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The adjuvanted recombinant glycoprotein E herpes zoster (HZ) vaccine is superior to the live attenuated HZ vaccine, with an efficacy
>90% against HZ in healthy immunocompetent adults aged >50 years. In pivotal studies, the efficacy of the new vaccine varied very
little with the age of the vaccinee and decreased only by 5-10% in the 3.5 years after immunization. This nonlive vaccine was success-
fully administered to small cohorts of immunocompromised individuals; initial trials showed efficacy of >60-80% in several such
settings. Potential drawbacks include the requirement for 2 vaccine doses separated by 2—6 months, local and systemic reactogenicity
that is significantly greater than observed with commonly used vaccines, and the inclusion of a strong adjuvant that has been mini-
mally studied in clinical settings where it might be problematic, such as in people with autoimmune diseases. Postmarketing studies

are underway to address some of the drawbacks.
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FIRST HERPES ZOSTER VACCINE

Background and Evaluation

The first herpes zoster (HZ) vaccine, Zostavax (Merck; zoster
vaccine live [ZVL]) has important limitations. Efficacy for
prevention of HZ was limited to 69.8% for vaccinees aged
50-59 years, to 51.3 % at 60 or more years, and to 37.6% at
70 years or older [1, 2], reflecting a strong age effect on the vac-
cine response, such that efficacy declined with increasing age
at vaccination. Two additional features of ZVL were problem-
atic: (1) the protective effect declined significantly between 7
and 10 years after vaccination to ~20% [3] and (2) this live vac-
cine (Oka/Merck varicella-zoster virus [VZV] strain), although
attenuated, was contraindicated in individuals with significant
immune suppression [4]. However, subsequent large effective-
ness studies found that the age of the vaccinee had less of an ef-
fect on the prevention of HZ and postherpetic neuralgia (PHN)
than observed in the pivotal trial, and that protection was better
maintained [5, 6].

Despite its shortcomings, ZVL provided a proof-of-concept
critical to further research on the prevention of HZ and was
an important attempt to solve an unmet medical need, and its
availability accelerated the pressure to develop a vaccination
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platform for older adults. In 2017, when less than 35% of the
target population in the United States received ZVL, it prevented
~135000 cases of HZ and ~21 000 cases of PHN (M. J. Levin and
M. N. Oxman, unpublished 2018). Zoster vaccine live remains
an option for preventing HZ in the United States and Canada
and is the only HZ vaccine available in most of the world.

ADJUVANTED RECOMBINANT HERPES ZOSTER
VACCINE
Background
In October 2017, a
(GlaxoSmithKline; recombinant zoster vaccine [RZV]), was

second HZ vaccine, Shingrix
approved for immunocompetent individuals aged 50 years or
older. The Advisory Committee on Immunization Practices
(ACIP) subsequently recommended RZV in preference over
ZVL based on its superior efficacy against HZ in the target age
group and the lack of an age effect on vaccine efficacy [7].

Description

Recombinant zoster vaccine consists of VZV glycoprotein E
(gE) and an adjuvant system (ASO01B) [8]. Glycoprotein E is
the most abundant glycoprotein expressed during VZV infec-
tion [9], is a major component of the virion [10], is required
for neurovirulence in animal models [11], and is essential for
cell-to-cell spread [12]. Glycoprotein E-specific antibodies
are readily detected in adults who had prior varicella and are
a major component of the humoral immune response to VZV
vaccines. T-cell-mediated immunity (CMI) directed against gE
epitopes has been demonstrated but only as a limited compo-
nent of the T-cell response to VZV [13, 14]. The gE component
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of RZV has the transmembrane anchor and the carboxyterminal
domains removed to facilitate purification from Chinese ham-
ster ovary cells.

Varicella-zoster virus—specific CMI is essential for control
of VZV infections, for survival from varicella and HZ, and for
prevention of HZ [15-17]. Decline in VZV CMI with age or
immune compromise strongly correlates with increasing in-
cidence and severity of HZ [18-20]. Given that gE adminis-
tered by itself does not induce strong CMI responses, AS01B
was added to gE in RZV to increase gE-specific CMI responses
[21, 22]. ASO1B is an adjuvant system that combines a plant
saponin, QS21 (Quillaja saponaria Molina, fraction 21), and
monophosphoryl lipid (MPL), a Toll-like receptor 4 agonist.
Both adjuvant components stimulate antibody production and
synergistically enhance gE-specific CMI. The adjuvant compo-
nents are encapsulated in liposomes, which may enhance up-
take by, and activation of, antigen-presenting cells, and protect
tissues from the hemolytic activity of QS21 [21].

Preclinical and Early-phase (I/1l) Studies

Preclinical studies in mice primed with live attenuated VZV
were undertaken to determine the optimal concentrations of
adjuvant components and gE for antibody and CMI responses.
These experiments demonstrated synergy between the adju-
vant components, and the importance of liposome encapsula-
tion, in stimulating gE-specific CD4-positive (CD4+) T cells, as
measured by flow cytometry [23]. Vaccination with RZV also
induced strong gE-specific humoral responses measured by
gE-specific enzyme-linked immunosorbent assay (ELISA) and
neutralization assays.

Phase I and I/II studies in humans further delineated the op-
timal vaccine formulation. These experiments indicated that
gE-specific T-cell responses to RZV were minimally affected by
the age of the vaccinee and that induced immune responses per-
sisted above prevaccination levels for at least 3 years [24, 25]. In
the absence of adjuvant, both CMI and antibody responses to
gE were lower with increasing age at vaccination, confirming
the importance of the adjuvant in overcoming immune senes-
cence. One study in mice demonstrated superior gE- and VZV-
specific T-cell responses after administration of RZV compared
with responses after live attenuated VZV [23]. These studies
emphasized the polyfunctional nature of the T-cell responses

to RZV, established the importance of the 2-dose schedule for
immunogenicity, confirmed the synergistic interaction of the
adjuvant components in stimulating immune responses, and
documented that local and systemic reactions to RZV were
greater than after other vaccines for older people.

Pivotal Clinical (Phase Ill) Trials

The final investigational vaccine contained 50 ug gE glycopro-
tein and ASO1B (50 pg MPL and 50 pug QS21) in liposomes [8].
The adjuvant and antigen are mixed from separate vials prior
to intramuscular administration and given as 2 doses separated
by 2 months. There were 2 pivotal trials (started 2010-2011,
completed 2015) of identical design so that the data could be
pooled. The first study (termed ZOE-50) was for participants
aged 50 years or older and the second (ZOE-70) for participants
aged 70 years or older [26, 27]. These studies enrolled 70-75%
Caucasian, 20% Asian, and 55-60% female participants. US
and international sites were included; exclusions included prior
HZ, VZV-containing vaccinee, or certain treated autoimmune
diseases.

Participants aged 70 years or older were first randomly as-
signed to ZOE-50 or ZOE-70, after which they were randomly
assigned to RZV or placebo. The trials were observer blinded.
Key outcome measures were HZ and PHN. Polymerase chain
reaction (PCR) confirmed 90% of HZ diagnoses; in the ab-
sence of PCR results, HZ was determined by an expert adju-
dication committee. Reactions to vaccination were recorded
in subcohorts of recipients (9000 from ZOE-50 and 1000 from
ZOE-70) for 7 days after each dose of vaccine. Postherpetic neu-
ralgia was evaluated with the Zoster Brief Pain Index as utilized
for the ZVL pivotal trial, and the criteria for the diagnosis of HZ
were similar [1].

Efficacy of the Pivotal Trials

Table 1 indicates the sample size and efficacy of RZV against
HZ for ZOE-50. The overall efficacy of 97.2% was strikingly
superior to that achieved with ZVL and there was no age effect.
Table 2 shows the results for participants aged 70 years or older
in either trial, confirming the outstanding efficacy of RZV de-
spite advanced age of vaccinees, which makes it unique among
vaccines for older individuals, such as vaccines for influenza
or pneumococcus. The pooled dataset confirmed the absence

Table 1. Efficacy of Adjuvanted Glycoprotein E Vaccine (for ZOE-50 Clinical Trial)

Glycoprotein E Vaccine Placebo
Age Group, years HZ Cases Rate/10° p-y Age Group, years HZ Cases Rate/10° p-y Vaccine Efficacy (95% Cl)
All (N = 7344) 6 0.3 All (N = 7415) 210 9.1 972 (93.7-99.1)
50-59 (N = 3492) 3 0.3 50-59 (N = 3525) 87 78 96.6 (89.6-99.3)
60-69 (N = 2141) 2 0.3 60-69 (N = 2166) 75 10.8 974 (90.1-99.70)
>70 (N =1711) 1 0.2 >70 (N = 1724) 48 9.4 979 (87.9-100.0)

Adapted from reference [26].

Abbreviations: Cl, confidence interval; HZ, herpes zoster response over baseline response; p-y, person-years.
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Table 2. Efficacy of Adjuvanted Glycoprotein E Vaccine in Vaccinees >70 Years Old (from ZOE-50 + ZOE-70 Clinical Trials)

Glycoprotein E Vaccine Placebo
Age Group, years HZ Cases Rate/10° p-y Age Group, years HZ Cases Rate/10° p-y Vaccine Efficacy (95% Cl)
All (N = 8250) 25 0.8 All (N = 8346) 284 6.3 91.3 (86.8-94.50)
70-79 (N = 6468) 19 0.8 70-79 (N = 6554) 216 8.8 91.3 (86.0-94.9)
>80 (N = 1782) 6 1 >80 (N = 1792) 68 11.1 91.4 (80.2-97.0)

Adapted from reference [27].
Abbreviations: Cl, confidence interval; HZ, herpes zoster; p-y, person-years.

of an age effect, including among vaccinees aged 80 years or
older. Table 3 shows persistence of protection over a 4-year
interval. The efficacy against PHN (~88%) (data not shown)
was similar to the efficacy against HZ. PHN did not develop
in anyone younger than 70 years. Moreover, RZV mitigated
pain associated with breakthrough HZ, resulting in less severe
pain, lower average pain, and less pain medication use [28].

Safety

Safety information is essential for evaluating new vaccines,
especially one that incorporates a strong adjuvant with lim-
ited prior use in older adults. In the 2 ZOE trials the number
of serious adverse events was similar in RZV and placebo
recipients. These events, which were recorded for a mean
of ~3.5 years for the 2 studies, consisted mostly of illnesses
expected in older participants. Events judged to be vaccine
related were also similar in number for RZV and placebo re-
cipients, as were the number of deaths and the proportion of
immune-mediated diseases (1.3% or 1.4%) in either study.
There were no anatomical, etiological, or temporal charac-
teristics of serious adverse events that distinguished RZV and
placebo recipients.

Reactogenicity

Recombinant zoster vaccine is significantly more reactogenic
than other vaccines administered to older individuals. In
both ZOE trials total adverse events were twice as common in
RZV recipients as in placebo recipients (79-85% vs 30-38%).
Injection site reactions were reported in 74-82% of vaccine re-
cipients versus 10-12% of placebo recipients, and systemic re-
actions were reported in 53-66% versus 25-30%, respectively.
The frequency of grade 3 events (preventing normal daily

activity) was 8.5-9.5% versus 0.4-2% at the injection site and
the frequency of systemic reactions was 6-11% versus 2-2.4%
in vaccinees compared with placebo recipients, respectively.
Systemic reactions were mostly myalgia, fatigue, headache, and/
or shivering. Reactions were transient: 2-3 days at injection
sites and 1-2 days for systemic symptoms. There was a trend
for reactions to be less severe in older versus younger vaccinees.
Reactions to RZV in older individuals did not significantly alter
their physical functioning or quality of life [29]. Reaction fre-
quency and severity were not increased with the second dose
[30]. Increased reactogenicity was also observed in trials using
ASO01B together with hepatitis B surface antigen, suggesting that
the adjuvant was primarily responsible for the adverse events
[31].

Immunologic Studies in the Pivotal Trials
A parallel effort was undertaken in the ZOE trials to understand
the immunologic basis for the success of RZV and to identify a
correlate of protection. A subset of 3300 participants (11%) in
the ZOE trials were chosen to assess serum antibody responses
measured by gE-specific ELISA, while 466 participants (1.5%)
had gE-specific CMI responses measured in peripheral blood
mononuclear cells by flow cytometry [32]. This assay, which
measured 4 activation markers (CD40 ligand [CD40L], inter-
leukin 2 [IL-2], tumor necrosis factor a [TNF-a], and interferon
y [IFN-y]), defined a positive result as the co-expression of 2
or more of these markers by T cells. Samples were evaluated
prevaccination, 1 month after the second vaccine dose, and
then annually for 3 years.

Almost all (97.8%) RZV recipients, but only 2% of placebo
recipients, had an antibody response (Figure 1A). Positive re-
sponses were similar across age groups [32]. The peak antibody

Table 3. Four-Year Efficacy of Adjuvanted Glycoprotein E Vaccine in Vaccinees >70 Years Old (from ZOE-50 + ZOE-70 Clinical Trials)

Glycoprotein E Vaccine Placebo
Year HZ Cases Rate/10° p-y Year HZ Cases Rate/10° p-y Vaccine Efficacy (95% Cl)
Year 1 (N = 8250) 2 0.2 Year 1 (N = 8346) 83 10.1 976 (90.9-99.8)
Year 2 (N = 8039) 7 0.9 Year 2 (N = 8024) 87 1.1 92 (82.8-96.9)
Year 3 (N = 7736) 9 1.2 Year 3 (N = 7736) 58 77 84.7 (69.0-93.4)
Year 4 (N = 7426) 7 1 Year 4 (N = 7267) 56 8.2 879 (73.3-95.40)

Adapted from reference [27].
Abbreviations: Cl, confidence interval; HZ, herpes zoster; p-y, person-years.
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titers declined over the 3 years after immunization, but 70-90%
of the participants still showed a response to vaccination after
3 years. A second measure of antibody response to the vaccine,
the mean anti-gE antibody concentration, which had increased
by 39-fold at the peak after vaccination, declined to 8.3-fold
above baseline after 3 years.

Glycoprotein E-specific T-cell responses were detected in
less than 10% of study participants before vaccination and
only at low frequency. At the peak response (1 month after the
second dose) more than 93% of vaccinees in all age strata, and
no placebo recipients, demonstrated boosted gE-specific CD4+
T-cell responses (Figure 1B) [32]. However, 1 year later, 60%
or less of the vaccinees maintained these responses. The mag-
nitude of mean T-cell responses declined by ~65% at 3 years
postvaccination, with a trend for a greater decline in older
versus younger vaccinees. Glycoprotein E-specific CD8+ T
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Figure 1. Immune responses induced by the adjuvanted recombinant herpes
zoster vaccine. A, Vaccine response rate of gE-specific antibody determined by
enzyme-linked immunosorbent assay. Response was defined as a >4-fold increase
in antibody after vaccination compared with the prevaccination level (if seropositive
prevaccination) or a >4-fold increase over the test cutoff value (37mlU) (if seroneg-
ative prevaccination). B. Vaccine response rate of gE-specific CD4% T cells deter-
mined by flow cytometry after stimulation with gE peptides. Response was defined
by a >2-fold increase in frequency of T cells that were detected by 2 of 4 surface
markers (interferon vy, interleukin 2, tumor necrosis factor o, CD40 ligand) compared
with prevaccination frequencies (if >320 positive cells/10° cells prevaccination) or a
>2-fold increase above this level (if below this cutoff prevaccination). Abbreviations:
ELISA, enzyme-linked immunosorbent assay; gE, glycoprotein E; N, number tested;
RZV, recombinant glycoprotein E vaccine. Adapted from reference [32].

cells were rarely detected in the ZOE studies and did not in-
crease after vaccination.

It is noteworthy that 1 year after immunization the CMI
response rate was well below the 90% success achieved in
preventing HZ, and there were trends for an age effect, suggesting
that the immunologic measures utilized in these studies do not
fully explain the protection provided by the vaccine or that they
had insufficient sensitivity (lower limit of detection was higher
than the level needed for protection). Given the small number
of breakthrough cases of HZ in the CMI subset, a correlate of
protection could not be identified. What may be an important
feature of the CMI responses to RZV is its polyfunctional na-
ture, defined by the presence of 2 or more activation markers.
Within 2 years after RZV administration the proportion (not
absolute number) of gE-specific T cells largely consisted of cells
that possessed 3 or more activation markers, regardless of age of
the vaccinee. Polyfunctional T-cell responses after vaccination
have been associated with good protective responses against
controlled human malaria and Leishmania major infections,
suggesting that this may be a marker of protection against other
intracellular pathogens [33, 34].

A small trial comparing CMI responses to ZVL or RZV, which
included both VZV- and gE-specific responses, indicated that the
superior immunogenicity of RZV is distinguished by the magni-
tude of the memory responses [14]. Memory T cells, which are pro-
grammed to persist for prolonged periods, ensure that a secondary
immune response upon re-exposure to VZV is more rapid than the
primary response. Effector T cells, which also increase after vacci-
nation, mount an even faster response to antigen re-exposure com-
pared with memory cells, but their half-life is shorter. Compared
with ZVL, RZV recipients had similar VZV-specific effector re-
sponses but higher memory T-cell responses. Furthermore, the
magnitude of the peak memory response to ZVL or RZV was the
main determinant of the superior persistence of CMI responses
at 1 year after RZV compared with ZVL. In contrast to the ZOE
studies, using proliferation assays and activation markers, a CD8+
T-cell response to RZV was observed [14].

Basic Immunology

It is likely that the success of RZV is related to the adjuvant
system. Some details of postadministration events, which were
determined in murine models, emphasize that antigen and ad-
juvant must be colocalized with a short (or no) time interval
between their administration [21, 35, 36]. The initial local re-
sponse is characterized by activation of innate immune cells
and cytokine production. Within hours, movement of both
antigen and adjuvant to the draining lymph node occurs. This
stimulates resident natural killer and unconventional CD8 T
cells to produce IFN-y, which is essential for optimizing re-
cruitment and activation of dendritic cells to present gE to CD4
cells, and creates a T-helper 1 (Th1) polarizing environment. In
animal models, including primates, IFN-y in serum is a good
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biomarker for the activation events in the lymph node and sub-
sequent antibody and CMI responses. It is not yet understood
how these events abolish the age effect and lead to long-term
persistence of immune responses.

Studies in Inmunocompromised Individuals
Recombinant zoster vaccine has been administered in 5 clin-
ical settings associated with immune compromise. With each
medical condition the safety and reactogenicity after RZV
administration were similar to that reported in immunocom-
petent vaccinees. Efficacy of RZV was demonstrated in autol-
ogous stem cell transplant recipients (n = 1751), with dose 1
being administered 50-70 days after transplantation. During
a 21-month follow-up period, protection against HZ was 68%;
efficacy was 89% against PHN, and was ~85% against compli-
cations and hospitalization related to HZ [37]. In patients with
hematologic malignancies (n = 870), the efficacy against HZ
was 87% when RZV was administered 10 days before (post-
hoc) or 10-180 days after a chemotherapy cycle [38].
Additional trials with other immune-compromising dis-
eases for which immunology and safety were the only outcome
measures are shown in Table 4. In general, immune responses
were robust and persisted to a significant extent for more than
12 months. The exception was reduced immunogenicity when
vaccination was started at the time of chemotherapy for solid
tumors. The efficacy of RZV and duration of protection in these
settings are yet to be established.

Recommendations
The major ACIP recommendations are shown in Table 5.
Concomitant administration of RZV and nonadjuvanted

quadrivalent influenza vaccine and pneumococcal polysaccha-
ride vaccine demonstrated safety and lack of interference [42,
43]. Studies are ongoing with tetanus toxoid/reduced diphtheria
toxoid/acellular pertussis vaccine. Coadministration with an-
other adjuvanted vaccine has not been reported.

KNOWN UNKNOWNS

1. Success in completion of the 2-dose vaccination schedule:
Phase I/II clinical studies demonstrate that the optimal im-
mune response to RZV requires 2 doses. Completion of
multidose vaccines by older adults has been problematic,
with rates approaching 50% for incomplete multidose series
after 1 year [44, 45]. The second dose of RZV is to be admin-
istered between 2 and 6 months after the first. This could be
hampered by the notable reactogenicity of the vaccine.

2. Safety of RZV assessed in large numbers of vaccinees: One
concern is that the strong adjuvant system could alter immune
regulation and stimulate (or worsen) autoimmune diseases (eg,
rheumatologic conditions) or chronic/latent infections (eg,
tuberculosis). This was not observed in the pivotal trials and
in the first postlicensure safety report of the Vaccine Adverse
Event Reporting System [46]. Postmarketing surveillance will
include 2 additional years of active observation of 7500 indi-
viduals who received RZV during the ZOE trials and a 1-year
prospective follow-up of 8700 former placebo recipients who
are being immunized with RZV. As of the second quarter of
2019 more than 12 million doses of RZV have been delivered.

3. Duration of the protective effect: Mean follow-up was
3.2 years for ZOE 50 and 3.7 years for ZOE-70. From these
trials, 7500 enrollees will be followed for a total of 6 years.

Table 4. Safety and Inmunogenicity of Adjuvanted Glycoprotein E Vaccine in Inmunocompromised Individuals

Antibody CMI
RzV/ RzV/
Disease Timing Response® Placebo Response® Placebo Comment
Solid malignancy (N = 141 8-30 days 94% (prechemotherapy); 23.2 50% 9.9 2 doses within
prechemotherapy; prechemotherapy (prechemotherapy) 1-2 months; poor
N = 40 on chemotherapy)® response when admin-
istered with chemo-
therapy
or on chemotherapy 64% (on chemotherapy) NA NA NA
Renal transplant (N = 121)° >4 months stable 80% 12.9 71% 15.5  Noincrease in rejection
post-transplant
HIV (N = 120)¢ CD4+° >200; stable 92-98% ~50 >85% ~16 3 doses: 0, 2, 6 months;

ART

third dose not needed;
no impact on viral load
or CD4+°

Abbreviations: ART, antiretroviral therapy; CMI, T-cell-mediated immunity; HIV, human immunodeficiency virus; NA, not available or not determined; RZV, recombinant zoster vaccine.

“Proportion achieving predefined response.
®Data from reference [39].

“Data from reference [40].

“Data from reference [41].

€CD4+ cells/mm?®.
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Table 5. ACIP Recommendations and Comments®

>50 years of age; immune competent

>Not necessary to verify prior varicella

°No recommendation on immunocompromised hosts

Preferred over live attenuated zoster vaccine

Administer if previously had live zoster vaccine or herpes zoster®
Concomitant administration is acceptable

°Use different anatomic sites

Contraindication/caution—allergic to vaccine contents; pregnancy

Adapted from reference [7].

Abbreviation: ACIP Advisory Committee on Immunization Practices.
“When recombinant vaccine follows live vaccine, wait at least 30 days.
PWhen recombinant vaccine follows herpes zoster, wait until rash resolves.

Immune-response data are available from the phase II clin-
ical trials at 6 years (n = 119) and 9 years (n = 70) [47, 48].
At both intervals, the majority of vaccinees had CMI re-
sponses higher than before vaccination. However, at 9 years,
there was a trend for more vaccinees aged 70 years or older
to have values that overlapped the prevaccination range for
T-cell responses. Modeling these data (combining both age
cohorts) predicted that gE-specific CMI would remain above
prevaccination levels for at least 15 years. However, given the
absence of an immune surrogate for protection, the persist-
ence of clinical protection remains undefined beyond 4 years.

. Duration of efficacy in immunocompromised individuals: The

information obtained from RZV administration in a variety of
immune-compromising diseases is described in a preceding sec-
tion. However, these studies were limited by sample size, duration
of observation, and dependence on immune-response endpoints.
Thus, uncertainty on the duration of protection remains in the
absence of a surrogate of protection. It is clear that when immune
suppression is severe, such as during some chemotherapy, the
immune response may be compromised [39]. The current RZV
recommendation is for people aged 50 years or older. This would
exclude many younger immunocompromised patients for whom
there is limited information with RZV. Furthermore, there is a
large array of potential immune-suppressing agents for which
RZV administration has not been evaluated. Some of these
may work by mechanisms that inhibit immune responses in a
manner that might limit RZV efficacy. Examples include Janus
kinase inhibitors that interfere with the IFN-y signaling pathway
and sphingosine receptor inhibitors that sequester lymphocytes
in lymph nodes.

. Influence of VZV immune status on response to RZV: Thus far

RZV has been administered to individuals who previously had
varicella. The nature of the immune response to RZV, and the
extent and persistence of protection, is undefined for individuals
who are VZV naive. This could also be relevant to individuals
who have recovered from allogeneic stem cell transplantation. In
addition, the need and potential value of RZV for a population of

individuals who received varicella vaccine may become an issue
in future decades (varicella vaccine was introduced in 1995).
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