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SUMMARY: Herpes simplex virus in the 
trigeminal ganglia of humans was studied 
in Philadelphia, Pennsylvania, United 
States of A merica, and in Kyoto, Japan. 
The prevalence of recurrent herpes labialis 
and of clinically latent herpes simplex virus 
within trigeminal ganglia was determined 
in inhabitants of the two cities. In addition, 
a comparison was made of the prevalence 
of mononuclear cell infiltration in the 
trigeminal ganglia of Americans and 
Japanese. Recurrent herpes labialis was 
found to be significantly less common in the 
Japanese city than in the American city. 

RESUME: Le virus de I'Herpes simplex 
dans les ganglions trijumeaux jut etudie a 
Philadelphie (Pennsylvania U.S.A.) et a 
Kyoto (Japon). La prevalence de I'herpes 
labialis recurrent et du virus de I'herpes 
simplex cliniquement latent. Jut etudiee 
dans le ganglion trijumeau chez les hab­
itants des deux villes. De plus nous avons 
compare la prevalence de I'infiltration en 
cellules monomuclearires dans le ganglion 
trijumeau des americains el des japonais. 
L'herpes labialis recurrent Jut trouve signi-

Jicativement moins souvent dans le ville 
japonaise. De meme le virus de I'herpes 
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Herpes simplex virus was rescued less 
commonly from the trigeminal ganglia of 
cadavers in Japan than in America. The 
difference was significant. The frequency 
of mononuclear cell infiltration in the 
trigeminal ganglia of Americans and 
Japanese is not significantly different. 
These observations, as well as previously 
reported serological studies, suggest that 
despite the ubiquitous nature of herpes 
simplex virus in A merica and Japan, the 
Japanese have less clinically overt desease 
caused by this virus. 

simplex est moins frequent dans les gang­
lions trijumeaux de cadavres au Japon 
qu'en Amerique. Cette difference est signi­
ficative. Cependant il n'y a aucune differ­
ence significative dans la frequence des 
infiltrations mononucleaires entre les sujets 
des deux villes. Ces observations, couplees 
aux etudes serologiques prealablemenl 
rapportecs, indiquenl que malgre la nature 
ubiquitaire du virus de I'herpex simplex en 
amerique et au Japon, les japonais semb-
lenl moins sujets aux manifestations (Uni­
ques de cette atteinte virale. 

INTRODUCTION 

Recurrent herpes labialis (RHL) is 
associated with the recurrent appear­
ance of herpes simplex virus (HSV) in 
the circumoral tissues. When lesions 
are not present in the circumoral 
tissues, the virus is latent in the 
trigeminal ganglia. Recurrence of the 
lesions probably follows reactivation 
of the virus in the ganglia with 
subsequent passage of the virus 
distally along the maxillary and 
mandibular nerves to the circumoral 
tissues where a lesion occurs. 

RHL occurs in over 35% of young 
adults in the United States and 
Canada (Ship et al., I960; Warren et 
al., 1976), whereas in Asia RHL 

apparently affects less than 20% of 
young adults (Embil et al., 1975). This 
difference occurs despite the fact that 
serological studies suggest that HSV is 
equally prevalent in the Western 
Hemisphere and in Japan, with 75% of 
adults in both areas having demon­
strable antibodies to the virus 
(Andrewes and Carmichael, 1930; 
Yoshino et al., 1962; Hondo, 1974). 
Therefore, on the basis of previous 
research, the Japanese appear to be 
less likely than Americans to develop 
overt clinical diseases caused by HSV, 
despite the ubiquitous presence of the 
virus in both populations. A previous 
Japanese histopathological study of 
the trigeminal ganglia of human 
cadavers has demonstrated mono­
nuclear cell infiltrations in 50% of 
cases (lshizaki, 1972). While the exact 
function of these mononuclear cell 
infiltrations is unknown, they may be 
involved in maintaining HSV or other 
viruses in a clinically latent state. 

The present investigation was 
undertaken in order to investigate: 
l)whether RHL is less frequent in 
Japan than in America, as suggested 
by previous studies, 2)whether HSV 
can be isolated as frequently from the 
trigeminal ganglia of Japanese as from 
Americans, and 3)whether mono­
nuclear cell infiltration of trigeminal 
ganglia is a common observation in 
America as it is in Japan. 

MATERIALS AND METHODS 
The data on the prevalence of RHL 

were obtained by administering a 
questionnaire (Figure 1) to adults in 
Japan and in the United States of 
America (USA). The questionnaires in 
Japan were administered to 245 
university students, nurses, scientists. 
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Figure I. 
THE PREVALENCE OF HERPES LAB1AL1S (COLD SORES, FEVER BLISTERS) 

IN ADULTS* 

1) Name (Initials) (Optional) 

2) Sex: Male Female 

3) Age: 20 - 29 years 
30 - 39 years 
40 - 49 years 
50 - 59 years 
60 - 69 years 
70+ years 

4) Date of birth: 

5) Disease Category: 
Normal Adult 
Diseases (Name) 

6) Have you every had cold sores or fever blisters around your lips? 
YES NO Uncertain _ 

7) Description of perioral lesion given by the patient: 

8) How frequent are your cold sores or fever blisters? 
Less than once a year 
1 - 2 per year 
3 - 4 per year 
5 -10 per year 

9) Do any of the following factors cause a recurrence of your cold sores or fever blisters? 
Prolonged sunlight 
Menstrual periods 
Dietary peculiarities (e.g., chocolate) 
Fatigue 
Infections 
Other (name) 

'The questionnaires were administered in Japanese in Japan. 

and technicians. In the USA the 
questionnaires were administered to 
146 university students and to 
t e chn ic i ans and sc ien t i s t s . The 
respondents were between 19 and 51 
years of age. All respondents were 
familiar with or were informed of the 
clinical features of RHL. The signifi­
cance of the difference in prevalence of 
R H L in Americans and Japanese was 
calculated by a Chi square test. 

Virus isolation studies on the tri­
geminal ganglia were performed by 
the same personnel in America and 
Japan, using similar techniques in 
both countries. Virus isolation studies 
were performed on 52 trigeminal 
ganglia obtained from 29 cases 
autopsied in Japan: 1 1 during March-
April and 18 during August-Septem­

ber, 1977. There were 16 males and 13 
females. Twenty-five of 29 patients 
were over 50 years of age, 2 were be­
tween 30-40 years of age, and 2 were 
under 10 years of age. All cases studied 
in Japan had severe subacute to 
chronic debilitating diseases. Visceral 
cancers were the cause of death in 18; 
neurological diseases (Jakob-Creutz-
feldt disease, amyotrophic lateral 
sclerosis, astrocytoma) in 4; liver and 
kidney disease (Laennec's cirrhosis, 
hepatoma, polycystic kidney disease 
and chronic renal failure) in 5; and 
heart disease (rheumatic valvular 
disease and coronary artery atheros­
clerosis) in 2. All cases in America died 
subsequent to t rauma, except for two 
patients who had either a lymphoma 
or multiple sclerosis. The majority of 

the patients were 20 to 50 years of age. 
The method of removal of tri­

geminal ganglia for virus isolation 
studies from cadavers in Japan was 
similar to that previously reported by 
our laboratory on HSV isolation from 
the trigeminal ganglia of American 
cadavers (Warren et al., 1977). In 
Japan each ganglion was explanted 
into 4 plastic Falcon 25-cc. flasks (11 
cases) or into 2 plastic Falcon 25-cc. 
flasks and 2 glass, 16-ounce prescrip­
tion bottles (18 cases). Growth 
medium consisted of Leibovitz-15 
medium supplemented with 50% fetal 
bovine serum (FBS), penicillin (100 
U/ml), and streptomycin (2 ii/m\). 
Fragments of ganglia from the last 18 
cases were also cocultivated with 
African green monkey kidney cells 
(CV1) in plastic Falcon 25-cc. flasks, 
us ing Eagle ' s m i n i m a l essent ia l 
medium supplemented with glutamine, 
10% FBS, and antibiotics as described 
above for Leibovitz-15 medium (E + 
10). The explants and cocultivated 
cultures were incubated at 37 C in 5% 
C 0 2 95% air. All cultures were moni­
tored regularly for a minimum period 
of 6 weeks for the development of viral 
cytopathic effect (CPE). The growth 
medium was changed weekly and the 
cocultivated cultures were subpas-
saged 2-3 times by trypsinization. 

If viral CPE occurred in the 
monolayers, 1.0 ml of the unclarified 
medium was inoculated onto a fresh 
monolayer of CV1 cells or W138 cells 
in 25-cc. plastic flasks. After 1 hour of 
virus absorption at 37 C the inoculum 
was removed, and the cultures were 
refed with fresh E + 10 and incubated 
at 37 C in 5% C 0 2 , 9 5 % air. When viral 
CPE again appeared, the cells were 
scraped into the tissue culture medi­
um, resuspended and frozen at -'80 C in 
1.0 ml aliquots. 

The isolated viruses were identified 
by a seroneutralization test, using one 
concentration of hyperimmune rabbit 
anti-HSV type 1 and anti-HSV type 2 
sera and various doses of virus ranging 
from 1-107 tissue culture infectious 
doses (TC1D)50/0.025 ml. The mix­
tures of virus and sera were incubated 
for 1 hour at 37 C and then were inocu­
lated onto CV1 cell monolayers in 
Costar micro plates. Four wells were 
inoculated for each dilution of virus. 
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After I hour absorption at 37 C, cul­
tures were refed with E + 10 and incu­
bated at 37 C for 48-96 his. The neut­
ralization results were calculated 
according to the Reed and Muench 
method (Lcnnetteand Schmidt, 1969). 
Isolates were also identified by an in­
direct immunoflourcsccnce test using 
ant-HSV type I and anti-HSV type 2 
rabbit immune sera and goat anti-
rabbit IgG conjugated with fluorescein 
isothiocyanate. Anti-HSV type 2 im­
mune scrum was absorbed with CVI 
cells infected with HSV type I to 
remove antigenic cross reactivity (per-
sonnal communication, A. Nahmias). 

Human trigeminal ganglia from 44 
cadavers in America have been pro­
cessed in a similar manner, with 30 
cases beingexplanted and cocultivated, 
with WI38 or CVI cells and 14 cases 
being explanted but not cocultivated. 
The significance of the difference of 

virus isolation rate from the trigeminal 
ganglia of Americans and Japanese 
was calculated by a Chi square test. 

Human trigeminal ganglia for histo-
pathological studies were obtained 
from 10 young American adults 15-45 
years old who were healthy until their 
sudden deaths due to trauma. Ganglia 
were removed bilaterally and divided 
into ophthalmic, maxillary, and 
mandibular portions. Each portion 
was immediately fixed in neutral phos­
phate-buffered 10% formalin and sub­
sequently embedded in paraffin, sec­
tioned at 6 micra, and stained by hem­
atoxylin and eosin for light micros­
copy. Portions of these ganglia were 
not used for virus isolation studies. 
Trigeminal ganglia for histopatho-
logical studies were not removed from 
cadavers in Japan as these data have 
been reported previousy by Ishizaki 
(1972). The difference in the preva­
lence of mononuclear cell infiltrations 
of trigeminal ganglia in America and 
Japan was evaluated by calculation of 
the Chi square using Yates correction 
factor for small sample statistics. 

Trigeminal ganglia were removed 
for electron microscopic studies from 
two young American adults who also 
died subequent to trauma and who 
showed no objective evidence of active 
HSV infections. Small pieces from the 
ophthalmic, maxillary, and mandib­
ular portions of the four ganglia were 

fixed in 3 % phosphate-buffered 
glutaraldehyde for 12-18 hours, and 
were then post-fixed in ^ p h o s p h a t e -
buffered osimum tetroxide for I hour. 
The pieces were then stained overnight 
in 1% aqueous uranyl acetate at 60 C. 
After dehydration, the tissue blocks 
were embedded in Epon 821. Ultra-
thin sections were stained with lead 
citrate and examined by transmission 
electron microscopy for evidence of 
virus particles. 

RESULTS 

RHL was reported by 35.6','?, of 
American adults and 24% of Japanese 
adults (Table I). This difference was 
significant (Chi square = 5.4, p < .02). 
No significant sex effect was observed. 

HSV was isolated from 7 trigeminal 
ganglia obtained from 7 of 29 (25%) 
Japanese cadavers (Table 2). The first 
appearance of viral CPE occurred 8-16 
days after explantation and cocultiva-
tion. The CPE was characterized by 

TABLE I 

Prevalence of Herpes Labialis Among Japanese and American A dulls 

Country 

USA 

J A P A N 

!• Respondents 
to Questionnaire 

146 

245 

Total 

YES* NO** 

52 94 
(35.61%) (64.38%) 

59 186 

(24.08%) (75.91%) 

Females 

YES NO 

28 50 
(35.9%) (64.1%) 

31 107 
(22.45%) (77.53%) 

Males 

YES NO 

24 44 
(35.3%) (64.7%) 

28 79 
(26.16%) (73.83% 

* Positive history of RHL 
*• Negative history of RHL 

TABLE 2 

Isolation of HSV type I from Human Trigeminal Ganglia in Japan 

Age 
(yrs) 

53 

6 

67 

73 

65 

61 

74 

Sex 

F 

F 

M 

M 

M 

F 

F 

Cause of Death 

Uremia 

Acute Leukemia 

L iver Ci r rhos is 

Cancer o f S tomach 

Cancer o f Lung 

Polycyst ic K idney 

Hepatoma 

Trigeminal 
Ganglion 

L 

L 

R 

R 

R 

R 

L 

Ratio* of Cultures Yielding Virus 

Explants Cocultivation 

glass plastic plastic 

N D 

N D 

0 /2 

0 /2 

0/1 

0 /2 

0 2 

1 1 

1 3 

0 2 

N D 

N D 

1 2 

1 1 

N D 

N D 

1 1 

1 1 

1 1 

0 1 

0 1 

* Number of positive cultures/number of tested cultures 
ND Not done. 

TABLE 3 
Isolation of HSV type I from the Trigeminal 
Ganglia of American and Japanese Cadavers 

Total » 

Positive/Cases Tested 

Positive/Ganglia Tested 

USA 

22/44 (50%) 

30/85 (35%) 

Japan 

7 29 (24%) 

7 52 (13%) 
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TABLE 4 

Histopathological Changes of American Human Trigeminal Ganglia 

Case 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Ganglion 

Left 
Right 

Left 
Right 

Left 
Right 

Left 
Right 

Left 
Right 

Left 
Right 

Left 
Right 

Left 
Right 

Left 

Right 

Left 

Right 

Mononuclear Cell Infi l tration 

Ophthalmic Maxil lary 
Portion Portion 

_ 
+ 

+ -
+ 

-
-
-
-
-
-
+ 
+ 

-
-
+ 
+ 

-
+ 

-
-

+ 
+ 

-
+ 

+ 
+ 

-
-
-
-
+ 

-
+ 

-
+ 
+ 

-
-
-
-

Mandibular 
Portion 

+ 
+ 

+ 
+ 

+ 
+ 

-
-
-
-
+ 

+ 

-
-
+ 
+ 

+ 
+ 

+ 
+ 

Ganglion Cell 

Micro-
vacuolation 

+ 
+ 

-
-
-
+ 

-
+ 

+ 

-
+ 
+ 

-
+ 

+ 
+ 

+ 
+ 

+ 
+ 

Abnormalities 

Giant 
Vacuoles 

+ 
+ 

-
-
-
-
-
-
-
-
+ 

-
-
-
-
+ 

+ 
+ 

-
-

Vascular Changes 

_ 
+ 

+ 
+ 

+ 
+ 

-
-
-
-
+ 

-
+ 

-
+ 
+ 

+ 

-
+ 
+ 

+ present 
- absent 

cell rounding, loss of cytoplasmic 
processes and formation of syncytia. 
Three virus isolations were from the 
left and 4 from the right trigeminal 
ganglia. Four isolations were obtained 
from explained ganglion cultures, and 
3 were from ganglion fragments 
cocultivated with African green 
monkey kidney cells. All viruses 
isolated were identified as HSVtype 1. 

In America, 85 ganglia were 
obtained from 44 cadavers. HSV was 
isolated from 30 of the 85 ganglia. 
These 30 ganglia were obtained from 
22 of the 44 (50%) cases autopsied. In 
Japan, 52 ganglia were obtained from 
29 cadavers and the 7 ganglia yielding 
HSV were obtained from 7 cadavers. 
The difference in virus isolation rate in 
America and Japan was statistically 
significant (Chi square = 3.86, P = .05). 

Histopathological studies of ganglia 
from the American population 
disclosed a lymphocytic infiltration in 
ganglia in 8 out of 10 cases examined 
(Table 4 and figure 2). These infiltrates 
were diffuse in some specimens and 
focal in others. When focal, they 

tended to involve the mandibular 
portion of the ganglion more 
frequently than the ophthalmic or 
maxillary portions. The difference in 
incidence of lymphocytic infiltration 
between 8 of 10 American cadavers 
and the 36 of 71 cadavers reported by 
Ishizaki (1972) in Japan is not 
significant (Chi square = 1.92, P> .1). 
A second histopathological observa­
tion consisted of cytoplasmic vacuoli­
zation of ganglion cells. This took the 
form of microvacuoles in 9 of 10 cases 
and larger or giant vacuoles in 4 of 10 
cases. A third abnormality consisted 
of thickening and hyalinizatin with 
multilamellar change in the walls of 
intrinsic arteries and arterioles (figure 
3). The lumina of these vessels were 
frequently reduced in size and a scanty 
lymphocytic infiltration in the walls 
of affected vessels was sometimes seen. 
No inclusion bodies were found. 
Preliminary electron microscopic 
studies on four human trigeminal 
ganglia have failed to detect virus 
particles. Further studies are in 
progress. 

DISCUSSION 
On the basis of our retrospective 

questionnaire study, it appears that 
RHL is significantly less common in 
Japan than in the northern United 
States. This conclusion is in agreement 
with a Canadian study (Embil et al., 
1975) that also suggested a lower 
prevalence of RHL in Asia (less than 
20% of young adults) than in North 
America (40% of young adults). Less 
frequent RHL in Japanese than in 
Americans could theoretically be due 
to less frequent infection of the Japan­
ese by HSV or a relative resistance of 
the Japanese to overt diseases caused 
by HSV. 

We have been successful at isolating 
HSV type 1 from 22 of 44 American 
cadavers and from 7 of 29 Japanese 
cadavers. This difference in isolation 
rate is barely significant. However, the 
difference in the HSV infection rate of 
trigeminal ganglia of Americans and 
Japanese may be even greater than is 
suggested by the rescue of spontane­
ously released HSV from explanted 
and cocult ivated ganglia. For 
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example, 23 American ganglia that did 
not spontaneously release HSV were 
shown to have latent HSV genome in 
11 instances when the cells were 
superinfected with thermo-sensitive 
mutants of HSV (Brown et al., 1978), 
whereas 13 Japanese ganglia that had 
not released HSV have shown no 
evidence of latent HSV genome when 
the cells were similarly superinfected. 
These observations seem to suggest 
that Japanese trigeminal ganglia are 
less commonly latently infected by 
HSV than American trigeminal 
ganglia. A larger series of virus 
isolation studies in the two countries 
are required in order to further clarify 
this possibility. 

Our virus isolation studies were 
performed on Japanese cases with 
severe chronic disease prior to death, 
whereas the American cases were in 
most instances healthy until sudden 
deaths due to trauma. However, we do 
not think this lowered the HSV 
recovery rate from the Japanese 
ganglia since reports of the recovery 
rate of HSV from American cases with 
debilitating diseases are similar to our 
findings (Baringer and Swoveland, 
1973; Forghani et al., 1977). The low 
HSV isolation rate from the Japanese 
trigeminal ganglia in conjunction with 
the frequent presence of antibodies to 
HSV in this population may be 
suggesting that the virus is latent in 
other sites. We have recently isolated 
HSV from the superior cervical and 
vagus ganglia of American cadavers 
(Warren et al., 1978), and it is 
therefore possible that ganglia other 
than the trigeminal could be a more 
common site of latent HSV in the 
Japanese population. 

We have identified mononuclear 
cell infiltrations in the majority of 
human trigeminal ganglia. The exact 
function of the lymphocytic plasma 
cell infiltration in trigeminal ganglia is 
currently unknown. The immunologi­
cal response has been shown to restrict 
the number of HSV-infected cells in 
sensory ganglia infected with HSV 
(Walzetal. , 1976). It is possible that an 
adequate lymphocytic and plasma cell 
infiltration within anatomical sites 
where there is clinically latent virus is 
necessary to prevent excess prolifera­
tion of virus and subsequent infection 
of a large number of cells. If HSV is the 

Warren et al 

only virus present in a latent form in 
human trigeminal ganglia and if the 
lymphocytic infiltration occurs only in 
ganglia infected with HSV, then the 
rates of latent infection of trigeminal 
ganglia with HSV in Japan and 
America may be higher than reported 
here. It is also of interest that in the 
Japanese study (Ishizaki, 1972) the 
mononuclear cell infiltration involved 
not only the trigeminal ganglia in 36 of 
71 cases, but also involved the 
trigeminal nerve roots in 1 1 of the 36 
cases with infiltration of the ganglia, 
and lymphocytic perivascular cuffing 
was present in the area of the superior 
sensory nucleus of the trigeminal nerve 
in the pons in 2 of the 36 cases. We 
have observed lymphocytic infiltra­
tions in the trigeminal ganglia, 
trigeminal nerve roots, and adjacent 
trigeminal nuclei in the pons in three 
unselected cadavers in America. These 
observations may be a histopathologi-
cal clue that the herpesviruses are 
capable of migrating from the 
peripheral nervous system ganglia to 
the central nervous system of humans. 

Figure 2. — Lymphocytic infiltration in 
trigeminal ganglion of an apparently 
healthy male victim of an automobile 
accident. Hematoxylin and eosin. 100X. 

Our histopathologic^! studies of the 
trigeminal ganglia of humans have 
also demonstrated vascular abnormal­
ities and vacuolar degeneration of 
ganglion cells. That the vascular 
abnormalities could therOretically be 
due to an infectious agent is suggested 
by research from our laboratories that 
demonstrated similar vascular abnor­
malities in the brains of mice and 
c h i m p a n z e e s inocu la t ed with a 
parainfluenza type I (6/94) virus 
(Rorke et al., 1976; Lief et al., 1976). 
Vacuolar degeneration of ganglion 
cells can be observed in spinal and 
sympathetic ganglia, and the giant 
vacuoles are thought to be due to 
confluence of the smaller ones as they 
get progressively larger and surface 
tension is reduced (DeCastro, 1932a; 
DeCastro, 1932b). Vacuolar change of 
ganglion cells can be observed in 
apparently normal humans as well as 
in h u m a n s with a var ie ty of 
noninfectious and infectious diseases 
(section of nerves, pellagra, amaurotic 
idiocy, Korsakoffs psychosis and 
tabes dorsalis). Since experimental 

v -* s ir - ? * • ' ! - «* 
* <5">-'J&afir - •"' *" •• 

•»-S.. »,£*£-*%; • 

* X *-'• • \ * . . . • s 
Figure 3. —Arteriolar degeneration show­

ing hyalinzation with lamination of 
wall and incarceration of lymphocytes 
within damaged vessel wall. Hema­
toxylin and eosin. 200X. 
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induction of vacuolar change in the 
trigeminal ganglion cells of rabbits can 
be produced by infection with HSV 
(Baringerand Swoveland, 1974), it can 
be questioned whether the vacuoliza­
tion of human trigeminal ganglion 
cells may at least in part be due to 
HSV. 

In summary, our study suggests that 
RHL is significantly less common in 
Japanese persons than in Americans, 
and that HSV can be recovered less 
commonly from the trigeminal ganglia 
of Japanese than from Americans. 
Furthermore, mononuclear cell 
infiltrations of the trigeminal ganglia 
occurs in 50% of Japanese and perhaps 
as high as 80% of Americans. This 
pathological observation may be 
suggesting that clinically latent virus is 
present in 50% of Japanese and 80% of 
Americans. Additional studies are 
required to confirm these observations. 
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