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 Introduction 

 Nearly a decade since the seminal Shingles Prevention 
Study (SPS) of over 38,000 adults  [1]  led to the Food and 
Drug Administration (FDA) approval of a vaccine to pre-
vent herpes zoster (HZ) in older adults, controversies and 
clinical questions regarding the use of the vaccine remain. 
The incidence of HZ, caused by reactivation of the vari-
cella zoster virus (VZV) from sensory nerve ganglia, in-
creases markedly after the sixth decade of life or as a result 
of impaired cell-mediated immunity (CMI). There are an 
estimated one million cases of HZ occurring in the US 
annually  [2–4] . Data on the incidence of HZ are gener-
ally only available from high-income countries, with an 
age-adjusted HZ incidence in the total population rang-
ing from 3.4 to 5.0 per 1,000 person-years, and from 8 to 
11 per 1,000 person-years over the age of 65 years in var-
ious studies  [5–7] . A live attenuated vaccine against HZ 
was developed by serial passage of the Oka strain of vari-
cella in vitro in a cell line until the strain was attenuated 
and suitable as a vaccine candidate  [8] . The FDA in the 
US approved the vaccine in 2006 for adults over the age 
of 60 years after the SPS had demonstrated an overall ef-
ficacy at 51%, and in 2011 for adults over the age of 50 
years  [1, 9] . The vaccine is now licensed for use in immu-
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 Abstract 

 Herpes zoster, clinically referred to as shingles, is an acute, 
cutaneous viral infection caused by reactivation of the vari-
cella zoster virus, the same virus that causes chickenpox. The 
incidence of herpes zoster and its complications increase 
with decline in cell-mediated immunity, including age-asso-
ciated decline. The most effective management strategy for 
herpes zoster is prevention of the disease through vaccina-
tion in those who are most vulnerable. Despite the demon-
strated efficacy in reducing the incidence and severity of her-
pes zoster, the uptake of vaccine remains low. Here, we will 
discuss the controversies that surround the live herpes zos-
ter vaccine and address the common clinical questions that 
arise. We will also discuss the new adjuvanted herpes zoster 
vaccine currently under investigation. 
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nocompetent individuals aged  ≥ 50 years in over 60 coun-
tries  [10] . The Center for Disease Control and Preven-
tion’s Advisory Committee on Immunization Practices 
(ACIP) has recommended the vaccine for immunocom-
petent adults over the age of 60 years since 2008  [2] . Here-
in, we will explore some unanswered controversies and 
clinical questions that commonly arise regarding the use 
of HZ vaccination. 

  Optimal Age at Vaccination: Finding the Sweet Spot 

 While the risk of HZ is increased in 50- to 59-year-old 
adults and the vaccine efficacy is better than in cohorts 
over 60 years of age, the duration of protection may not 
last until the later decades when it is needed most  [11, 12] . 
After the SPS, the Short-Term Persistence Substudy 
(STPS) was initiated to evaluate the maintenance of vac-
cine efficacy  [12] . Each year following vaccination showed 
a decrease in vaccine efficacy with a statistically signifi-
cant difference in the incidence of HZ through year 5. The 
duration of protection beyond 5 years has been studied 
by a Long-Term Persistence Substudy (LTPS), which 
continued to follow over 6,500 vaccinated subjects from 
the STPS through year 10 after vaccination. While some 
degree of protection persisted, they reported an estimated 
vaccine efficacy of 21.1% for the prevention of HZ and 
35.4% for the prevention of postherpetic neuralgia (PHN) 
over the years 7–10 combined  [13] . While the LTPS 
lacked a control placebo group, making the data difficult 
to interpret definitively, the evidence for waning immu-
nity cannot be ignored and raises two important ques-
tions. Firstly, what is the ideal age at which adults should 
be vaccinated? The ACIP recommends that the HZ vac-
cine should be given at a time when the greatest reduction 
in the burden of HZ can be achieved. Because there is 
evidence for waning long-term protection offered by the 
HZ vaccine, the ACIP is concerned that persons vacci-
nated under 60 years of age may not be protected when 
the incidence of HZ and its burden are highest. This ex-
plains the discrepancy between the licensed age of 50 
years for the HZ vaccine compared with the recommen-
dation of 60 years or above adopted by the ACIP. Sec-
ondly, the question arises whether repeat dosing will be 
necessary to maintain vaccine efficacy beyond 7–10 years. 
A study to evaluate the safety and immunogenicity of a 
booster dose of the HZ vaccine administered 10 years fol-
lowing the initial dose is underway (ClinicalTrials.gov 
Identifier: NCT01245751). This study will provide infor-
mation about whether a booster dose of the HZ vaccine 

provides any immunological advantage over a single dose 
of the HZ vaccine. In the absence of published data on the 
immunogenicity of a booster dose of the live attenuated 
vaccine, we do not recommend re-immunization with the 
vaccine.

  Should There Be an Upper Age Limit to the HZ 

Vaccination Recommendation? 

 Neither the FDA nor the ACIP specifies an upper age 
limit for the use of the HZ vaccine. However, there re-
mains some skepticism over its use in very old individu-
als, primarily related to concerns regarding safety and ef-
fectiveness of the vaccine in persons 80 years of age and 
older. After establishing latency in dorsal root ganglia, the 
VZV elicits an immune response that limits the ability of 
the latent virus to reactivate and cause clinical disease. 
The immunity to the VZV is periodically boosted from 
exogenous exposure to the VZV and by episodes of reac-
tivation limited by rapidly mobilized immune responses 
so that no rash develops  [14] . However, levels of CMI 
against the VZV wane with increasing age, and HZ occurs 
when VZV-specific CMI drops below what is needed to 
prevent reactivation. It is estimated that unvaccinated 
adults who reach 85 years of age have a 50% risk of devel-
oping HZ  [3] . Older adults also have the highest inci-
dence of complications of HZ, including the most feared 
complication of PHN  [15] . Age-associated thymic invo-
lution, decreased pools of naive T cells and accumulation 
of late differentiated effector T cells are some of the key 
features of immunosenescence. Impaired CMI in older 
adults renders them increasingly susceptible to infectious 
diseases while at the same time leading to diminished im-
mune responses following vaccination, the very strategy 
used to prevent infections. Outcomes for those over the 
age of 80 years were not separately reported in the SPS. 
The immunology substudy of the SPS enrolled 1,395 sub-
jects to evaluate VZV-specific immune responses, both 
CMI and antibody levels, in elderly subjects at 6 weeks 
after vaccination, including subjects over 80 years of age 
 [16] . There was a progressive decline in VZV-specific 
CMI with aging, with responses 2.7–3.9% lower for each 
year of increase in age. Interestingly, there was no age ef-
fect on the antibody responses indicating that humoral 
responses do not correlate with protection against HZ. 
Despite declining clinical and immunologic efficacy 
against HZ in clinical trials and fewer safety data available 
in advanced age, the ACIP has not placed an upper age 
limit to the HZ vaccine. There are observational data in 
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community-dwelling elderly individuals showing effec-
tiveness of the HZ vaccine. A large study of Kaiser Per-
manente members demonstrated that the HZ vaccine re-
mains effective in elderly individuals and cut the risk of 
HZ in half in persons over the age of 80 years  [17] . An-
other study of US Medicare beneficiaries 65 years of age 
or older found that HZ vaccination reduced HZ inci-
dence from 10 to 5.4 per 1,000 person-years  [18] . The 
vaccine was also effective in reducing the rates of PHN by 
over half in this group of older adults. Since aging persons 
are at greatest risk for not only HZ but also PHN, experts 
have favored the use of the vaccine in those more than 70 
years of age. There are also data from the SPS demonstrat-
ing a reduced HZ-related impact on activities of daily liv-
ing in older adults who received the HZ vaccine  [9] . It is 
notable that most of the studies evaluating efficacy, im-
munogenicity and cost-effectiveness of the HZ vaccine in 
older adults have been conducted in community dwellers. 
There is a lack of data in nursing home residents or frail 
older adults with multimorbidity. 

  Should the Vaccine Be Given to Individuals with a 

Prior Episode of HZ, and if So, When? 

 The ACIP recommends the use of the vaccine in im-
munocompetent adults 60 years of age or older, regard-
less of a history of HZ  [2] . The safety of the HZ vaccine 
was established in a substudy of the SPS that immunized 
420 subjects from the placebo arm of the SPS who had 
documented HZ  [19] . There are in fact limited data di-
rectly examining the benefit of HZ immunization in im-
munocompetent adults who have had HZ. In a study of 
1,036 vaccinated and 5,180 unvaccinated subjects, the ad-
justed hazard ratio of developing HZ recurrence was 0.39 
among persons aged <70 years and 1.05 among persons 
aged  ≥ 70 years  [20] . Given the low incidence in both age 
groups, the authors were unable to draw meaningful con-
clusions about the higher trend of recurrent HZ in the 
unvaccinated group and cautioned against the use of the 
vaccine in adults with a recent episode of HZ. A random-
ized placebo study examining the immunogenicity of the 
HZ vaccine in adults 50 years of age or older with a his-
tory of HZ has demonstrated a significant boost in VZV 
antibody levels at 4 weeks compared to baseline  [21] . 
However, VZV-specific CMI was not studied, and as stat-
ed previously, VZV-specific humoral responses do not 
correlate well with protection against HZ. Therefore, 
while there is evidence to support the safety of the HZ 
vaccine in persons with a history of HZ, immunologic 

and clinical efficacy data in this cohort are lacking. The 
other unanswered question is that of timing of vaccina-
tion following a HZ episode. General recommendations 
are to wait until acute symptoms of HZ have resolved. 
However, an episode of HZ is expected to boost a person’s 
CMI to VZV, which is the same immunologic goal as that 
of the HZ vaccine. The antigen load from wild-type VZV 
reactivation is likely to be as much or more than the an-
tigen load from the HZ vaccine’s attenuated VZV. Al-
though there are no clinical data or formal recommenda-
tions to guide the decision about the time at which to 
administer the HZ vaccine after a recent episode of HZ, 
one reasonable approach is to wait for 1 year after the HZ 
episode.

  What Is the Role of the Vaccine in Adults with 

Malignancies? 

 Unlike other vaccines, the HZ vaccine is intended to 
protect against reactivation of latent infection, and the 
primary mechanism of protection is through enhance-
ment of CMI rather than humoral immunity. Persons at 
greatest risk of the disease may also have the most im-
paired immune responses to the HZ vaccine. There are 
insufficient data regarding the HZ vaccine in immuno-
compromised persons. The question of how and when to 
use the HZ vaccine in these circumstances frequently 
arises in clinical practice, particularly in those individuals 
with malignancies, autoimmune disorders and those on 
immunosuppressive agents such as cancer chemothera-
py, methotrexate and prednisone. The ACIP has pub-
lished specific guidelines in various immunosuppressed 
groups, including those with cancer and those on a vary-
ing degree of immunosuppressive agents  [2] . The cur-
rently licensed live vaccine is contraindicated in those 
with hematologic malignancies as well as those receiving 
hematopoietic stem cell transplant, the same groups that 
bear the greatest burden of HZ. Individuals with solid or-
gan tumors remain at significantly increased risk of HZ 
compared to the general population as well. In a study 
that investigated VZV infections in solid tumor patients 
undergoing chemotherapy, the incidence was 2.2% for 
patients receiving adjuvant chemotherapy and 6.2% in 
those undergoing palliative chemotherapy  [22] . The 
ACIP recommends the use of the HZ vaccine in solid tu-
mor patients anticipating immunosuppression at least 14 
days before initiation of immunosuppressive therapy, 
though data are lacking as to the optimal timing of the HZ 
vaccine prior to chemotherapy. A recent study has dem-
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onstrated that the vaccine continues to protect against 
HZ in recipients who undergo chemotherapy at a later 
time  [23] . The optimal timing of vaccination in relation 
to the chemotherapy and durability of CMI after immu-
nosuppression in this population remains unknown and 
is an area in need of study. 

  Is the Vaccine Cost-Effective?  

 Studies from several different countries have demon-
strated a substantial socioeconomic burden associated 
with HZ and its complications, particularly PHN  [24–
26] . The cost-effectiveness of the HZ vaccine in high-in-
come settings has been established in numerous studies 
in terms of quality-adjusted life years gained when the 
vaccine is administered at approximately 60–70 years of 
age  [9, 27–30] . However, uncertainties regarding the du-
ration of protection following immunization remain and 
make cost-effectiveness analysis challenging to conduct, 
with most studies assuming a duration of protection of at 
least 10 years. In order to be cost-effective, the optimal age 
at vaccination must strike a balance between the risk of 
developing HZ and PHN, efficacy of the vaccine in the 
target age group and the real possibility of waning immu-
nity. The lower efficacy with increasing age raises the 
question of cost-effectiveness in the very elderly. A cost-
effectiveness analysis done in 70- to 79-year-old Swiss 
adults suggests that the clinical and economic benefits of 
vaccination resulting from fewer HZ and PHN cases and 
reductions in health care use outweigh the costs of the 
vaccine, at least in high-income settings  [27] . 

  Ten Years Later, Barriers to Vaccination Remain  

 Despite the ACIP recommendations, the overall up-
take of the vaccine remains low in the US at 20.1% in 2012 
 [31] . Barriers to the HZ vaccination have been explored 
in several studies. In the US, unlike other adult vaccines, 
the HZ vaccine is reimbursed through Medicare Part D 
and is the most expensive vaccine routinely recommend-
ed for older adults. Therefore, cost concerns and reim-
bursement hurdles were perceived to be the primary bar-
rier to vaccination in general practice  [32] . Similarly, a 
study from South Korea reported cost concern as the 
overwhelming barrier to the vaccine, with a perceived 
lack of efficacy also playing a role in the low vaccination 
rates  [33] . In addition to financial barriers limiting the 
widespread use of the vaccine, there are also provider 

concerns regarding the need for freezer-based storage for 
the vaccine  [32, 34] . Hurley et al.  [34]  found that provid-
ers who have concerns about freezer storage are less like-
ly to recommend the vaccine to eligible patients. A study 
from the Netherlands of prospective candidates for the 
vaccine found that even when cost was removed as a lim-
iting factor, major barriers to vaccination remained in-
cluding perceived lack of recommendation by the pro-
vider and the perception of low risk for HZ  [35] . Interven-
tions including provider education, use of clinical 
reminders in the electronic medical record, increasing 
on-site availability and nursing administration of the vac-
cine have been shown to increase vaccine usage  [36] .

  Future Vaccines  

 A new HZ vaccine candidate that combines recombi-
nant glycoprotein E of VZV with an adjuvant system 
AS01B has been shown to be highly efficacious in adults 
over 50 years of age  [37] . During a mean follow-up of 3.2 
years, the vaccine showed an overall efficacy of 97.2% in 
preventing HZ. The vaccine was highly effective even in 
those 70 years of age or older in preventing HZ (98% ef-
ficacy). The subunit vaccine may prove to be an especial-
ly attractive option in immunocompromised persons 
such as hematopoietic cell transplant (HCT) recipients 
and those with hematologic malignancy that cannot re-
ceive a live vaccine. Of the immunocompromised popu-
lations, HCT recipients not only have the highest rates of 
HZ ranging from 15 to 30% but also have an increased 
risk of disseminated disease  [2, 38] . A 3-dose schedule of 
the glycoprotein E subunit vaccine has been demonstrat-
ed to be safe and immunogenic in HCT recipients, with 
VZV-specific CMI durability persisting 1 year after vac-
cination  [39] . Similarly, the vaccine has also shown to be 
safe and immunogenic in HIV-infected persons  [40] . The 
majority of the subjects in this phase 1/2 study were treat-
ed with antiretroviral therapy and had CD4 counts above 
200 cells/mm 3 . Data from these studies will be emerging 
over the next several years and may result in other options 
and potential changes in the recommendations for HZ 
vaccines. However, this will take some time even under 
the most favorable circumstances, since issues of long-
term durability and the potential need for a booster take 
years to be answered and are still in the process of being 
sorted out with the currently licensed live vaccine.
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