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Analyses of varicella-zoster virus (VZV) protein expression during latency have been discordant, with rare to many positive neu-
rons detected. We show that ascites-derived murine and rabbit antibodies specific for VZV proteins in vitro contain endogenous
antibodies that react with human blood type A antigens in neurons. Apparent VZV neuronal staining and blood type A were
strongly associated (by a �2 test, � � 0.0003). Adsorption of ascites-derived monoclonal antibodies or antiserum with type A
erythrocytes or the use of in vitro-derived VZV monoclonal antibodies eliminated apparent VZV staining. Animal-derived anti-
bodies must be screened for anti-blood type A reactivity to avoid misidentification of viral proteins in the neurons of the 30 to
40% of individuals who are blood type A.

Varicella-zoster virus (VZV) is a human alphaherpesvirus that
establishes latency in ganglionic sensory neurons. In autop-

sied human ganglia, the frequency of individual VZV-positive
neurons was 1.0 to 6.9% by single-cell laser capture microdissec-
tion (LCMD) and PCR (29). However, immunostaining analyses
of VZV protein expression in latently infected neurons have dif-
fered significantly. Mahalingam et al. reported infrequent detec-
tion of VZV proteins in cadaver ganglia, and in positive tissues
VZV protein expression was restricted to very few neurons, a find-
ing confirmed by Kennedy et al. and our recent study (13, 16, 32).
In contrast, Lungu et al. detected VZV proteins in 9 to 24% of
neurons in ganglia from three of three subjects (15). Theil et al.
found immediate-early 62 (IE62) proteins in ganglia from 38% of
individuals and in 3 to 7% of neurons (25). Discrepancies among
reports describing the frequencies of VZV protein-positive neu-
rons in autopsied ganglia require further investigation because of
their implications for understanding mechanisms of VZV latency.

Using a high-potency rabbit anti-IE63 antibody and preim-
mune serum control, we detected IE63 proteins in ganglia from
only 1 of 18 individuals and in �2.8% of neurons (32). Subse-
quently, we observed cytoplasmic immunoreactivity in many
neurons in ganglia from several individuals when the neurons
were stained with monoclonal antibodies (MAbs) to IE62, glyco-
protein E (gE), and the capsid protein ORF40 (MAB8616,
MAB8612, and MAB8614, respectively; EMD Millipore, Billerica,
MA); different lots had similar reactivities. These commercial re-
agents against IE62 and gE, known to be specific for viral proteins
in cultured cells, have been used in studies that report cytoplasmic
localization of VZV proteins in neurons (6, 9, 10, 25, 26, 28). The
failure to confirm IE62 and gE detection with other VZV antibod-
ies, the detection of the ORF40 capsid protein detection in latency,
and the Golgi zone-like localization of all three VZV proteins sug-
gested a possible staining artifact.

The mouse ascites Golgi (MAG) reaction results from en-
dogenous anti-human blood type A antibodies in MAbs de-
rived from mouse ascites (2, 5, 14, 21–23, 30, 31). Importantly,
in blood type A individuals, sensory neurons express type A
histo-blood group antigens (HBGAs) in Golgi zones (4, 12, 17,

18). Because Ig purification does not remove endogenous
mouse antibodies, MAbs may contain murine Ig that reacts
with type A HBGAs in tissues from blood type A individuals.
This artifact is missed when using isotype controls not made
from ascites, and type A HBGAs may be absent in cultured cells
used to validate binding to specific protein targets.

Immunoreactivity in neurons stained with VZV monoclonal
antibodies. To determine whether the cytoplasmic staining found
with the anti-VZV MAbs was a MAG reaction, dorsal root ganglia
(DRG) from 20 subjects were randomly selected from a tissue
bank under an exempt human subject protocol. Preservation of
antigen was demonstrated in all 20 samples by detection of the
protein neural-cell adhesion molecules (data not shown). DRG
sections were immunostained with anti-gE, anti-IE62, and anti-
ORF40 (EMD Millipore) using a standard immunohistochemical
method. Slides were stained and examined in a blind manner (32).
As summarized in Table 1, 8 of 20 DRG were scored as positive
using all three anti-VZV antibodies. 3,3-Diaminobenzidine
(DAB) deposits were absent in the 12 of 20 subjects who were
scored as negative (data not shown). In slides scored as positive, all
antibodies produced a similar staining pattern, in which DAB de-
posits were localized to Golgi zones (Fig. 1). No signal was de-
tected in any of the 20 subjects with mouse Ig (Fig. 1D), isotype-
matched Ig, rabbit anti-IE63 antisera or the corresponding
preimmune serum, or high-titer anti-VZV human serum (data
not shown). Golgi zone localization was confirmed by confocal
immunofluorescence with anti-ORF40 and rabbit antibody to
Golgi zone-localized synaptophysin (Invitrogen, Carlsbad, CA)
(data not shown) (27).

VZV DNA can be detected in �80% of frozen, unfixed gan-
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glia, in accordance with high seroprevalence rates (�95%) for
VZV IgG antibodies (19). Using an established protocol, a
prior history of VZV infection was demonstrated in all individ-
uals for whom PCR-quality DNA could be extracted from ar-
chived paraffin blocks (10 of 20 specimens) (Table 1) (32). Five
of the 10 VZV DNA-positive specimens demonstrated appar-
ent VZV immunoreactivity.

Apparent VZV immunoreactivity correlates with expression
of blood type A HBGAs in neurons. DRG sections from all sub-
jects were stained with anti-human blood type A and B antibodies
(Abcam, Cambridge, MA) to determine blood type based on en-
dothelial cell staining (Table 1). Blood typing was available from
medical records for 10 subjects, and immunostaining results
matched the typing results for all 10. All 8 individuals who had
positive staining of DRG sections with the VZV MAbs were blood
type A (by a �2 test, � � 0.0003), and none of the type O (n � 7) or
B (n � 3) subjects had sections with positive staining.

In blood type A subjects who showed apparent VZV immuno-
reactivity (8 of 10), neuronal anti-type A staining was observed in
addition to the endothelial cell staining that was used to determine
blood type. The staining pattern was indistinguishable from the
signal that appears when using the VZV MAbs (Fig. 1E). Eighty
percent of individuals with blood type A are subtype A1, and 20%
are subtype A2 (24). Endogenous murine anti-A antibodies rec-
ognize carbohydrate determinants specific for the A1 subgroup,
and these are not expressed in subtype A2 individuals (1, 24, 31).
The absence of neuronally expressed type A HBGAs in subjects 5
and 9 indicates that they belong to subtype A2. Subtype-specific
antibodies are not readily available. In any case, apparent VZV
immunoreactivity is strongly associated with expression of neu-
ronal Golgi zone-localized A antigens (by a �2 test, � � �0.0001).

Demonstration of MAG reactivity in human neuronal Golgi
zones. To further demonstrate that apparent VZV staining of neu-
rons in 8 of 10 blood type A subjects was attributable to endoge-
nous mouse anti-subtype A1 antibodies in the ascites-derived hy-
bridoma products, sections from all 20 subjects were tested with
anti-MAG antibody. Golgi zone-localized DAB (brown) deposits
were observed only in sections from the eight type A individuals
that showed similar reactivities using the VZV MAbs (Fig. 2).
Staining was not observed in sections from individuals with no
VZV MAb reactivity, which includes subjects 5 and 9 and all type
B and O subjects.

Elimination of immunoreactivity in neurons using tissue
culture-derived VZV MAbs. To demonstrate definitively that the
apparent detection of VZV proteins in neurons using the mouse
ascites-derived anti-VZV antibodies was a subtype A1-related ar-
tifact, anti-IE62 and anti-gE monoclonal antibodies were pro-
duced as hybridoma supernatants in vitro using the same cell stock
that is used for peritoneal injection. Although these reagents de-
tected their respective proteins in VZV-infected cells at a 1:1,000
dilution (data not shown), no immunoreactivity was detected in
neurons stained with these reagents (Fig. 3).

Endogenous anti-blood type A antibodies in rabbit anti-VZV
polyclonal serum. IE62 detection in VZV-infected cells in culture is
sensitive and specific when a rabbit polyclonal serum is used (20).
However, this reagent (kindly provided by Paul Kinchington, Uni-
versity of Pittsburgh) also showed apparent VZV protein expression
in neurons and was found to contain endogenous rabbit anti-blood
type A antibodies by endothelial staining and neuronal Golgi zone
staining (Fig. 3). Apparent VZV staining of latently infected neurons
using this rabbit anti-IE62 and the gE MAb was eliminated by adsorp-
tion by human blood type A erythrocytes (Fig. 3). Adsorption did not

TABLE 1 Summary of immunostaining results of tissue sections from 20 DRGa

Subject no. VZV historyb

Results after staining with:

Blood type

MAb to VZV protein target
Anti-type A
antibody with:c

Anti-type B
antibody

Anti-MAG
antibodygE ORF40 IE62 Endo N

1 Pos � � � � � � � O
2 UD � � � � � � � O
3 UD � � � � � � � O
4 UD � � � � � � � A
5 UD � � � � � � � A
6 UD � � � � � � � A
7 Pos � � � � � � � O
8 UD � � � � � � � B
9 Pos � � � � � � � A
10 UD � � � � � � � A
11 Pos � � � � � � � O
12 Pos � � � � � � � A
13 Pos � � � � � � � O
14 Pos � � � � � � � B
15 Pos � � � � � � � A
16 Pos � � � � � � � A
17 Pos � � � � � � � A
18 UD � � � � � � � A
19 UD � � � � � � � B
20 UD � � � � � � O
a Shaded rows indicate subjects with blood type A.
b Pos, positive VZV history (positive for VZV DNA); UD, undetermined history (negative for VZV DNA, negative for human �-globin DNA).
c Endo, endothelial staining; N, neuronal cytoplasmic staining.
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diminish VZV-specific staining of acutely infected neurons in a DRG
xenograft model (Fig. 3) (32).

These experiments demonstrate that animal-derived anti-
bodies specific for VZV proteins in cultured cells may contain
endogenous antibodies reactive to type A HBGAs in Golgi
zones of neurons. Similar staining using the reagents we tested
has been identified as VZV specific but cannot be interpreted as
representing VZV protein expression during latency because of
the MAG artifact (9, 10, 26, 28). In blood type A1 individuals,
MAG staining does not occur in all neurons, suggesting that
type A HBGAs are expressed in a neuronal subpopulation.
Since blood type A individuals comprise 30 to 40% of the pop-

ulation, our findings help explain reports that VZV protein
expression during latency is common, whereas others have
found that VZV protein expression is rare (7, 13, 15, 16, 25, 32).
The MAG artifact may also contribute to the discrepancy be-
tween reports of high frequencies of neurons that express VZV
proteins and the low frequency of neurons that contain VZV
genomes based on LCMD and quantitative PCR (19, 29). In
addition to the presence of neuronal pigments and immuno-
logical cross-reactivity between IE62 and neuron-specific
brain-derived neurotrophic factor (BDNF), this report identi-
fies an important new variable that confounds the accurate
detection of VZV proteins in sensory neurons (8, 32).

FIG 1 Apparent immunostaining of VZV proteins in human cadaver DRG using mouse ascites-derived VZV monoclonal antibodies is associated with the
presence of blood type A histo-blood group antigens (HBGAs) in neuronal Golgi zones. Immunohistochemical staining of tissue sections from subject 4 using
3,3-diaminobenzidine (DAB) chromogen to detect immunoreactivity (brown deposits, thick arrows) and azure B counterstain, which colors neuronal melanin
(green deposits, thin arrows). (A to C) Magnification, �400. Stained with a 1:100 dilution of MAB8612 (anti-gE) (A), MAB8616 (anti-IE62) (B), or MAB8614
(anti-ORF40) (C). (D) Stained with tissue culture-derived mouse Ig; arrows denote neuronal melanin. Magnification, �100. (E and F) Staining of subject 4 (E)
and subject 5 (F) with anti-A antibody at a 1:10 dilution. Thin arrows denote endothelial cell staining observed in all subjects with blood type A; the thick arrow
denotes staining of blood type A antigens in the neuronal cytoplasm which were present in 8 of 10 subjects and indistinguishable from the signal observed when
using the VZV monoclonal antibodies.
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These observations are broadly relevant to studies of human
virus infections, since immunostaining methods are often used
to study viral neuropathogenesis. It is important to emphasize
that expression of histo-blood group antigens is tissue specific
and is regulated in vivo. Therefore, the type A-related staining
artifact may occur in tissues where it is not anticipated and it
may be absent in cultured cells used as controls for immuno-
staining. Tissue culture-derived, isotyped mouse Ig does not
serve as a reliable control reagent for ascites-derived monoclo-
nal antibodies. The MAG artifact is not restricted to antibodies
that recognize viral proteins and has been demonstrated with
various commercially available mouse ascites antibodies (5, 23,
30). The presence of endogenous anti-blood type A antibodies
in mice used to generate MAbs appears to be relatively strain

specific (3, 11, 14). Since, as we observed, rabbits may also
produce anti-human type A antibodies, it is necessary to test
preimmune serum from the same animal as a control when
evaluating protein expression using antiserum from immu-
nized rabbits (32). To eliminate contaminating antibodies,
blood type A erythrocytes may be used to adsorb contaminat-
ing rabbit or murine anti-blood type A antibodies. Golgi zone
localization of a putative viral protein shown with animal-
derived antibodies should raise the concern that immunoreac-
tivity is nonspecific and due to endogenous anti-type A Ig. In
summary, when neurons and other tissue types that are known
to or that may express histo-blood group A antigens are eval-
uated by immunostaining, antibodies must be screened for
anti-type A immunoglobulinin order to avoid erroneous iden-

FIG 2 Apparent VZV immunoreactivity and neuronal anti-type A reactivity are associated with the mouse ascites Golgi (MAG) staining artifact. DRG tissue
sections were stained with anti-MAG antibody (1:64,000 dilution), which was generated in mice by pristane priming followed by intraperitoneal injection of
hybridoma cells that were not from immunized mice. The DAB antibody-specific signal is brown (thick arrows), and the melanin counterstain is green (thin
arrows). Panels A and B are sections from subject 4, who is blood type A, subtype A1; panels C and D are sections from subject 5, who is blood type A, subtype
A2; and panels E and F are sections from subject 1, who is blood type O. Two representative images are shown for each condition. Magnification for panels on
the left side, �400. Magnification for panels on the right side, �200.
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FIG 3 Elimination of apparent VZV immunoreactivity in neurons using tissue culture-derived VZV monoclonal antibodies or by adsorption using blood type A
erythrocytes. (A and B) Immunohistochemical staining of tissue sections from a blood type A subject with purified hybridoma supernatants from anti-IE62 (A) and
anti-gE (B) clones at a 1:10 dilution eliminates immunoreactivity. Sections are counterstained with azure B, which stains neuromelanin green (thin arrows). (C to F)
Immunofluorescent staining using a rabbit polyclonal antibody to IE62 and Alexa Fluor 488-conjugated anti-rabbit secondary antibody (C and D) or gE mouse
ascites-derived monoclonal antibody and Alexa Fluor 488-conjugated anti-mouse secondary antibody (E and F). The primary antibody was adsorbed with blood type
A erythrocytes (D and F) or unadsorbed (C and E). Thin arrows denote endothelial staining, and thick arrows denote staining of neuronal histo-blood group A
determinants in Golgi zones. Sections for immunofluorescent staining were pretreated with Sudan black to eliminate the signal from neuronal pigments and counter-
stained with DAPI (4=,6-diamidino-2-phenylindole). (G and H) Immunohistochemical staining of VZV-infected DRG (G) and uninfected DRG (H) from a SCID
mouse-human xenograft model. A VZV-specific signal with gE-mouse ascites-derived monoclonal antibody after adsorption with blood type A erythrocytes demon-
strates that adsorption of endogenous anti-type A antibodies does not alter VZV-specific immunoreactivity. Sections are counterstained with hematoxylin.

582 jvi.asm.org Journal of Virology

http://jvi.asm.org


tification of the target protein in the 30 to 40% of individuals
who are blood type A.
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