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Abstract Varicella zoster virus (VZV) infects >95 % of the
world population. Typically, varicella (chickenpox) results
from primary infection. The virus then becomes latent in gan-
glionic neurons along the entire neuraxis. In immunocompro-
mised individuals, VZV reactivates and causes herpes zoster
(shingles), pain, and rash in 1–2 dermatomes. Multiple case
reports showed a link between stroke and zoster, and recent
studies have emerged which reveal that VZV infection of the
cerebral arteries directly causes pathological vascular remod-
eling and stroke (VZV vasculopathy). In the past few years,
several large epidemiological studies in Taiwan, Denmark,
and the U.K. demonstrated that zoster is a risk factor for stroke
and that antiviral therapy may reduce this risk. Herein, the
history, clinical features, and putative mechanisms of VZV
vasculopathy, as well as recent epidemiological studies dem-
onstrating that zoster increases the risk of stroke, are
discussed.
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Introduction

The onset of stroke after herpes zoster due to reactivation of
varicella zoster virus (VZV) was described as early as 1896 by
Dumary and published by Baudouin and Lantuejoul [1], when
a patient developed right-sided ophthalmic zoster followed
4 weeks later by left-sided hemiplegia without any signs of
generalized encephalitis. This was followed by case reports of
contralateral hemiplegia that developed 4 and 3 weeks after
ophthalmic-distribution zoster [2–4], as well as after zoster in
other dermatomes. While VZV infection can produce stroke
without inducing coagulopathy, evidence is emerging that
VZV reactivation with or without zoster rash directly causes
pathological vascular remodeling resulting in stroke (VZV
vasculopathy). Herein, we review VZV vasculopathy, poten-
tial mechanisms by which VZV causes stroke, and epidemio-
logical studies which reveal that the incidence of stroke is
significantly increased after zoster.

VZV Vasculopathy

Varicella zoster virus (VZV) is a highly neurotropic DNA
alphaherpesvirus that infects >95 % of the world population.
Varicella (chickenpox) is the usual outcome of infection, most
often in children. Virus latency is then established in the cranial
nerve, dorsal root, and autonomic ganglionic neurons. In latently
infected ganglia, VZV transcription is limited without produc-
tion of virions. The VZV-specific cell-mediated immune re-
sponse decreases with advancing age or when humans are im-
munocompromised by immunosuppressive or anti-
inflammatory drugs or in HIV+ individuals. After reactivation,
VZV moves transaxonally to the skin resulting in zoster (shin-
gles). Zoster rash typically resolves over a 2-week period but
zoster is often complicated by persistent pain (postherpetic neu-
ralgia). In addition, patients with zoster develop cranial
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neuropathies,meningitis, and encephalitis, sometimes isolated to
the cerebellum, transient ischemic attacks and stroke. Multiple
ocular disorders, particularly ischemic optic neuropathy and ret-
inal necrosis also occur. Importantly, the neurologic and ocular
diseases noted above may develop without zoster rash.

Ischemic and hemorrhagic stroke after zoster results from
cerebral arterial infection by VZV (VZV vasculopathy). The
average time between zoster and onset of focal neurological
deficits is 4 months. Brain MRI is abnormal in 97 % of cases,
frequently revealing lesions at the junction of the gray and
white matter, and angiography demonstrates involvement of
large and small arteries in nearly 70 % of cases [5]. Definitive
diagnosis of VZV vasculopathy is made by detection in the
CSF of anti-VZV IgG antibody, which is more often positive
than the presence of amplifiable VZV DNA in the CSF [6];
also, if the serum/CSF ratio of anti-VZV IgG antibody is re-
duced, the diagnosis of VZV vasculopathy is further con-
firmed. Interestingly, about approximately 30 % of patients
with VZV vasculopathy have no history of earlier zoster, in-
dicating that VZV can reactivate from the ganglia and travel
centrally to infect the cerebral arteries without peripheral
spread to the skin.

Mechanisms of VZV Vasculopathy

No other human virus is known that infects the cerebral arter-
ies and produces pathological vascular changes resulting in
stroke. Initial studies leading to the notion that VZV infection
causes pathological vascular remodeling began in 1959 with a
description of Ba non-infectious granulomatous angiitis with a
predilection for the nervous system, characterized by throm-
bosis in the cerebral arteries and distinguished from other
vasculitides by the nature of the inflammatory response,
which consisted predominantly of histiocytes, mononuclear
cells and multinucleated giant cells^ [7]. Thereafter, patients
with lymphoma and zoster who developed granulomatous
angiitis in the brain were described, characterized by mono-
nuclear giant cell infiltration in the cerebral arteries [8]. In
1974, angiography of the large cerebral arteries in a patient
with ophthalmic zoster followed by hemiparesis on the oppo-
site side of the body revealed focal narrowing in the carotid
siphon [9]. Definitive evidence of VZV infection of the cere-
bral arteries came from analysis of a patient with a waxing-
waning course of vasculitis [10]; postmortem examination of
the affected cerebral arteries revealed Cowdry A inclusions,
multinucleated giant cells, VZV DNA, VZVantigen, and her-
pesvirus particles [11••].

Since there are no animal models for VZV vasculopathy,
further mechanistic studies used virus-infected cerebral and
temporal arteries from subjects who died of VZV vasculopa-
thy. Immunohistochemistry with antibodies directed against
VZV gene 63 protein revealed VZVantigen in the outermost

layer of the artery (adventitia) within months of the disease
and in the media and intima later in the disease [12•], a finding
expected from spread of virus transaxonally after reactivation
from the cranial or cervical ganglia to the arterial adventitia
followed by virus extension transmurally. Additional studies
using antibodies directed against endothelial CD31, smooth
muscle actin, and myosin heavy chains demonstrated that
VZV-infected arteries contain a thickened intima composed
of cells expressing all these markers except for the endothelial
cell marker CD31; often, the internal elastic lamina was frac-
tured and smooth muscle cells in the media were reduced
[12•]. While the origin of cells in the thickened intima is un-
known, the cells expressing myosin suggest that they are de-
rived from smooth muscle cells in the media.

A later study of VZV-infected arteries at 3 days after dis-
ease onset (early) and when disease was prolonged at
10 months (late) revealed T cells that were CD4+ and
CD8+, CD68+ macrophages, and rarely CD20+ B cells most-
ly in the adventitia and intima, with sparing of the media [13].
Only when VZV vasculopathy was early were abundant neu-
trophils present in the adventitia. Later, VZV was found in the
media; however, no inflammatory cells were present, indicat-
ing that the media may be immunoprivileged [14]. No signif-
icant inflammationwas seen in control arteries. Importantly, in
a vaso vasorum vessel in early VZV vasculopathy, adventitial
inflammation was associated with an overlying thickened in-
tima, whereas another region of the same artery did not con-
tain inflammatory cells or show a thickened intima [15, 16],
indicating that the inflammatory response after virus infection
lead to remodeling of the vessel wall.

Overall, the studies to date suggest that VZV infection of
the cerebral arteries with subsequent inflammation leads to
pathological vascular remodeling with development of a
thickened intima that contributes to vascular occlusion and
ischemia, and with a disruption of the media contributing to
the aneurysm formation and hemorrhage seen in patients with
virologically confirmed VZV vasculopathy.

Epidemiological Studies

Given that VZVreactivates to cause zoster in about one half of
individuals by 85 years of age, with approximately 1 million
zoster cases yearly in the USA alone, and that recent studies
from Asia, Europe, and the UK indicate that zoster is a risk
factor for stroke, VZV vasculopathy is not uncommon. A
retrospective study of records from >7000 adults who had
zoster and >23,000 control subjects with no history of zoster
from Taiwan revealed that for a year from the time of zoster,
the stroke risk was increased by 30 %, and was 4-fold greater
with ophthalmic-distribution zoster [17]; further analysis of
>600 persons who had zoster in the ophthalmic distribution
of the trigeminal nerve and nearly 2000 control subjects also
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showed 4.5-fold greater stroke risk for the first 12 month, and
treatment of zoster with antivirals had no effect on the inci-
dence of subsequent cerebral vascular disease [18].
Unfortunately, the two studies from Taiwan were confounded
by atrial fibrillation, bodymass index, and the fact that the risk
of stroke was determined at one time-point (12 months fol-
lowing zoster).

Analysis of 4.6 million people adults from Denmark in
which >117,926 patients received antiviral therapy showed
that stroke increased 126 % in the first 2 weeks from the onset
of zoster, 17 % from 2 weeks to the first year after zoster, and
5 % overall in contrast to patients with zoster who did not
receive any treatment [19]. Unfortunately the Danish study
included treatment with antiviral agents as an indication that
the patient had zoster, this could have led to false-positives
because anyone with HSV infection would have been treated.
Other controls were also insufficient for confounders.

The most recent analysis of >100,000 patients with zoster
and >200,000 control subjects showed a statistically signifi-
cant increase in both cerebral and cardiovascular disease after
zoster; an important finding was that the risk of a warning of a
stroke and of myocardial infarction was greatest in individuals
whose zoster occurred before the age of 40 [20].
Unfortunately, the increased risk of stroke was not determined
at multiple times following zoster. Subsequently, records were
analyzed from >6000 people from the UK who had a stroke
prior to or after rash were studied from the UK General
Practice Research Database [21••]. For each person, the oc-
currence was studied from zoster onset up to a year and was
compared with (1) the time of enrollment up to a month prior
to zoster, and (2) from a year after zoster until the close of the
study. Calculation of age-adjusted incidence ratios and 95 %
confidence intervals compared to control time periods showed
that stroke risk decreased with time after zoster. There was
more stroke one to 4 weeks (1.63), 5 to 12 weeks (1.42),
and 13 to 26 weeks after zoster (1.23), but not after those
periods. Once again, zoster in the ophthalmic distribution of
the trigeminal nerve was shown to be associated with 3-fold
increased risk of stroke from 5 to 12 weeks following zoster.
Finally, analysis of the 55 % of subjects with zoster who were
given oral antivirals revealed a reduced stroke risk that was
not found in untreated zoster patients.

Together, epidemiological studies from three countries in
Asia and Europe revealed that zoster is a significant risk for
subsequent stroke, especially ophthalmic-distribution zoster,
and studies from the UK indicate that treatment with antiviral
agents reduces this risk.

Conclusion

Herpes zoster due to VZV reactivation has been historically
perceived as a benign disease, with resolution of rash after

several weeks and only rare complications. However, recent
studies demonstrating VZV-induced pathological vascular re-
modeling, together with epidemiological studies, indicate that
zoster is clearly an important risk factor for stroke and that
stroke is likely a direct effect of virus infection in the arteries.
In fact, the frequency of stroke after zoster is probably
underestimated since VZV can reactivate in the absence of
rash. An increased recognition that VZV infection is associat-
ed with stroke will lead to further studies to determine the
optimal treatment with antiviral agents, as well as zoster vac-
cination, in reducing zoster-associated stroke risk.
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