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Background. The adjuvanted recombinant zoster vaccine (RZV) is highly immunogenic and efficacious in adults ≥50 years of 
age. We evaluated (1) long-term immunogenicity of an initial 2-dose RZV schedule, by following up adults vaccinated at ≥60 years 
of age and by modeling, and (2) immunogenicity of 2 additional doses administered 10 years after initial vaccination.

Methods. Persistence of humoral and cell-mediated immune (CMI) responses to 2 initial RZV doses was assessed through 
10 years after initial vaccination, and modeled through 20 years using a Piecewise, Power law and Fraser model. The immunogenicity 
and safety of 2 additional RZV doses were also evaluated.

Results. Seventy adults were enrolled. Ten years after initial vaccination, humoral and CMI responses were approximately 6-fold 
and 3.5-fold, respectively, above those before the initial vaccination levels. Predicted immune persistence through 20 years after ini-
tial vaccination was similar across the 3 models. Sixty-two participants (mean age [standard deviation], 82.6 [4.4] years) received ≥1 
additional RZV dose. Strong anamnestic humoral and CMI responses were elicited by 1 additional dose, without further increases 
after a second additional dose.

Conclusions. Immune responses to an initial 2-dose RZV course persisted for many years in older adults. Strong anamnestic 
immune responses can be induced by additional dosing 10 years after the initial 2-dose course.
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Herpes zoster (HZ) results from reactivation of latent varicella-
zoster virus (VZV), and occurs most frequently in older adults 
[1, 2]. In 2 large phase III trials (ZOE-50 and ZOE-70 [3, 4]), an 
adjuvanted recombinant zoster vaccine (RZV [Shingrix; GSK]), 
consisting of the VZV glycoprotein E (gE) antigen and the 
AS01B adjuvant system, demonstrated ≥90% efficacy against 
HZ in all age groups among adults ≥50 years of age, which was 
maintained over a follow-up period of approximately 4 years [3, 

4]. In the same population, humoral and cell-mediated immune 
(CMI) responses to RZV were assessed up to 2 years after vac-
cination and shown to persist through the last assessment [5]. 
Since 2017, RZV has received licensure for the prevention of 
HZ in adults aged ≥50 years of age in several countries.

In a phase II dose-ranging study, safety and immunogenicity 
of different investigational unadjuvanted or AS01B-adjuvanted 
gE vaccine formulations, including the licensed RZV for-
mulation, were evaluated up to 3  years after vaccination in 
adults ≥60 years of age (NCT00434577; Figure 1A) [6]. Study 
participants who received 2 doses of the licensed RZV for-
mulation were followed up for immunogenicity persistence at 
4, 5, and 6 years (NCT01295320) and again at 9 and 10 years 
(NCT02735915) after initial RZV vaccination (Figure  1A) [7, 
8]. We reported previously on the persistence of immune re-
sponses up to 9 years after vaccination; in addition, mathemat-
ical modeling predicted persistence of immune responses up to 
15 years after vaccination [8].

In the current article, we present persistence data for the im-
mune responses up to 10 years after initial vaccination, along 
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with an updated prediction of persistence by mathematical 
modeling up to 20 years after initial vaccination. In addition, 
the immune memory responses and safety of 2 additional RZV 
doses were evaluated 10 years after the initial 2-dose vaccina-
tion schedule.

METHODS

Study Design

This was a single-arm, open-label, phase IIIB, long-term fol-
low-up study of the initial phase II trial (NCT00434577) and 

was conducted between April 2016 and October 2018 in the 
Czech Republic (1 center), Germany (4 centers), and Sweden (2 
centers). It included evaluation of immune responses at 9 and 
10 years after initial RZV doses and modeling of 20-year per-
sistence of immune responses using immunogenicity data ac-
quired through 10 years after initial vaccination. This study also 
aimed to assess whether antigen challenge through additional 
dosing elicits an anamnestic response.

All participants provided written informed consent at en-
rollment. The study protocol was reviewed and approved by 
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Figure 1. Overview of clinical trials (A) [6–8] and flow diagram of study participants (B). Abbreviations: ATP, according-to-protocol; mo, month; RZV, adjuvanted recombinant 
zoster vaccine; TVC, total vaccinated cohort.
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independent ethics committees or institutional review boards. 
The study was conducted in accordance with the Declaration of 
Helsinki and the principles of Good Clinical Practice. The study 
is registered at ClinicalTrials.gov (NCT02735915). Anonymized 
individual participant data and study documents can be re-
quested for further research at www.clinicalstudydatarequest.
com (study 204926).

Study Participants

The initial phase II trial (NCT00434577) enrolled 
adults ≥60 years of age, according to the previously described 
inclusion or exclusion criteria [6]. In this phase IIIB exten-
sion study, individuals who participated in the initial phase II 
trial could be enrolled if they completed a 2-dose vaccination 
course with the licensed RZV formulation during that trial. 
From the single site in the Netherlands that participated in the 
initial study, only 3 participants were eligible for participation 
and were not invited to participate for logistical reasons [8]. 
A complete list of inclusion and exclusion criteria is presented 
in Supplementary Text 1.

Study Vaccine

Two additional RZV doses were administered intramuscularly 
in the deltoid muscle of the nondominant arm at months 120 
and 122 after the first dose of the initial 2-dose vaccination 
course. RZV consists of 50 μg of VZV gE antigen and the GSK 
proprietary AS01B adjuvant system, containing 50 μg of MPL 
and 50 μg of QS-21 in a liposomal formaulation, per 0.5 mL of 
reconstituted vaccine.

Outcomes and Assessments
Objectives
The primary objective of this study was to evaluate persistence 
of humoral and CMI responses to RZV at months 108 and 120 
after first initial vaccine dose. To provide a full picture of the 
immune response’s kinetics over 10 years after an initial 2-dose 
vaccination course, immunogenicity results from the initial 
phase II study [6] and the phase II follow-up study [7] are also 
included herein. Safety in terms of vaccine-related serious ad-
verse events (SAEs) was also evaluated between months 108 
and 120.

The secondary objectives were evaluation of humoral and 
CMI responses to RZV at 1 month after dose 1, and at 1 and 
12  months after dose 2 in the additional vaccination series. 
Reactogenicity and safety of the 2 additional RZV doses were 
also evaluated as a secondary objective. Based on the immuno-
genicity data collected through 10 years after initial vaccination, 
mathematical modeling of immunological persistence was per-
formed as an exploratory objective.

Assessment of Immunogenicity
In this phase IIIB study, humoral and CMI responses were as-
sessed at months 108 (9 years after initial dose 1), 120 (10 years 

after initial dose 1), 121 (1 month after additional dose 1), 123 
(1  month after additional dose 2), and 134 (12  months after 
additional dose 2) after the first dose of the initial vaccination 
(Figure  1A). Anti-gE antibody concentrations were measured 
by anti-gE enzyme-linked immunosorbent assay with a tech-
nical cutoff assay quantification of 97 mIU/mL [5]. Frequencies 
of gE-specific CD42+ T cells (CD4+ T cells expressing ≥2 of the 
4 activation markers assessed: interferon γ, interleukin 2, tumor 
necrosis factor α, and CD40 ligand) were measured by means of 
intracellular cytokine staining and detection by flow cytometry 
after in vitro stimulation with a pool of peptides covering the 
gE ectodomain [5].

Assessment of Reactogenicity and Safety
For the initial vaccination course, we collected the occurrence 
of SAEs that were vaccine related or that led to death or with-
drawal and the occurrence of suspected HZ cases documented 
between months 108 and 120 after initial vaccination. For the 
additional doses, diary cards were provided to the participants 
at each vaccination visit to record solicited local (injection-site 
pain, redness, and swelling) and general (fatigue, fever [body 
temperature ≥37.5°C], gastrointestinal symptoms [nausea, 
vomiting, diarrhea, and/or abdominal pain], headache, my-
algia, and shivering) adverse events (AEs) during the 7  days 
after each vaccination, and unsolicited AEs during the 30 days 
after each vaccination. Grading of these events is described in 
Supplementary Text 2.

SAEs and potential immune-mediated diseases were re-
corded from first additional dose up to 12  months after the 
last additional dose. AEs or SAEs leading to withdrawal from 
the study and intercurrent medical conditions (including con-
ditions that may confound interpretation of immunogenicity 
results, such as suspected HZ) were recorded from consent to 
participate in this phase IIIB study through 12 months after the 
last additional dose. All solicited local AEs were considered to 
be causally related to vaccination. For other AEs, the relation-
ship between the study vaccine and the occurrence of the AE 
was assessed by the investigator.

Statistical Analyses

All end points were descriptive and no formal sample size calcu-
lations were performed. The safety analysis for the initial vacci-
nation course was performed on all participants enrolled in this 
phase IIIB study. Persistence of immune responses to the initial 
2-dose RZV course was evaluated in the according-to-protocol 
(ATP) cohort for persistence, which included all evaluable par-
ticipants from the ATP cohort for immunogenicity in the initial 
phase II trial who complied with the protocol and had immuno-
genicity results available at the considered time point. Modeling 
of humoral and CMI response persistence after initial vaccina-
tion was performed on the modeling cohort, which included 
participants of the initial phase II study who received 2 RZV 
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doses, complied with its protocol, and who consented to partic-
ipate in the long-term follow-up study that evaluated immune 
responses through 6 years after initial vaccination [7]. 
The safety of the additional RZV doses was analyzed in the 
total vaccinated cohort for additional dose administration, in-
cluding all participants who received ≥1 additional RZV dose. 
Immunogenicity of the additional RZV doses was evaluated in 
the ATP cohort for immunogenicity of additional dose admin-
istration, that is, in participants who complied with the protocol 
and had immunogenicity results available at the considered 
time point. Individuals in whom an intercurrent medical con-
ditions developed were excluded from subsequent ATP immu-
nogenicity assessments.

Anti-gE antibody geometric mean concentrations (GMCs) 
were determined along with their exact 2-sided 95% confidence 
intervals (CIs). For gE-specific CD42+ T cells, mean frequen-
cies were calculated along with their standard deviation (SD). 
The frequency of gE-specific CD42+ T cells was calculated as the 
difference between the frequency of CD42+ T cells stimulated 
in vitro with gE peptides and those stimulated with culture me-
dium alone, and the results were expressed as the number of 
CD42+ T cells per 106 total T cells.

Modeling of anti-gE antibody GMCs and geometric mean 
CD42+ T-cell frequencies up to 20 years after initial vaccination 
was performed using 3 approaches: the Piecewise linear mixed 
model (assuming that the immune response declines linearly 
over time at a rate varying between nonoverlapping time inter-
vals), the Power law model (assuming that the biological dy-
namics of the immune response declines over time following a 
logarithmic function), and the Fraser model (a modified Power 
law model including a constant in the logarithmic function) 
for repeated measurements (all immunogenicity data available; 
from months 0, 3, 12, 24, 36, 48, 60, 72, 108, and 120 [6–8]). All 
3 models have been described in detail elsewhere [8]. Statistical 
analyses were performed using the SAS Drug Development 
software.

RESULTS

Study Participants

Approximately 6 years after initial RZV vaccination [6], 70 par-
ticipants (mean age [SD] at first initial vaccination, 72.3 [4.3] 
years) were enrolled in this extension study [8], of whom 68 
(mean age at first initial vaccination, 72.2 [4.3] years) were in-
cluded in the ATP cohort for persistence at month 120. Sixty-
two participants received ≥1 additional dose and were included 
in the total vaccinated cohort for additional dose administra-
tion. The mean age (SD) at first additional dose administration 
was 82.6 (4.4) years (Figure 1B and Table 1).

Immunogenicity Persistence After Initial Vaccination

The anti-gE antibody GMC was 1240 mIU/mL (95% CI, 1003–
1535) before initial vaccination, peaked at 43 100 mIU/mL 

(95% CI, 38 252–48 564 mIU/mL) at 1 month after initial dose 
2, and plateaued from month 48 onward, reaching 9123 mIU/
mL (95% CI, 7775–10 704 mIU/mL) and 7384 mIU/mL (95% 
CI, 6203–8790 mIU/mL) at months 108 and 120, respectively 
(Figure 2A). Descriptive statistics of anti-gE antibody concen-
trations from before vaccination through month 120 are pre-
sented in Supplementary Figure 1A.

The median CD42+ T-cell frequency was 121 (interquartile 
range [IQR], 69–237) before initial vaccination, peaked at 1809 
(1233–2627) at 1 month after initial dose 2, and plateaued from 
month 48 onward, reaching 414 (221–797 [8]) and 402 (298–
902) at months 108 and 120, respectively (Figure  2B). Mean 
CD42+ T-cell frequencies from before vaccination through 
month 120 are presented in Supplementary Figure 1B.

Safety of the Initial Vaccination

Safety through month 108 after initial dose 1 has been re-
ported elsewhere [6–8]. From month 108 to month 120 after 
initial dose 1, no vaccine-related SAEs were reported. During 
the same period, 1 suspected HZ episode was reported >9 years 
after initial RZV vaccination. A sample from the participant’s 
lesions was negative for VZV by polymerase chain reaction, 
when tested at a local laboratory.

Persistence of Immune Responses Predicted by the Statistical Models

All 3 models based on observations up to month 120 indicate 
that both anti-gE antibody GMCs (Figure 3A) and geometric 
mean CD42+ T-cell frequencies (Figure 3B) will remain above 
prevaccination levels ≥20 years after initial vaccination.

Immunogenicity of the Additional Doses

The anti-gE antibody GMC increased from 7706 mIU/mL (95% CI, 
6423–9246 mIU/mL) before additional dose administration (month 

Table 1. Summary of Demographic Characteristics

Characteristic

ATP Cohort  
for Persistence  

(n = 68)

TVC for Additional  
Dose Administration  

(n = 62)

Age, mean (SD), y 72.2 (4.3) 82.6 (4.4)a

Sex, no. (%)   

 Female 42 (61.8) 40 (64.5)

 Male 26 (38.2) 22 (35.5)

Age group at 1st initial  
dose, no.

  

 60–69 y 13 11

 ≥70 y 55 51

Ethnicity or geographic  
ancestry, no. (%)

  

 Not American Hispanic  
or Latino 

68 (100) 62 (100)

 White/European ancestry 68 (100) 62 (100)

Abbreviations: ATP, according-to-protocol; SD, standard deviation; TVC, total vaccinated co-
hort; y, years.
aNote: All parameters refer to the first initial vaccination dose, except age in the TVC for 
additional dose administration, which refers to first dose of the additional 2-dose schedule

http://academic.oup.com/jid/article-lookup/doi/10.1093/infdis/jiaa300#supplementary-data
http://academic.oup.com/jid/article-lookup/doi/10.1093/infdis/jiaa300#supplementary-data
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120) to 108 200 mIU/mL (95% CI, 87 154–134 327 mIU/mL) 1 month 
after additional dose 1 (month 121). No further increase oc-
curred after the second additional dose, with an anti-gE antibody 
GMC of 90 004 mIU/mL (95% CI, 76 754–105 540 mIU/mL) ob-
served 1 month after additional dose 2 (month 123). The anti-gE 
antibody GMC persisted above the level before revaccination, up 
to 12 months after the additional dose 2 (month 134), at 30 066 
mIU/mL (95% CI, 25 810–35 024 mIU/mL) (Figure 2A).

The median (IQR) CD42+ T-cell frequency increased from 360 
(295–885) before additional dose administration (month 120) to 
2564 (1220–4127) 1 month after additional dose 1 (month 121). 

No further increase occurred after the second additional dose, 
with a median (IQR) CD42+ T-cell frequency of 1776 (1181–
3078) observed 1 month after additional dose 2 (month 123). The 
median CD42+ (IQR) T-cell frequency persisted above the level 
before additional dose administration, up to 12 months after the 
additional dose 2 (month 134), at 1196 (681–1851) (Figure 2B).

Reactogenicity and Safety of the Additional Doses

The most frequent solicited local AE was pain, reported by 46 
RZV recipients (74.2%). Grade 3 pain was reported by 2 RZV 
recipients (3.2%). The most frequently reported solicited general 
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symptoms were fatigue and myalgia, reported by 31 (50.0%) 
and 29 (46.8%) of the RZV recipients, respectively. Grade 3 fa-
tigue and myalgia were each reported by 3 (4.8%) participants 
(Figure 4). Overall, no increase was observed between additional 
doses 1 and 2 in the frequency of solicited local or general AEs.

Within 30 days of additional dose administration, unsolicited 
AEs were reported by 14 participants (22.6%; 95% CI, 12.9%–
35.0%), of whom 5 (8.1%; 95% CI, 2.7%–17.8%) reported AEs 
considered by the investigator as vaccine related and 1 (1.6%; 
95% CI, .0%–8.7%) reported an AE of grade 3 intensity, which 
was not considered vaccine related. Most of the vaccine-related 
unsolicited AEs could be linked to reactogenicity (ie, injection-
site reactions and gastrointestinal disturbance). From the first 
additional dose 1 through study end, 7 participants reported 
SAEs, none of which were considered vaccine related and none 
of which were fatal. No potential immune-mediated diseases or 

suspected HZ episodes were reported in the additional dose ad-
ministration phase.

DISCUSSION

In adults vaccinated with 2 initial RZV doses at ≥60  years of 
age, the humoral and CMI responses persisted through 10 years 
after vaccination and are predicted to persist ≥20  years after 
initial vaccination. One additional RZV dose elicited strong 
humoral and cell-mediated gE-specific anamnestic immune 
responses, with no further increases observed after the second 
additional dose. The safety profile of the 2 additional doses was 
similar to that of the initial 2-dose vaccination course.

In participants receiving the licensed RZV formulation 
in the initial phase II study [6], both humoral and CMI re-
sponses have previously been shown to plateau beyond 4 years 
after initial vaccination [7, 8]. The current data shows that, 
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10 years after initial vaccination, the anti-gE antibody GMC 
and the mean gE-specific CD42+ T-cell frequency, respec-
tively, remained 6.0- and 3.5-fold above prevaccination levels. 
Both of these compare favorably with the predicted levels for 
10 years after vaccination using the Piecewise, Power law, or 
Fraser models, based on observed data through 6 years after 
vaccination [8, 9] (Figure 5). 

None of these 3 mathematical models overestimated the 
observed humoral or CMI responses at 10  years after vacci-
nation, confirming the validity of the models used, but there 
are 2 points for consideration. First, the immune responses 
10  years after vaccination were evaluated in the ATP cohort, 
whereas the predictions were based on the modeling cohort. 
This should have minimal impact on the observed values, how-
ever. Second, for the CMI response, predicted values represent 
geometric mean CD42+ T-cell frequencies [8, 9], whereas ob-
served values represent arithmetic mean CD42+ T-cell frequen-
cies. Geometric means are always lower than arithmetic means 
owing to the compounding effect, which could contribute to the 
approximately 3-fold difference between the observed and the 
predicted CMI responses (Figure 5).

The Piecewise, Power law, and Fraser models have been pre-
viously used to model immune persistence for the 20  years 
after immunization of young women with the AS04-adjuvanted 
cervical cancer vaccine [10]. Input of longer-term data im-
proved the profile of the predicted antibody response [10], 
confirming our observation that these models are conservative 
when predicting persistence of humoral and CMI responses to 
adjuvanted vaccines. 

To predict immune response persistence through 20  years 
after the initial RZV course, the same 3 validated models were 
used, along with data collected through 10 years after vaccina-
tion. All 3 models yielded similar results, indicating that im-
mune responses are predicted to persist above prevaccination 
levels for ≥20 years. The observed persistence of the immune 
response after an initial 2-dose schedule observed up to 10 years 
and predicted to persist up to ≥20 years after initial vaccina-
tion, along with the confirmed validity of the prediction models 
used, suggest that immune responses elicited by the vaccine 
persist for many years in older adults. These include CMI re-
sponses, which are considered the main mechanistic driver 
of protection against HZ [11]. Data from a large efficacy trial 
with RZV in adults aged ≥70 years show a high and persistent 
(84.7%–97.6%) efficacy against HZ during 4 years of follow-up 
[4], after which both the humoral and CMI responses to RZV 
plateau [7, 8]. Long-term efficacy data (NCT02723773) and 
real-world effectiveness data that are being generated for RZV 
will be needed to confirm the clinical significance of the im-
mune persistence.

Between 9 and 10 years after initial vaccination, no vaccine-
related SAEs were reported. During the current study and the 
previous follow-up study, covering the period between 4 and 
6 years, 6 and 9 years, and up to 10 years after initial vaccination, 
suspected HZ cases were reported in 2 of  ≥70 participants. One 
case had polymerase chain reaction testing, and results proved 
negative for VZV; the other had no such testing. Neither case 
was assessed by an adjudication committee, and HZ cases were 
not actively sought in these studies.
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Figure 4. Reactogenicity of the 2 additional adjuvanted recombinant zoster vaccine (RZV) doses. Abbreviation: GI, gastrointestinal symptoms.
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The ability of a vaccine to induce an anamnestic response is 
reflected by a rapid and strong immune response elicited in an 
individual with a previously developed primary immune re-
sponse to the vaccine’s antigen(s). To assess the ability of RZV 
to induce anamnestic immune responses in previous RZV re-
cipients, 2 additional doses were administered 2 months apart, 
10 years after the initial 2-dose vaccination course. This also al-
lowed assessment of the safety of repeated RZV administration. 
Both the anti-gE antibody GMC and the median CD42+ T-cell 
frequency increased substantially after the first additional dose, 
to higher levels than those elicited by the second dose of the in-
itial vaccination course, revealing the ability of RZV to induce 
strong anamnestic immune responses. By contrast to the ini-
tial 2-dose schedule [6], for which humoral and CMI responses 
were higher after dose 2 than after dose 1, no further increases 
were observed after the second additional dose. Hence, the 
ability of RZV to induce strong anamnestic immune responses 
was shown after a single additional dose. 

The persistence of immune responses through 1  year after 
the additional vaccination course was higher for the anti-gE 
antibody GMCs and similar for the median CD42+ T-cell fre-
quency compared with the initial vaccination course. Long-
term efficacy (NCT02723773) and real-world data will enable 
further assessment of the duration of protection offered by RZV 
and could help determine the need and optimal timing for ad-
ditional dosing. The long-term follow-up and revaccination 
study (NCT02723773), which is currently ongoing, also aims 
to compare revaccination with 1 or 2 RZV doses. These future 
data may help us understand whether the anamnestic response 
induced by the first additional dose reaches a maximum that 
cannot be further increased by a second additional dose given 
2 months after the first additional dose, potentially owing to ho-
meostatic control mechanisms.

The 2 additional RZV doses administered 10 years after the 
initial 2-dose vaccination course were well tolerated, and no 
safety concerns were identified. The most frequent solicited AEs 
after the additional RZV doses were injection-site pain, fatigue, 
and myalgia. This is in line with the reactogenicity profile of 
the 2 initial RZV doses previously observed in nearly 10  000 
adults ≥50  years of age who participated in the ZOE-50 and 
ZOE-70 efficacy trials with RZV [12].

Interpretation of the data requires consideration of the study 
limitations. First, although no control group was used in this 
study, reactogenicity after the initial vaccination may be used 
as a control for reactogenicity after administration of additional 
doses. Second, individuals with immunosuppressive condi-
tions or treatment were excluded from participation. However, 
the mean age of participants was >82 years, thus resulting in a 
study population considered immunosenescent. Owing to the 
selection process over time per study design (eligibility criteria, 
willingness to participate, and medical conditions in an elderly 
population), the study population may not be fully representa-
tive of the vaccinated study cohort enrolled in the initial phase 
II trial. Despite this general limitation of long-term follow-up 
studies, almost half of the RZV recipients from the initial phase 
II study could be enrolled in the long-term follow-up study, and 
the sample size was adequate to evaluate the study objectives. 
A plain language summary contextualizing the results and po-
tential clinical research relevance and impact is presented in 
Figure 6.
In conclusion, in older adults vaccinated at ≥60 years of age, hu-
moral and cellular immune responses induced by 2 initial RZV 
doses persisted 6.0- and 3.5-fold above prevaccination levels, up 
to the latest assessment completed in this long-term follow-up 
study, that is, 10 years after initial vaccination. Statistical mod-
eling predicts persistence of humoral and CMI responses for 
≥20 years after initial vaccination. In a population with a mean 
age of >82 years, additional dosing 10 years after initial vacci-
nation induced strong vaccine-specific anamnestic immune 
responses.

5770
(5.1-fold)

5116
(4.5-fold)

6582
(5.8-fold)

7384
(6.0-fold)

0

1000

2000

3000

4000

5000

6000

7000

8000

Piecewise model Power law model Fraser model Observed anti-gE
antibody GMC,

mIU/mLPredicted anti-gE antibody GMC, mIU/mL

Humoral immune responsesA

256
(1.2-fold)

284
(1.3-fold)

234
(1.1-fold)

760
(3.5-fold)

0

100

200

300

400

500

600

700

800

Piecewise model Power law model Fraser model Observed Mean
CD42+ T-Cell

Frequency
Predicted Geometric Mean CD42+ T-Cell Frequency

Cell-mediated immune responsesB

Figure 5. Comparison of predicted versus observed persistence of adjuvanted 
recombinant zoster vaccine (RZV)–elicited immune responses (including fold in-
creases versus before initial vaccination) 10  years after initial vaccination. A, 
Predicted anti–glycoprotein E (gE) antibody geometric mean concentrations (GMCs), 
based on data collected through 6 years after vaccination [8, 9]. B,Predicted geo-
metric mean frequencies of CD42+ T cells (CD4+ T cells expressing ≥2 of 4 assessed 
activation markers: interferon γ, interleukin 2, tumor necrosis factor α, and CD40 
ligand). (These predicted frequencies are presented as fold increases versus the 
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lower than arithmetic means due to the compounding effect, these fold increases 
are underestimated.)
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Supplementary Data

Supplementary materials are available at The Journal of Infectious 
Diseases online. Consisting of data provided by the authors to 
benefit the reader, the posted materials are not copyedited and 
are the sole responsibility of the authors, so questions or com-
ments should be addressed to the corresponding author.
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Plain Language Summary

What is the context?
• Varicella, or chickenpox, is a highly contagious disease caused by the varicella zoster virus. After symptoms

resolve, the virus remains in a latent state in the body.
• Later in life,the virus can reactivate to causes shingles, a painful, localized skin rash also known as herpes zoster.

This reactivation typically occurs due to an age-related decline in immunity.
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What is new?
• In this study, we determined the persistence of immune responses after a 2-dose Shingrix vaccination. We also

assessed whether immune memory can be triggered with 2 additional doses administered 10 years later. We
found:

− In adults aged 60 years or older, immune responses remained above baseline levels for up to 10 years
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− Mathematical models showed that the immune responses persist above baseline levels for at least 20
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− A single additional dose, given 10 years later, induced a strong immune memory response.
The additional vaccine doses were well tolerated.−

What is the impact?
• Shingrix induces an immune response that persists up to at least 10 years.
• Further long-term studies are needed to assess the duration of protection after an initial 2-dose schedule and

the potential need for additional dosing several years later.

Figure 6. Plain language summary of study results and potential relevance for clinical research.
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