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Varicella—Zoster Vaccine for the Prevention
of Herpes Zoster

David W. Kimberlin, M.D., and Richard J. Whitley, M.D.

This Journal feature begins with a case vignette that includes a therapeutic recommendation. A discussion
of the clinical problem and the mechanism of benefit of this form of therapy follows. Major clinical studies,
the clinical use of this therapy, and potential adverse effects are reviewed. Relevant formal guidelines,
if they exist, are presented. The article ends with the authors’ clinical recommendations.

A 64-year-old man presents to his internist for his annual examination. He has been
in good general health, although he received a diagnosis of pneumonia 8 months ago,
for which he was treated with a course of oral antibiotics. At this visit, he inquires
about when he should receive the “pneumonia shot” and whether other vaccinations
are recommended. Should he receive the varicella—zoster vaccine?

THE CLINICAL PROBLEM

Varicella—zoster virus (VZV) is a herpesvirus that causes two distinct clinical syn-
dromes. Primary infection is manifested as varicella (chickenpox), whereas reacti-
vation of latent VZV results in a localized eruption known as herpes zoster (shingles)
(Fig. 1).2 VZV is a highly contagious pathogen. Before licensure of the varicella vac-
cine for children in the United States, 95.5% of people 20 to 29 years of age, 98.9%
of people 30 to 39 years of age, and more than 99.6% of people 40 years of age or
older had evidence of previous VZV infection.?

Herpes zoster develops in approximately 30% of people over a lifetime.*5 The
annualized incidence of herpes zoster ranges from approximately 1.5 to 4.0 cases
per 1000 persons,®® with up to 1 million cases or more each year in the United
States.181° The risk of disease increases with age, beginning at about 50 years;
herpes zoster is 8 to 10 times as likely to develop in people 60 years of age or older
as in younger people.** One or more episodes of herpes zoster will have developed
in up to half of people who are 85 years of age. Herpes zoster also occurs with in-
creased frequency in immunocompromised patients, especially those with human
immunodeficiency virus (HIV) infection.!?

Complications of herpes zoster in immunocompetent hosts include postherpetic
neuralgia, encephalitis, myelitis, cranial-nerve palsies, and peripheral-nerve palsies.!*
Postherpetic neuralgia, a persistent pain syndrome occurring after the resolution of
the zoster rash, is perhaps the most challenging and debilitating complication; it can
last for weeks, months, or even years. Although the development of postherpetic neu-
ralgia can occur at any age, people 50 years of age or older are most likely to have
this complication, and more than 40% of people older than 60 years of age who
have had zoster have postherpetic neuralgia.*-*® Approximately 100,000 to 200,000
new cases of postherpetic neuralgia occur in the United States every year.®

PATHOPHYSIOLOGY AND EFFECT OF THERAPY

After the primary VZV infection (chickenpox), latent infection is established in the
sensory-nerve ganglia (Fig. 2). The trigeminal and thoracic ganglia are the most
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Figure 1. Acute Herpes Zoster.

Panel A shows a cutaneous eruption in the right T7
dermatome, and Panel B shows a close-up view of
fresh vesicular lesions. (Both panels reprinted from
Gnann and Whitley.")

common neuronal sites involved; these dermatomes
are also the most common sites of cutaneous her-
pes zoster.? Latent VZV DNA is extrachromosom-
al, but the overall viral burden in ganglionic cells
is low.

As shown in Figure 3, the decline in cell-medi-
ated immunity over time as people age confers a
predisposition to the occurrence of herpes zoster
in older adults.*72°-2¢ Second episodes of herpes
zoster in immunocompetent people are uncom-
mon, probably because of the immunologic “boost-
ing” effect of the first zoster episode.**72” Dur-
ing reactivation of VZV, the sensory ganglia are
sites of viral replication, with subsequent destruc-
tion of neurons and satellite cells.** This neuro-
logic damage begins before the dermatomal rash
of herpes zoster appears.'® Before the appearance
of the zoster rash, VZV travels along the affected
sensory nerves to the skin (Fig. 2), evading both
innate and adaptive host immune responses to
spread from cell to cell and ultimately produce
the unilateral, vesicular dermatomal rash that is
characteristic of zoster.

The histologic changes in the skin lesions are
similar to those of varicella. Multinucleated giant
cells and intranuclear inclusions are present in
the skin, and a mononuclear inflammatory infil-
trate occurs in the dorsal-root ganglion of the
affected dermatome. Necrosis of ganglion cells
and demyelination of the corresponding axon
occur.?%29

The VZV vaccine, originally developed and li-
censed as the “chickenpox vaccine” to prevent
varicella, is a live attenuated vaccine that is effec-
tive in preventing primary infection with wild-
type VZV. However, initial studies suggested that
to elicit a significant and durable increase in cell-
mediated immunity in older adults, a higher titer
of live attenuated virus would be required,3° prob-
ably because of the decreased responsiveness of
older people to vaccination in general. As a result,
a new VZV vaccine (Zostavax, Merck) was devel-
oped specifically for protection against herpes
zoster. The commercially available zoster vaccine
contains a minimum of 19,400 plaque-forming
units per dose.3! In contrast, the minimum levels
of VZV in the commercially available chickenpox
vaccines are either 9772 plaque-forming units per
dose (in the quadrivalent measles, mumps, rubella,
and varicella vaccine [ProQuad, Merck])3? or 1350
plaque-forming units per dose (in the monovalent
varicella vaccine [Varivax, Merck]).33

The preventive effect of the zoster vaccine is
thought to be a consequence of its boosting effect
on an older person’s cell-mediated immunity to
VZV,>* mimicking the immunologic benefits of
the exposure of a VZV-immune adult to chicken-
pox. This pharmacologic boost increases cell-
mediated immunity to a new set point above the
“immunologic threshold” below which a person
is at risk for zoster (Fig. 3).

CLINICAL EVIDENCE

Several small clinical studies have shown that im-
munization with a varicella vaccine boosts wan-
ing cell-mediated immunity in older adults.?>3”
A large efficacy study by the Shingles Prevention
Study Group evaluated the high-titer, live attenu-
ated zoster vaccine.l® A total of 38,546 subjects
60 years of age or older were enrolled and followed
for a mean period of 3 years. The subjects were
stratified according to age at enrollment (60 to 69
years or 270 years). More than 95% of the subjects
were followed until completion of the study. The
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Figure 2. Establishment of VZV Latency in Sensory-Nerve Ganglia.

After a primary VZV infection (chickenpox), latent VZV infection is established in the dorsal-root ganglia, and zoster occurs with subse-

quent reactivation of the virus.

incidence of herpes zoster was 51% lower in the
group of subjects who received the vaccine than
in the group of subjects who received placebo
(5.4 cases per 1000 person-years vs. 11.1 cases per
1000 person-years, P<0.001). Vaccine-strain DNA
was not detected in any of the subjects with zoster.
The incidence of postherpetic neuralgia was 67%
lower among subjects who received the vaccine
than among those who received placebo (0.5 case
per 1000 person-years vs. 1.4 cases per 1000 per-
son-years, P<0.001). The median duration of pain
among subjects in whom herpes zoster developed
was shorter in the vaccine group than in the pla-
cebo group (21 days vs. 24 days, P=0.03), and the
degree of pain also was lower among the vaccine
recipients (P=0.008).

The vaccine was more efficacious in preventing
herpes zoster among persons who were 60 to 69
years of age than among those who were 70 years
or older. However, it prevented postherpetic neu-
ralgia to a greater extent among those who were
70 years or older than among those who were 60
to 69 years old.

CLINICAL USE

On May 25, 2006, the Food and Drug Administra-
tion licensed the zoster vaccine for the prevention

1340

of herpes zoster in persons 60 years of age or
older.%31 It is not indicated for the treatment of
herpes zoster or postherpetic neuralgia.

The zoster vaccine should not be administered
to persons with a history of anaphylactic or ana-
phylactoid reactions to gelatin, neomycin, or any
other vaccine component. People with a history
of primary or acquired immunodeficiency condi-
tions or those receiving immunosuppressive ther-
apy, including corticosteroids, should not receive
the vaccine. Zoster vaccination is also contra-
indicated in people with active, untreated tuber-
culosis and in pregnant women.

There are no alternatives to the zoster vaccine
for prophylaxis. The other available varicella-
containing vaccines, Varivax and ProQuad, con-
tain significantly lower titers of live attenuated
virus and therefore are of insufficient potency to
elicit an increase in cell-mediated immunity to VZV
in older adults. These vaccines should not be ad-
ministered to older adults to prevent herpes zos-
ter or postherpetic neuralgia.

Antiviral therapy decreases “zoster-associated
pain” (the continuum of pain measured from its
onset to final resolution, including postherpetic
neuralgia),® but it does not prevent the develop-
ment of postherpetic neuralgia.»2° Opioids, tri-
cyclic antidepressants, and gabapentin have been
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shown to have limited effectiveness in reducing
the severity or duration of postherpetic neural-
gia,3**3 with variable and frequently inadequate
results clinically.

The zoster vaccine, which is frozen for storage,
is administered subcutaneously as a single 0.65-ml
dose. To minimize the loss of potency, it should
be administered immediately after reconstitution
with the supplied diluent; if not used within 30
minutes after reconstitution, the vaccine should
be discarded. There are insufficient data to sug-
gest that repeated administration of the zoster
vaccine is safe or confers an additional benefit.

On the basis of a cost of $150 for the single-
shot vaccine, a preliminary Centers for Disease
Control and Prevention (CDC) analysis has shown
that the estimated “societal perspective” cost per
quality-adjusted life-year ranges from $14,877
to $34,852. Approximately 17 people would need
to be vaccinated in order to prevent one case of
herpes zoster, and approximately 31 would need
to be vaccinated in order to prevent one case of
postherpetic neuralgia.® The cost per case of her-
pes zoster prevented is estimated to be $3,330,
and the cost per case of postherpetic neuralgia
prevented is estimated to be $6,405.8

ADVERSE EFFECTS

Most of the information regarding the adverse ef-
fects of the zoster vaccine comes from the Shin-
gles Prevention Study.l® Within the first 42 days
after vaccination, varicella-like rashes at the in-
jection site were more likely to develop in vaccine
recipients than in placebo recipients (0.1% vs.
0.04%, P<0.05). Other symptoms and signs at the
site of injection that occurred more frequently in
the first 42 days in vaccine recipients than in pla-
cebo recipients included erythema (36% vs. 7%),
localized pain or tenderness (35% vs. 9%), swell-
ing (26% vs. 5%), and pruritus (7% vs. 1%) (P<0.05
for all four comparisons). The number and types
of serious adverse events in the first 42 days were
similar between the two groups. According to
the package insert, cardiac events occurred more
often among the vaccine recipients than among
the placebo recipients in the Shingles Prevention
Study (0.6% vs. 0.4%)3'; whether this increased
occurrence was due to the zoster vaccine and, if
so, the reason or reasons for it are not known.
Since the zoster vaccine has been clinically
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Figure 3. Host Factors in Latent VZV Infection and Reactivation.

Varicella is the primary infection caused by VZV, and its resolution is asso-
ciated with the induction of VZV-specific memory T cells (blue line). Mem-
ory immunity to VZV may be boosted periodically by exposure to varicella
or silent reactivation from latency (red peaks). VZV-specific memory T cells
decline with age. The decline below a threshold (dashed green line) corre-
lates with an increased risk of zoster. The occurrence of zoster, in turn, is
associated with an increase in VZV-specific T cells. The administration of
zoster vaccine to older persons may prevent VZV-specific T cells from drop-
ping below the threshold for the occurrence of zoster (dashed blue line).

(Reprinted from Arvin.*®)

available for less than 1 year, the potential risk of
rare adverse events is unknown. The longer expe-
rience with the pediatric varicella vaccine (more
than 10 years) suggests that this risk may be
small, although the potency of the zoster vaccine
is higher and the target population is quite dif-
ferent.

AREAS OF UNCERTAINTY

There are several areas of uncertainty. First, on-
going analyses of cost-effectiveness probably will
influence recommendations for zoster immuni-
zation for people 60 years of age or older.

Second, it is unclear whether people 50 to 59
years of age should receive the vaccine. This would
be an off-label use of the product. An argument
for such use is the fact that the burden of herpes
zoster in this population is substantial, since the
incidence of zoster increases among people 50
years of age or older. Furthermore, the efficacy of
the vaccine against herpes zoster is higher among
persons 60 to 69 years of age than among those
70 years or older, suggesting that it may be more
immunogenic in people 50 to 59 years of age as
well. However, no efficacy data are available for
this population, and the available immunoge-
nicity data are based only on small numbers of
people in this age group.

Third, wild-type VZV infections are declining
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as a result of universal vaccination in childhood,
including a second dose of vaccine at 4 to 6 years
of age, as recommended recently by the CDC Ad-
visory Committee on Immunization Practices
(ACIP) and by the Committee on Infectious Dis-
eases of the American Academy of Pediatrics.*+45
As a consequence, the likelihood that older peo-
ple will be “boosted” by exposure to a child with
chickenpox is declining. The effect that this shift
in the epidemiology of VZV will have at a time
when older people are also receiving the zoster
vaccine will require careful postlicensure moni-
toring over a period of many years. Questions to
be answered include the incidence of herpes
zoster over time and the longevity of protection
conferred by the one dose of the zoster vaccine
currently indicated. As these questions are being
investigated, persons who have previously received
Varivax or ProQuad should be considered to be
candidates for zoster vaccination as they grow
older, unless there is an applicable precaution or
contraindication.

Fourth, the zoster vaccine is not licensed for
use in immunocompromised people. However,
this population is at especially high risk for the
development of herpes zoster. This group includes
people who are mildly immunosuppressed, such
as people with diabetes and people receiving low-
dose corticosteroids, tumor-necrosis-factor block-
ers, and other immunomodulatory drugs. In ad-
dition, the safety and efficacy of the vaccine have
not been established in immunocompetent people
for whom immunosuppressive therapy is antici-
pated and who will therefore be at at high risk for
herpes zoster. This group includes patients who
are awaiting organ transplantation, patients with
early-stage HIV infection who are asymptomatic,
and patients who will be receiving chemotherapy
for cancer or immunosuppressive therapy for
rheumatoid arthritis, lupus, or other autoimmune
diseases.

Finally, the efficacy of the vaccine in people who
have had a previous episode of herpes zoster is

unknown, since this population was excluded
from the large zoster vaccine trial.

GUIDELINES

In October 2006, the ACIP voted to recommend a
single dose of zoster vaccine for adults 60 years
of age or older, whether or not they have had a
previous episode of herpes zoster.#® Furthermore,
persons with chronic medical conditions may be
vaccinated unless there is an applicable precau-
tion or contraindication. Because virtually all
adults 60 years of age or older will have had clin-
ical or subclinical primary VZV infection (chicken-
pox),? it is not necessary to determine whether
there is a history of chickenpox for routine vac-
cination of people in this age group.

RECOMMENDATIONS

The patient described in the vignette is a healthy,
immunocompetent person who is 60 years of age
or older and is therefore an appropriate candidate
for immunization with the zoster vaccine. We
recommend that the vaccine be universally ad-
ministered to such persons, provided there is no
contraindication. We do not recommend routine
vaccination of people 50 to 59 years of age be-
cause of the lack of efficacy data and cost-effec-
tiveness information for this population.
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