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Abstract

Background—Varicella zoster virus (VZV) is a neurotropic exclusively human herpesvirus. 

Primary infection causes varicella (chickenpox), after which virus become latent in ganglionic 

neurons along the entire neuraxis. As cell-mediated immunity to VZV declines with advancing age 

and immunosuppression, VZV reactivates to produce zoster (shingles). One of the most serious 

complications of zoster is VZV vasculopathy.

Methods—We reviewed recent studies of stroke associated with varicella and zoster, how VZV 

vasculopathy is verified virologically, vaccination to prevent varicella and immunization to prevent 

zoster, and VZV in giant cell arteritis.

Findings—We report recent epidemiological studies revealing an increased risk of stroke after 

zoster; the clinical, laboratory and imaging features of VZV vasculopathy; that VZV vasculopathy 

is confirmed by the presence of either VZV DNA or anti-VZV IgG antibody in CSF; special 

features of VZV vasculopathy in children; vaccination to prevent varicella and immunization to 

prevent zoster; and the latest evidence linking VZV to giant cell arteritis.

Conclusion—In children and adults, VZV is a not uncommon cause of stroke.
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Introduction

Varicella zoster virus (VZV) is a neurotropic alphaherpesvirus. Primary infection, usually in 

childhood, causes varicella (chickenpox), after which virus become latent in cranial nerve 
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ganglia, dorsal root ganglia and autonomic ganglia along the entire neuraxis (1). As cell-

mediated immunity to VZV declines with advancing age and immunosuppression, VZV 

reactivates to produce herpes zoster (shingles), frequently complicated by postherpetic 

neuralgia (radicular pain that persists long after the disappearance of rash). Zoster is also 

complicated by meningoencephalitis, myelitis, multiple serious ocular disorders and VZV 

vasculopathy. Importantly, all of the neurological and ocular complications of zoster may 

develop in the absence of rash. Diagnosis is confirmed either by the presence of VZV DNA 

or anti-VZV antibodies in CSF. Rapid virological verification and prompt treatment with 

antiviral agents can lead to complete recovery, even in patients with protracted disease.

Overview

VZV vasculopathy occurs in adults and children. Patients present with both transient 

ischemic attacks (TIAs) and stroke. Less often, patients present with subarachnoid or 

intracerebral hemorrhage secondary to ruptured aneurysm. Disease is often waxing and 

waning. Multiple cases of protracted disease that lasted for more than one year have been 

described. Both large and small arteries are affected. The characteristic pathology of VZV 

vasculopathy matches that of granulomatous arteritis. Virological analysis of intracerebral 

arteries of patients who died of VZV vasculopathy reveals Cowdry A inclusion bodies, 

multinucleated giant cells, herpes virions, VZV DNA and VZV antigen, indicating 

productive arterial infection by VZV. Interestingly, VZV is the only human virus that has 

been shown to replicate in cerebral arteries and produce disease.

Stroke after Zoster

In the past few years, multiple epidemiological studies from Taiwan, Europe, the U.K. and 

the U.S. have shown that the incidence of stroke after zoster is greater than in age-matched 

control patients. Analysis of Taiwanese National Health Research Institute records revealed 

a 30% increased risk within 1 year after zoster (2), increasing 4.5-fold with ophthalmic-

distribution zoster (3). Similar analysis of the Danish National Registry revealed a 126% 

increased risk of stroke within 2 weeks after zoster, a 17% increased risk from 2 weeks to 1 

year after zoster, and a 5% increased risk of stroke after the first year (4). Studies from the 

U.K. Health Improvement Network general practice database showed that not only was the 

risk of TIAs increased 1.15-fold, but also that myocardial infarctions (MIs) were increased 

1.10-fold after zoster; and in zoster patients under 40 years of age, the risk for stroke, TIAs 

and MIs was significantly higher (1.74-, 2.42- and 1.49-fold, respectively) (5). A study from 

the U.K. Clinical Practice Research Datalink showed that the risk of stroke after zoster 

decreased over time in all dermatomes, with a statistically significant age-adjusted incidence 

of 1.63 at 1–4 weeks, 1.42 at 5–12 weeks, and 1.23 at 13–26 weeks after zoster, but no 

decrease at later times (6). In patients with ophthalmic-distribution zoster, the risk of stroke 

was increased 3-fold at 5–12 weeks after zoster. Finally, among 55% of zoster patients who 

received oral antiviral therapy, the stroke risk was reduced compared to that in untreated 

zoster patients, indicating the value of antiviral treatment in reducing stroke incidence after 

zoster.
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More recently, a register-based cohort study in Sweden showed a 1.34-fold increased risk of 

stroke within 1 year after zoster in all age groups (7). As in the U.K. study, the risk of stroke 

in patients 39 years and younger was increased 10.3-fold within 1 year after zoster. Another 

U.K. study showed that the risk of stroke and MI increased 2.4- and 1.7-fold, respectively, 

within 2 weeks after zoster (8). Finally, in the first U.S. population-based study, the risk of 

stroke within 3 months of zoster was reportedly increased 1.53-fold (9). While stroke in the 

pediatric population is less common, approximately one-third of arterial ischemic stroke is 

associated with varicella (10), with 44% of transient cerebral arteriopathy preceded by 

varicella (11). Together, these studies show that varicella and zoster are risk factors for 

stroke, particularly in individuals who develop zoster under 40 years of age, and that 

antiviral therapy may decrease this risk.

Pathophysiology of VZV Vasculopathy

After zoster, most commonly after ophthalmic-distribution zoster or even in the absence of 

rash, intracerebral arteries likely become infected when virus that has reactivated from 

trigeminal or other cranial nerve ganglia spreads transaxonally. Decades ago, application of 

horseradish peroxidase to the external surface of the carotid and intracranial circulation, 

including the venous sinuses, of cats revealed that intracerebral arteries and veins receive a 

rich supply of trigeminal afferent fibers (12,13). After VZV reaches the arterial adventitia, 

virus spreads transmurally to infect all layers of the cerebral arteries, resulting in the 

characteristic pathology of granulomatous arteritis. Virological and immunological analyses 

of VZV-infected arteries have revealed disruption of the internal elastic lamina and 

progressive intimal thickening, with cells expressing smooth muscle actin but decreased 

smooth muscle cells in the media (14). The pathophysiology of VZV vasculopathy appears 

to be similar in children. Histopathology of the middle cerebral artery (MCA) of a 4 year-old 

girl who died of VZV vasculopathy revealed granulomatous arteritis with multinucleated 

giant cells, extensive lymphocytic infiltration, and VZV antigen, primarily in the smooth 

muscle layer (15).

Clinical, Laboratory and Imaging Features of VZV Vasculopathy

The onset of stroke or TIAs in elderly patients with a history of zoster or in children with 

varicella in recent months should alert the clinician to the possibility of VZV vasculopathy. 

While most VZV vasculopathies develop within 6 weeks after zoster, the median interval for 

stroke is 4 months after varicella (16). Besides stroke and TIAs, patients may develop severe 

headache, cognitive impairment/confusion or unsteadiness. Again, VZV vasculopathy in 

adults is often protracted. Cases that lasted one year before death (17) or that were 

confirmed virologically after 6 or 12 months of waxing and waning disease are well-

documented, including a favorable response to antiviral treatment (18,19). CT or MRI 

scanning often reveals a single or multiple areas of ischemia/infarction in the distribution of 

large or small arteries and often both. In patients with multifocal VZV vasculopathy, lesions 

at gray-white matter junctions, along with deep-seated and cortical infarction, are common. 

Such a pattern leads the neuroradiologist to rightly propose metastatic carcinoma or 

embolization to explain the radiological abnormalities, while the possibility of VZV 

vasculopathy usually must be suggested by the clinician. Occlusion of the MCA with 
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development of moyamoya collaterals has been reported in children (20). Vessel wall 

thickening and contrast-enhanced vessel walls on imaging have been seen in VZV 

vasculopathy (21). In 5/6 patients with virologically-verified VZV vasculopathy confirmed 

by the presence of anti-VZV IgG antibody in CSF, vessel wall enhancement on high-

resolution MRI resolved and arterial stenosis improved or stabilized after treatment with 

intravenous acyclovir (22). In 2/3 of patients with virologically-verified VZV vasculopathy, 

angiography reveals evidence of narrowing or beading in cerebral arteries, and the CSF 

contains a mononuclear pleocytosis. Thus, the absence of cells in the CSF does not rule out 

VZV vasculopathy. Finally, while VZV vasculopathy in more frequent in 

immunocompromised individuals, it is also common in immunocompetent children and 

adults.

Virologic Confirmation of VZV Vasculopathy

When the characteristic rash of varicella or zoster is present at the time of vasculopathy or 

other neurological complications, the diagnosis of VZV-induced neurological disease is 

straightforward. When rash is absent, CSF examination is necessary. The presence of 

amplifiable VZV DNA or anti-VZV antibody in CSF verifies the presence of VZV. 

Importantly, many cases of VZV vasculopathy are protracted, and the optimal virological 

test is detection of anti-VZV IgG in CSF or anti-VZV IgM in serum or CSF. Among 30 

patients with virologically-verified VZV vasculopathy, PCR of CSF for VZV DNA was 

positive in 30%, and anti-VZV IgG antibody was present in 93%; the 2 patients who did not 

have anti-VZV IgG antibodies in their CSF were children who developed vasculopathy after 

varicella and whose CSF was examined within the first week after stroke (23).

Treatment

As noted above, while VZV vasculopathy is often chronic, disease has been halted or cured 

even when antiviral therapy was initiated many months and, in one instance, years after the 

onset of disease (19). Thus, in a patient with suspected VZV vasculopathy, it is never too 

late to search for VZV DNA or anti-VZV IgG in CSF. Because VZV vasculopathy is due to 

productive virus infection, antiviral treatment with intravenous acyclovir is recommended. 

Doses of 10–15 mg/kg q 8 hours for 7–10 days have been used. An insufficient number of 

cases have been studied to know whether corticosteroids confer additional benefit. 

Nevertheless, because the pathology of intracerebral VZV vasculopathy is characterized by 

granulomatous arteritis, we administer a short 5- to 7-day course of oral prednisone, 1 

mg/kg. On the other hand, we have encountered many patients with VZV vasculopathy who 

had been misdiagnosed with “CNS vasculitis” and who worsened on long-term steroids or 

other immunomodulatory drugs. These patients should be treated immediately with 

intravenous acyclovir while tapering and eventually discontinuing steroids or other 

immunomodulatory drugs.

Finally, the condition of some patients who improve with intravenous acyclovir may worsen 

when antiviral therapy is discontinued. Many of these patients have been 

immunocompromised by long-term steroids or other drugs, and others are HIV+. If these 

patients deteriorate clinically or develop new lesions on MRI, a second course of intravenous 
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acyclovir may be necessary. If administration of steroids or other immunomodulatory drugs 

cannot be discontinued before completion of a 2-week course of intravenous acyclovir, then 

the patient should remain on oral antiviral treatment (e.g., valacyclovir, one gram 3 times 

daily for adults for 6–8 weeks) after steroids have been stopped.

VZV Vasculopathy in Children

Varicella is strongly associated with ischemic stroke in childhood (10,24–28). Although 

varicella may increase the risk of stroke due to nonspecific inflammation and transient 

thrombophilia, most notably protein S deficiency (29,30), the predominant pathophysiology 

of varicella-associated stroke is likely VZV vasculopathy, similar to that in adults.

The term “post-varicella arteriopathy of childhood” (PVA) is operationally defined as 

cerebral arteriopathy affecting the supraclinoid internal cerebral artery (ICA), the A1 or A2 

segments of the anterior cerebral artery (ACA), or the M1 or M2 segments of the MCA 

manifesting as TIA or stroke within 12 months of chickenpox (24). PVA usually occurs in 

otherwise healthy, immunocompetent children and is usually monophasic, although 

progressive arteriopathy with recurrent TIA and stroke has been reported (11,16,24). As in 

adults, the CSF in children with VZV vasculopathy contains amplifiable VZV DNA or anti-

VZV antibody, indicative of active infection (Table 1) and consistent with the detection of 

VZV antigen in granulomatous arteritis lesions of the left MCA of a 4-year-old girl who 

developed TIAs 8 months after varicella and died of malignant left hemispheric infarction 5 

months later (15). Radiologically, PVA and VZV vasculopathy in childhood resemble the 

VZV vasculopathy described in immunocompromised patients and older adults (31), with 

large-vessel arteriopathy involving the anterior circulation reported most often in 

virologically-confirmed VZV vasculopathy in childhood (Table 1).

VZV Vaccination to Prevent Varicella and Immunization to Prevent Zoster

Varivax

The development of the live attenuated Oka varicella vaccine Varivax has led to major 

clinical advances, making varicella and zoster the only vaccine-preventable human 

herpesvirus infection to date. In 1974, Takahashi and colleagues generated the first varicella 

vaccine, inspired by Takahashi’s observations of a family member with severe chickenpox 

and fever, wherein he harvested the “Oka strain” of vaccine virus from a 3-year-old boy and 

propagated it 11 times in human embryonic lung cells and in guinea pig embryo cells (43). 

Numerous clinical trials throughout the U. S. and Japan demonstrated the long-term efficacy 

of VZV vaccine in healthy children and adults, including the elderly. In 1995, varicella 

vaccine became available in the U. S. The CDC recommends immunization at 1 year of age 

and a second dose at age 4–6 years. Contraindications to the vaccine include: life-

threatening allergy to previous administration, gelatin or neomycin; pregnancy; severe 

illness or immunosuppression; and life-threatening allergic reactions. Among states that 

accurately reported the incidence of varicella, disease declined by 79% overall between 2000 

and 2010, likely due to vaccine (44).
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Importantly, Varivax vaccine contains live attenuated virus that becomes latent and can 

reactivate to cause zoster and other neurological disorders, including stroke. Several reports 

have described zoster meningitis in vaccinated individuals (45–48). Multifocal large artery 

vasculopathy in a 6-year-old boy immunocompromised by DOCK8 deficiency who received 

the Varivax vaccine was found to be due to vaccine strain VZV based on sequence analysis 

of PCR-amplified VZV DNA in his CSF (41). Two cases of ischemic stroke have been 

reported in children 5 days and 3 weeks, respectively, after Varivax vaccination; however 

viral isolation was not attempted (28).

Zostavax

In 2005, the Shingles Prevention Study (SPS), a randomized placebo-controlled trial, 

provided evidence that the herpes zoster vaccine reduced the incidence of zoster and post-

herpetic neuralgia (PHN) in the elderly (49). In that study, 38,546 healthy adults ≥ 60 years 

of age (median 69 years) were randomly assigned to receive a single dose of attenuated VZV 

with 14-fold higher potency than varicella vaccine or placebo. The higher-potency vaccine 

was required in order to increase VZV-specific cell-mediated immunity in latently infected 

older adults. The incidence of zoster as well as the burden of illness due to zoster (total pain 

and discomfort) and the incidence of PHN were determined. Average follow-up of 3.13 

years in a total of 19,270 adults who received zoster vaccine and 19,276 who received 

placebo revealed 957 confirmed cases of zoster (315 in vaccine recipients; 642 in placebo 

recipients). In both groups, >93% of the subjects with zoster were positive for wild-type 

VZV DNA by PCR; none had vaccine strain Oka (vOka) DNA. Zoster vaccine reduced the 

incidence of zoster by 51.3% (63.9% in people aged 60–69 years, but only 37.6% in people 

aged ≥ 70 years). The burden of disease was reduced by 61.1% (65.5% in people aged 60–

69 years and 55.4% in people age ≥ 70 years), and the duration of pain and discomfort 

among subjects with zoster was shorter in vaccinated candidates compared with placebo 

recipients. PHN was reduced by >65% for both age groups, with most benefit in the ≥ 70 

years group. SPS also showed that vaccine reduced the adverse impact of zoster on patients’ 

daily life activities and on health-related quality-of-life.

Zoster vaccine is safe. Rates of serious adverse events, systemic adverse events, 

hospitalizations and deaths were low in vaccine recipients in the SPS and comparable to 

those in placebo recipients. During the first 42 days after vaccination, there were 24 cases of 

zoster in placebo recipients and 7 cases in the vaccination group, but none were caused by 

vOka. Unlike prophylactic vaccines such as those against varicella and measles, zoster 

vaccine is a therapeutic vaccine aimed at preventing reactivation of latent VZV in humans 

who have been infected before vaccination and already have substantial immunity.

The CDC recommends Zostavax for healthy adults age ≥ 60 years to prevent herpes zoster 

(http://www.cdc.gov/vaccines/vpd-vac/shingles/). Post-licensure studies have confirmed the 

vaccine’s safety and efficacy (50,51). Unfortunately, participation in the zoster vaccine 

program has been low, likely due to cost and failure to recognize the importance of 

preventing infectious diseases in older adults. Zoster vaccine has now been shown to be safe 

and effective in healthy individuals 50–59 years of age. Thus, the FDA has approved its 

administration in healthy adults ≥ 50 years of age, with contraindications including 
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anaphylaxis to gelatin or neomycin, immunosuppression, immunodeficiency and pregnancy. 

The SPS demonstrated efficacy for 4 years after vaccination, while subsequent studies 

(52,53) indicated efficacy for 8 years (54). Currently, CDC does not recommend booster 

doses of zoster vaccine, but may in the future.

GSK Vaccine (HZ/su)

A recent advance in zoster prevention has been the development of a liposome-based subunit 

vaccine (HZ/su) containing the VZV glycoprotein E and the adjuvant ASO1B. Studies 

revealed that 2 doses of HZ/su containing 50 μg of recombinant VZV glycoprotein E 

administered at 1- or 2- month intervals were well-tolerated and induced much more robust 

VZV-specific and VZV glycoprotein E-specific CD4+T cell and antibody responses than did 

vOka (55,56). A randomized placebo-controlled study of 15,411 subjects ≥ 50 years of age 

revealed a remarkable 97.2% efficacy in preventing zoster for a 3.2-year period that did not 

diminish with increasing age (57). Compared to the placebo group, systemic adverse 

reactions were 2.2-fold greater in the vaccine group. Because HZ/su does not replicate, it 

will be safe for immunosuppressed patients. The duration of its effect is unknown. HZ/su 

vaccine is not yet FDA-approved.

VZV and Giant Cell Arteritis

An exciting finding in the past few years is that productive VZV infection and vascular 

disease is not limited to the intracranial circulation; indeed, VZV infects extracranial 

temporal arteries (TAs) and leads to giant cell arteritis (GCA). The search for VZV in GCA 

was motivated by virtually identical pathological changes seen in the arteries of patients with 

both intracerebral VZV vasculopathy and GCA. In both conditions, the pathology is 

characterized by granulomatous arteritis, in which inflammation, often transmural, is seen 

with necrosis, usually in the arterial media, accompanied by multinucleated giant cells, 

epithelioid macrophages or both. These findings have prompted examination of TA biopsies 

for VZV from patients with pathologically-verified GCA as well as from patients with 

clinical features and laboratory abnormalities of GCA whose TA biopsies were 

pathologically-negative for VZV. Thus, formalin-fixed, paraffin-embedded GCA-positive TA 

biopsies (50 sections/TA), including adjacent skeletal muscle, and normal TA biopsies from 

subjects >50 years of age were examined for the presence and distribution of VZV antigen 

by immunohistochemistry and ultrastructurally for virions; adjacent regions were examined 

by hematoxylin-eosin staining. VZV antigen-positive slides were also analyzed by PCR for 

VZV DNA.

Immunohistochemical analyses have to date revealed VZV antigen in 73/104 (70%) GCA-

positive and 58/100 (58%) GCA-Bx-negative TAs compared to 11/61 (18%) normal TAs 

(58). Overall, VZV antigen was 3.89-fold more likely to be present in GCA-positive TAs 

than in normal TAs (95% CI = 2.3819, 7.2384, p<0.0001) and 3.22 times more likely to be 

present in GCA-Bx-negative TAs than in normal TAs (95% CI = 1.9391, 6.0303, p<0.0001). 

All TAs contained viral antigen in multiple arterial layers. In GCA-positive and GCA-Bx-

negative subjects, viral antigen was seen in the adventitia (86% and 95%, respectively), 
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media (67% and 53%, respectively) and intima (52% and 45%, respectively); in normal TAs, 

viral antigen was seen in the adventitia (91%) and equally in media (82%) and intima (82%).

Examination of 58 GCA-positive, VZV antigen-positive TAs for VZV DNA showed that all 

contained cellular DNA and 23 (40%) contained the viral DNA. Of 58 patients with GCA 

who were Bx-negative, VZV antigen-positive TAs were examined. Fifty-one contained 

cellular DNA, of which 9 (18%) contained VZV DNA. Nine of 11 normal VZV antigen-

positive TAs contained cellular DNA, of which 3 (33%) contained VZV DNA. Adventitial 

inflammation was seen adjacent to viral antigen in 26 (52%) of 58 GCA-Bx-negative 

subjects whose TAs contained VZV antigen. No inflammation was seen in normal control 

TAs containing VZV antigen.

Overall, the detection of VZV mostly in the adventitia of GCA-positive TAs, together with 

the presence of VZV in the inflamed adventitia of GCA-Bx-negative TAs, indicates that 

inflammation follows VZV reactivation from ganglia and transaxonal transport to arterial 

adventitia. More detailed steps in the evolution of GCA (transmural inflammation and 

necrosis with giant and/or epithelioid cells) after virus infection of the adventitia and 

adventitial inflammation remain to be determined.

An important finding is the presence of VZV DNA and VZV antigen in 18% of control TAs 

without inflammation, indicating that VZV reactivates subclinically in some people over age 

50 years. VZV DNA is found in latently infected human ganglia, but VZV expression is 

limited to the immediate-early VZV gene 63 RNA (59). If VZV were latent in TAs, only 

VZV DNA would be found, not VZV late glycoproteins and VZ virions.

The prevalence of VZV in the TAs of patients with clinically-suspected GCA is similar, 

independent of whether biopsy is negative or positive pathologically. Detection of adventitial 

inflammation adjacent to VZV antigen in 52% of GCA-Bx-negative TAs for the first time 

connects the presence of VZV with pathology in GCA-Bx-negative TAs. Inflammation 

restricted to the adventitia may represent a milder form of GCA.

As for treatment of GCA, no trials have yet been conducted to determine whether antivirals 

and steroids confer additional benefit to steroids alone. Although many GCA patients 

improve with steroids, reports are legion of GCA patients who relapse with corticosteroid 

withdrawal and may also develop more disseminated VZV vasculopathy and die (60,61). 

Because VZV triggers the immunopathology of GCA, antiviral treatment is likely to confer 

additional benefit to corticosteroids. The optimal antiviral regimen remains to be 

determined. We currently treat GCA with prednisone, 1 mg/kg, along with valacyclovir, 1 

gm 3 times daily. If the patient improves after 4–6 weeks, we recommend tapering 

prednisone while continuing administration of antiviral agents for another 4–6 weeks. Long-

term antiviral drugs are far less risky than long-term corticosteroids. Furthermore, if during a 

prednisone taper, patients’ symptoms recur or worsen, along with increases in ESR or CRP, 

oral antivirals should be added rather than increasing the prednisone dose. In our experience, 

antiviral treatment has successfully normalized symptoms and inflammatory markers. The 

value of our approach awaits confirmation in large prospective studies.
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Conclusions

In children and adults, VZV is a not uncommon cause of stroke. VZV vasculopathy in 

children appears to affect large vessels primarily, while stroke after zoster in adults mostly 

involves large and small arteries. VZV vasculopathy is confirmed by the detection of either 

VZV DNA or anti-VZV antibody in CSF. Vaccination effectively prevents varicella in 

children. While immunization with the current FDA-approved Zostavax vaccine reduces the 

incidence of zoster and postherpetic neuralgia in adults, a newer subunit VZV vaccine has a 

remarkable 97.2% efficacy in preventing zoster for 3.2 years, although the duration of its 

effect is unknown. Finally, VZV appears to trigger the immunopathology of giant cell 

arteritis.
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Figure 1. 
Varicella zoster virus (VZV) antigen in giant cell arteritis (GCA)-positive and GCA-Bx-

negative temporal arteries (TAs). (A) Immunohistochemical analysis with mouse anti-VZV 

gE IgG1 antibody shows VZV antigen in the adventitia of a GCA-positive TA and (B) in the 

adventitia, media and intima of a GCA-Bx-negative TA. (C,D) No staining was seen when 

mouse anti-IgG1 isotype control antibody was substituted for the primary antibody. 

Magnification 600×.
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