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ABSTRACT
In two large clinical trials (ZOE-50 [NCT01165177] and ZOE-70 [NCT01165229]), two doses of the
adjuvanted recombinant zoster vaccine (RZV) demonstrated >90% efficacy against herpes zoster in
adults ≥50 years of age. Solicited adverse events (AEs) were collected for 7 days post-each dose in
a study sub-cohort. The incidence of reported solicited AEs was higher for RZV compared to placebo
recipients. Since reactogenicity may contribute to a person’s willingness to be vaccinated, knowing
about expected reactogenicity might help keep high compliance with the second dose. This post hoc
analysis assessed the intensity of solicited AEs post-dose 2 reported to the same event’s intensity post-
dose 1. Intensity was graded from 0 to 3, grade 3 indicating the highest severity. Of the vaccinees who
did not experience a specific AE post-dose 1, 72.6–91.7% did not experience the same event after dose
2. Although the frequency of grade 3 AEs post-dose 2 was the highest in participants reporting the same
AEs at grade 3 post-dose 1, 65.8–89.3% of vaccinees with grade 3 specific AEs post-dose 1 reported the
same AEs at lower intensity post-dose 2. These data can help inform health-care professionals about the
frequency and intensity of AEs post-dose 2 with respect to post-dose 1.
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Herpes zoster (HZ) causes a significant burden of disease in
adults over 50 years of age (YOA).1 Two doses of the adjuvanted
recombinant zoster vaccine (RZV, Shingrix, GSK) demonstrated
an acceptable safety profile and high efficacy against HZ and
postherpetic neuralgia (PHN).2–4 RZV is licensed and recom-
mended for the prevention of HZ and PHN in adults ≥50 YOA
in several countries worldwide.

RZV consists of varicella-zoster virus glycoprotein E (gE) and
the liposome-based AS01B Adjuvant System (containing 50 μg of
3-O-desacyl-4ʹ-monophosphoryl lipid A and 50 μg of Quillaja
saponaria Molina, fraction 21 [licensed by GSK from Antigenics
LLC, a wholly owned subsidiary of Agenus Inc., a Delaware, USA
corporation]). The resulting formulation enhances cell-mediated
immune responses and overcomes immunosenescence,5 leading
to a vaccine with high efficacy in older adults.2,3

It has previously been observed that adjuvanted vaccines may
be associatedwith increased reactogenicity.6–10 Indeed, occurrence
of solicited adverse events (AEs) during the 7-day post-vaccination

period was higher in RZV compared to placebo recipients in the
two pivotal phase III trials conducted in adults ≥50 YOA (ZOE-
5011) and ≥70 YOA (ZOE-703): 85.2% (RZV) compared to 34.2%
(placebo) in ZOE-50 and 79.0% (RZV) compared to 29.5% (pla-
cebo) in ZOE-70. Themost common solicited adverse events were
pain at the injection site, myalgia, fatigue, and headache.3,11,12,13

While the majority of events reported during the 7-day post-
vaccination period were mild to moderate, with median durations
between 1 and 3 days, 16.4% (ZOE-50) and 11.9% (ZOE-70) of
events were reported at grade 3 intensity.3,11

In clinical settings, the high efficacy of RZV was demon-
strated following a 2-dose vaccination schedule.2,3 Therefore,
2 dose-compliance is recommended to ensure optimal protec-
tion. As AEs experienced after the first dose could impact
adherence to the subsequent dose, second-dose compliance
may be improved if vaccine recipients and physicians are well
informed on expected reactogenicity during the course of
vaccination.7 Herein, we present a post hoc analysis assessing
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the intensity of a specific injection site and general AE after
RZV dose 2 with respect to the intensity of the same event
after RZV dose 1.

ZOE-50 and ZOE-70 were phase III, randomized, obser-
ver-blind, controlled trials, conducted in parallel in 18 coun-
tries in Asia, Australia, Europe, Latin America, and North
America in adults ≥50 YOA (NCT01165177) and ≥70 YOA
(NCT01165229). Protocol summaries are available at http://
www.gsk-clinicalstudyregister.com (studies 110390 and
113077). Anonymized individual participant data and study
documents can be requested for further research at www.
clinicalstudydatarequest.com. Participants in both studies
were randomized 1:1 to receive 2 doses of either RZV or
saline placebo 2 months apart. Inclusion and exclusion cri-
teria have been described previously.2,3

The studies had a similar design and were conducted con-
currently at the same centers, allowing the pooling of safety
data. Hence, the main safety analysis of RZV was performed
on the pooled total vaccinated cohort (TVC) from the ZOE-
50 and ZOE-70 population, which included all participants
with at least one administered dose. Reactogenicity was eval-
uated in a sub-cohort of participants (TVC reactogenicity)
that recorded solicited injection site (pain, redness, and swel-
ling) and general events (fatigue, fever, gastrointestinal symp-
toms, headache, myalgia, and shivering) on diary cards for
7 days after each vaccination. Intensity of each AE was graded
as described in Table 1 and the intensity of each solicited
injection site and general event after dose 1 was compared to
the intensity of the same event reported after dose 2.

The pooled TVC from the ZOE-50 and ZOE-70 studies
consisted of 14,645 RZV and 14,660 placebo recipients.
Occurrences of unsolicited AEs, serious adverse events
(SAEs), and potential immune-mediated diseases (pIMDs)
and reasons for exclusions from this pooled cohort have
been presented previously.4 Of the RZV recipients included
in the pooled TVC, 4,969 were included in the reactogenicity
sub-cohort (as per protocol).

The overall compliance with the 2-dose schedule was com-
parably high in RZV and Placebo groups in the pooled TVC.
Of the first-dose recipients, 730 (5.0%) participants in the
RZV group and 581 (4.0%) in the Placebo group did not

receive the second dose. In the RZV and Placebo groups,
respectively, 155 (1.1%) and 57 (0.4%) participants did not
receive the second dose due to a non-serious AE, while 59
(0.4%) and 61 (0.4%) did not receive the second dose due to
SAE/pIMD (Supplementary Table 1).

Of the 432 vaccinees from the reactogenicity sub-cohort
who reported any grade 3 injection-site or general events after
the first dose, 394 (91.2%) returned to receive their second
dose.

Any solicited injection site AEs were recorded after both
RZV doses by 4,676 vaccinees (94.1% of the reactogenicity
sub-cohort). Pain was the most frequent solicited injection
site event after each dose (70.3% [95% confidence interval
(CI): 69.0–71.6] after dose 1 and 65.7% [64.4–67.1] after
dose 2) (Figure 1). The proportion of RZV recipients report-
ing any-grade redness and swelling were similar between
doses. Of the 4,676 vaccinees, 244 (5.2%) experienced
a grade 3 injection site AE after dose 1; 165 (67.6%) of
them reported the same event at a lower intensity
(≤ grade 2) after dose 2. Of the 1,235 (26.4%) participants
who experienced grade 0 injection site AE after dose 1, 881
(71.3%) experienced the event at grade 0 intensity as well
after dose 2 (Figure 2). Amongst participants who experi-
enced a certain injection site AE at grade 3 intensity after
dose 1, 65.8% to 84.0% of the participants reported the same
event at a lower intensity (≤grade 2) after dose 2. Amongst
participants who experienced a grade 0 injection site AE after
dose 1, the proportion of participants experiencing the same
event at grade 0 intensity after dose 2 ranged between 72.6%
and 90.4% (Figure 3(a)).

Any solicited general AEs were recorded after both RZV doses
by 4,668 vaccinees (93.9% of reactogenicity sub-cohort). Myalgia
(32.0% [95%CI: 30.7–33.4] after dose 1 and 33.8% [32.4–35.2] after
dose 2), and fatigue (30.9% [29.6–32.2] and 33.6% [32.2–35.0])
were the most frequent solicited general adverse events (Figure 1).
While the proportion of RZV recipients reporting myalgia and
gastrointestinal symptoms were similar between doses, the pro-
portion of vaccinees reporting fatigue, headache, shivering, and
fever was higher after dose 2 than after dose 1. This might be
explained by the involvement of immune memory responses
induced by the vaccine after the first dose.14

Table 1. Grading of solicited adverse events.

Grading

0 1 2 3

Injection site events
Pain None Mild: Any pain neither interfering with nor

preventing normal every day activities
Moderate: Painful when limb was moved
and interfered with every day activities.

Severe: Significant pain at rest.
Prevented normal every day
activities.

Redness (diameter)
<20 mm 20–50 mm >50–100 mm >100 mm

Swelling (diameter)
Fatigue
General events
GI symptoms
Headache None Mild: Event that was easily tolerated Moderate: Event that interfered with

normal activity
Severe: Event that prevented normal
activity

Myalgia
Shivering
Fever (body

temperature)
<37.5°C 37.5–38.0°C 38.1–39.0°C >39.0°C

GI, gastrointestinal (nausea, vomiting, diarrhea and/or abdominal pain)
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Among the 4,668 vaccinees, 222 (4.8%) participants experi-
enced a grade 3 solicited general AE after dose 1; of them, 141
(63.5%) participants reported the same event at a lower inten-
sity (≤grade 2) after dose 2. Of the 2,312 (49.5%) participants
who experienced grade 0 solicited general AE after dose 1,
1,617 (69.9%) reported the event at grade 0 intensity as well

after dose 2 (Figure 2). Amongst participants who experienced
a certain general AE at grade 3 intensity after dose 1 (fatigue,
gastrointestinal symptoms, headache, myalgia, shivering, or
fever), 69.8% to 89.3% of the participants reported the same
event at a lower intensity (≤grade 2) after dose 2. Amongst
participants who experienced a grade 0 general AE after dose
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Figure 2. Intensity of any events, solicited injection site events and general events reported after dose 2 stratified by the intensity reported after dose 1 (TVC
reactogenicity).
Footnote: TVC, total vaccinated cohort; N, number of participants with both doses administered having the corresponding grade at dose 1; n (%), number
(percentage) of RZV vaccinees with events at a specific grade. Note: Injection site events included: pain at the injection site, redness at injection site and swelling at
the injection site. General events included any solicited experiences which did not occur at the site of injection of RZV vaccine as: fatigue, gastrointestinal symptoms
(nausea, vomiting, diarrhea and/or abdominal pain), headache, myalgia, shivering and fever. There were four injection site events and five general events with
missing grading at dose 1 and 6 events (3 for each injection site and general) with missing grading at dose 2.

Figure 1. Incidence of solicited injection site and general events reported during the 7-day post-vaccination period following each dose among RZV recipients (TVC
reactogenicity).
Footnote: RZV, adjuvanted recombinant zoster vaccine; TVC, total vaccinated cohort; N, number of documented doses; GI, gastrointestinal (nausea, vomiting, diarrhea
and/or abdominal pain); fever was defined as body temperature >37.5°C.
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1, the proportion of participants experiencing the same event
at grade 0 intensity after dose 2 ranged between 79.3% and
91.7% (Figure 3b).

Overall for all solicited injection site and general AEs, vacci-
nees who did not experience a specific AE after dose 1 generally
did not experience the same event after dose 2. Vaccinees report-
ing grade 3 specific AEs after dose 1 were more likely to report
the same event at lower intensity after dose 2 than participants
who reported the AE at grade ≤2 post-dose 1. The frequency of
grade 3 AE after dose 2 was the highest in participants who
reported the same AE at grade 3 intensity after dose 1.

In the pooled TVC, of the 730 (<5% of 14,645 RZV reci-
pients) participants who did not receive the second RZV dose,
214 (29.3%) reported a non-serious AE, SAE, or pIMD.
A recent study assessing the impact of the first RZV dose on
the daily physical functioning (PF) and quality of life of 401
participants, also demonstrated the acceptable safety profile of
the vaccine.15 Whereas for participants with grade 1 and grade
2 events the mean Short Form Survey-36 (SF-36) PF score
remained stable during days 0, 1, and 2 after dose 1 (84.3,
84.1, and 85.5 [a scale of 0 to 100]), grade 3 reactogenicity was
associated with a transient decrease of PF score for 2 days
post-vaccination (day 0 – 75.8, day 1 – 65.2, day 2 – 68.0, day
3 – 74.8).15 Study results are aligned with the definition of
severity of AEs used in our analysis (Table 1).

The post hoc nature of this analysis might be considered as
one of its limitations. Moreover, the presented analysis on the
reactogenicity post-dose 2 with respect to post-dose 1 is
descriptive and thus the results need to be handled with
caution. Results are presented as the proportion of vaccinees
in sub-groups including widely different numbers of partici-
pants; thus, values need to be interpreted with regard to the
size of the analyzed sub-group.

Given that clinical trials demonstrated high RZV efficacy
for a 2-dose schedule, 2-dose compliance is considered impor-
tant to prevent shingles in the general older population. While
this study was not powered to predict event intensity of
the second RZV dose based on the first-dose experience, our
data inform healthcare professionals about expected reacto-
genicity after RZV vaccination and may assist to achieve
higher compliance with the second dose.

A plain language summary contextualizing the results and
potential clinical research relevance and impact is given in
Supplementary Figure 1.

Acknowledgments

The authors would like to thank all study participants, the clinical
investigators, the study nurses and GSK study staff involved in the
ZOE-50 and ZOE-70 trials, as well as the Global & US Medical

P
a

in

N
=

4
,6

7
6

R
e

d
n

e
s
s

N
=

4
,6

7
6

S
w

e
ll

in
g

N
=

4
,6

7
6

1013 (72.6%)

462 (20.5%)

104 (12%)

19 (12.3%)

294 (21.1%)

1367 (60.6%)

348 (40.0%)

26 (16.8%)

65 

(4.7%)

379 (16.8%)

344 (39.5%)

57 (36.8%)

22 

(1.6%)

47 (2.1%)

74 (8.5%)

53 (34.2%)

0 10 20 30 40 50 60 70 80 90 100

Grade 0

(1,395; 29.8%)

Grade 1

(2,255; 48.2%)

Grade 2

(870; 18.6%)

Grade 3

(155; 3.3%)

2884 (85.4%)

299 (47.3%)

189 (32.6%)

16 (19.0%)

278 (8.2%)

191 (30.2%)

115 (19.9%)

8 (9.5%)

195 

(5.8%)

135 (21.4%)

243 (42.0%)

39 (46.4%)

13 

(0.4%)

5 (0.8%)

32

(5.5%)

21 (25.0%)

0 10 20 30 40 50 60 70 80 90 100

Grade 0

(3,376; 72.2%)

Grade 1

(632; 13.5%)

Grade 2

(579; 12.3%)

Grade 3

(84; 1.8%)

3464 (90.4%)

230 (50.0%)

141 (40.8%)

7 (28.0%)

244 (6.4%)

160 (34.8%)

75 (21.7%)

4 (16.0%)

109 (2.8%)

64 (13.9%)

122 (35.3%)

10 (40.0%)

8 (0.2%)

5 (1.1%)

7 (2.0%)

4 (16.0%)

0 10 20 30 40 50 60 70 80 90 100

Grade 0

(3,833; 82.0%)

Grade 1

(460; 9.8%)

Grade 2

(346; 7.4%)

Grade 3

(25; 0.5%)

Grade post dose 1 

(n, %)

a)

Event intensity at dose 2 (n, %)

Grade 0 Grade 1 Grade 2 Grade 3

Figure 3. Intensity of solicited injection site (a) and general (b) events reported after dose 2 stratified by the intensity reported after dose 1 (TVC reactogenicity).
Footnote: TVC, total vaccinated cohort; N, number of participants with both doses administered having the corresponding grade at dose 1; n (%), number
(percentage) of RZV vaccinees with events at a specific grade. Notes: Panel A. Missing grade events: pain (1 event after dose 1 and 2 events after dose 2), redness (5
events after dose 1 and 8 events after dose 2) and swelling (12 events after dose 1 and 10 events after dose 2). Panel B. Missing grade events: GI symptoms (1 event
after dose 1 and 1 event after dose 2) and fever (7 events after dose 1 and 6 events after dose 2).

HUMAN VACCINES & IMMUNOTHERAPEUTICS 2631



Affairs Leads (Debora Rausch and Robyn Widenmaier). The authors
would also like to thank the Modis platform c/o GSK for editorial
assistance and manuscript coordination. Medical writing services were
provided by Botond Nagy and Alpár Pöllnitz and editorial assistance
and publication coordination were provided by Divya Kesters and
Natalia Tumanova.

Authors’ Contributions

Brecx Alain: conceptualization, methodology, writing (review and editing),
Clarke Christopher: visualization, writing (original draft), writing (review
and editing), Colindres Romulo: conceptualization, visualization, super-
vision, Writing (review and editing), Cunningham Anthony L. and Levin

2564 (79.3%)

401 (41.0%)

95 (27.2%)

32 (29.9%)

443 (13.7%)

359 (36.7%)

94 (26.9%)

16 (15.0%)

186 

(5.7%)

170 (17.4%)

109 (31.2%)

33 (30.8%)

42 

(1.3%)

47 

(4.8%)

51 (14.6%)

26 (24.3%)

0 10 20 30 40 50 60 70 80 90 100

Grade 0

(3,235; 69.3%)

Grade 1

(977; 20.9%)

Grade 2

(349; 7.5%)

Grade 3

(107; 2.3%)

3860 (91.7%)

218 (64.3%)

48 (53.3%)

12 (42.9%)

263

(6.2%)

88 (26.0%)

18 (20.0%)

6 (21.4%)

68 (1.6%)

26 (7.7%)

16 (17.8%)

7 (25.0%)

18 

(0.4%)

7 

(2.1%)

8 (8.9%)

3 (10.7%)

0 10 20 30 40 50 60 70 80 90 100

Grade 0

(4,210; 90.2%)

Grade 1

(339; 7.3%)

Grade 2

(90; 1.9%)

Grade 3

(28; 0.6%)

2893 (81.6%)

355 (43.0%)

83 (34.9%)

13 (22.4%)

460 (13.0%)

299 (36.2%)

67 (28.2%)

11 (19.0%)

158

(4.5%)

143 (17.3%)

58 (24.4%)

18 (31.0%)

34 

(1.0%)

29 

(3.5%)

30 (12.6%)

16 (27.6%)

0 10 20 30 40 50 60 70 80 90 100

Grade 0

(3,546; 76.0%)

Grade 1

(826; 17.7%)

Grade 2

(238; 5.1%)

Grade 3

(58; 1.2%)

2563 (80.4%)

405 (38.9%)

87 (25.5%)

28 (29.2%)

402 (12.6%)

406 (39.0%)

98 (28.7%)

14 (14.6%)

174 

(5.5%)

180 (17.3%)

119 (34.9%)

25 (26.0%)

50 

(1.6%)

51 

(4.9%)

37 (10.9%)

29 (30.2%)

0 10 20 30 40 50 60 70 80 90 100

Grade 0

(3,189; 68.3%)

Grade 1

(1,042; 22.3%)

Grade 2

(341; 7.3%)

Grade 3

(96; 2.1%)

3400 (84.3%)

187 (44.4%)

51 (34.0%)

26 (41.9%)

389 (9.6%)

134 (31.8%)

35 (23.3%)

7 (11.3%)

177 

(4.4%)

60 (14.3%)

44 (29.3%)

13 (21.0%)

68 

(1.7%)

40 (9.5%)

20 (13.3%)

16 (25.8%)

0 10 20 30 40 50 60 70 80 90 100

Grade 0

(4,035; 86.4%)

Grade 1

(421; 9.1%)

Grade 2

(150; 3.2%)

Grade 3

(62; 1.3%)

3696 (88.9%)

235 (58.8%)

48 (49.0%)

2 (40.0%)

336(8.1%)

114 (28.5%)

24 (24.5%)

114 

(2.7%)

50 (12.5%)

26(26.5%)

2 (40.0%)

7 

(0.2%)

1 (20.0%)

0 10 20 30 40 50 60 70 80 90 100

Grade 0

(4,158; 89.1%)

Grade 1

(400; 8.6%)

Grade 2

(98; 2.1%)

Grade 3

(5; 0.1%)

F
a

t
ig

u
e

N
=

4
,6

6
8

G
a

s
t
r
o

in
t
e

s
t
in

a
l 

s
y

m
p

t
o

m
s

N
=

4
,6

6
8

H
e

a
d

a
c
h

e

N
=

4
,6

6
8

M
y

a
lg

ia

N
=

4
,6

6
8

S
h

iv
e

r
in

g

N
=

4
,6

6
8

F
e

v
e

r

N
=

4
,6

6
8

Grade post dose 1 

(n, %)

Event intensity at dose 2 (n, %)

Grade 0 Grade 1 Grade 2 Grade 3b)

Figure 3. (Continued).

2632 R. COLINDRES ET AL.



Myron J.: methodology (advice prior to analysis through advisory board
participation), investigation, project administration, resources, writing
(review and editing, member of the ZOE 50/70 publication steering com-
mittee). Hervé Caroline: formal analysis, validation, writing (review and
editing), Kim Joon Hyung: methodology, supervision, writing (review and
editing, member of the ZOE 50/70 publication steering committee);
Oostvogels Lidia: conceptualization, methodology, supervision, writing
(review and editing), SchuindAnne: conceptualization, supervision, writing
(review and editing);Wascotte Valentine: conceptualization, methodology,
supervision, writing (review and editing); Zahaf Toufik: methodology,
formal analysis, validation, writing (review and editing, member of the
ZOE 50/70 publication steering committee).

Disclosure of potential conflicts of interest

AB, CC, RC, CH, JHK, LO, AS, VW, and TZ were employees of the GSK
group of companies at the time this study was designed, initiated and/or
conducted. JHK, AS, VW, and TZ are currently employed by the GSK
group of companies. LO is an employee of CureVacAG as of March 1,
2018 and is an inventor on a patent application related to the vaccine
used in this study. AB, CC, RC, JHK, LO, AS, VW, and TZ hold shares or
stock options in the GSK groups of companies as part of their current or
former employee remuneration.

MJL received fees for serving on advisory boards from Merck Sharp
& Dohme, GSK, and Curevo, grant support from Merck Sharp & Dohme
and GSK, and royalties from a patent related to a zoster vaccine held
with Merck. ALC received honoraria paid to his institution from GSK,
Merck Sharp & Dohme (Merck), and BioCSL/Sequirus.

Funding

This work was sponsored by GlaxoSmithKline Biologicals SA.
GlaxoSmithKline Biologicals SA was involved in all stages of the conduct
and analysis of the studies. GlaxoSmithKline Biologicals SA covered the
costs associated with the development and the publishing of the present
manuscript.

ORCID

Valentine Wascotte http://orcid.org/0000-0001-7134-0633
Alain Brecx http://orcid.org/0000-0001-9378-0541
Christopher Clarke http://orcid.org/0000-0001-5539-5319
Caroline Hervé http://orcid.org/0000-0002-0794-8748
Joon Hyung Kim http://orcid.org/0000-0002-6014-3543
Myron J. Levin http://orcid.org/0000-0002-7468-106X
Lidia Oostvogels http://orcid.org/0000-0003-1298-0360
Toufik Zahaf http://orcid.org/0000-0002-2049-5210
Anne Schuind http://orcid.org/0000-0003-3544-0682
Anthony L. Cunningham http://orcid.org/0000-0002-6744-5667

References

1. Yawn BP, Gilden D. The global epidemiology of herpes zoster.
Neurology. 2013;81(10):928–30. doi:10.1212/WNL.0b013e3182a
3516e.

2. Lal H, Cunningham AL, Godeaux O, Chlibek R, Diez-Domingo J,
Hwang SJ, Levin MJ, McElhaney JE, Poder A, Puig-Barbera J,
et al. Efficacy of an adjuvanted herpes zoster subunit vaccine in
older adults. N Engl J Med. 2015;372(22):2087–96. doi:10.1056/
NEJMoa1501184.

3. Cunningham AL, Lal H, Kovac M, Chlibek R, Hwang SJ, Diez-
Domingo J, Godeaux O, Levin MJ, McElhaney JE, Puig-Barbera J,
et al. Efficacy of the herpes zoster subunit vaccine in adults 70
years of age or older. N Engl J Med. 2016;375(11):1019–32.
doi:10.1056/NEJMoa1603800.

4. Lopez-Fauqued M, Campora L, Delannois F, El Idrissi M,
Oostvogels L, De Looze FJ, Diez-Domingo J, Heineman TC,
Lal H, McElhaney JE, et al. Safety profile of the adjuvanted
recombinant zoster vaccine: pooled analysis of two large ran-
domised phase 3 trials. Vaccine. 2019;37(18):2482–93.
doi:10.1016/j.vaccine.2019.03.043.

5. Lecrenier N, Beukelaers P, Colindres R, Curran D, De
Kesel C, De Saegher JP, Didierlaurent AM, Ledent EY,
Mols JF, Mrkvan T, et al. Development of adjuvanted recom-
binant zoster vaccine and its implications for shingles
prevention. Expert Rev Vaccines. 2018;17(7):619–34.
doi:10.1080/14760584.2018.1495565.

6. Petrovsky N. Comparative safety of vaccine adjuvants: a summary
of current evidence and future needs. Drug Saf. 2015;38
(11):1059–74. doi:10.1007/s40264-015-0350-4.

7. Hervé C, Laupèze B, Del Giudice G, Didierlaurent AM, Tavares
Da Silva F. The how’s and what’s of vaccine reactogenicity. NPJ
Vaccines. 2019;4(1):39. doi:10.1038/s41541-019-0132-6.

8. Del Giudice G, Rappuoli R, Didierlaurent AM. Correlates of
adjuvanticity: a review on adjuvants in licensed vaccines. Semin
Immunol. 2018;39:14–21. doi:10.1016/j.smim.2018.05.001.

9. Laupèze B, Hervé C, Di Pasquale A, Tavares Da Silva F. Adjuvant
systems for vaccines: 13 years of post-licensure experience in
diverse populations have progressed the way adjuvanted vaccine
safety is investigated and understood. Vaccine. 2019;37
(38):5670–80. doi:10.1016/j.vaccine.2019.07.098.

10. Rumke HC, Richardus JH, Rombo L, Pauksens K, Plassmann G,
Durand C, Devaster JM, Dewe W, Oostvogels L. Selection of an
adjuvant for seasonal influenza vaccine in elderly people: model-
ling immunogenicity from a randomized trial. BMC Infect Dis.
2013;13(1):348. doi:10.1186/1471-2334-13-348.

11. Clinical Study Report for Study (ZOSTER-006). https://s3.amazo
naws.com/ctr-gsk-7381/110390/7ac65d45-7220-4a32-83ca-
0d6692451b81/13c6112f-f34f-47b4-8deb-c8a31204f564/gsk-
110390-clinical-study-report-redact-v1.pdf

12. Chlibek R, Bayas JM, Collins H, de la Pinta ML, Ledent E,
Mols JF, Heineman TC. Safety and immunogenicity of an AS01-
adjuvanted varicella-zoster virus subunit candidate vaccine against
herpes zoster in adults ≥50 years of age. J Infect Dis.
2013;208:1953–61. doi:10.1093/infdis/jit365.

13. Chlibek R, Smetana J, Pauksens K, Rombo L, Van den Hoek JA,
Richardus JH, Plassmann G, Schwarz TF, Ledent E, Heineman TC.
Safety and immunogenicity of three different formulations of an
adjuvanted varicella-zoster virus subunit candidate vaccine in older
adults: a phase II, randomized, controlled study. Vaccine. 2014;32
(15):1745–53. doi:10.1016/j.vaccine.2014.01.019.

14. Burny W, Marchant A, Herve C, Callegaro A, Caubet M, Fissette L,
Gheyle L, Legrand C, Ndour C, Tavares Da Silva F, et al. Inflammatory
parameters associated with systemic reactogenicity following vaccina-
tion with adjuvanted hepatitis B vaccines in humans. Vaccine. 2019;37
(14):2004–15. doi:10.1016/j.vaccine.2019.02.015.

15. Schmader KE, Levin MJ, Grupping K, Matthews S, Butuk D, ChenM,
El Idrissi M, Fissette LA, Fogarty C, Hartley P, et al. The impact of
reactogenicity after the first dose of recombinant zoster vaccine upon
the physical functioning and quality of life of older adults: an open
phase III trial. J Gerontol A Biol Sci Med Sci. 2019;74(8):1217–24.
doi:10.1093/gerona/gly218.

HUMAN VACCINES & IMMUNOTHERAPEUTICS 2633

http://dx.doi.org/10.1212/WNL.0b013e3182a3516e
http://dx.doi.org/10.1212/WNL.0b013e3182a3516e
http://dx.doi.org/10.1056/NEJMoa1501184
http://dx.doi.org/10.1056/NEJMoa1501184
http://dx.doi.org/10.1056/NEJMoa1603800
http://dx.doi.org/10.1016/j.vaccine.2019.03.043
http://dx.doi.org/10.1080/14760584.2018.1495565
http://dx.doi.org/10.1007/s40264-015-0350-4
http://dx.doi.org/10.1038/s41541-019-0132-6
http://dx.doi.org/10.1016/j.smim.2018.05.001
http://dx.doi.org/10.1016/j.vaccine.2019.07.098
http://dx.doi.org/10.1186/1471-2334-13-348
https://s3.amazonaws.com/ctr-gsk-7381/110390/7ac65d45-7220-4a32-83ca-0d6692451b81/13c6112f-f34f-47b4-8deb-c8a31204f564/gsk-110390-clinical-study-report-redact-v1.pdf
https://s3.amazonaws.com/ctr-gsk-7381/110390/7ac65d45-7220-4a32-83ca-0d6692451b81/13c6112f-f34f-47b4-8deb-c8a31204f564/gsk-110390-clinical-study-report-redact-v1.pdf
https://s3.amazonaws.com/ctr-gsk-7381/110390/7ac65d45-7220-4a32-83ca-0d6692451b81/13c6112f-f34f-47b4-8deb-c8a31204f564/gsk-110390-clinical-study-report-redact-v1.pdf
https://s3.amazonaws.com/ctr-gsk-7381/110390/7ac65d45-7220-4a32-83ca-0d6692451b81/13c6112f-f34f-47b4-8deb-c8a31204f564/gsk-110390-clinical-study-report-redact-v1.pdf
http://dx.doi.org/10.1093/infdis/jit365
http://dx.doi.org/10.1016/j.vaccine.2014.01.019
http://dx.doi.org/10.1016/j.vaccine.2019.02.015
http://dx.doi.org/10.1093/gerona/gly218

	Abstract
	Acknowledgments
	Authors’ Contributions
	Disclosure of potential conflicts of interest
	Funding
	References

