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Impaired specific cellular immunity to the varicella-zoster
virus in patients with herpes zoster oticus

MINORU IKEDA, M.D., KOUICHI HIROSHIGE, M.D., YUZURU ABIKO, M.D., KEIKO ONODA, M.D.

Abstract
The possible involvement of depression on cellular immunity in reactivation of varicella-zoster virus
(VZV) in herpes zoster oticus was investigated. The subjects comprised 59 cases of herpes zoster oticus, 33
cases of herpes zoster sine herpete (ZSH) with facial paralysis, and 205 cases of Bell's palsy. The
transformation rate of lymphocytes to phytohaemagglutinin in herpes zoster oticus tended to be lower
than that in Bell's palsy. In skin tests with purified protein derivatives of tuberculin, the positivity rate in
herpes zoster oticus was significantly lower than that in Bell's palsy (p<0.015). In skin tests using VZV
antigen, the positivity rate in herpes zoster oticus and ZSH were significantly lower than that of Bell's
palsy (p<0.001 and p<0.015, respectively). Thus, it was noted that cellular immunity, especially specific
cellular immunity against VZV, was significantly depressed in herpes zoster oticus and ZSH. We consider
that depression of specific cellular immunity plays an important role in triggering reactivation of VZV and
onset of these diseases.
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Introduction
The mechanism of reactivation of varicella-zoster
virus (VZV) which remains latently in ganglion cells
after primary infection has not yet been clarified in
detail. However, as one of the triggers of such
reactivation, involvement of deterioration of cell-
mediated immune function has been suggested
(Ruckdeschel et al, 1977; Miller, 1980; Burke, et
al, 1982). One representative example of VZV
infection in the head and neck is herpes zoster oticus
(Ramsay Hunt syndrome) which is known to be a
causal disease of facial nerve paralyses. Cases of
facial nerve paralysis without accompanying herpes
in the auricle or the external ear canal, despite the
fact that the symptoms are caused by VZV infection,
are also well known as herpes zoster sine herpete
(ZSH) (Tomita et al, 1972; Djupesland et al, 1976;
Kukimoto et al, 1988). In the present study, patients
with these two types of diseases and patients with
Bell's palsy (idiopathic acute peripheral facial
paralysis) were compared in terms of their cell-
medicated immune function, and the possible
involvement of depression of cellular immunity in
the reactivation of VZV in herpes zoster oticus and
ZSH was investigated.

Subjects
The subjects included 297 patients with acute

peripheral facial paralysis who visited our clinic
(Nihon University, Itabashi Hospital, Tokyo) within
two weeks after onset. The subjects comprised 59
cases of herpes zoster oticus (16-78 years of age;
mean, 43 years), 33 cases of ZSH (20-74 years of
age; mean 37 years), and 205 cases of Bell's palsy
(16-75 years of age; mean, 43 years). No significant
age difference was observed among these disease
groups. Serum was collected from every subject once
at the first visit and once after two or three weeks,
and the titres of anti-VZV IgG and IgM, and anti-
herpes simplex virus (HSV) IgG and IgM antibodies
were measured by the method of enzyme-linked
immunosorbent assay (ELISA). No case revealed
elevation of the anti-VZV and anti-HSV IgM anti-
body titres in this study. Increases in the antibody
titres of two-fold or more for IgG antibodies by using
paired sera were judged to represent significant
changes. Patients who showed no herpes zoster but
significant changes in serum antibody titre to VZV
were diagnosed as having ZSH, and those who
showed no such changes were diagnosed as having
Bell's palsy. No case that exhibited significant
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TABLE I
LYMPHOCYTE TRANSFORMATION TO PHYTOHAEMAGGLUTININ (PHA)
OBSERVED IN CASES OF HERPES ZOSTER OTICUS, HERPES ZOSTER

SINE HERPETE AND BELL'S PALSY

Lymphocyte transformation
Herpes zoster oticus

(n = 27)
Herpes zoster sine herpete

(n = 14)
Bell's palsy

(n = 79)

36,447 ± 12,210 cpm

43,800 ± 14,566 cpm

42,239 ± 13,606 cpm

elevation of the anti-HSV IgG antibody titre in the
paired sera, was included in the present study.

Methods
Lymphocyte transformation to phytohaemagglutinin
(PHA)

The mean transformation rates of lymphocytes to
PHA were compared among the disease groups by
examining a total of 120 patients (27 cases of herpes
zoster oticus, 14 cases of ZSH and 79 cases of Bell's
palsy). The lymphocyte transformation rate to PHA
was evaluated by the 3H-TdR up-take method, and
the standard value in our institute was 26,000-53,000
cpm.

Delayed skin tests
For the delayed skin tests, a purified protein

derivative of tuberculin (PPD) and varicella-zoster
virus antigen (Kamiya et al., 1977; La Russa et al.,
1985) were used, and positivity rates obtained with
these two antigens were compared. Tests with both
antigens were performed in a total of 259 patients
(50 cases of herpes zoster oticus, 31 cases of ZSH
and 178 cases of Bell's palsy). The skin reactions
were evaluated at 48 hours after the injection. The
skin reaction with PPD was judged to be positive
when the major axis of erythematous change was
10 mm or longer, and that with VZV antigen was
judged to be positive when the change was 5 mm or
longer (Kamiya et al., 1977).

Results
Lymphocyte transformation to PHA

The results are listed in Table I. All mean values
of three diseases were shown within the standard
value of our institute. However, the transformation
rate of lymphocytes to PHA in patients with herpes
zoster oticus tended to be lower than that in patients
with Bell's palsy (p<0.05). No appreciable difference

in rate was observed between the patients with ZSH
and those with Bell's palsy.

Delayed skin tests
The positivity rates of the skin tests using PPD and

VZV antigen are summarized in Table II. The
positivity rate with PPD in patients with herpes
zoster oticus was 36.0 per cent, which was signifi-
cantly lower than the rate of 55.6 per cent in patients
with Bell's palsy (p<0.05). No significant difference
in rate was observed between the patients with ZSH
and those with Bell's palsy.

The positivity rate with VZV antigen was 30.0 per
cent in patients with herpes zoster oticus and 51.6
per cent in those with ZSH. These rates were
significantly lower than the rate of 73.6 per cent in
patients with Bell's palsy (p<0.01 and p<0.05,
respectively).

Discussion
One characteristic of herpes viruses is their long

period of latent infection after the primary infection.
In the case of VZV, many of the virus particles
remain latent in cerebrospinal ganglion cells after
primary infection (Gilden et al., 1983; Furuta et al.,
1992). Although neurological symptoms such as
facial nerve paralysis are observable in rare cases
during the course of primary infection with VZV
(Watanabe et al., 1994), various clinical changes
comprising mostly neurological symptoms are found
mainly after reactivation of the virus. Herpes zoster
oticus has been considered to represent a disease in
which VZV is reactivated after latently infecting the
geniculate ganglion of the facial nerve (Hunt, 1907).
This causes herpes zoster mainly in the external ear
and the neurological symptoms seen in this disease
such as facial paralysis with occasional complication
by nerve disorders of the inner ear.

The mechanism of reactivation of VZV in herpes
zoster oticus has not yet been clarified. Although the
mechanism involved in general herpes zoster is also
unclear, deterioration of cell-mediated immune
function is thought to play an important role in
triggering reactivation of the virus (Russel et al.,
1972; Miller, 1980; Burke et al, 1982; Florman et al.,
1985). In the present study, therefore, the cellular
immunity, particularly the specific cellular immune
function to VZV, was examined in patients with
herpes zoster oticus to clarify the possible important
role of depression of specific cellular immunity
against VZV in this disease.

In the present study, we examined the lymphocyte
transformation to PHA as an in vitro test. This test

TABLE II
DETECTION RATES OF POSITIVITY FOR THE DELAYED SKIN TESTS USING PURIFIED PROTEIN DERIVATIVE OF TUBERCULIS (PPD) AND VARICELLA-

ZOSTER VIRUS (VZV) ANTIGEN IN CASES OF HERPES ZOSTER OTICUS, HERPES ZOSTER SINE HERPETE AND BELL'S PALSY

PPD VZV antigen
Herpes zoster oticus (n = 50)
Herpes zoster sine herpete (n = 31)
Bell's palsy (n = 178)

18 cases (36.0%)*
18 cases (58.1%)
99 cases (55.6%)*

15 cases (30.0%)***
16 cases (51.6%)**

131 cases (73.6%)**,***

(Intergroup statistical comparisons: *,** /><0.015, *** p<0.001).
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can be regarded as a test of non-specific cellular
immunity by evaluating the function of T cells. As an
in vivo test, we undertook delayed skin tests. PPD
was employed as a non-specific antigen. In order to
examine the specific cellular immune function
against VZV, skin tests using VZV antigen were
conducted (Kamia et al., 1911; Asano et al., 1981;
LaRussa et al., 1985; Baba et al, 1987). According to
Kamiya et al. (1977), the skin test with VZV antigen
was negative in 100 per cent of children who had no
history of varicella infection, while it was positive in
94 per cent of subjects with a history of varicella.
LaRussa et al. (1985) reported that the skin test with
VZV antigen was positive in 96 per cent of normal
subjects, and a high positivity rate of 95 per cent was
also observed among relatively old subjects aged
40-69 years. Baba et al. (1987) demonstrated that the
skin test with the virus antigen was specifically
positive in subjects with VZV infection, and showed
no cross reaction in subjects with HSV infection.
Similarly to PPD, the skin test with this viral antigen
tends to become negative when the cellular immu-
nity is depressed (LaRussa et al., 1987).

The transformation rate of lymphocytes to PHA in
patients with herpes zoster oticus tended to be lower
than that in patients with Bell's palsy. In the skin
test, a significant decrease in the skin reaction with
PPD was noted in cases of herpes zoster oticus when
compared with those of Bell's palsy. When VZV
antigen was employed in the skin test, the decrease
in positivity rate was marked in patients with herpes
zoster oticus. Such a decrease in reaction against
VZV antigen was also observed in ZSH patients who
were shown to be infected with VZV serologically.
These findings appear to suggest the occurrence of a
significant depression of specific cellular immunity
against VZV in patients with facial nerve paralysis
that was caused by VZV infection such as herpes
zoster oticus and ZSH.

Hypofunction of cellular immunity because of
aging can be one of the underlying factors causing
general herpes zoster (Miller, 1980; Burke et al.,
1982). However, since a similarity of age structure
was present among the disease groups in the present
study, the incidence of herpes zoster oticus or ZSH
was not necessarily elevated in elderly subjects.
Thus, aging may not be an important factor for
depression of cellular immune function in these
diseases.

As causes of facial paralysis, the strains of work,
stress, influenza or the common cold, etc. have been
indicated (Koike, 1988).It is known that excessive
physical fatigue and mental stress can depress
cellular immune function (Bartrop et al., 1977;
Schleifer et al., 1983). Thus is might be possible to
consider that such condition could be the factors
which induce reactivation of VZV in those diseases.
Also, influenza viruses are known to induce depres-
sion of cellular immunity (Scheinberg et al., 1976).
Hence, preceding infection with influenza viruses
would appear to be one of the factors for triggering
reactivation of VZV. The incidence of ZSH in
patients with Bell's palsy differs from report to

report: a rate of 25 per cent was given by Tomita et
al. (1972), about 15 per cent by Djupesland et al.
(1976), and eight per cent by Kukimoto et al. (1988).
As one of the causes of such variations in the
reported incidence, we suggest that differences in the
epidemicity of preceding infection with viruses that
display suppressive activity on cellular immunity at
the time of clinical survey can be a cause. Actually,
Tomita (1977) has reported that 45 cases out of 257
Bell's palsy cases showed a rise in antibidy titres to
VZV, and moreover, 20 cases out of these 45 cases
exhibited a rise in the antibody titres to one or more
viruses.

Conclusion
Cellular immunity in patients with herpes zoster

oticus tended to be significantly depressed in
comparison with that in patients with Bell's palsy.
Such depression was most obvious for the cellular
immunity specific against VZV. This type of depres-
sion of specific cellular immunity against VZV was
also observed in ZSH, which is a very limited morbid
state of herpes zoster oticus. We infer, therefore, that
the present data indicate a strong association
between depression of specific cellular immunity
against VZV and reactivation of VZV as the cause of
these diseases.
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