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Abstract

Background: Herpes zoster may significantly impact quality of life (QoL) in older adults. The recombinant zoster vaccine (RZV) is efficacious
in adults aged >50 and older and is associated with increased reactogenicity compared to placebo. We report here on the impact of reactogenicity
of the second RZV dose on the QoL and physical functioning (PF) of vaccine recipients, and summarize findings following both doses.
Method: In this single-arm study, 401 adults aged >50 and older were enrolled to receive two RZV doses 2 months apart. Change in mean
Short Form Survey-36 (SF-36) PF and EuroQol-5 Dimension (EQ-5D) scores, reactogenicity, safety, productivity loss, and healthcare resource
utilization were evaluated.

Results: In total, 391 (97.5%) participants received dose 2. Post-dose 2, the most common solicited local symptoms were injection site pain
(75.1%), erythema (22.4%), and swelling (13.9%), and the most common systemic symptoms were fatigue (46.3%), headache (37.5%), and
myalgia (32.9%). Grade 3 solicited (local and systemic) adverse events were reported by 61 (15.6%) participants and were associated with a
transient clinically significant decrease in SF-36 PF score on Days 1-2 post-dose 2 that recovered by Day 3. Overall, no clinically important
reduction in mean SF-36 PF scores was observed from baseline to post-dose 2 (mean change -0.4), and no quality-adjusted-life-year loss was
recorded.

Conclusions: Overall, QoL and PF of RZV vaccinees were not affected by vaccine-related reactogenicity. A transient reduction was observed
in the first 2 days after RZV vaccination in individuals with Grade 3 adverse events. No safety concerns were identified.

Keywords: Physical function, Physical activity, Pain, Zoster vaccine

Herpes zoster (HZ) consists in a vesicular dermatomal rash asso-
ciated with pain resulting from the reactivation of latent varicella
zoster virus (VZV) (1). The increased risk of HZ in older adults cor-
relates with a decline in VZV-specific T cell-mediated immunity as-
sociated with immunosenescence and the presence of some chronic
medical conditions and immune-suppressive illnesses or therapies
(2). HZ and its complications significantly impact patients’ quality
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of life (QoL) and activities of daily living (ADL), as well as the life of
their partners and caregivers (3-6).

Two types of vaccines are licensed to prevent HZ and associated
complications in adults 250 years of age, single-dose live-attenuated
HZ vaccines and a two-dose adjuvanted recombinant zoster vac-
cine (Shingrix, RZV; GSK). RZV demonstrated efficacy >90% in
preventing HZ in older adults (7,8) and proved cost-effective from
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both a payer and societal perspective (9,10). The estimated vac-
cine efficacy in reducing HZ burden of illness and HZ burden of
interference was greater than 90% in both the ZOE-50 and the
pooled ZOE-70 analyses (11). Pivotal phase III trials conducted in
approximately 30,000 adults aged 50 years or older (randomized
1:1 to receive either RZV or placebo) reported Grade 3 solicited
or unsolicited events (preventing normal daily activities) for 17.0%
(ZOE-50) and 11.9% (ZOE-70) of RZV recipients, after the two-
dose schedule (7,8).

The primary objective of the present study was to assess the
impact of RZV-related reactogenicity on the QoL of recipients by
evaluating the change in Short Form Survey-36 (SF-36) Physical
Functioning (PF) scale score from pre- to post-each RZV dose.
Secondary objectives included RZV-related changes in (i) SF-36
PF single item scores, (ii) SF-36 role physical scores, (iii) Quality-
Adjusted Life Year (QALY), (iv) healthcare resource utilization, (v)
work loss by participants and non-dedicated caregivers, (vi) extra
work for dedicated caregivers, and (vii) occurrence, intensity, caus-
ality and duration of adverse events (AEs). Results of this study will
assist Health Care Professionals in informing their patients about the
potential impact of vaccine reactogenicity on their QoL, which may
affect patients’ decision to receive RZV.

We recently reported the QoL and daily functioning of partici-
pants in this study following the first RZV dose. Overall, no clinic-
ally significant negative impact was observed, though, as expected,
a transient clinically important decrease in daily SF-36 PF score (af-
fecting activities such as walking, carrying groceries, climbing stairs)
was recorded on Days 1-2 post-first dose for participants experi-
encing Grade 3 solicited AEs (12). Here, we present the QoL and
PF results, along with safety findings, following the second vaccine
dose and provide an overview of the impact of RZV reactogenicity
on participants’ daily physical activities after receiving both doses.

A summary of the research, clinical relevance, and the impact on
the patient population are displayed in Supplementary Figure S1.

Method

Study Design and Participants

This was a phase III, single-arm, open-label clinical trial conducted
in 13 centers in the United States from 16 January 2017 to 24 May
2018 (NCT02979639). Participants were men and women aged >50
and older at enrollment, who provided written informed consent
before the study start. Each participant was to receive two 0.5 mL
intramuscular doses of RZV on Day 0 and Day 60. Details of study
inclusion/exclusion criteria, the ethical statement, and vaccine com-
position are described in the primary publication (12).

Reactogenicity and Safety Assessments

Systemic AEs (fatigue, fever, gastrointestinal symptoms, headache,
myalgia, shivering) were recorded prior to vaccination on Days -7
and 0. For 7 days following each vaccination (Days 1-7 post-dose
1 and 61-67 post-dose 2), participants recorded solicited local (in-
jection site pain, redness, swelling) and systemic AEs on diary cards.
Unsolicited AEs were recorded for 30 days following each vaccin-
ation. Serious adverse events (SAEs) and potential immune-mediated
diseases (pIMDs) were recorded over the entire study period from
the receipt of the first dose until 12 months following administra-
tion of the second dose. The intensity of all AEs was graded from 1
to 3, where a Grade 3 event was defined as diameter >100 mm (in-
jection site redness and swelling), temperature >39.0°C (fever), and

“preventing normal activity” (all other events). Supplementary Table
S1 summarizes the intensity scale used for AEs grading. All solicited
local symptoms were considered as causally related to vaccination;
the causality of all other AEs was assessed by the investigator.

QoL Assessments

Two health surveys, SF-36 (13) and EuroQol-5 Dimension (EQ-5D)
(14), utilized during this trial have been described elsewhere (12).
Briefly, the SF-36 comprises 36 questions, with answers aggregated
to generate eight scales with values ranging from 0 to 100 are de-
rived for PE, Role Physical, Bodily Pain, Systemic Health, Vitality,
Social Function, Role Emotional, and Mental Health. Higher scores
represent greater QoL; mean change from pre-vaccination of 3.3
in PF score was considered to be clinically relevant based on the
minimal clinical importance threshold defined by Angst et al. (15).
EQ-5D defines health in terms of mobility, self-care, usual activities,
pain/discomfort, and anxiety/depression. These five items are con-
verted to provide a single index utility score, where a higher score
represents a better QoL. Both questionnaires were completed at the
study center at Day -7 (7 days pre-dose 1), Day 0 (before receiving
dose 1), Day 7 (7 days post-dose 1), Day 60 (before receiving dose
2), and Day 67 (7 days post-dose 2). All participants also completed
the PF component of the SF-36 and the entire EQ-5D questionnaire
at home on a daily basis for 6 days post-dose 1 and post-dose 2. For
dose 2 analysis, baseline values for individual participants were cal-
culated as the mean of the Day -7, Day 0, and Day 60 assessment
scores. The mean post-dose 2 scores were defined as the mean of
the seven assessment scores recorded from Days 61-67. The changes
from pre- to post-dose 2 were calculated on an individual basis,
as the difference between the mean post-dose 2 score and baseline
score. The participants thereby served as their own control (ie, by
using each participants’ own pre-vaccination values).

Healthcare Resource Utilization and Missed Time

From Work

Daily diary cards captured self-reported healthcare resource utiliza-
tion associated with reactogenicity, including medication for related
AEs and medically attended visits and consultations as a result of
reactogenicity. On Day 7 post-vaccination, participants self-reported
vaccine-related lost productivity, which included missed time from
work by employed participants and non-dedicated caregivers and
extra work expended by dedicated caregivers.

Statistical Analyses

A sample size of 360 participants was considered necessary to gen-
erate an estimate of the mean PF scores change with a precision
of 2.2 (SD of 21.2). Assuming a non-evaluable proportion of ap-
proximately 10% of participants, a total of 400 individuals were
planned to be enrolled in the study. Reactogenicity and safety assess-
ment was performed on the total vaccinated cohort (TVC), which
included all vaccinated participants. The percentage of participants
with at least one solicited (local and systemic) and unsolicited AE,
SAE, and pIMD was calculated with exact 95% confidence interval
(CI). The QoL analysis was also carried out on the TVC. The eight
SF-36 scales and the EQ-5D utility scores were presented by age
category and overall. The SF-36 PF scores were also presented by
gender, frailty status (categorized as non-frail, pre-frail, and frail),
AE type, and reactogenicity grade. The SF-36 PF individual items
were presented over time by reactogenicity grade in a post hoc ana-
lysis and the change from baseline for each item was presented by
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frailty status also in a post hoc analysis. The EQ-5D QALY loss was
analyzed by age, frailty status, AE type, and reactogenicity grade.
The EQ-5D utility scores were assessed overall and in post hoc
analyses by reactogenicity grade. Details of the development of the
frailty assessment are presented elsewhere (16). The QALY loss was
estimated using the area-under-the-curve method, where area under
the curve was calculated using the trapezoidal rule (17). All statis-
tical analyses were performed using SAS version 9.2.

Results

Participants

Of the 401 participants enrolled and vaccinated with dose 1, 391
received the second RZV dose (97.5%); 389 (99.5%) of them re-
turned their symptom sheet by Day 67. Completion of the SF-36
and EQ-5D questionnaires was high (98.2% from Day 61 to 66,
and 74.4% on Day 67). Participants had a mean age of 64.6 years,
82.8% were Caucasian and 58.6% were female (12).

Reactogenicity and Safety

Within the 7 days follow-up period post-dose 2, the majority of par-
ticipants reported at least one solicited local AE (injection site pain:
75.1%; erythema: 22.4%; swelling: 13.9%). Solicited local AEs of
Grade 3 intensity were reported by 5.4% (injection site pain), 1.8%
(erythema), and 0.8% (swelling) of participants (Figure 1). The most
common solicited systemic AEs post-dose 2 were fatigue (46.3%),
headache (37.5%), and myalgia (32.9%); Grade 3 intensity was re-
ported by 6.9% (fatigue), 2.8% (headache), and 4.1% (myalgia) of
vaccine recipients (Figure 1). Grade 3 solicited (local and systemic)
AEs were reported by 38 participants post-dose 1 and 61 partici-
pants post-dose 2. The frequency of Grade 3 AEs post-dose 2 was
higher for participants who experienced at least one Grade 3 event
after the first dose than for those who experienced AEs at lower in-
tensity after the first dose (Supplementary Table S2).

Overall, 127 (31.7%) participants reported at least one unsoli-
cited AE during the 30-day post-dose 2 follow-up period, among
whom 25 (6.2%) reported Grade 3 unsolicited AEs. A total of 21
SAEs were reported by 14 (3.5%) participants over the entire study
period (Supplementary Table S3). Of those, 17 were resolved before
the study end, two resulted in death (adenocarcinoma of the duo-
denum and unknown cause), and two were considered not resolved
at study end (cardiomyopathy and myelodysplastic syndrome).
None of the SAEs were considered causally related to vaccination as
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Figure 1. Percentage of participants with solicited local and systemic AEs
over the 7-day follow-up period post-dose 1 and post-dose 2 (total vaccinated
cohort). AE, adverse event; *nausea, vomiting, diarrhea and/or abdominal
pain; **>375°C; # RZV Dose 1 administered on Day 0, Dose 2 administered
on Day 60. Error bars represent 95% confidence intervals. Full color version
is available within the online issue.

per investigator judgment. SAEs and pIMDs by age group and frailty
status are presented in Supplementary Table S3. Three pIMDs were
reported by two (0.5%) participants over the entire study period
(two episodes of gout for one subject and facial paralysis (Bell’s
Palsy) for the other subject). None were assessed as causally related
to vaccination as per investigator judgment.

Quality of Life

An overall mean change of -0.4 in SF-36 PF score from baseline
to post-second RZV dose was observed (Figure 2 and Table 1). By
age category, the mean change was +0.3 (from 90.3 to 90.6) in the
50-59 years age group, -0.5 (from 81.8 to 81.3) in the 60-69 years
age group, and -0.9 (from 73.7 to 73.2) in the 270 years age group
(Table 1). For participants experiencing Grade 3 solicited AEs, a
point reduction of 2.4 in mean SF-36 PF score from baseline to post-
second vaccination was recorded (Table 1), with a transient decrease
of approximately 15 points from Day 60 (83.4) to Day 61 (68.0)
that recovered by Day 63 (82.2) (Table 2). The mean changes in in-
dividual SF-36 PF items from baseline to Day 67 ranged from -3.7
(“climbing several flights of stairs”) to +3.9 (“bending or kneeling”).
The most impacted individual SF-36 PF items amongst participants
experiencing Grade 3 solicited AEs on Day 61 were Question 3b
(moderate activities, eg, moving a table, pushing a vacuum cleaner,
bowling) and Question 3d (climbing several flights of stairs)
(Figure 3). Supplementary Table S4 shows the mean changes in the
different SF-36 scales from pre- to post-second vaccination, ranging
from -2.0 (“bodily pain”) to +0.8 (“mental health”). The mean
SF-36 role physical score decreased by -1.8 points from baseline to
post-dose 2.

EQ-5D: QALY

No QALY loss was observed overall, by age, by gender, or by frailty
status over the 7-day follow-up period post-dose 2 (mean overall
change observed: +0.1128). For participants experiencing Grade 3
solicited AEs, a decrease in mean EQ-5D utility scores was observed
on Day 61, but these had returned to pre-vaccination values by Day
63 (Supplementary Figure 2). The decrease from baseline in EQ-5D
utility scores in the 61 participants (15.6%) with Grade 3 solicited
AEs was 0.0767 on Day 61 and 0.0365 on Day 62; the decrease
from baseline in EQ-5D utility score on Day 61 for the 267 parti-
cipants (68.3%) with Grade 1 or 2 solicited AEs was 0.0386. The
overall estimated QALY loss per vaccine recipient post-dose 2 (sum

Dose 2
100.0 vl
900 | —

800 | T T —

70.0

60.0
——50-59 years
500 = 60-69 years
40.0 ——2>70 years

30.0 ——Overall
20.0
10.0
0.0

Mean SF-36 Physical Functioning Score

Baseline 60 61 62 63 64 65 66 67
Day Post-Second Vaccination

Figure 2. Mean Short Form Survey-36 (SF-36) Physical Functioning scale
score at baseline and over the 7-day follow-up period post-dose 2 by age and
overall (total vaccinated cohort). Baseline is calculated as the mean of Day -7,
Day 0 (pre-dose 1), and Day 60 (pre-dose 2). Full color version is available
within the online issue.
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Table 1. Mean SF-36 PF Scale Scores at Baseline and Post-Dose 2 (Total Vaccinated Cohort)

Baseline Days 1-7 Post-Dose 2
Mean Mean Mean Change From SE of the
N Score N Score Baseline to Post-Dose 2 Mean Change
Overall 391 82.0 389 81.8 -0.4 0.53
Age category (y) 50-59 132 90.3 131 90.6 0.3 0.79
60-69 130 81.8 130 81.3 -0.5 0.85
270 129 73.7 128 73.2 -0.9 1.08
Reactogenicity grade 0 63 78.5 61 82.5 3.2 1.35
1and2 267 82.6 267 81.9 -0.7 0.65
3 61 82.8 61 80.4 -2.4 1.01
Adverse event type None 59 79.0 57 82.1 2.2 1.24
Local 302 82.7 302 81.9 -0.8 0.58
Systemic 245 83.5 245 82.3 -1.2 0.60
Gender Male 161 80.8 159 81.6 0.4 0.89
Female 230 82.8 230 81.9 -0.9 0.64
Frailty status Non-Frail 229 91.4 228 91.4 0.0 0.60
Pre-Frail 141 72.4 140 71.9 -0.9 1.04
Frail 21 43.7 21 43.7 0.0 2.39

Note: N = total number of participants; PF = physical functioning; SE = standard errors; ; SF-36 = Short Form Survey-36; high score represents high level of

functioning/quality of life. Baseline is calculated as the mean of the Day -7, Day 0 (pre-dose 1) and Day 60 (pre-dose 2). Reactogenicity grading: 0 (none/normal); 1

(mild); 2 (moderate); 3 (severe; prevents normal activity); for swelling/redness; greatest surface diameter 0 (<20 mm); 1 (220 mm-<50 mm); 2 (>50 mm-<100 mm);
3 (100 mm); for temperature: 0 (<37.5°C); 1 (37.5°C-38.0°C); 2 (38.1°C=39.0°C); 3 (>39.0°C).

of (daily utility loss x % with utility loss)/365) was estimated as
0.00012.

Medically Attended Reactogenicity

Five participants sought medical attention for reactogenicity symp-
toms during the 7-day follow-up period post-dose 2. Four partici-
pants sought medical attention by telephone call (two participants
in both 60-69 years and >70 years age groups) and one participant
in the 60-69 years age group visited a general practitioner. Of the
participants who sought medical attention, two participants were
categorized as non-frail, and 3 were pre-frail. Overall, 37 (9.5%) par-
ticipants took medication at least once in response to reactogenicity
during the 7-day post-dose 2 period.

Participant Work Loss or Additional Caregiver
Workload Due to Vaccination

Of the 186 participants who were working, 13 (7.0%) participants
reported work loss due to reactogenicity post-dose 2, with a median
duration of 1 day (mean duration: 1.1, SD: 0.4); seven of these 13
participants experienced at least one Grade 3 and six experienced
at least one Grade 1 or 2 solicited AE on Day 60 or 61. None of
the six dedicated caregivers (all for participants aged >70 and older)
reported any extra work burden following the second RZV dose ad-
ministration to study participants.

Discussion

In this study, we examined both the frequency of AEs following
vaccination and the impact of reactogenicity on the QoL of study
participants. Very high second-dose compliance by participants was
observed, and nearly all returned their symptom sheets. The pattern
of reactogenicity was similar to that reported after the first RZV
vaccination (12) and is also in line with the reactogenicity profile
observed in the two large pivotal efficacy studies, that enrolled a
much larger population than the current study, thus providing more

robust results with respect to the frequency of AEs (18). Consistently
across studies, injection site pain was the most frequently reported
solicited local AE and fatigue, headache, and myalgia were the most
frequent solicited systemic AEs after each dose (18,19). Frequency
of all-grade solicited systemic AEs tended to be higher after dose 2
compared to dose 1.

Overall, no reductions of more than 3.3 (threshold of minimal
clinically important difference (15)) in the mean SF-36 PF scores
were observed post-each dose. Overall mean change of SF-36 PF
score was +1.9 from pre-vaccination to post-dose 1 (12) and -0.4
from baseline to post-dose 2. A transient but clinically meaningful
decrease in mean daily SF-36 PF score from baseline to post-second
vaccination was recorded for participants reporting Grade 3 solicited
AFs. A similar trend was also observed post-dose 1 (12). Considering
the definition of Grade 3 (preventing normal daily activities), this
observation was not unexpected. Changes in other SF-36 scales from
baseline to post-dose 2 were small, suggesting a minimal impact of
RZV vaccination on PF and other QoL parameters.

Overall, no QALY loss associated with RZV vaccination was
observed, although transient QALY daily losses were observed in
participants with Grade 3 reactogenicity. The overall estimated
QALY loss per vaccine recipient was 0.000064 post-dose 1 (12) and
0.00012 post-dose 2. The higher QALY loss post-dose 2 versus post-
dose 1 is consistent with the incidence of Grade 3 reactogenicity
after the first and second doses in this study. In comparison with the
results presented here, a recent study reported that reactogenicity
after an adjuvanted monovalent influenza A vaccine resulted in a
QALY loss of 0.00011 (20), similar to that observed in the present
study. By contrast, it has been previously reported that QALY losses
due to HZ, including postherpetic neuralgia (PHN), ranged from
0.021 t0 0.22 (21,22).

Five of 391 recipients receiving the second vaccine dose sought
medical attention for reactogenicity and 13 reported work loss. In
comparison, three out of 401 participants sought medical attention
and five reported missing work due to reactogenicity symptoms
following the first dose (12). No non-dedicated caregivers missed



Journals of Gerontology: MEDICAL SCIENCES, 2021, Vol. 76, No. 3 489
Table 2. Mean SF-36 PF Scale Scores Pre- and Post-Dose 2 by Day and Maximum Reactogenicity Grade (Total Vaccinated Cohort)
Grade 0 Grade 1 or 2 Grade 3

Day N Mean Score N Mean Score N Mean Score
Baseline 63 78.5 267 82.6 61 82.8

Day -7 pre-dose 1 63 75.6 267 82.0 61 82.6

Day 0 pre-dose 1 63 80.4 267 84.0 61 82.5

Day 60 pre-dose 2 63 79.6 266 81.9 61 83.4
Post-dose 2 (mean) 61 82.5 267 81.9 61 80.4

Day 61 61 83.9 265 78.2 59 68.0

Day 62 61 82.6 265 81.5 59 78.9

Day 63 61 82.4 265 82.5 58 82.2

Day 64 61 82.0 265 82.8 59 82.8

Day 65 61 82.1 265 83.1 59 82.3

Day 66 60 81.8 265 83.2 59 82.6

Day 67° 44 83.2 205 82.9 42 85.5

Notes: N = total number of participants; PF = physical functioning; SF-36 = Short Form Survey-36; high score represents high level of functioning/quality of life
(maximum is 100). Baseline is calculated as the mean of Day -7, Day 0 (pre-dose 1), and Day 60 (pre-dose 2).

“Visit at Day 67: defined as 7-days post-dose 2; not all participants returned for the site visit exactly on Day 67. Reactogenicity grading: 0 (none/normal); 1

(mild); 2 (moderate); 3 (severe; prevents normal activity); for swelling/redness; greatest surface diameter 0 (<20 mm); 1 (220 mm-<50 mm); 2(>50 mm-<100 mm);
3 (100 mm); for temperature: 0 (<37.5°C); 1 (37.5°C=38.0°C); 2 (38.1°C=39.0°C); 3 (>39.0°C).
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Mean Score of SF-36 PF Single Item
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Baseline 60 61 62 63 64 65 66 67
Day Post-Second Vaccination

——Q3a - vigorous activities ——Q3b - moderate activities
——Q3c - Lifting or carrying grocerics
——Q3e - Climbing one flight of stairs
~——Q3g - Walking more than a mile
Q3i - Walking one hundred yards

——Q3d - Climbing several flights of stairs
——Q3f - Bending, kneeling or stooping
——Q3h - Walking several hundred yards
——Q3j - Bathing or dressing

Figure 3. Mean Short Form Survey-36 (SF-36) Physical Functioning single
items from baseline to Day 7 post-dose 2 for participants with Grade 3
reactogenicity only (total vaccinated cohort). Baseline is calculated as the
mean of Day -7, Day 0 (pre-dose 1), and Day 60 (pre-dose 2). Full color
version is available within the online issue.

work and no extra work for dedicated caregivers was recorded after
either dose. Previous studies indicated that most affected employees
undergo work loss or impaired productiveness due to HZ and PHN
symptoms with an average duration of work loss ranging between
27 and 116 hours per employed person (23-25); caregivers have also
reported lost work due to an HZ episode (26,27). Taken together
with the QALY data reported above, these data demonstrate that the
benefits of vaccination in preventing disease greatly outweigh any
impact of reactogenicity.

The limitations of this study include the open study design, lack of
a control group, and a “response shift” phenomenon (28), as increases
in mean SF-36 PF scores were predominantly observed in participants
with Grade 0 reactogenicity. In the absence of data on clinically mean-
ingful change of PF scores following vaccination, the threshold of 3.3
determined in patients with osteoarthritis was used in this study. One
of the strengths of the study is the thorough evaluations of the pre-
vaccination period, that is, allowing for a more precise definition of
baseline (mean of the Day -7, Day 0, and Day 60 assessment scores).

Other strengths of the study are the high compliance (97.5%) re-
ceiving the second dose, the high proportion (99.5%) of participants
returning the diary cards completed by Day 67 and the high compli-
ance in returning QoL surveys (98.2% of the participants from Day
61 to Day 66, and 74.4% of the participants on Day 67).

Conclusions

Overall, the QoL and PF of adults >50 years were not affected by
vaccine-related reactogenicity experienced after RZV dose 1 and
dose 2; as expected, a transient, clinically meaningful impact was
observed in adults who reported Grade 3 solicited AEs. No safety
concerns were reported in this study. The observed safety and
reactogenicity are consistent with the previously published profile of
RZV. The results of the study suggest that the benefits of preventing
HZ, acute HZ episode-associated pain, and PHN through vaccin-
ation outweigh the minimal and transient loss in PF and QoL caused
by vaccine-related reactogenicity.

Supplementary Material

Supplementary data are available at The Journals of Gerontology,
Series A: Biological Sciences and Medical Sciences online.
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