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Varicella-zoster virus (VZV) causes varicella and establishes latency in sensory nerve ganglia, but the
characteristics of VZV latency are not well defined. Immunohistochemical detection of the VZV immediate-
early 63 (IE63) protein in ganglion neurons has been described, but there are significant discrepancies in
estimates of the frequency of IE63-positive neurons, varying from a rare event to abundant expression. We
examined IE63 expression in cadaver ganglia using a high-potency rabbit anti-IE63 antibody and correspond-
ing preimmune serum. Using standard immunohistochemical techniques, we evaluated 10 ganglia that con-
tained VZV DNA from seven individuals. These experiments showed that neuronal pigments were a confound-
ing variable; however, by examining sections coded to prevent investigator bias and applying statistical
analysis, we determined that IE63 protein, if present, is in a very small proportion of neurons (<2.8%). To
refine estimates of IE63 protein abundance, we modified our protocol by incorporating a biological stain to
exclude the pigment signal and evaluated 27 ganglia from 18 individuals. We identified IE63 protein in neurons
within only one ganglion, in which VZV glycoprotein E and an immune cell infiltrate were also demonstrated.
Antigen preservation was shown by detection of neuronal synaptophysin. These data provide evidence that the
expression of IE63 protein, which has been referred to as a latency-associated protein, is rare. Refining
estimates of VZV protein expression in neurons is important for developing a hypothesis about the mechanisms

by which VZV latency may be maintained.

Varicella-zoster virus (VZV), the human alphaherpesvirus
that causes varicella during primary infection, establishes a
lifelong latency in neurons of the sensory ganglia along the
cerebrospinal axis (7). Sensory ganglia are composed of heter-
ogeneous populations of neurons surrounded by satellite cells
and other nonneuronal cells; axons extend from these neurons
to innervate the skin and mucous membranes (50). Herpes
zoster (shingles) results from reactivation of latent virus within
ganglion cells and transfer of newly synthesized infectious par-
ticles to the skin via axonal transport (7).

The number and type of neural cells that harbor latent virus
are fundamental to the question of VZV latency. Studies to
address this question have used methods to detect viral DNA,
RNA, and proteins in cadaver ganglia. Although RNA is es-
pecially vulnerable to RNA-degrading enzymes during the
postmortem interval between death and fixation of histological
specimens at autopsy, DNA and proteins are reasonably stable
(16). Nevertheless, reports using either VZV DNA or protein
detection to assess the numbers of cells that contain VZV in
human cadaver ganglia have yielded estimates that are ex-
tremely variable. By in situ hybridization and PCR methods,
VZV DNA has been reported in as few as 1.5% of neurons
exclusively (none in satellite cells) to as many as 30% of gan-
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glion cells (neurons as well as satellite cells) (24, 26). Most
recently, Wang et al. used a laser-capture microdissection/PCR
method to provide more precise information at the single-cell
level by examining 1,722 neurons in trigeminal ganglia (TGG)
from seven individuals (49). These experiments identified
VZV DNA in 4.1% of neurons (range, 1.0 to 6.9%) (49).
The first report of VZV protein expression in latently in-
fected human ganglia was by Mahalingam and colleagues (29),
who evaluated the immediate early 63 (IE63) protein encoded
by VZV open reading frame 63 (ORF63). IE63 protein is a
tegument/regulatory protein that contributes to VZV gene reg-
ulation by interaction with the viral transactivator, IE62, RNA
polymerase II, and the cellular EF-1a promoter in the infect-
ed-cell nucleus (28, 53). In their study, IE63 was detected in
very rare neurons in five ganglia from two adults but was not
found in multiple tissue sections of 16 ganglia from seven other
adults (29). In contrast, in the second of the four reports that
have assessed the frequency of IE63-positive cells in cadaver
ganglia, Lungu et al. (27) found IE63 protein in all of three
cadaver dorsal root ganglia (DRG), with 3 to 9% of 200 neu-
rons being positive in each tissue section; IE63 was localized to
the cytoplasm (27). Kennedy et al. identified cells expressing
IE63 protein in trigeminal ganglia from 5 of 20 subjects (19); as
described by Mahalingam et al., it was necessary to examine a
large number of sections from each patient to identify an
IE63-positive cell (19). However, Grinfeld et al. subsequently
reported IE63 expression in all ganglia from 10 subjects (one
ganglion studied per subject); they estimated that 5 to 10% of
neurons were positive although they noted that the patchy and
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focal distribution of labeling did not allow accurate quantita-
tion (14). While not described as such in any of these reports,
this protein has been referred to as the VZV latency-associ-
ated protein.

As might be expected given RNA instability postmortem,
detection of mRNA transcripts for IE63 in cadaver ganglia has
also been inconsistent. In one study, ORF63 was determined
by reverse transcription-PCR (RT-PCR) to be the most abun-
dantly transcribed VZV gene in latently infected neurons;
however, two global searches for latently transcribed genes did
not detect IE63 transcripts (8) (9). Full-length IE63 mRNA
has not been demonstrated in latently infected human cadaver
ganglia.

Our study was undertaken because, despite careful effort,
there is substantial discordance among the four reports esti-
mating the number of neurons that express IE63 protein in
latently infected ganglia. That these range from a rare event
found in two to four neurons per section in a fraction of ganglia
examined to 5 to 10% of neurons per section in all ganglia
examined suggested the need for further investigation. There-
fore, we evaluated a large number of sections prepared from 27
ganglia from 18 individuals for IE63 expression. In our exper-
iments, samples were coded to avoid bias and tested with a
high-potency rabbit anti-IE63 antibody and the corresponding
preimmune rabbit serum and with an alternative staining pro-
tocol that eliminates the signal associated with neuronal cell
pigments. Our analysis is consistent with the reports by Ma-
halingam et al. and Kennedy et al. showing that IE63 protein
expression occurs in latently infected neurons, but this expres-
sion is rare and, in some cases, may indicate an early stage of
VZV reactivation in the absence of skin lesions typical of
herpes zoster (29).

MATERIALS AND METHODS

Tissue specimens. Twenty-seven ganglia from 18 patients were examined; 6
were TGG and 21 were DRG. Twenty tissue blocks or sections from 14 patients
were obtained from the VZV Research Foundation Tissue Bank (kindly pro-
vided by A. Gershon, Columbia University, New York, NY) or from the Uni-
versity of Sydney (Sydney, Australia). Seven cadaver ganglia were collected at
autopsy from four patients by the Stanford University Medical Center Depart-
ment of Pathology under an exempt protocol reviewed by the Stanford Univer-
sity Institutional Review Board. Ganglia were collected within 48 h of patient
demise and immediately fixed in neutral-buffered formalin or 4% paraformal-
dehyde. All patients were without clinical evidence of herpes zoster when they
died.

VZV-infected and uninfected human DRG xenografts, which contain orga-
notypic features of adult ganglia, were used as positive and negative controls for
immunohistochemical staining experiments; they were constructed by xenotrans-
plantation and subsequent VZV infection of a human fetal ganglion in severe
compromised immunodeficient (SCID) mouse, as previously described (52).
DRG xenografts were collected at necropsy, fixed and preserved in paraffin
blocks, and sectioned in a manner similar to that for cadaver ganglia. VZV-
infected DRG xenografts were examined at 14 days postinoculation (acute
phase, positive control); uninfected DRG xenografts were used as a negative
control. VZV-infected DRG xenografts were also examined at 56 days postin-
fection, at which point the virus persists in a nonreplicating state, and gene
transcription is restricted such that mRNAs corresponding to IE63 but not
glycoprotein B are detected by real-time quantitative PCR (52). The Stanford
University Administrative Panel on Laboratory Animal Care approved all animal
protocols. Human fetal tissues were provided by Advanced Bioscience Resources
(ABR; Alameda, CA) and were obtained in accordance with state and federal
regulations.

VZV DNA PCR. Slides were deparaffinized, rehydrated in graded alcohols, and
rinsed in sterile water. Tissue sections (5 sections, 5 wm each) were scraped with
a sterile scalpel into a microcentrifuge tube containing 50 pl of DNA extraction
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buffer (10 mM Tris-Cl [pH 8.0], 1 mM EDTA, 1% Tween-20, 0.04% proteinase
K). The DNA solution was incubated for 24 h at 42°C, after which the proteinase
K was heat inactivated at 95°C for 10 min; the DNA extract was stored at —20°C
until ready for analysis by PCR. In some cases, an additional purification round
was performed using phenol-chloroform and DNA precipitation. PCR was per-
formed using Elongase (Invitrogen) enzyme mix according to the manufacturer’s
instructions. PCR primers for the cellular B-globin gene (upper primer, 5'-GG
TGGTCTACCCTTGGACCCAGAG-3'; lower primer, 5'-GTTCTCAGGATC
CACGTGCAGCTT-3") amplifies a 187-bp fragment, and PCR primers for VZV
ORF9A (upper primer, 5'-ATGGGATCAATTACCGCTTCGT-3'; lower
primer, 5'-CCACGTGCTGCGTAATACAGAA-3") amplifies a 239-bp frag-
ment. The PCR program was 35 cycles of 94°C for 1 min, 94°C for 30 s, 58°C for
30 s, 72°C for 30 s, and 72°C for 5 min.

VZV antibodies. Generation of a high-potency rabbit VZV IE63 antiserum
was described in Zuranski et al. (53). Briefly, recombinant IE63 was obtained
from cells infected with baculovirus expressing IE63 and purified using His-Bind
resin (Novagen, Madison, WI) prior to rabbit immunization. The rabbit VZV
IE63 antiserum and preimmune serum were further purified over a protein G
column (Pierce, Rockford, IL) to obtain the IgG fraction and are referred to as
anti-IE63-IgG and pre-IgG; purified IgG fractions were diluted 1:500 in PBS.
The rabbit anti-GST-63-HIS (where GST is glutathione S-transferase) antiserum
was kindly provided by S. Silverstein (Columbia University, New York, NY) and
had been partially purified by negative adsorption over columns containing
bacterial and mammalian cell proteins; this antibody was diluted 1:100 in phos-
phate-buffered saline (PBS) (27). Antibodies recognizing human neuronal syn-
aptophysin (Zymed, Inc.) and VZV glycoprotein (g)E (Chemicon) were diluted
as recommended by the manufacturer.

Antibody titration by ELISA. The sensitivity of detection of VZV IE63 protein
by anti-IE63 antibodies was measured by whole VZV antigen enzyme-linked
immunosorbent assay (ELISA). VZV positive-control sera (pooled human se-
rum), pre-IgG, anti-IE63-IgG, and anti-GST-63-HIS were incubated for 2 h at
room temperature in triplicate in wells coated with whole-cell extracts of VZV-
infected (antigen) and uninfected (control) cells; 4-fold dilutions from 1:16 to
1:4,096 were tested. Detection was accomplished using a Vectastain ABC kit
(Vector Laboratories) and orthophenyl diamine (OPD) peroxidase substrate.
Color development was read with a SpectraMax 190 ELISA plate reader (Mo-
lecular Devices, Sunnyvale, CA). Values from triplicate wells were averaged, and
control values were subtracted from antigen values.

Histochemical staining of melanins and lipofuscins. Nile blue A (Sigma) is
certified by the Biological Stains Commission for staining of melanins and lipo-
fuscins in histological sections. Differentiation of melanins and lipofuscins was
performed using the method described by Lillie (25). Nile blue solution was
prepared by gently boiling 0.5 g of Nile blue A in 100 ml of 1% sulfuric acid for
2 h. The solution was cooled, filtered, and made up to 100 ml before use. Tissue
sections were deparaffinized, rehydrated in graded alcohols, and rinsed with
distilled water in the typical manner. Slides were stained with 0.05% Nile blue in
1% sulfuric acid for 20 min, followed by quick clearing with 1% sulfuric acid. Nile
blue ionogenically bonds with neuromelanin, which stains dark green. Cell nuclei
and lipofuscins stain blue. Lipofuscin is extracted by dipping slides four times
quickly in acetone, whereas melanin resists acetone extraction. Slides were
mounted with glycerol-based medium.

Immunohistochemical staining. Deparaffinized and rehydrated tissue sections
were immersed in citric acid-based antigen retrieval solution (Vector Laborato-
ries), pH 6.0, and subjected to antigen retrieval using a standard protocol for
formalin-fixed paraffin-embedded tissue sections. Immersed slides were micro-
waved using a 1.15-kW turntable microwave on full power for 5 min and then at
80% power for an additional 5 min. The slides were allowed to cool fully before
staining. Cooled slides were incubated in 3.0% H,O,, washed with distilled water
followed by PBS, and then incubated in blocking buffer for 10 min (IHC Select
HRP Detection Kit; Millipore, Billerica, MA). Slides were then washed and
incubated with pre-IgG or anti-IE63 antibodies for 1 h, followed by sequential
incubations using an IHC Select HRP Detection Kit according to the manufac-
turer’s instructions. The immunoperoxidase reaction product was visualized with
3,3-diaminobenzidine (DAB) solution (Vector Laboratories) supplemented with
0.1 M imidazole (pH 7.6). Tissue sections were counterstained with the blue
nuclear counterstain hematoxylin or the biological stain Azure B (0.2%).

Immunohistochemical staining using the chromogen p-nitroblue tetrazolium
choloride-5-bromo-4-chloro-3-indolyl phosphate (NBT-BCIP) was performed in
a similar manner except that an IHC Select Alk-Phos Detection Kit (Millipore,
Billerica, MA) was used for blocking, secondary antibody, and enzyme conjuga-
tion steps. The reaction product was visualized using the NBT-BCIP detection kit
(Vector Laboratories).
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TABLE 1. Clinical description of autopsy subjects

. . No. of
Specimen typ % finding, Age Major diagnosis at death ganglia
and subject (years) >
examined
Trigeminal ganglia
Confirmed VZV
positive
K 72 Amyotrophic lateral 1
sclerosis
T 63 Glioblastoma 2
U 80 Stroke 1
\% 73 Bladder cancer 1
Undetermined VZV
infection
J 96 Alzheimer’s disease 1
Dorsal root ganglia
Confirmed VZV
positive
E 91 Alzheimer’s disease 5
L 73 Prostate cancer 1
M 73 Dementia 2
N 48 Endocarditis sepsis 2
Q 93 Alzheimer’s disease 1
R 84 Alzheimer’s disease 1
W 67 Prostate cancer 3
X 73 Head injury 1
Y 73 Adenocarcinoma 1
Undetermined VZV
infection
G 82 Alzheimer’s/Parkinson 1
disease
H 68 Brain embolism/heart 1
failure
S 37 Alzheimer’s disease 1
P 93 Alzheimer’s disease 1

Statistical analysis. Statistical analysis was performed using Excel, version
11.5.5.

RESULTS

Description of pathological specimens. Table 1 provides a
description of 27 ganglion specimens obtained from the study
population of 18 adults, with an age range of 37 to 96 years.
These 6 TGG from five patients and 21 DRG from 13 patients
were collected at autopsy and immediately fixed. All patients
were without clinical evidence of herpes zoster when they died.

Detection of VZV DNA in cadaver ganglia. To test ganglion
specimens for the presence of latent VZV DNA, DNA was
extracted from tissue sections and subjected to PCR amplifi-
cation using primers and probes for VZV ORF9A and the
cellular B-globin gene. VZV ORF9A was amplified from TGG
DNA from four subjects and from DRG DNA from nine
subjects (n = 13). VZV DNA was not amplified in one TGG
and four DRG ganglia after multiple attempts (n = 5). A
representative gel is shown as Fig. 1. Based on the high sero-
prevalence rates for VZV IgG antibodies, it is likely that
>95% of these adult subjects had a history of VZV infection
and were therefore latently infected despite the negative PCR
results in 5 of the 18 subjects. However, only those who were
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confirmed to have VZV DNA-positive ganglia were consid-
ered in the quantitative analysis presented in Table 2.

Comparison of antibody reagents for detection of IE63 by
VZV ELISA and in neural cells in DRG xenografts infected
with VZV in vivo. In preparation for staining tissue sections,
the relative capacity of the anti-IE63-IgG and anti-GST-63-
HIS antibodies to detect IE63 in a VZV-infected cell lysate
was tested by whole VZV antigen ELISA. Anti-IE63-IgG was
made using highly concentrated IE63 protein as the immuno-
gen (53). The pre-IgG antibody, which is the paired serum
obtained before rabbit immunization with purified IE63 pro-
tein, was evaluated in parallel. The anti-GST-63-HIS antibody
was the reagent used to stain ganglion sections in the study by
Lungu et al; the paired preimmune serum for this antibody
was not available (27). The highest dilution of anti-GST-63-
HIS antibody that gave a signal above background in the VZV
ELISA was 1:16 (Fig. 2). The highest positive dilution of anti-
IE63-IgG antibody was 1:1,024, which represents a 64-fold
increase in antigen recognition. These data demonstrate that
the anti-IE63-IgG antibody is more sensitive than the anti-
GST-63-HIS antibody for detection of IE63 protein in VZV-
infected whole-cell lysates.

The IE63 antibody reagents and the preimmune control
were also compared for their capacity to detect IE63 protein in
human neural cells in DRG xenografts that were infected with
VZV in SCID mice in vivo. Sections were examined from
specimens obtained during the active infection phase (day 14)
and the late phase (day 56) when viral proteins are no longer
expressed; mock-infected DRG were also tested (52). Both
anti-IE63 antibodies reacted with VZV proteins in the active
infection specimens using the immunohistochemical staining
protocol that employs the brown chromogen DAB and the
blue nuclear counterstain hematoxylin. Antibody reactivity
with IE63 protein was evident as brown deposits that often
filled the entire neuronal cell nucleus and cytoplasm (Fig. 3B
and C). No signal was observed when staining was performed
with the pre-IgG reagent (Fig. 3A); no signal was observed in
uninfected or persistently infected DRG xenografts (data not
shown).

Immunohistochemical staining for IE63 in human cadaver
ganglia using DAB/hematoxylin. When human cadaver ganglia
sections were stained with anti-IE63-IgG and anti-GST-63-
HIS antibodies using the DAB/hematoxylin protocol, the large
brown deposits observed in neurons of VZV-infected DRG
xenografts were seen only in rare sections from patient Q; IE63
protein was detected with both IE63 antibodies (Fig. 3H and
I). Brown cytoplasmic deposits, consistent with lipofuscin, were
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FIG. 1. VZV and cellular B-globin DNA PCR. VZV ORF9A
(A) and the cellular B-globin gene (B) were amplified from extracted
DNA. Lane 1, DNA ladder; lane 2, VZV genomic DNA; lanes 3 to 7,
amplified DNA from subjects T (two blocks, left and right TGG), U, V,
and P; lanes 8 and 9, VZV-infected SCID mouse skin xenografts (day
21 postinfection) and uninfected skin xenografts, respectively; lane 10,
human fetal DNA; lanes 11 and 12, VZV-infected DRG xenografts at
14 days postinfection and latently infected DRG xenografts at 56 days
postinfection, respectively.
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TABLE 2. Percentage of pigment-containing neurons in 10 VZV DNA-positive ganglia from seven subjects

Pigment-containing cells in neurons as detected by:

Anti-pre-1gG

Anti-IE63-1gG

Anti-GST-63-HIS

Sample
e .NO' of Total no. of % Pigmented .NO' of Total no. of % Pigmented .No. of Total no. of % Pigmented
pigmented b pigmented pigmented b
ells” neurons neurons ells? neurons neurons ells” neurons neurons
E1 210 581 36.1 260 640 40.6 265 595 44.5
E2 222 565 39.3 203 440 46.1 305 630 48.4
K 64 90 71.1 49 85 57.6 70 100 70.0
L 192 780 24.6 180 680 26.4 210 770 27.2
M1 149 640 233 247 780 31.7 162 720 22.5
M2 210 545 38.5 195 610 32.0 269 500 53.8
N1 73 450 16.2 148 1,120 13.2 149 1,650 9.0
N2 92 760 12.1 48 650 7.4 111 610 18.2
Q 410 1,990 20.6 330 1,660 19.9 350 2,090 16.7
R 282 1,490 18.9 162 1,040 15.5 188 780 24.1

“ Number of cells containing dark pigment deposits (lipofuscin, neuromelanin, or DAB).

® Total number of neurons counted per slide.

present in most sections (Fig. 3D, short arrows). For the most
part, these golden-brown deposits appeared as unipolar or
bipolar caps in large neurons, as described in previous inves-
tigations of VZV protein expression in ganglion sections (27,
29). We also observed darker granular deposits of various
intensities (brown-black to black) in the cytoplasm of many
neurons (Fig. 3D, large arrow). These deposits were primarily
localized to the perinuclear region and were present regardless
of the antibody solution that was applied, including the pre-
immune IgG (Fig. 3D and G).

Human cadaver ganglia contain neuromelanin, which con-
founds interpretation of immunohistochemical staining reac-
tions using dark chromogens. The dark granular appearance
of these deposits resembled the neuronal pigment neuromela-
nin. To verify the presence of neuromelanin in neurons in our
human cadaver ganglion specimens, we stained the tissue sec-
tions with Nile blue solution, which renders neuromelanin
granules green and lipofuscin granules blue (Fig. 4A and B).
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FIG. 2. Antibody titration by ELISA. Antibody sensitivity to VZV
IE63 protein was measured by ELISA. Optical densitometry (OD)
values for anti-pre-IgG (dotted line and filled square), anti-IE63-1gG
(solid line and filled circle), and anti-GST-63-HIS (dashed line and
filled triangle) sera are shown. Values from triplicate wells were aver-
aged, and control values were subtracted from antigen values. Sera
were serially diluted in 4-fold dilutions from 1:16 to 1:4,096. An OD of
>(0.3 is positive based on known positive and negative controls.

We also performed staining using the method described by
Lillie for differentiation of melanins and lipofuscin (25). When
sections from DRG and TGG were stained with Nile blue
solution and then subjected to acetone extraction, only green
deposits of melanin, which resist extraction, remained (Fig. 4C
and D).

Since neuromelanin is a previously unidentified obstacle to
assessment of VZV IE63 protein in neuronal ganglia, we per-
formed a series of experiments to examine its potential to
interfere with the interpretation of results using various stain-
ing methods. When ganglion sections were stained with anti-
body to synaptophysin, which is a neuron-specific protein, nei-
ther the brown chromogen DAB (data not shown) nor the
black chromogen NBT-BCIP could be reliably differentiated
from dark neuromelanin granules (Fig. 4E and F).

Quantification of neurons containing dark deposits after
DAB/hematoxylin staining. Given evidence that differentiating
dark neuronal pigment from dark chromogen deposits result-
ing from antigen-antibody interactions would be unreliable, we
counted the number of ganglion cells that contained any dark
deposits after DAB/hematoxylin staining with the pre-IgG or
the IE63 antibody reagents, anti-IE63-IgG and anti-GST-63-
HIS. As a further precaution, all slides examined were coded
so that the reader did not know which antibody reagent had
been applied to the slide. The number of cells containing dark
deposits was determined by examining approximately 1,000
ganglion cells per section from seven patients who were con-
firmed to be VZV positive. The number of cells containing
these dark deposits was compared in sequential sections, ob-
tained from the same patient, that had been stained with pre-
IgG or the IE63 antibody reagent anti-IE63-1gG or anti-GST-
63-HIS. The results are summarized in Table 2.

On average, 30.1% of neurons in sections stained with pre-
IgG contained cytoplasmic pigments. An equivalent percent-
age was detected in neurons stained with anti-IE63-IgG
(29.1%) and anti-GST-63-HIS (33.5%). When the data were
analyzed by a paired ¢ test, no differences were detected in the
frequencies of positive neurons in each subject in comparisons
of pre-IgG and anti-IE63-IgG (P = 0.32) or anti-IE63-IgG and
anti-GST-63-HIS (P = 0.08). The mean percent difference
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FIG. 3. IE63 immunohistochemical staining. (A to C) Representative panels from sections of VZV-infected DRG xenografts, 14 days
postinfection stained with anti-pre-IgG antibody (A), anti-IE63-IgG antibody (B), and anti-GST-63-HIS antibody (C). (D to I) Representative
panels from sections of human cadaver ganglia. DRG sections from patient E (D to F) and from patient Q (G to I) are shown. Sections are stained
with anti-pre-IgG antibody (D and G), anti-IE63-IgG antibody (E and H), and anti-GST-63-HIS antibody (F and I). Short arrows in panels D to
G indicate light-brown deposits consistent with lipofuscin while long arrows indicate darker deposits consistent with neuromelanin. Long arrows
in panels H and I indicate neurons with staining of uncertain type (DAB or cellular pigment) in subject Q. Magnification, X200.

between anti-pre-IgG- and anti-IE63-IgG-stained sections was
—1.7%; the 95% confidence interval for the mean percent
difference was —6.1% to 2.8%. Based on this approach using
coded examination of sections and statistical analysis to ad-
dress the nonspecific signal in ganglion neurons stained with
dark chromogens, the data indicate that if IE63 protein is
present in latently infected neurons, it is present in a very small
proportion of neurons (no greater than 2.8%, with 95% con-
fidence).

Immunohistochemical staining using the biological stain
Azure B indicates that IE63 protein in human cadaver ganglia
is rare. The biological stain Azure B is routinely used in diag-
nostic dermatopathology in the immunohistochemical staining
of heavily pigmented tumors such as melanomas (17, 21, 31,
36). Like Nile blue, Azure B renders nuclei and lipofuscin blue
and neuromelanin green, and it is compatible with visualiza-
tion of DAB immunoreactivity (17, 21, 31, 36). We stained
multiple ganglion sections from each of 18 patients (27 gan-
glia) using DAB chromogen and the biological stain Azure B
to discriminate between IE63-immunoreactive cells and those

containing neuromelanin and/or lipofuscin using high-potency
anti-IE63-IgG or anti-pre-IgG. Five to 10 sections were exam-
ined per ganglion using anti-IE63-IgG; one section from each
ganglion was stained in parallel with anti-pre-IgG. Sections
from positive (VZV-infected) and negative (uninfected) con-
trol DRG xenografts were also stained with both antibodies. In
total, we screened approximately 128,000 neurons in 169 sec-
tions from cadaver ganglia using this protocol. We detected
DAB-positive IE63-immunoreactive cells in one ganglion from
a single individual, subject Q.

Neurons in sections from subject Q did not exhibit any
obvious cytopathology compared with neurons in sections from
the other subjects that were IE63 negative; however, an in-
flammatory infiltrate was observed in the tissue section (Fig.
5A, white arrow). In two sections stained with anti-IE63-IgG, a
small number of DAB-positive cells were observed (Fig. 5B,
thin arrow). Azure B staining was sufficient to color neural
pigment. Some staining was also observed within nerve fibers,
but nonspecific staining of fibers sometimes occurred using the
anti-pre-IgG antibody. At higher magnification (Fig. 5C, thin
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FIG. 4. Demonstration of neuromelanin. TGG sections from sub-
ject V (A and C) and DRG sections from subject M (B and D) are
shown. Panels A and B are stained with Nile blue solution, which
differentiates neuromelanin (long arrow and green staining) and lipo-
fuscin (short arrow and blue staining). Panels C and D are stained with
Nile blue solution after acetone extraction, which removes lipofuscin.
Arrows show green-stained melanins which resist acetone extraction.
Panels E and F are adjacent DRG sections from subject M that were
stained with Azure B (E) or antibody to synaptophysin (NBT-BCIP;
4-min development). The short arrows in panels E and F indicate
neuromelanin. Magnification for all images, X200.

arrow), the IE63-specific signal was present in both the cyto-
plasm and neuronal cell nucleus. When the adjacent section
was stained with a monoclonal antibody to the viral glycopro-
tein gE (Fig. 5D), a positive signal was detected in the cyto-
plasm of the same IE63-positive cell (Fig. 5B to D; compare
the location of the nerve bundles in these sections, indicated by
the thick black arrows, to the DAB-positive cell). Additional
IE63-positive cells were present in the same section (Fig. 5E)
and in the adjacent section. A mononuclear cell inflammatory
infiltrate was observed in proximity to the IE63-positive cells
(Fig. 5F, white arrow).

Staining with antisynaptophysin to demonstrate preserva-
tion of antigenicity. Seven of 27 cadaver ganglia that we ex-
amined were recently obtained at autopsy from the Stanford
University Medical Center Department of Pathology; the oth-
ers were archived paraffin blocks, which raised concerns of
antigen preservation as a potential factor in the rare detection
of IE63-positive neurons. To verify preservation of antigen, we
stained sections from each of 27 ganglia with antibody to the
neuronal cytoplasmic protein synaptophysin using the Azure B
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technique. Acceptable staining, in which >10% of neurons
demonstrated synaptophysin expression and staining intensity
was moderate to strong, was achieved in most cases. In three
cases (patients K, R, and S), positive cells were clearly visible,
but staining intensity was weak. Representative images are
shown in Fig. 6. Synaptophysin is localized to neurosynaptic
vesicles, which stain in a distinct cytoplasmic punctate pattern
in DRG neurons (Fig. 6B) and TGG neurons (Fig. 6D). DAB
immunoreactivity was readily visualized and could be distin-
guished from Azure B-stained neuronal pigment, even within
the same cell (Fig. 6D, long arrow).

DISCUSSION

Defining the characteristics and mechanisms of latency re-
mains a major challenge for understanding herpesvirus patho-
genesis. Efforts to define the latency state have produced var-
ious observations and are particularly difficult for the human
herpesviruses because of problems in obtaining relevant tissue
specimens. In the case of VZV, reports about whether expres-
sion of VZV IE63 protein should be considered to be a char-
acteristic of latently infected neurons have discrepancies. Ma-
halingam et al. and Kennedy et al. described IE63 protein
expression as a rare event in a small proportion of cadaver
ganglia from 16 and 20 subjects, respectively, whereas Lungu et
al. and Grinfeld et al. reported abundant IE63 protein expres-
sion in ganglia from 3 and 10 patients (14, 19, 27, 29). There-
fore, the aim of our investigation was to use some new ap-
proaches toward refining estimates of the numbers of neurons
that express IE63 protein in human cadaver ganglia. Our anal-
ysis of 27 ganglia from 18 individuals supports the evidence
that IE63 protein expression is unusual in ganglion neurons
(19, 29).

In the first phase of our experiments, we found that the
presence of neuronal cell pigments made signal interpretation
difficult when sections from VZV-positive subjects were
stained using a routine immunohistochemical protocol with the
brown chromogen DAB. Whereas light-brown lipofuscin gran-
ules were mentioned as a possible source of interference in
previous reports examining VZV protein expression, the
darker neuromelanin granules were not. Neuromelanin is an
age-related pigment that accumulates in autophagic vacuoles
(referred to as granules) in the cytoplasm of catecholaminergic
neurons, which are primarily found in the substantia nigra of
the midbrain; however, these neurons also comprise a sub-
population in spinal ganglia of many species, including humans
(6, 18, 23, 35, 48). Neuromelanin has been described in human
TGG and DRG (3, 4, 10, 20, 22, 44). Neuronal pigments pose
well-documented technical challenges to immunohistochemi-
cal staining in that the granules contain redox-active metals,
primarily iron, which may participate in oxidation-reduction
reactions which form the basis of immunohistochemical detec-
tion (1, 2, 12, 32, 33, 39, 46, 47). Whereas lipofuscin is primarily
localized to unipolar or bipolar caps, neuromelanin is often
observed throughout the cytoplasm (34, 39). Like lipofuscin,
neuromelanin appears in human neurons after the first years of
life, and so both are absent when fetal and neonatal tissues are
used as negative controls (13, 34, 51). Our investigation of the
sources of difficulty in interpreting IE63 staining confirmed
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FIG. 5. IE63-positive staining in tissue sections from patient Q. Tissue sections from subject Q stained with anti-pre-IgG antibody (A),
anti-IE63-IgG (B, C, E, and F), and anti-gE (D). Magnifications, X100 (A, B, E) and X200 (C, D, and F). Thin arrows in all sections indicate
DAB-positive cells; thick black arrows indicate a fibrous band, as a reference point. White arrows in panels A and F indicate an inflammatory

infiltrate.

that TGG and DRG neurons contain neuromelanin, which was
shown using the Lillie method (25).

DAB and NBT-BCIP are considered to be the most sensitive
chromogens for enzyme immunohistochemistry (11, 45). How-
ever, using dark-chromogen staining methods to stain neurons
creates the challenge of differentiating dark deposits in neu-
rons related to neural pigments from those representing true
antigen-antibody interactions. As a strategy to reduce the sub-

jective interpretation error, we used coded specimens and a
statistical approach in which all pigment-containing neurons in
ganglia from VZV-positive subjects were counted after stain-
ing with preimmune serum and two IE63 antibody reagents.
The statistical analysis of these results indicated that IE63
protein, if present, is in a very small proportion (=2.8%) of
neurons. As a second strategy, the biological stain Azure B was
incorporated into the protocol in order to differentiate neuro-
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FIG. 6. Staining of autopsy ganglion sections with antibody synap-
tophysin. DRG sections from subject N and TGG sections from subject
T were stained with antibody to synaptophysin (B and D) or negative-
control solution (A and C) and poststained with Azure B solution.
Neuromelanin deposits (long arrow) stain green, lipofuscin deposits
(short arrow) stain blue. DAB immunoreactivity is apparent in most
neurons and can easily be distinguished from neuronal pigment, even
from within the same cell (D, long arrow). Magnification, X200.

nal pigment from DAB deposition. Under these conditions, we
detected IE63 protein in rare neurons (1 to 2 per section) in a
few adjacent sections from one subject, but it was not detected
in 26 ganglia from 17 individuals. We also observed coexpres-
sion of gE with IE63 in neurons proximate to an inflammatory
infiltrate, suggesting a possible productive infection. To be sure
that antigenicity was preserved, the ganglion sections were also
stained for the neuron-specific protein synaptophysin, which
has not been done in previous reports.

Our experience suggests that chromogen selection could
contribute, in part, to the variation among reports about the
frequency of IE63-positive neurons in cadaver ganglia. Using
the dark chromogen NBT-BCIP to detect synaptophysin, a
neuronal cell protein, we could not differentiate antigen-anti-
body staining from dark neuromelanin granules. Lungu et al.
used this chromogen, whereas Mahalingam et al. used fresh
fuschin chromogen, which produces an intense red color that
may be more easily distinguished from dark-colored pigment
granules (27, 29). The chromogen used to identify IE63-immu-
noreactive cells was not identified in the reports by Kennedy et
al. and Grinfeld et al. (14, 19). We found that employing the
Azure B modification made it possible to retain the high sen-
sitivity of DAB while discriminating neural pigment from im-
munoreactivity.

Recently, Mueller et al. reported that IE63 exists in several
modified forms, some of which may alter the affinity of certain
anti-IE63 antibodies (30). However, our study employed two
IE63 antibodies prepared using different approaches, one of
which was used in a prior study that reported abundant IE63
expression in latently infected cadaver ganglia; therefore, dif-
ferential posttranslational modification of IE63 is unlikely to
explain the difference in results between our rare detection of
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IE63 protein and studies in which IE63 was more abundantly
detected.

The chromogen development interval and use of antibodies
derived from immunization with GST-fusion proteins are two
other technical differences that may help to explain discrepan-
cies in IE63 abundance, as reported by the four previous re-
ports, and why our results reinforce the conclusions of the two
that suggest only occasional IE63 expression. When we applied
the long development step employed by Lungu et al. to gan-
glion sections stained with preimmune rabbit IgG, NBT-BCIP
was deposited in pigment granules (data not shown). Antibod-
ies derived from GST fusion constructs can exhibit cross-reac-
tivity with endogenous GSTs; anti-GST reactivity may be es-
pecially problematic in aging neurons where mitochondrial
GSTs are less efficiently degraded and where oxidatively mod-
ified GSTs may accumulate in response to certain neurological
diseases associated with aging (5, 12, 37, 38, 40-42).

In addition to IE63, other VZV proteins have been detected
by immunohistochemistry in latently infected neuronal ganglia,
with various frequencies. Lungu et al. described IE62 and
proteins encoded by ORFs 4, 21, and 29 in 9 to 24% of neurons
in each of three ganglia examined from three patients (27).
Grinfeld and Kennedy found IE62, ORF21, and ORF29 pro-
teins in approximately 5 to 10% of neurons within some gan-
glia. Theil et al. employed the DAB chromogen and detected
IE62 protein in ganglia from 8 of 21 individuals, with 2.5 to
7.3% of neurons IE62 positive; a subsequent report from the
same group using DAB and 3-amino-9 ethyl carbazole (AEC)
chromogens reported IE62 protein in all of 15 patients (32 of
37 DRG), with 6 to 39% IE62-positive neurons (15, 43). How-
ever, we suggest that the caveat about neuromelanin interfer-
ence that we observed in staining for IE63 protein would apply
to immunohistochemical detection of any viral or cellular pro-
teins in neuronal ganglia.

In summary, developing a hypothesis about how VZV la-
tency is maintained is complicated by the variation in the
frequency and abundance of VZV protein expression de-
scribed among investigations using cadaver ganglia. It is diffi-
cult to reconcile the high estimates of VZV protein expression
in sensory ganglia using immunohistochemistry with estimates
of VZV DNA burden using precise quantitative methods such
as single-cell laser capture microdissection/PCR, which showed
that a maximum of 6.9% of neurons harbored VZV genomes
(49). Resolving these discrepancies is not straightforward be-
cause immunohistochemistry is the only available technique
for testing human cadaver ganglia. Viral proteins can be de-
tected by immunoblotting of lysates from productively infected
tissues, but this approach is not likely to identify a protein
expressed in a subpopulation of neurons among all ganglion
cells. We reached our conclusion that the expression of VZV
IE63 protein, which has been called a latency-associated pro-
tein, is uncommon and not a defining characteristic of VZV
latency, based on the use of a staining method that reduces
neuromelanin interference, a high-potency anti-IE63 antibody,
and coded specimens. Our report becomes the third to indicate
that the frequency of IE63-positive neurons is low. Moreover,
our observations suggest that when IE63 protein is detected, its
expression may indicate incipient reactivation from latency.
Nevertheless, since no completely novel technique is available,
no single study can resolve the discrepant reports about VZV
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protein expression in latently infected neurons. Under these
circumstances, more work must be done before a model of
VZV latency and the state of the VZV genome during its persis-
tence in the sensory neuron can be established. Such studies are
important for developing better interventions against herpes
zoster, which remains a common medical problem.
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