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Abstract

PURPOSE—To examine whether herpes zoster antigen (also called varicellazoster virus antigen) 

was detectable in temporal artery biopsies taken from individuals with giant cell arteritis (GCA).

DESIGN—Retrospective comparative case series.

METHODS—Sections of formalin-fixed paraffin-embedded temporal arteries were examined first 

by hematoxylin-eosin (H&E) staining to establish the diagnosis of GCA. Adjacent sections of the 

same biopsy were then examined by immunohistochemistry, using 2 different monoclonal 

antibodies against a major antigen of varicella-zoster virus called gE. Pathologic specimens were 

obtained from patients cared for at the University of Iowa and Washington University in St. Louis 

ophthalmology clinics.

RESULTS—The study included biopsies from 25 patients with symptoms of GCA as well as 

positive H&E pathology and 25 patients with symptoms compatible with GCA but negative H&E 

pathology. Among the GCA-positive group, 3 patients had positive staining for herpes zoster 

antigen. Among the GCA-negative group, herpes zoster antigen was not detected in any biopsy. In 

both groups of patients, false-positive staining for herpes zoster antigen was detected in the 

presence of calcifications in the arteries. False-positive staining was also detected on some extra-

arterial skeletal muscle and erythrocytes.

CONCLUSION—Herpes zoster antigen was detected in 3 of 25 temporal arteries from patients 

with biopsy-proven GCA. One of the 3 positive cases was noteworthy because the patient had had 

herpes zoster ophthalmicus diagnosed 3 weeks before the onset of GCA symptoms. False-positive 

staining for herpes zoster antigen was detected on several temporal artery biopsies.

Giant cell arteritis (GCA) is an inflammatory process usually involving the temporal artery.
1–3 The most feared complication is blindness secondary to inflammation in the nearby 

posterior ciliary arteries with subsequent ischemic optic neuropathy.4 GCA predominantly 
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affects people over the age of 55 years, women more than men. In one epidemiologic 

analysis carried out in the United Kingdom, the prevalence of GCA was estimated to be 250 

per 100 000 individuals 55 years and over.5 The etiology of GCA remains obscure, although 

the disease is often linked with polymyalgia rheumatic.6,7 There appears to be a genetic 

component because GCA is reported to be more common in individuals of Northern 

European than Southern European ancestry, although this point has been questioned.8

The pathogenesis of GCA is considered to be a vasculitis of the superficial temporal arteries 

secondary to an inflammatory process against an as-yet-unknown antigen or set of antigens.9 

Other arteries of the head and neck may also be involved. The disease was once called 

Horton’s disease.10 The temporal arteries are innervated by branches of autonomic ganglia 

and the trigeminal ganglia.11 All of these ganglia can contain latent varicella-zoster virus 

(VZV).12 Because the trigeminal ganglion is the single most common site of clinical herpes 

zoster (shingles), causing herpes zoster ophthalmicus, the question has arisen whether GCA 

is a vasculitis driven by deposition of herpes zoster antigen in the temporal artery.13 A recent 

analysis found herpes zoster antigen in 74% of temporal artery biopsies obtained from 

patients with previously diagnosed GCA.14 Because of that extremely high value, we sought 

to determine whether temporal artery biopsies for GCA from our 2 institutions had a 

similarly high rate of positivity for herpes zoster antigen.

METHODS

STUDY DESIGN

We performed a retrospective search of the ophthalmic pathology databases at the University 

of Iowa and Washington University in St. Louis for temporal artery biopsies between 

January 2014 and April 2017. The study adhered to the Declaration of Helsinki and was 

compliant with the Health Insurance Portability and Accountability Act. The study protocol 

was approved by the institutional review boards of both universities. The methods for 

processing each temporal artery (TA) biopsy are illustrated in Figure 1; the protocol is also 

described in more detail.15 First, numerous hematoxylin-eosin (H&E)-stained slides of each 

temporal artery sample were examined by an ophthalmic pathologist for histologic evidence 

of GCA. For this study, a total of 25 patients with GCA histopathology on their TA biopsy 

were included. Sections immediately adjacent to sections with convincing evidence of GCA 

were examined for the presence of zoster antigen by immunohistochemistry (IHC). 

Altogether, at least 10 sections for every centimeter of the TA biopsy were examined, 

including skip areas.16 As controls, we included slides from TA biopsies from 25 patients 

who had symptoms compatible with GCA but no evidence of GCA histopathology when 

their slides were examined. Again, at least 10 sections were examined by the VZV IHC test 

for every centimeter of the TA biopsy. Results were then reviewed by 2 virologists at the 

University of Iowa and subsequently by 2 ophthalmologists at either location.

IMMUNOHISTOCHEMISTRY ASSAYS FOR HERPES ZOSTER ANTIGEN

For the virology studies, each slide containing multiple paraffin-embedded artery sections 

was deparaffinized by washing 3 times for 5 minutes in xylenes and 3 times for 5 minutes in 

ethanol and rinsing 1 time in water. Epitope retrieval was then performed in a microwave 
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oven by heating slides to 95 C for 5 minutes, allowing slides to cool for 5 minutes, reheating 

to 95 C for 5 minutes, and allowing them to cool. The slide was washed 2 times for 5 

minutes in phosphate-buffered saline (PBS)/0.025% Triton X-100, followed by blocking for 

2 hours at room temperature in PBS with 10% normal goat serum and 1% bovine serum 

albumin. Each primary antibody was incubated on the slide at 4 C for 16 hours. The slide 

was washed 3 times for 5 minutes in PBS with 0.025% Triton X-100 and quenched by 

adding 3% H2O2 for 15 minutes at room temperature, followed by washing 3 times for 5 

minutes in PBS/Triton X-100. Biotinylated goat anti-mouse secondary antibody (Jackson 

Laboratory #115-066-012, Bar Harbor, Maine, USA) was diluted 1:1000 in PBS/1% bovine 

serum albumin (BSA) and added to the slide for 1 hour at room temperature, followed by 

washing 3 times for 5 minutes with PBS/Triton X-100. Streptavidin conjugated to 

horseradish peroxidase (Jackson Laboratory #016-030-084) was diluted 1:250 in PBS/1% 

BSA and added to the slide for 30 minutes at room temperature. The slide was washed in 

PBS/Triton X-100 3 times for 5 minutes and diaminobenzidene peroxidase substrate (Vector 

Laboratory #SK-4100, Burlingame, California, USA) was added for 2–10 minutes. Each 

slide was then rinsed under running water for 10 minutes. Tissue sections on the slides were 

viewed initially with a Nikon Eclipse Ti-S microscope (Melville, New York, USA), under a 

wet mount. This protocol, using a droplet of water to improve the refractive index, gives the 

images a bluish tint. Other images were obtained with an Olympus BX61 microscope 

(Center Valley, Pennsylvania, USA) without addition of water for refraction (dry mount); 

these images lack the bluish tint.

PRIMARY ANTIBODY REAGENTS

For a primary antibody, 3 reagents were used: Anti-VZV gE monoclonal antibody (MAb) 

3B3 diluted 1:1000 in PBS with 1% BSA (murine IgG2a MAb produced in the C. Grose 

laboratory); anti-VZV gE MAb (murine IgG1 MAb from Santa Cruz #sc-56995, Dallas, 

Texas, USA) diluted 1:500 in PBS with 1% BSA, and anti-reovirus MAb (murine IgG2a 

MAb from Developmental Studies Hybridoma Bank #10G10, Iowa City, Iowa, USA) diluted 

to 2.5 μg/mL in PBS with 1% BSA. The Santa Cruz anti-gE MAb reagent is the same 

reagent as used in prior IHC studies of temporal artery biopsies; its specifications have been 

extensively described previously.14 Murine MAb 3B3 against VZV gE protein has been used 

extensively to detect VZV antigens in human tissues, both by immunofluorescence and IHC. 

This MAb has previously detected VZV antigens in human skin, lung, and brain tissues.17,18 

These tissues included VZV-infected human skin xenografts in the severe combined 

immunodeficient mouse model of VZV infection.19 The linear epitope of this MAb has been 

defined and the affinity of binding of the MAb to its epitope has been calculated.20,21 

Numerous assays have documented an absence of nonspecific binding of MAb 3B3 to 

uninfected cells. The anti-reovirus antibody was an isotype-matched control for MAb 3B3; 

an anti-reovirus antibody was selected because there is no known persistent human infection 

with this virus.22

STATISTICAL ANALYSIS

Prior studies reported that >70% of TA biopsies from patients with GCA exhibited a positive 

test for herpes zoster antigen.14 Based on a defined formula for power analysis, we 

calculated that a sample size of 12 TA biopsies from 12 different patients with GCA would 

BUCKINGHAM et al. Page 3

Am J Ophthalmol. Author manuscript; available in PMC 2018 March 23.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



be the minimum sample size to confirm that high percentage.23 Our test group included 25 

patients.

RESULTS

ANALYSIS OF TEMPORAL ARTERY BIOPSIES FROM PATIENTS WITH GIANT CELL 
ARTERITIS DIAGNOSIS

Records of the ocular pathology laboratories at the University of Iowa and Washington 

University in St. Louis were screened for TA biopsies read as positive for GCA. We selected 

slides from 17 patients seen at the University of Iowa and 8 patients seen at Washington 

University, all of whom were diagnosed as GCA based on both clinical signs and H&E 

pathologic diagnosis of a TA biopsy (Supplemental Table 1; Supplemental Material at AJO. 

com). For the zoster-specific IHC test, each slide contained a section of tissue immediately 

adjacent to the section of tissue on an H&E slide with histopathology compatible with GCA; 

the same slide also contained 10–40 additional sections, depending on the length of the TA 

specimen removed from the patient. Of the 25 sets of slides of TA biopsies, slides from 3 

patients were positive by herpes zoster–specific IHC assay with either primary anti-VZV 

MAb (Figure 2). Images are presented after viewing by both the Nikon microscope (wet 

mount) and the Olympus microscope (dry mount). The locations of the positive 

immunolabeling for zoster antigen in the 3 arteries are described in Figure 2. We observed 

no differences in staining patterns between the 2 MAb reagents directed against the VZV gE 

antigen.

ANALYSIS OF TEMPORAL ARTERY BIOPSIES FROM PATIENTS WITH NO EVIDENCE OF 
HERPES ZOSTER ANTIGEN

We screened slides of TA biopsies from 25 patients who underwent a biopsy because of 

symptoms and signs of GCA but were found to lack evidence of GCA by H&E 

histopathology. All these patients were seen in Iowa (Supplemental Table 1). Each of these 

temporal arteries also had been sectioned at multiple sites, as illustrated in Figure 1. When 

slides containing these multiple TA sections were subjected to zoster-specific IHC testing by 

either of the 2 anti-VZV MAbs, none was positive. Representative examples of VZV-

negative IHC tests from the GCA-positive (22 cases) and the GCA-negative (25 cases) 

groups are shown in Figure 3. The resolution of the wet mount when viewed in real time 

under the microscope was excellent; the same clarity was not always captured by the 

photograph of the wet mount. Both anti-VZV antibodies gave the same negative results in 

these IHC assays. A representative H&E example of inflammation characteristic of GCA (in 

a VZV-negative biopsy) included lymphocytes and histiocytes in the intimal, medial, and 

adventitial layers, as well as a disrupted internal elastic lamina. We also screened 1 biopsy of 

a vein adjacent to the temporal artery as an additional specificity control test; the zoster-

specific IHC test was negative (not shown). We did find, however, that other slides in this 

group had a false-positive herpes zoster IHC test because of calcifications (see sections 

below).
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ISOTYPE-MATCHED CONTROL ANTIVIRAL MONOCLONAL ANTIBODY

We performed several control IHC experiments. In this control for primary antibody 

specificity, we included an IHC assay in which we substituted an isotype-matched anti-

reovirus MAb (mouse IgG2a) for our anti-VZV antibody (mouse IgG2a). Because reovirus 

is not a human pathogen, reovirus antigen is never found in human artery tissues. We first 

tested the antibody on formalin-fixed paraffin-embedded samples of mouse brain infected 

with reovirus, in order to determine the dilution of antibody that would easily detect reovirus 

antigen under our IHC assay conditions (Figure 3, Bottom row). We found concentrations 

between 1.0 and 2.5 μg/mL of antibody-immunolabeled reovirus antigens in mouse brain. 

Subsequently, we tested temporal artery biopsies from 10 patients who had clinical features 

of GCA but negative histopathology. All 10 sets of slides were negative for both zoster 

antigen and reovirus antigen (Figure 3, Bottom row).

FALSE-POSITIVE HERPES ZOSTER IMMUNOLABELING WHEN CALCIFICATIONS ARE 
PRESENT IN ARTERY

While examining slides from both the GCA-positive group and the GCA-negative group 

listed above, we observed that our zoster-specific IHC assay appeared to give a false-positive 

result in the presence of temporal artery calcifications. In an additional set of control 

experiments, we confirmed this observation by systematically comparing sections in 

adjacent slides of a temporal artery known to have calcifications by its characteristic 

appearance after H&E staining with the locations of apparent positivity after the zoster-

specific IHC test (Figure 4, Top panels). The pattern of zoster-specific staining overlapped 

with the areas that were calcified, usually along the internal elastic lamina. In some arteries 

with abundant calcifications, the tissue had a ripped appearance because it was difficult to 

cut. The nonspecific attachment of the MAb probe to calcified tissue was seen after 

immunolabeling with either anti-VZV MAb 3B3 or the MAb from Santa Cruz. In order to 

confirm that these sites of attachment did not also contain zoster antigen, we performed IHC 

testing without the primary anti-VZV antibody. Again, there was false-positive staining 

(Figure 4, Bottom left). Finally, we repeated the IHC testing with the anti-reovirus antibody 

on TA specimens known to contain calcium deposits; again, the result was a false-positive 

(data not shown). Thus, these control experiments indicated that false-positive staining of 

calcified tissue was owing to attachment of either primary or secondary antibody to the 

calcifications themselves. The H&E specimens from 3 patients in Figure 2 were reexamined 

to assure that calcifications did not account for the VZV-positive IHC results. Altogether, we 

observed calcifications in 25% of the temporal artery biopsies investigated in this study. 

Finally, in a few specimens we observed false-positive staining as an edge effect in the 

adventitia (Figure 4, Bottom right).

FALSE-POSITIVE HERPES ZOSTER IMMUNOLABELING OF SKELETAL MUSCLE AND 
BLOOD

We also observed that our zoster-specific IHC assay gave a false-positive result on skeletal 

tissue that surrounded a temporal artery that lacked any evidence of zoster-specific 

immunolabeling within an artery itself (Figure 5). Because skeletal muscle surrounds the 

adventitia, the immunolabeling can appear to extend into the adventitia. We found this same 
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positive result when we used either anti-gE MAb (Figure 5, Top right). Of importance, we 

also found a false-positive result on skeletal muscle when we omitted both the primary and 

secondary antibodies and added only the color reagents in the IHC assay (Figure 5, Bottom 

left). VZV replicates poorly in many cell lines and is not known to be able to replicate in 

mature muscle tissue.24 Therefore, we concluded that reactivity with skeletal muscle was not 

a specific indicator of prior zoster infection.

Yet another source of false-positive staining in our VZV IHC assay was the presence of 

erythrocytes in the temporal artery biopsy. We observed several temporal artery biopsies that 

contained concentrated areas of erythrocytes within the lumen of the artery or in disrupted 

layers of the arterial tissue, which stained false-positive after attachment by any primary 

(anti-VZV or anti-reovirus) or secondary antibody in an IHC test (Figure 5, Bottom right).

HERPES ZOSTER–ASSOCIATED TEMPORAL ARTERY VASCULITIS

Perhaps the most informative case in our series was Case #3, involving a 78-year-old patient 

with an unusual and informative history (Figure 2). The patient first developed left 

trigeminal neuralgia in early June. She also had scalp tenderness and headaches. She was 

seen in the general ophthalmology clinic and a left temporal artery biopsy was obtained on 

June 30. Examination of the H&E-stained temporal artery biopsy was negative for GCA. 

Although she was not given systemic corticosteroid treatment, the headaches and neuralgia 

lessened.

During the first 2 days of December, she noticed vesicular lesions in her left hairline. She 

was seen in the dermatology clinic on December 3, where herpes zoster of cranial nerve V1 

was diagnosed, without any ocular involvement. She received a prescription for 7 days of 

valacyclovir. The zoster rash abated on the antiviral treatment, without development of 

postherpetic neuralgia.

On December 16, she was seen in the rheumatology clinic because of worsening jaw pain. 

The rheumatologist noted the history concerning a negative temporal artery biopsy in June 

and ordered a right temporal artery biopsy, which was performed on December 19. The 

second biopsy was read as positive for GCA and the patient was placed on prednisone 

therapy. The slides adjacent to the H&E slides from June 30 and December 19 were 

retrieved and immunolabeled for herpes zoster antigen detection by IHC. The slide from 

June 30 was negative but the slide from December 19 was positive for zoster antigen (Figure 

2, Top row). We also reviewed the case histories of the other 2 patients with a positive herpes 

zoster antigen test, but neither had a recent clinical history of herpes zoster.

DISCUSSION

The virology laboratory at the university of Iowa Children’s Hospital has had extensive 

experience over 3 decades with detection of viral antigens in biopsies of human tissues from 

patients with serious varicella and herpes zoster infections.18,25,26 The current arterial 

analysis was undertaken in response to the recent publication of several articles from another 

university center, describing the detection of herpes zoster antigen in more than 70% of TA 

biopsies from patients with GCA.14,27 In their first report, the group examined formalin-
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fixed paraffin-embedded temporal artery biopsies from 82 patients with diagnosed GCA as 

defined by positive histopathology.14 They examined serial sections of these biopsies and 

found herpes zoster antigen by IHC in slides from 74% of the patients (61/82). When they 

looked at adjacent sections, they found GCA histopathology in 89% of the slides. In other 

words, there was a statistically significant correlation between sites of positive H&E 

histopathology for GCA and positive IHC for zoster antigen. The herpes zoster antigen was 

most common in the adventitia (49%), followed by media (32%) and intima (19%). Among 

the set of 61 zoster-positive biopsy samples, 32 also included adjacent skeletal muscle. Of 

these 32 cases, zoster antigen was detected by IHC in 38% of the skeletal muscles.

In subsequent reports, the same group expanded their GCA and control populations.27–29 

Altogether, they reassessed a total of 100 temporal artery biopsies from patients with 

symptoms of GCA but with previously negative H&E histopathology for GCA. Among 

these 100 biopsies, they found 58% to be positive for zoster antigen. In contrast to the 

findings of this neurology group, we found herpes zoster antigen in only 3 of 25 TA biopsies 

from patients with GCA. When we performed a similar analysis of TA biopsies from 25 

patients with symptoms of GCA but negative histopathology, we found no sample positive 

for VZV antigen, using the same MAb reagent as the neurology group. In contrast, we did 

find false-positive IHC tests for herpes zoster antigen in the presence of calcifications in 

temporal arteries from both the GCA-positive and GCA-negative patients, a point that was 

not mentioned in prior publications.14,27 This false-positive result obviously would increase 

the apparent number of VZV-positive temporal artery biopsies.

Calcifications have been observed in TA biopsies by several ocular pathology laboratories, 

but calcifications are often not mentioned in recent publications about GCA because they are 

not thought to play a major role in pathogenesis of GCA.30 In one informative analysis of 

GCA histologic features, calcifications were found in 37% of temporal arteries when no 

ischemic signs were present and in 53% of temporal arteries when ischemic manifestations 

were documented.31 In a second, similar analysis, calcifications were found in 26% of 

temporal artery biopsies from patients with the clinical features of GCA but negative 

histopathology.32 As noted, we observed easily detectable false-positive IHC reactivity at 

sites of calcification; these false-positive results occurred even in IHC tests with no primary 

antibody. Without observing adjacent H&E-stained sections to identify sites of 

calcifications, we would not have been able to discriminate false-positive staining of 

calcifications from true-positive staining of herpes zoster antigen in areas lacking 

calcifications.

We also observed false-positive IHC reactivity on skeletal muscle. We are confident that 

attachment of VZV antibody to skeletal muscle is a false-positive result for several reasons. 

First of all, the prototypic alpha herpesvirus HSV-1 cannot spread through human skeletal 

muscle tissue. Many experiments have been performed with HSV-1, as part of protocols to 

determine if recombinant HSV-1 vectors could be delivered into mature adult muscle to treat 

human muscular dystrophies. Numerous experiments demonstrated that mature basal lamina 

acts as a physical barrier to HSV-1 infection of adult myofibers.33,34 HSV-1 has a much 

wider tropism for different tissues that VZV. Further, adenovirus does not infect and spread 

in adult human skeletal muscle tissue.35 The fact that HSV-1 and adenovirus cannot infect 
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adult muscle fibers leads to a conclusion that VZV is unlikely to infect adult skeletal muscle 

fibers. In a prior analysis of TA biopsies, skeletal muscle was found in 32 of 36 specimens; 

VZV antigen was detected in skeletal muscle of 12 of 32 (38%) samples.14 In our 

investigation, we observed that our control antibody against reovirus antigen also attached to 

skeletal muscle. Based on this reanalysis of antibody binding to skeletal muscle, we 

conclude that VZV positivity in skeletal muscle is more likely to be a false-positive than a 

true-positive.

We made no attempt to detect VZV DNA in our artery biopsies for 4 reasons. First, in prior 

studies14 the percent of arteries positive for VZV DNA was always lower than the percent 

positive by IHC; and secondly, in earlier studies from other centers, 2 different virology 

laboratories found artery biopsy samples from 65 GCA patients to be uniformly negative for 

VZV DNA.36,37 As a third reason, the temporal arteries are known to be innervated by nerve 

fibers from ganglia that harbor latent VZV.12 Therefore, at any time a small number of 

temporal arteries may be positive for VZV DNA. Yet, in the absence of any VZV antigen in 

the artery, we do not think that VZV infection could elicit the immunopathology for which 

giant cell arteritis is known. As a fourth reason, we point out that the published studies have 

been retrospective. Therefore, all laboratories used formalin-fixed paraffin-embedded 

biopsies of temporal arteries. These tissues may be suboptimal for performance of 

polymerase chain reaction (PCR) testing.38 To perform optimal PCR testing, we would need 

to organize a prospective study in which the temporal artery biopsies were divided 

immediately after surgery. A piece that was not formalin fixed would be used instead for 

DNA extraction with subsequent PCR analysis.

The concept that VZV reactivation, either as herpes zoster ophthalmicus or as zoster sine 

herpete, can cause occasional ocular disease is not a new concept.4 There are several papers 

in the literature describing VZV-relatedcorneal disease, iridocyclitis, and retinitis in the 

absence of a clinically apparent skin eruption.39–41 In a report of 13 cases of VZV-

relatedacute retinal necrosis, all occurred in the absence of a vesicular skin disease.42 The 

cases were diagnosed by PCR amplification of VZV DNA in vitreous and aqueous 

specimens. If we remove the patients with an underlying immunodeficiency, the ages of the 

adult patients with VZV-related retinal necrosis were 39, 48, 58, 67, and 72 years, a clear 

overlap with the age group most commonly associated with GCA. Thus, VZV appears able 

toenter any tissue in the head and neck that is innervated by nerves originating from ganglia 

containing latent VZV. Our Case #3, of a 78-year-old woman with clinically apparent herpes 

zoster ophthalmicus and GCA 3 weeks later, may provide an important confirmatory link to 

this association. However, in the current survey we were not able to document an association 

between GCA-positive histopathology and herpes zoster antigen positivity in the majority of 

TA biopsies from GCA patients. Therefore, we do not recommend that all patients with 

GCA be treated with antivirals, unless there is an immediate past history of documented 

herpes zoster.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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FIGURE 1. 
Experimental methods. Temporal biopsy samples from 1 to 4 cm in length (1) were cut into 

1-mm pieces on macroscopic examination (2). All sections were embedded in a paraffin 

block (3) and multiple step-sections were cut from the block until all tissue was exhausted 

(4). Then, 4-μm-thick sections from each level were cut and mounted on slides (5). Three 

slides were generated on each level. One of these slides was stained with hematoxylin-eosin 

(H&E) and 2 slides were retained as unstained reserves. The reserve slides were 

subsequently used in the IHC assays.

BUCKINGHAM et al. Page 12

Am J Ophthalmol. Author manuscript; available in PMC 2018 March 23.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



FIGURE 2. 
Varicella-zoster virus (VZV) positivity in temporal artery biopsies. Examples of 

immunohistochemistry-positive results from 3 giant cell arteritis (GCA)-positive patients. 

The top row includes samples examined by wet mount; the center and bottom rows contain 

samples examined by dry mount at 2 magnifications. Zoster antigen was detected with 

monoclonal antibody 3B3 against major zoster protein E (gE) and appears as darker stained 

areas indicated by white arrows in the top row (wet mounts) and by black arrows in the 

center and bottom rows (dry mounts). Case #3 shows VZV-positive staining located in a 

branch artery off the main vessel (asterisk). Case #7 (center row) shows VZV-positive 

staining located mainly in the medial layer. Case #8 shows VZV-positive staining located in 

the intimal, medial and adventitial layers. Scale bars are shown in each image.
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FIGURE 3. 
Absence of varicella-zoster virus (VZV)-specific immunohistochemistry staining in 

temporal artery biopsies. Representative examples of VZV-negative immunohistochemistry 

results from the temporal arteries of 6 patients (Top row, wet mounts; Center row, dry 

mounts). No zoster antigen was detected after probing with anti-gE antibody in the 6 

examples. Case #43 is shown in duplicate because the 2 panels show negative results with 

both anti-VZV antibodies. In the bottom row, the left panel is a representative hematoxylin-

eosin stain to demonstrate abundant inflammation typical of giant cell arteritis (GCA). 

Control experiments with anti-reovirus antibody are included in the middle and right panels 

of bottom row. Anti-reovirus antibody was incubated with a GCA-positive TA sample (Case 

#4) as a negative control (Middle panel; wet mount). Anti-reovirus antibody was incubated 

on a sample of reovirus-infected mouse brain as a positive control for the antibody; black 

arrows designate sites of reovirus infection with positive staining (right, wet mount). Scale 

bars are shown in each image.
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FIGURE 4. 
False-positive immunohistochemistry: Calcifications and edge effect. The samples were 

selected from Case #42 (Top row), Case #50 (Bottom left), and Case #49 (Bottom right). 

Top panels were photographed as dry mounts and bottom panels are wet mounts. (Top left) 

Hematoxylin-eosin stain of a temporal artery, with calcifications demarcated by black 

arrows; (Top right) immunohistochemistry (IHC) stain with MAb 3B3, to illustrate 

attachment of MAb, indicated by black arrows, to similar calcified regions of the artery 

shown at top left. Areas of attachment of MAb to calcifications in the wet mounts are 

demarcated by white arrows in bottom panels. (Bottom left) False-positive attachment to 

calcification when primary antibody was omitted but secondary antibody and color reagents 

were retained in the IHC assay. (Bottom right) False-positive attachment of secondary 

antibody and color reagents (without primary antibody) along the edge of a temporal artery 

section in IHC assay, near the adventitia, often called “edge effect” (also seen in bottom left 

panel, at white arrowheads in both panels). Scale bars are shown in each image.
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FIGURE 5. 
False-positive immunohistochemistry (IHC): extra-arterial skeletal muscle and blood. Two 

images are included from Case #17, who was giant cell arteritis negative. (Top left) 

Hematoxylin-eosin stain of a temporal artery (TA), to show region with extra-arterial 

skeletal muscle (arrows). (Top right) False-positive IHC result when incubated with MAb 

3B3 and observed with the Olympus microscope with dry mount (black arrows). There was 

no varicella-zoster virus–positive staining within any region of the temporal artery itself. 

(Bottom left) False-positive stain of skeletal muscle from Case #28. The TA specimen was 

incubated with only the color reagents in the IHC assay; neither primary nor secondary 

antibody was added. The false-positive result in the skeletal tissue is marked by white 

arrows. (Bottom right) False-positive attachment of anti-reovirus antibody to erythrocytes 

within the TA biopsy samples (white arrows). Scale bars are shown in each image.
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