicable to VZV disease occur-
ring before 50 years of age, a period when 32% of
zoster cases and its complications occur [65].

Finally, the effectiveness of Varivax in prevent-
ing VZV CNS disease is also unclear. A retrospective
population-based cohort study of 368 992 children
found no evidence of increased stroke following
vaccination [66

&

]. However, in a 6-year-old boy
who developed widespread stenosis and infarction,
vaccine strain DNA was found in his CSF indicating

CNS infections
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that reactivation of the live attenuated vaccine
produced VZV vasculopathy [67]. Subsequent
studies showed that he had a DOCK8 deficiency
that enhanced his susceptibility to viral infection.
This case illustrates that in rare cases of immuno-
deficiency in children, Varivax may produce
CNS complications.

CONCLUSION

VZV infection of the CNS can cause vasculopathy,
meningitis, encephalitis, cerebellitis, and myelopa-
thy. Importantly, all of these VZV CNS diseases can
occur without rash or months after rash, such that
diagnosis is missed. Given that the majority of the
population is latently infected with VZV and more
than 50% will reactivate by 85 years of age, clinicians
should include VZV infection in their differential
diagnosis for CNS disease and perform diagnostic
tests as the majority of cases are treatable with intra-
venous acyclovir therapy and corticosteroids.
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