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Abstract

Objective: Varicella zoster virus (VZV) vasculopathy and cerebral amyloid angiopathy (CAA) 

have similar clinical presentations: both affect cerebrovasculature in the elderly, produce 

hemorrhage, and can have a protracted course of cognitive decline and other neurological deficits. 

The cause of CAA is unknown, but amyloid-beta (Aβ) is found within arterial walls. Recent 

studies show that VZV induces Aβ and amylin expression and an amyloid-promoting 

environment. Thus, we determined if VZV was present in CAA-affected arteries.

Methods: Two subjects with pathologically-verified CAA were identified postmortem and frontal 

lobes analyzed by immunohistochemistry for arteries containing VZV, Aβ, and amylin and H&E 

for pathological changes. VZV antigen detection was confirmed by PCR for VZV DNA in the 

same region.

Results: In both CAA cases, sections with cerebral arteries containing VZV antigen with 

corresponding VZV DNA were identified; VZV antigen co-localized with Aβ in media of arteries 

with histological changes characteristic of CAA. Amylin was also seen in the intima of a VZV-

positive artery in the diabetic subject. Not all Aβ-containing arteries had VZV, but all VZV-

positive arteries contained Aβ.
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Conclusions: VZV antigen co-localized with Aβ in some affected arteries from two CAA cases, 

suggesting a possible association between VZV infection and CAA.
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1. Introduction

Varicella zoster virus (VZV) is an alphaherpesvirus that latently infects >90% of the world’s 

population and reactivates with immunosuppression or aging. Upon reactivation from dorsal 

root ganglia, VZV travels along neurites to skin, causing herpes zoster (shingles) in the 

corresponding dermatomal distribution. VZV can also reactivate from right and/or left 

trigeminal or upper cervical ganglia that innervates cerebral arteries, infect ipsilateral 

arteries, and produce transient ischemic attacks (TIAs), ischemic and hemorrhagic stroke, 

and aneurysms (VZV vasculopathy; also referred to as VZV vasculitis or VZV angiitis) with 

or without associated zoster rash [reviewed in ref. 1,2]. VZV vasculopathy patients can 

present with headache, cognitive changes, and focal neurological deficits. Importantly, VZV 

vasculopathy can have a protracted course as demonstrated by cases of : (1) a 73-year-old 

man with mental status changes and progressive neurological deificts attributed to a waxing 

and waning vasculitis of 314 days duration [3]; diagnosis was confirmed by the presence of 

VZV DNA, antigen, and herpesvirus particles in affected arteries; (2) a 69-year-old man 

with 4 strokes manifesting as a multi-infarct dementia of 2 years duration; diagnosis was 

confirmed by detection of intrathecal anti-VZV antibody synthesis [4]; and (3) a 63-year-old 

man with zoster; 3 months later, he developed cognitive difficulties that progressed over a 6-

year period; diagnosis was confirmed by detection of VZV antigen in a brain biopsy [5].

VZV-infected arteries exhibit varying degrees of inflammation depending on disease 

duration, ranging from rare neutrophil infiltration to widespread vasculitis with a 

predominance of T cells and macrophages [6]. Additional histopathological changes include 

fragmented internal elastic lamina, a thickened intima comprised of myofibroblasts, and a 

disorganized media with a paucity of smooth muscle cells [7]. Aside from VZV 

vasculopathy, VZV can cause encephalitis and both diseases have been associated with 

cognitive decline and long-term cognitive impairment that often resolves following antiviral 

treatment [4,5,8].

Cerebral amyloid angiopathy (CAA) is characterized by the aggregation of amyloid-beta 

(Aβ) peptides into amyloid that deposits within adventitia and media of cerebral arteries [9]. 

CAA can manifest as rapid cognitive decline and is frequently associated with Alzheimer’s 

disease [10,11]. CAA is often diagnosed following intracerebral hemorrhage in the elderly 

[11]. The cause of CAA is not known, yet it has been speculated to involve increased 

production of Aβ or abnormal clearance, overall leading to arterial amyloid deposition and 

vascular damage.

VZV vasculopathy and CAA have many similarities: both (1) are diseases of the elderly, (2) 

directly affect cerebral arteries (TIAs, ischemia, and hemorrhage), and (3) can have a 

protracted course presenting as progressive cognitive decline and other neurological deficits. 
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A recent case study raised the intriguing possibility that these two diseases are associated. 

Takeshita and colleagues [12] described an elderly man with dementia who presented with a 

left parietal intracerebral hemorrhage and cerebellar infarct. Microbleeds attributed to CAA 

in the subcortical areas and multiple vascular stenoses were also seen by magnetic resonance 

imaging (MRI) and magnetic resonance angiopathy. Six days later, the patient developed 

herpes zoster and VZV meningitis, confirmed by the presence of VZV DNA in 

cerebrospinal fluid (CSF). Additional intracerebral hemorrhages developed and he died 18 

days later. Postmortem analysis confirmed the diagnosis of CAA.

Three recent studies further support a potential link between VZV infection and CAA 

because of VZV’s ability to induce amyloid deposition. Specifically, VZV-infected spinal 

astrocytes in vitro induced intracellular Aβ and amylin expression and amyloid formation 

that was absent in uninfected cells; furthermore, the extracellular environment of VZV-

infected cells was amyloidogenic, likely due in part through the generation of self-

aggregating and catalyzing VZV glycoprotein B peptides [13]. Amylin is a peptide hormone, 

co-secreted with insulin from pancreatic β cells in response to food intake, to slow gastric 

emptying and promote satiety. Similar to Aβ42, amylin can aggregate to form amyloid 

fibrils independently or mixed with Aβ42 in plaques of Alzheimer’s brains [14], of which up 

to 90% have CAA pathology. A second study showed that, compared to non-herpes zoster 

control plasma, plasma from acute herpes zoster subjects had elevated levels of amyloid that 

positively correlated with Aβ42 and amylin levels [15]. A third study showed that compared 

to stroke controls, CSF from VZV vasculopathy patients had significantly increased amylin 

and amyloid that correlated with anti-VZV antibody titers and contained factors that induced 

amyloid formation [16]. Furthermore, VZV vasculopathy CSF had reduced Aβ40 which is 

also decreased in Dutch-type hereditary CAA [17].

Given the ability of VZV to induce amyloid formation in vitro and in vivo and VZV’s ability 

to infect cerebral arteries and cause features similar to CAA, as well as the recent report of a 

case of CAA associated with herpes zoster and VZV meningitis [12], we determined if VZV 

antigen and DNA were present in cerebral arteries of two pathologically-verified cases of 

CAA.

2. Material and methods

De-identified, formalin-fixed, paraffin-embedded (FFPE) brain samples from 2 

pathologically-verified CAA cases were obtained from the University of Colorado 

Department of Pathology. Clinical data was only available from the accompanying autopsy 

reports. These samples were used to investigate a potential link between VZV infection of 

cerebral arteries and CAA.

2.1. Case presentations

2.1.1. Case 1—An 84-year-old man presented with sudden onset left arm and leg 

weakness. His history was remarkable for dementia, diabetes mellitus, cardiovascular 

disease, and chronic renal failure. Three years prior, he suffered a stroke with residual 

speech deficits and an MRI showed low T1 signal in the cerebellar hemispheres, suggestive 

of bilateral vascular malformations. On admission, exam was remarkable for a left 
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hemiparesis; he was unable to ambulate but could perform transfers. A brain MRI identified 

lesions in the posterolateral aspect of the posterior limb of the right internal capsule, the 

anterolateral margin of the right atrium, and right parietal subcortical white matter. Two 

weeks later, the patient became febrile and unresponsive. MRI and an electrocardiogram 

revealed a large left frontal-parietal intra-parenchymal hemorrhage (8 × 6 cm) and a non-ST-

elevation myocardial infarction, respectively. He died three weeks later and a full autopsy 

was performed. Postmortem macroscopic analysis of brain revealed multifocal, small 

cerebral hemisphere hemorrhages (acute to subacute) that were consistent with CAA. CAA 

was diagnosed microscopically via Congo Red and Aβ stains and characterized as diffuse 

and moderate to severe. These stains corresponding to areas of cerebral hemorrhage lead to 

the determination of cause of death as hemorrhage due to chronic, moderate to severe CAA 

that was complicated by hypertension.

2.1.2. Case 2—A 72-year-old woman with a 30-year history of TIAs and on clopidogrel 

presented with sudden unresponsiveness; MRI revealed a large intraparenchymal 

hemorrhage of the left frontal lobe (7.8 × 4.7cm), including an intraventricular hemorrhage 

in the left lateral ventricle, without aneurysm or other vascular malformation. The patient 

remained comatose (Glasgow coma score = 7) and was intubated. Due to her poor prognosis, 

the family withdrew care and the patient expired within 1 week of presentation. A full 

autopsy was performed and several neurological findings were noted. Macroscopically, the 

intraparenchymal hemorrhage obliterated the local left superior parasagittal cortex, 

extending into the sub-adjacent subcortical white matter, and dissecting to the anterior left 

lateral frontal ventricular horn. Microscopic analysis revealed necrosis due to the large 

hemorrhage and several subcortical satellite hemorrhages adjacent to the large hemorrhage. 

Many arteries and arterioles in the bilateral frontal, left temporal, left parietal, and right 

occipital lobes contained significant amounts of Aβ. There was also a left parietal lobe 

infarct due to previous embolic thrombosis. Cause of death was determined to be 

complications of a large frontal lobe hemorrhage due to diffuse, moderate to severe CAA.

2.2. Immunohistochemical analysis

Formalin-fixed, paraffin-embedded brain blocks were obtained from the two cases of CAA. 

Specifically, two blocks (frontal lobe and hippocampus) from case 1 and three blocks of 

bilateral frontal lobe from case 2 were studied. One-hundred 5-μm sections from each of the 

five blocks were cut and 50 alternating sections were immunostained for the presence of 

VZV glycoprotein E (gE, cat. no. Sc-56995; Santa Cruz Biotechnology, Dallas, TX, USA) 

antigen as described [18]. Once slides containing VZV antigen in arteries were identified, 

the adjacent slide was stained by hematoxylin and eosin (H&E) to determine if there were 

associated histopahtological changes. A second adjacent slide was dual-immunostained for 

the presence of amylin and Aβ using a rabbit anti-amylin antibody (1:250, cat. no. ab55411, 

Abcam, Cambridge, MA, USA) with antigen retrieval in citrate buffer prior to blocking and 

a mouse anti-β-amyloid antibody that detects amyloid precursor protein and all Aβ isoforms 

(1:500, cat. no. 803001, San Diego, CA, USA) using Vector Laboratories’ (Burlingame, CA, 

USA) ImmPACT NovaRED Peroxidase and Vector Blue Alkaline Phosphatase substrates as 

described [19]. Positive controls for Aβ and amylin consisted of pathologically confirmed 

Alzheimer’s disease brain and human pancreas, respectively. Negative controls consisted of 
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replacing primary rabbit and mouse antibodies with the same dilutions of normal rabbit 

serum (NRS) and mouse IgG1 isotype control antibody (mIgG1; Agilent, Santa Clara, CA, 

USA), respectively.

2.3. DNA extraction and quantitative PCR analysis

VZV gE-positive areas from each block were identified via light microscopy, scraped, 

pooled, DNA extracted, and analyzed by quantitative PCR (qPCR) in triplicate for the 

presence of VZV and glyceraldehyde 3-phosphate dehydrogenase (GAPdH) DNA as 

described [20]. Cycling conditions consisted of a 95°C holding stage for 10 minutes 

followed by 45 cycles of 95°C for 30 seconds and 60°C for 1 minute.

3. Results

VZV antigen was detected in 3 different cerebral arteries across multiple sections and non-

contiguous skip lesions of 3 blocks (Fig. 1A-C, pink color): case 1 frontal lobe contained 2 

VZV-positive arteries and 2 skip lesions (Fig. 1A); case 2 frontal lobe block 2 contained 3 

VZV-positive arteries and 2 skip lesions (Fig. 1B); and case 2 frontal lobe block 3 contained 

3 VZV-positive arteries and 3 skip lesions (Fig. 1C). No staining was seen with the negative 

control, mIgG1 (Fig. 1D-F). The hippocampus from case 1 and the frontal lobe block 1 from 

case 2 contained VZV antigen in brain parenchyma but not arteries (data not shown). VZV 

is not latent in brain, so the viral antigen is not due to reactivation in brain. Most likely, the 

VZV antigen that we observed in brain parenchyma is due to virus spread from trigeminal 

and autonomic nerve fibers to arteries, where the fibers terminate, to surrounding tissue.

Slides adjacent to VZV gE-positive arteries evaluated by H&E revealed amorphous material 

in the media of blood vessels strongly suspicious for Aβ in cerebral arteries (Fig. 1G-H, 

arrows) with focal vessel-in-vessel appearance (Fig. 1H-I, dotted arrows) characteristic of 

CAA. As a result, another adjacent slide was dual-immunostained for amylin and Aβ. 

Among all arteries stained, amylin was detected in only one VZV gE-positive artery in the 

frontal lobe of case 1 (Fig. 1J, brown color), while Aβ was detected in VZV gE-positive 

arteries in the frontal lobe of both cases (Fig. 1J-L, blue color). No staining was seen with 

NRS and mIgG1 negative controls (Fig. 1M-O).

While many intracerebral arteries contained Aβ, and some of these Aβ-positive arteries also 

contained amylin and VZV, several arteries did not contain any VZV, amylin, or Aβ (Fig. 

2A-C and J-L) and, histologically, showed only variable degrees of arteriolosclerosis with no 

evidence of Aβ deposition by H&E (Fig. 2G-I). No staining was seen with mIgG1 (Fig. 2D-

F) or NRS and mIgG1 (Fig. 2M-O).

Quantitative PCR analysis confirmed viral immunohistochemical findings in both cases. All 

VZV gE-positive areas from each of the 5 blocks analyzed contained cellular GAPdH DNA 

(average threshold cycle [Ct] = 30.63). The three blocks containing VZV antigen in cerebral 

arteries (case 1 frontal lobe and case 2 frontal lobe 2–3) also contained VZV DNA: case 1 

frontal lobe = 5.9 VZV copies/50μL DNA, ΔCt = 8.8; case 2 frontal lobe 2 = 57.7 VZV 

copies/50μL DNA, ΔCt = 8.5; and case 2 frontal lobe 3 = 8.7 VZV copies/50μL DNA, ΔCt = 
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10.3. The remaining two blocks that contained VZV antigen in brain tissue, but not in 

cerebral arteries (case 1 hippocampus and case 2 frontal lobe 1) did not amplify VZV DNA.

4. Discussion

Herein, we describe two cases of CAA that contained VZV antigen within cerebral arteries 

affected by CAA; the specificity of VZV antigen staining was confirmed by scraping the 

VZV antigen-positive regions and amplifying VZV DNA by qPCR. This is the first 

demonstration of an association between VZV antigen/DNA and amyloid deposition in 

cases of CAA. While one previous case report described a patient with intracerebral 

hemorrhage and cerebellar infarction and a dual diagnosis of CAA and VZV central nervous 

system disease [12], VZV antigen/DNA has never been shown in CAA-diseased vasculature.

In the CAA samples, both normal arteries and disrupted arteries containing Aβ were seen 

throughout the brain. In every instance when VZV antigen and DNA were found in an 

artery, that same artery contained Aβ and histological features consistent with CAA. 

However, not every CAA artery contained VZV. While this report only examined two cases 

of CAA, we can speculate on potential reasons for the presence of VZV in affected arteries. 

One possibility is that the presence of VZV in CAA arteries is an incidental finding. 

However, VZV has not been incidentally found in normal cerebral arteries [21]. Another 

possibility is that VZV infection of cerebral arteries may contribute to the pathogenesis of 

CAA, specifically, amyloid deposition. There is growing evidence in vitro and in vivo that 

herpesvirus infections can induce amyloid deposition, which most likely functions to 

sequester virus and prevent CNS spread [22]. A recent report found that VZV-infected 

primary human spinal astrocytes contain intracellular Aβ, amylin, and amyloid that is absent 

in uninfected cells, showing a direct effect of virus on amyloid formation [13]; furthermore, 

the conditioned supernatant of VZV-infected cells induced rapid aggregation of 

amyloidogenic peptides (Aβ42 and amylin), in part through self-aggregating and catalytic 

viral peptides, suggesting that VZV-infected cells secrete factors that produce an 

amyloidogenic extracellular environment. Additional support is provided by a study showing 

that plasma from individuals with acute zoster contained higher levels of amyloid and 

induced aggregation of amyloidogenic peptides compared to non-zoster control plasma [15]. 

Finally, CSF from VZV-vasculopathy patients contained elevated levels of amylin and 

amyloid that positively correlated with VZV antibody titers [16]. While these studies show 

that VZV induces amylin expression, it is still unclear why only one of 8 VZV-containing 

arteries contained amylin. The VZV and amylin-containing artery was seen in a subject with 

diabetes, and diabetics frequently have elevated serum amylin levels that can cross the 

blood-brain-barrier to deposit as amyloid in brain; thus this may explain the presence of 

amylin in a single artery [14]. However, amylin has been found in CAA arteries in non-

diabetic patients, therefore further research into amylin’s contribution is warranted [14].

The absence of VZV in all affected CAA arteries may be due to effective viral clearance 

(through innate and adaptive immune mechanisms), yet the “amyloid footprint” still persists. 

Specifically, our in vitro studies show that by 3 days post-infection, VZV-infected cells have 

intracellular Aβ and amyloid [13]. The release of amyloid into the extracellular space upon 

virus-induced cell death/immune clearance and the release of viral peptides that can self-
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aggregate to form amyloid would form a nidus for subsequent amyloid deposition 

longitudinally along the artery, without requiring the presence of the precipitating virus. This 

process could occur from months to years until clinical symptoms appear, depending on host 

and environmental factors that facilitate amyloid degradation or formation. Therefore, VZV 

deposition into cerebral arteries following reactivation from trigeminal or autonomic ganglia 

may produce focal amyloid deposition, initiating or accelerating pre-existing CAA. 

Interestingly, CAA may be noninflammatory and, in rare cases, inflammatory [23]. Because 

arteries from patients with VZV vasculopathy typically contain immune infiltrates [6], the 

interplay between VZV vasculopathy and Aβ-related angiitis and CAA-related inflammation 

is an intriguing field to explore.

5. Conclusions

The presence of VZV antigen and DNA in arteries containing Aβ in two cases of CAA 

further supports an in vivo link between VZV infection and Aβ diseases. Based upon the 

similar clinical features seen in CAA and VZV central nervous system infection (e.g. 

cognitive changes, cerebrovascular disease, predominance in the elderly) and given the 

detection of VZV antigen and DNA in CAA-affected cerebral arteries, there may be an 

association between the two diseases that warrants further investigation. If these additional 

studies demonstrate a significant link between VZV infection and CAA, clinical 

management would potentially change with the evaluation for VZV infection in suspected 

CAA cases and treatment with antiviral agents.
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NRS normal rabbit serum

qPCR quantitative PCR

TIA transient ischemic attacks

VZV varicella zoster virus
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HIGHLIGHTS

• VZV vasculopathy and CAA have similar clinical presentations

• VZV vasculopathy and CAA cause cerebrovascular disease (hemorrhage)

• VZV antigen and DNA co-localized with some CAA-affected arteries in two 

cases of CAA

• VZV vasculopathy may contribute to CAA pathogenesis through induction of 

amyloid
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Fig. 1. 
Varicella zoster virus (VZV) antigen co-localizes with amyloid-beta (Aβ) and amylin in 

some arteries from cases of cerebral amyloid angiopathy (CAA). Formalin-fixed, paraffin-

embedded frontal lobes from 2 cases of CAA were analyzed. Immunohistochemical analysis 

of slide sections using a mouse anti-VZV glycoprotein E (gE) antibody revealed cerebral 

arteries containing VZV antigen (pink color) in case 1 (A) and in two separate frontal lobe 

blocks of case 2 (B-C); specifically, VZV antigen was present within the medial smooth 

muscle cell layer. No staining was seen in nearby sections when primary antibody was 

replaced with mouse anti-IgG1 isotype control (mIgG1, D-F). Hematoxylin and eosin 

(H&E) stained adjacent slide sections showed that the VZV antigen-positive arteries had 

foamy medial layers (G-H, arrows) and/or a vessel-in-vessel appearance characteristic of 
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CAA (H-I, dotted arrows). Immunohistochemical analysis of another slide adjacent to the 

VZV antigen-positive slides using a mouse anti-Aβ amino acids 1–16 antibody and a rabbit 

anti-amylin antibody revealed Aβ (blue color) in the same artery and medial smooth muscle 

cell layer where VZV antigen was found in case 1 and 2 (J-L); in addition, amylin (brown 

color) was seen in the intimal endothelial cell layer of case 1 (J). No staining was seen when 

primary antibodies were replaced with normal rabbit serum (NRS) and mIgG1 (M-O) 

control antibodies. Magnification 600X.
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Fig. 2. 
Varicella zoster virus (VZV), amyloid-beta (Aβ) and amylin are not present in all cerebral 

arteries in cases of cerebral amyloid angiopathy (CAA). Immunohistochemical analysis 

using a mouse anti-VZV glycoprotein E (gE) antibody revealed that not all arteries in CAA 

cases 1 and 2 contained VZV antigen (A-C, no pink color). No staining was seen when 

primary antibody was replaced with mouse anti-IgG1 isotype control (mIgG1, D-F). 

Hematoxylin and eosin (H&E) staining of adjacent slide sections showed that VZV antigen-

negative arteries showed only arteriolosclerotic thickening of the media without evidence of 

Aβ deposition (G-I). Immunohistochemical analysis of adjacent slides using a mouse anti-

Aβ amino acids 1–16 antibody and a rabbit anti-amylin antibody revealed that these arteries 

were negative for Aβ and amylin (J-L, no blue or brown color, respectively). No staining 
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was seen when primary antibodies were replaced with normal rabbit serum (NRS) and 

mIgG1 (M-O) control antibodies. Magnification 600X.
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