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Summary. Thirty-seven biopsy skin tissues of herpes zos- 
ter taken from 27 patients were analysed immunohisto- 
chemically using two monoclonal antibodies detecting 
either nucleocapsid or glycoproteins of varicella-zoster 
virus (VZV) on paraffin sections of formalin fixed tis- 
sues. Skin lesions of herpes zoster were divided clinically 
into four stages: erythematous, vesicular, pustular and 
ulcerative. In the erythematous stage, VZV antigens, if 
detected, were found only within ballooning cells in the 
lower epidermis or follicular epithelium. In the vesicular 
stage, antigens were detected in the cells around and 
within the intraepidermal vesicles and in histiocytes or 
fibrocytes of the dermis in all cases and in the endothelial 
or perineural cells in 10 of 14 cases. In the pustular 
stage, the antigens were observed in degenerated or ne- 
crotic keratinocytes and multinucleated giant cells within 
pustules and some necrotic cells in the dermis. In the 
ulcerative stage, the viral antigens were detected only 
at the ulcer margin and around the hair shaft in 2 of 
7 cases. These results suggest that VZV initially involves 
the epidermis in the erythematous stage, subsequently 
invades the dermis in the vesicular stage, and disappears 
in the early ulcerative stage. 
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Introduction 

While the pathogenesis of herpes zoster is not fully un- 
derstood, the disease is generally considered to be caused 
by reactivation ofvaricella-zoster virus (VZV) which has 
persisted in the sensory ganglia of craniospinal nerves 
after an initial exposure (Gilden et al. 1983). On reacti- 
vation, the virus is thought to spread from the ganglia 
along the corresponding nerves to the skin (Gelb 1990; 
Straus et al. 1988). 
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The skin lesions of herpes zoster have been classified 
into three stages histologically: (1) early lesions (papules 
or papulovesicles); (2) fully developed lesions (tense 
clear vesicles); and (3) late lesions (pustules, crusted vesi- 
cles and ulcers) (Ackerman and Ragaz 1984). Ultrastruc- 
tural studies of the fully developed vesicular lesions re- 
vealed the presence of viral particles within the keratino- 
cytes, fibroblasts, histiocytes, and endothelial cells (Ha- 
segawa 1971 ; Orfanos and Runne 1975). Using immun- 
ofluorescence VZV antigens were detected by immunof- 
luorescence not only in the epidermis and hair follicles, 
but also in fibroblasts and vascular endothelial cells in 
the upper dermis (Aoyama et al. 1974). 

We previously examined the localization of VZV anti- 
gens in paraffin sections of formalin-fixed biopsy speci- 
mens obtained from the skin with herpes zoster after 
trypsin digestion, which was useful to detect viral anti- 
gens with a high specificity while decreasing non-specific 
reaction (Kurata et al. 1983). Monoclonal antibodies to 
nucleocapsid and glycoproteins of VZV were developed 
and successfully applied to paraffin sections of formalin- 
fixed specimens using the modified avidin-biotin com- 
plex method. We have now studied the skin lesions of 
herpes zoster, clinically divided into four stages. We 
wished to clarify the pathogenesis of herpes zoster with 
particular regard to viral replication and spread within 
the skin, and also to correlate the relationship between 
the clinical and pathological findings in the skin lesions. 
This study was performed immunohistochemically on 
paraffin sections of formalin-fixed biopsy material. 

Materials and methods 

Thirty-seven specimens were obtained from 27 patients with herpes 
zoster. Patients were diagnosed at the Salvation Army Booth Me- 
morial Hospital, the Tokyo Second National Hospital, and the 
Keio University Hospital, Tokyo, Japan. Three of the patients were 
undergoing immunosuppressive therapy for non-Hodgkin's lym- 
phoma, adult T-cell leukaemia or ovarian carcinoma. The other 
24 patients were without any underlying disease. The skin lesions 
in the immunosuppressed patients were increased in number com- 
pared with those of healthy patients. 



72 

The skin eruptions were classified clinically into four stages: 
(1) erythematous (oedematous erythema including papules)-7 
cases; (2) vesicular (fresh vesicles, vesicles with an erythematous 
halo or confluent vesicles in disseminated cases)-14 cases; (3) pustu- 
lar (pustules with or without haemorrhage)-9 cases; and (4) ulcera- 
tive (ulcer with a crust)-7 cases. As a control, skin free from erup- 
tions was also biopsied from 2 cases with oedematous erythema, 
with the informed consent of the patients. 

Histological and immunohistochemical examinations were per- 
formed using serial paraffin sections of formalin-fixed materials. 
After deparaffinization, the sections were treated with 0.25% tryp- 
sin (Difco, Detroit, Mich., USA) PBS (v/v) with 0.02% calcium 
chloride (w/v) at 37 ~ C for 2 h and immersed in 0.3% hydrogen 
peroxide methanol solution (v/v) for 30 rain to block endogenous 
peroxidase activity. After application of normal goat serum for 
10 min, the sections were reacted with monoclonal antibodies (Ok- 
uno et al. 1983) for the nucleocapsid and glycoproteins of VZV 
overnight at 4 ~ C. After washing in PBS, the biotinylated anti- 
mouse IgG (Vector, Burlingame, Calif., USA) was applied for 
45 min at 37 ~ C, followed by avidin-biotin peroxidase complex 
(Vector) for 45 min at 37 ~ C. The peroxidase reaction was devel- 
oped in 0.05 M Tris HC1 buffer (pH 7.6) with 0.02% diaminobenzi- 
dine (Dojin Chemical, Kumamoto, Japan) and 0.015% hydrogen- 
peroxide for 8 min at room temperature. The nuclei were counter- 
stained with 2% methyl green (Chroma, Stuttgart, FRG) in veronal 
acetate buffer. 

For electron microscopic observation the specimens taken from 
fresh vesicles (three cases) were fixed in 2.5% glutaraldehyde, post- 
fixed in 1% osmium tetroxide, dehydrated, and embedded in Epon 
812. After selection of appropriate areas in semi-thin sections 
stained with toluidine blue, ultra-thin sections were prepared and 
stained with uranyl acetate and lead citrate. Ultra-thin sections 
were observed with a JEM 1200EX electron microscope (Jeol, To- 
kyo, Japan). 

Fig. l a-c. Erythematous stage, a Mononuclear cells infiltrate 
around the vessels in the upper dermis. Epidermal changes are 
not significant. Slight acanthosis is seen; however, no varicella- 
zoster virus (VZV) antigens are detected in immunohistochemistry. 
H & E, x 220. b Keratinocytes are swollen and acantholytic with 
formation of microscopic vesicles in the lower part of the epidermis. 
Some of these cells have intranuclear inclusions with nuclear mar- 
gination. Perivascular infiltrates are found in the dermis. H & E, 
x 170. e The serial section of b was stained immunohistochemically 

Results 

The mic roscop ica l  a p p e a r a n c e s  o f  each o f  the  skin le- 
sions f rom the fou r  s tages co r re l a t ed  well wi th  the mac-  
roscopic  f indings ;  however ,  one les ion in the e ry thema-  
tous  s tage showed  a mic roscop i c  vesicle in the  epidermis .  

F o r  all 7 e r y t h e m a t o u s  cases examined ,  m o d e r a t e  
number s  o f  i n f l a m m a t o r y  cells, ma in ly  lymphocy te s ,  in- 
f i l t ra ted  a r o u n d  the d i l a ted  capi l la r ies  a n d  venules  in 
the u p p e r  p a r t  o f  the dermis  (Fig.  1 a). Skin free o f  any  
e rup t ions  was devo id  o f  pe r ivascu la r  i n f l ammat ion .  In  
5 o f  the  7 cases, the ep idermis  showed  m i n i m a l  changes ,  
such as acan thos i s  wi th  sl ight  nuc lea r  en l a rgemen t  and  
d i spersed  ch roma t in .  In  i case, a c luster  o f  ba l l oon ing  
cells was f o u n d  in the  lower  ha l f  o f  the  ep idermis .  The  
nuclei  o f  these cells were en la rged  wi th  obscu red  nucleol i  
and  c h r o m a t i n  ma rg ina t i on .  Two types  o f  i n t r anuc l ea r  
inc lus ions  were also occas iona l ly  obse rved  in these cells. 
The  full and  C o w d r y  A types  o f  i n t r anuc l ea r  inc lus ions  
showed  an  eos inophi l i c  g r o u n d  glass and  fine g r a n u l a r  
a p p e a r a n c e ,  respect ively.  Ful l  type  i n t r anuc l ea r  inclu- 
s ions were  p r o m i n e n t  in the  e p i d e r m a l  lesions. Spong io t -  
ic changes  were foca l ly  obse rved  wi th  minu t e  ves icular  
f o r m a t i o n  (Fig.  I b). In  the  o the r  case, the  fo l l icu lar  epi- 

for VZV antigens. The viral antigens were observed in the nuclei 
and cytoplasm of the swollen keratinocytes. No antigens were ob- 
served within the dermis. Immunoperoxidase, x 330 
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Table 1. Localization of varicella zoster virus antigens in the skin 
lesions 

Stages 

Erythe- Vesicular Pustular Ulcer- 
matous ative 
n = 7  n = 1 4  n = 9  n = 7  

Epidermis 1 14 9 1 b 
Hair follicle 1 6 (4 a) 5 (4 a) 1 b 
Eccrine duct 0 1 0 0 
Fibroblasts/histiocytes 0 14 6 c 0 
Vascular endothelium 0 10 3 c 0 
Perineurium 0 4 (2 a) 1 c 0 

a Not examined 
b Only in the superficial layers 

Antigen-positive cells were degenerated 

Fig. 2a-e. Hair follicle in the erythematous stage, a Follicular in- 
fundibulum is necrotic with formation of a tiny intra-epidermal 
vesicles. H & E, x 100. b VZV antigens were detected in these 
necrotic epithelium. Peroxidase reaction, x 130. e Nuclei and cyto- 
plasm of ballooned or multinucleated cells are positive for VZV 
antigen in the periphery of hair follicles. Immunoperoxidase, x 380 

Fig. 3a, b. Vesicular stage, a An intraepidermal vesicle is formed 
with marked acantholytic changes of ballooning epidermal cells. 
Moderate perivascular infiltrates, mainly neutrophils, are observed 
in the upper dermis. H & E, x 80. b VZV antigens are revealed 
not only in the epidermal cells within and around vesicles, but 
also in the fibrocytes, histiocytes and endothelial cells beneath the 
vesicle. Immunoperoxidase, x 220 
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thelium showed necrotic changes with microscopic vesi- 
cle formation (Fig. 2a). Ballooning cells and multinuc- 
leated giant cells were observed in the periphery of  hair 
follicles. In these 2 cases, VZV antigens were shown at 
the areas of  the ballooning or necrotic epithelial cells 
(Table 1 ; Figs. 1 c, 2 b). VZV antigens were also detected 
in the nucleus and cytoplasm of  the cells with inclusions 
(Fig. 2c). No VZV antigens were observed in the dermis. 
The other 5 cases were negative for VZV antigens. 

Intraepidermal vesicles with one to three layers of  
degenerating cells in the rooves were observed in the 
vesicular stage (Fig. 3a). Follicular epithelium became 
necrotic in some hair follicles. Cellular ballooning with 
acantholysis was found within and around the vesicles 
and in necrotic follicles. Multinucleated giant cells were 
also observed in the lower part  of  vesicles. In all 14 
cases, VZV antigens were detected not  only in the bal- 

looning cells around and within the vesicles in the epider- 
mis and follicular epithelium around necrosis, but also 
in histiocytes and fibrocytes in the dermis beneath the 
vesicles. Multinucleated cells were also positive for viral 
antigens (Fig. 3b). In these cells VZV antigens were lo- 
calized both in the nucleus and cytoplasm. Moreover,  
VZV antigens were observed in endothelial linings of 
the capillaries, venules and lymphatics in 10 cases and 
the perineurium of  peripheral nerves in the upper dermis 
in 4 cases. In these cases, neutrophil infiltrates were occa- 
sionally observed around the vessels of  the upper dermis. 
Eccrine ducts also showed involvement by the virus in 
a fatal disseminated case with non-Hodgkin's  lympho- 
m a .  

In the pustular stage, neutrophils were found in the 
vesicles of  the epidermis, in which necrotic or degenerat- 
ed keratinocytes and multinucleated giant cells were also 

Fig. 4a, b. Pustular stage, a Epidermal cells within and around 
the vesicle are necrotic and intermingle with neutrophils and nude- 
ar debris. Inflammatory infiltrate, with maerophages phagocytos- 
ing nuclear debris, is observed around and within the vessels. H 
& E, x 190. b VZV antigens were detected in these necrotic keratin- 
ocytes within a pustule and degenerated cells in the upper dermis. 
Immunoperoxidase, x 380 

Fig. 5a, b. Ulcerative stage, a No epidermal cells, except for some 
remaining follicular epithelium are observed in ulcer bed. Lympho- 
cytes, plasma cells and histiocytes infiltrate the dermis beneath 
the ncecrotic tissue. H & E, x 130. b VZV antigen was negative, 
except in remaining follicular epithelium around hair. Immunoper- 
oxidase, x 130 



prominent (Fig. 4a). The epidermal cells at the bases 
of pustules were exfoliated from the basement membrane 
of the epidermis. Necrotic changes with neutrophilic in- 
filtration and nuclear debris were observed within and 
around the vascular walls of capillaries and venules in 
the dermis beneath the pustules. Occasionally, vascular 
lumina were obliterated with fibrin thrombi. In all 9 
cases, VZV antigens were detected in the necrotic or 
degenerated keratinocytes and in multinucleated giant 
cells in the pustules, and fibrocytes, histiocytes and some 
disintegrated cells in the dermis showed VZV antigens 
in 6 cases (Fig. 4 b). 

In the ulcerative stage the follicular epithelium and 
upper part of dermis were destroyed, as well as the epi- 
dermis. Marked inflammatory infiltrates, consisting of 
lymphocytes, plasma cells and histiocytes, were also ob- 
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served in all layers of the dermis beneath the ulcer 
(Fig. 5 a). VZV antigens were detected in the epidermis 
only at the ulcer margin and around the hair shaft in 
2 of 7 cases (Fig. 5 b). The other 5 cases were negative 
for VZV antigen. 

On electron microscopy marked dilatation of intercel- 
lular space was observed in the epidermis of samples 
obtained from the fresh vesicular stage. Viral particles 
of the herpes virus type, 180 nm in diameter, were found 
both in intercellular space and in enlarged keratinocytes 
(Fig. 6). In addition, the virions were also seen in macro- 
phages and endothelial cells in the upper dermis beneath 
the vesicles. Nucleocapsids, 100 nm in size, were ob- 
served in the nuclei of macrophages. Enveloped viral 
particles were also noted in the cytoplasm, along with 
budding processes from nuclear membrane. Margination 
of heterochromatin and swelling of mitochondria were 
also noted in cells with viral particles. The distribution 
of viral particles correlated well with the immunohisto- 
logical findings of the skin lesions in the vesicular stage. 

Fig. 6. Ultrastructure of VZV-infected cells in the vesicular stage. 
Many viral particles of Herpes virus type (arrowheads), measuring 
180 nm in diameter, were found in the intercellular space (IS) in 
the epidermis. The nucleus (N) of the keratinocyte contained nuc- 
leocapsids (small arrows), 100 nm in size. Beneath the basement 
membrane (BM) of the epidermis, viral particles (large arrows) 
were also observed in the cytoplasm of degenerated cells. In addi- 
tion, marked intercellular oedema was observed. Electron micros- 
copy, x 6300 

Discussion 

Clinical classification of the skin lesions of herpes zoster 
into four stages was well correlated with the immunohis- 
tochemical findings. In the initial stage (erythematous 
stage including papules), the viral antigens were not 
found in the skin of 5 out of 7 cases; however, inflamma- 
tory changes were found in the upper part of the dermis. 
In the subsequent vesicular stage, viral antigens were 
found not only in the epidermis, but also in the upper 
dermis. In the pustular stage, the antigens were distrib- 
uted only in the epidermis around and within pustules, 
and occasionally in the dermis. In the ulcerative stage, 
viral antigens were almost completely absent in the skin 
lesions. 

Herpes zoster is considered to occur by reactivation 
of latent VZV in sensory ganglia (Gelb 1990; Straus 
et al. 1988). On reactivation, the virus is thought to trav- 
el to the skin through the sensory nerves. Viral antigens 
could not be detected within the cutaneous nerves and 
surrounding tissue in the dermis of the initial stage (er- 
ythematous stage), although inflammatory changes al- 
ready occurred. Absence of VZV antigens in the early 
skin lesions could be attributed to insufficient sensitivity 
of immunohistochemical methods to detect the low 
amount of antigens present or by the absence of produc- 
tion of VZV structural proteins in the initial stage of 
infection. According to an immunofluorescent study of 
VZV infection in vitro using these monoclonal anti- 
bodies, VZV antigens become obviously positive at 14 h 
after VZV inoculation, while viral replication was al- 
ready observed at 8-12 h post-inoculation (Yamanishi 
et al. 1980). From these in vitro findings, positive find- 
ings in immunohistochemistry using the monoclonal an- 
tibodies may be a reflection of the certain of viral anti- 
gens in early histological stage in vivo. 

The histological changes caused by VZV infection 
clearly occur in the epidermis initially with perivascular 
inflammatory infiltrate in the dermis. These changes in- 
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clude ballooning and formation of  intranuclear inclusion 
bodies and multinucleated giant cells. Ultrastructurally, 
the herpes virus-type virions have been observed in the 
spinous keratinocytes in the involved epidermis (Orfanos 
and Runne 1975). Our study showed the presence of  
the VZV antigens in the lower epidermis and follicular 
epithelium in the initial stage. These findings suggest 
that viral replication of  VZV in herpes zoster spreads 
from the lower part  of  epidermis. In the vesicular stage, 
histiocytes, fibroblasts, vascular endothelial cells, and 
the perineurium of  cutaneous nerves in the dermis were 
also infected by VZV. Electron microscopic studies also 
suggest viral replication in these cells, because of the 
presence of viral particles in the nuclei. These findings 
indicate infectivity of  VZV in the connective tissue cells, 
including endothelial cells. Infection of  VZV in the der- 
mis is thought to come from keratinocytes in the epider- 
mis, because VZV antigens in the dermis are only found 
beneath the VZV-involved epidermis. Usually the viral 
particles are plentiful in the epidermis compared with 
the dermis (Orfanos and Runne 1975). 

Viral antigens disappear in the pustular stage with 
progression of  necrotic changes within and around small 
vessels, with neutrophil infiltration and fibrin deposition 
in the upper dermis. Those vascular changes are consis- 
tent with leukocytoclastic vasculitis (Cohen and Tra- 
puckd 1984; Feyrter 1954). Leukocytoclastic vasculitis 
may cause regional circulatory disturbance in the skin 
lesions and may play some role in ulceration. 

The late lesions described by Ackerman and Ragaz 
(1984) could be immunohistochemically subdivided into 
two stages (pustular and ulcerative), because of  marked 
differences of  distribution of  VZV antigens in the skin 
lesions. The distinction between the pustular and ulcera- 
tive stages is clinically important  in the infectivity of 
skin lesions. It is apparent  that healing of skin lesions 
by VZV is associated with viral elimination from the 
involved skin; however, other skin eruptions in the pus- 
tular stage in the same patients still had viral antigens. 

Follicular epithelium is frequently involved even in 
the early stage. A relatively large amount  of  viral antigen 
was observed within the follicle in the vesicular stage; 
however, vesicular changes were only observed in the 
superficial part. The follicular epithelium became totally 
necrotic in the vesicular stage. The reactions of  follicular 
epithelium differ from those of  keratinocytes. Eccrine 
ducts were involved by VZV in one of  the immunocom- 
promised patients with non-Hodgkin's  lymphoma. 
Rinder and Murphy (1984) also reported such eccrine 

duct involvement in a fatal case with malignancy. In 
these cases, extensive epidermal necrosis was observed 
clinically and the patients died within 1-2 weeks after 
the appearance of vesicles (without antiviral therapy). 
Histological detection of  eccrine duct involvement by 
VZV suggests an increase in the number and size of  
skin lesions and a poor  prognosis for the patient. 
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