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Abstract
Introduction  With the approval of the adjuvanted recombinant zoster vaccine (RZV; Shingrix, GSK) in October 2017, GSK 
established enhanced safety surveillance measures to allow prompt identification of potential safety signals not observed 
during clinical development. In Germany, cases of vesicular and bullous cutaneous eruptions following RZV vaccination 
were reported.
Objective  Our objective was to search and analyse 2.5 years of worldwide spontaneously reported post-marketing data for 
vesicular and bullous cutaneous eruptions, represented by adverse events suggestive of (1) herpes zoster (HZ) and (2) non-
HZ vesicular and bullous cutaneous eruptions, that occurred following RZV vaccination.
Methods  We conducted a descriptive analysis of all identified reports of HZ and non-HZ vesicular and bullous cutaneous 
eruptions following RZV vaccination and an observed versus expected (O/E) analysis of reports of HZ that met criteria of 
varicella zoster virus (VZV) reactivations following RZV vaccination (i.e., time to onset [TTO] of the event < 30 days or 
missing after any dose).
Results  Until the data lock point, 32,597,779 RZV doses had been distributed globally. There were 2423 reports of HZ 
(including complications) identified, of which 645 met the criteria of possible vaccination failure (i.e., TTO of the event ≥ 
30 days or missing following a complete RZV vaccination schedule). The O/E analysis of 1928 reports assessed as possible 
VZV reactivations indicated that the observed number of cases was lower than that expected in the general population. 
Additionally, 810 reports of non-HZ vesicular and bullous cutaneous eruptions were identified, including injection site rashes 
attributed to the vaccine’s reactogenicity.
Conclusion  This review of spontaneously reported post-marketing data did not raise safety concerns regarding the occur-
rence of vesicular and bullous cutaneous eruptions following vaccination with RZV.

Plain Language Summary
Shingles is a disease caused by reactivation of the chickenpox virus. It mostly affects adults aged 50 years and older and 
patients of all ages who have an impaired immune system. Diagnosis of shingles is often based only on the presence of 
symptoms such as a typical rash and pain. However, rashes can have various other causes (e.g., allergies, autoimmune dis-
eases, and infections). Consequently, rashes with other causes may be misdiagnosed as shingles. Adults at increased risk of 
shingles and/or aged 50 years and older may be vaccinated with Shingrix (GSK, Belgium) to protect them from shingles and 
its complications. Since Shingrix became available in Germany, blister-like skin rashes have been reported that occurred 
shortly after vaccination. We searched the GSK safety database for reports of blister-like skin rashes that occurred follow-
ing vaccination with Shingrix and that were spontaneously reported from countries where Shingrix was first marketed. To 
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analyse these reports of rashes, we described the reports that we retrieved, we performed a statistical analysis to quantify 
whether the number of events assessed as reactivations of the chickenpox virus following Shingrix vaccination was higher 
than the number of reactivations that would be expected in the general population, and we described possible explanations 
for the observed rashes and underlying disease mechanisms. Our analyses did not raise safety concerns related to the onset 
of these rashes after vaccination with Shingrix. This paper raises awareness about the varying causes of rashes since a 
shingles-like rash that onsets shortly after vaccination with Shingrix is not necessarily caused by vaccination. In conclusion, 
this analysis shows that caution is needed when evaluating rashes in older adults and that all potential contributing factors 
(e.g., pre-existing diseases, medication, vaccination) should be considered.

Key Points 

The adjuvanted recombinant zoster vaccine (RZV) was 
first approved in October 2017 to prevent herpes zoster 
and its complications in adults aged ≥ 50 years.

Following the marketing of RZV in Germany in 2018, 
reports of rashes, including those clinically compatible 
with herpes zoster, were received following vaccination 
with RZV.

We analysed 2.5 years of worldwide spontaneously 
reported post-marketing data of vesicular and bullous 
cutaneous eruptions following RZV vaccination.

The analyses did not raise safety concerns related to the 
onset of vesicular and bullous cutaneous rashes follow-
ing vaccination with RZV.

This paper raises awareness about the varying causes of 
rashes: even though herpes zoster is a disease character-
ised by rash, a rash that onsets shortly after vaccination 
with RZV is not necessarily caused by vaccination.

1  Introduction

Varicella zoster virus (VZV) causes varicella (chickenpox), 
a highly contagious disease that affects most people in the 
absence of vaccination [1]. After infection, VZV remains 
dormant in sensory nerve ganglia, from where it may reacti-
vate to cause herpes zoster (HZ; shingles) [2]. The incidence 
of HZ has been estimated to range between 5.2 and 10.9 
cases per 1000 person-years in those aged ≥ 50 years [3]. 
Generally, the incidence increases with age [3–6], which is 
primarily attributed to an age-related decline in immunity 
(immune senescence) and a higher likelihood of the presence 
of immunosuppressive conditions [5]. HZ is characterised by 
a painful, localised rash and can be associated with serious 
complications of the nervous system such as ophthalmic HZ 
and post-herpetic neuralgia (PHN) [2, 7–9].

To prevent HZ and its complications, adults aged ≥ 50 
years may be vaccinated with a live attenuated HZ vaccine 
or the adjuvanted recombinant zoster vaccine (RZV; Shin-
grix, GSK, Belgium) [10, 11]. Additionally, RZV can be 
used in adults aged ≥ 18 years who are at increased risk of 
HZ [12]. RZV consists of a truncated form of the VZV gly-
coprotein E (gE) antigen adjuvanted with the AS01B system 
[10]. In adults aged ≥ 50 years, two doses of RZV had a vac-
cine efficacy against HZ ranging between 89.8 and 97.2%, 
depending on the participants’ age, as demonstrated in two 
large, parallel, phase III, randomised, observer-blind, con-
trolled trials of RZV (ZOE-50 [NCT01165177] and ZOE-70 
[NCT01165229]) [13, 14]. Pooled safety data from ZOE-
50/70 showed that RZV was more reactogenic than placebo 
(i.e., individuals vaccinated with RZV reported more injec-
tion site reactions and common systemic symptoms such 
as fever, myalgia, fatigue, chills, headache, or gastrointes-
tinal symptoms than individuals vaccinated with placebo). 
The occurrence of serious adverse events (SAEs), potential 
immune-mediated diseases (pIMDs [15]), and deaths was 
similar between vaccine and placebo recipients during the 
median 4 years of follow-up. Skin and subcutaneous tis-
sue disorders (system organ class) and various types of 
cutaneous eruptions by Medical Dictionary for Regulatory 
Activities (MedDRA®) preferred term (PT) also occurred at 
the same rate between vaccine and placebo recipients [16]. 
Overall, these data demonstrated no safety concern related 
to RZV vaccination in adults aged ≥ 50 years [13, 14, 16, 
17]. Furthermore, clinical trials in adults with a compro-
mised immune system, who are at increased risk of HZ, also 
did not identify safety concerns of RZV vaccination in this 
population [18–21].

With the approval of RZV for immunisation of adults 
aged ≥ 50 years from October 2017 onwards [12, 22, 23], 
GSK established enhanced post-marketing safety surveil-
lance measures to promptly identify safety signals [24], 
for which data were continuously shared with regulatory 
authorities. A review of the first 1.5 years of post-marketing 
safety surveillance data showed that the post-marketing 
safety profile of RZV was consistent with that previously 
observed in pre-licensure clinical trials and reflected in the 
RZV patient leaflet [25].
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Following the marketing of RZV in Germany in 2018, 
the Drug Commission of the German Medical Association 
(DCGMA) and Paul-Ehrlich-Institut (PEI) received reports 
of vesicular and bullous cutaneous eruptions, including blis-
tering eruptions clinically compatible with HZ rash, that 
occurred in close temporal association with RZV vaccina-
tion. The DCGMA and PEI initiated a study to further inves-
tigate such reports [26]. Here, the occurrence of vesicular 
and bullous cutaneous eruptions following vaccination with 
RZV was evaluated, based on the available post-marketing 
data comprising 2.5 years of spontaneously reported data.

2 � Materials and Methods

A summary of the study methodology is shown in Fig. 1a. 
In short, spontaneous reports of adverse events (AEs) sug-
gestive of (1) HZ and (2) non-HZ vesicular and bullous 
cutaneous eruptions following vaccination with RZV were 
searched. A descriptive analysis of all identified reports 
(regardless of time to onset [TTO] and categorisation 
[detailed in Sect. 2.3]) and an observed versus expected 
(O/E) analysis of reports of HZ assessed as possible VZV 
reactivation following vaccination with RZV (i.e., a TTO of 

a

b

Search
terms

Lack of efficacya

Other vesicular and bullous
cutaneous eruptionsb

Other (non-HZ)
vesicular and 
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Fig. 1   a Study methodology and b number of reports identified. 
Note: One report could contain more than one adverse event reported 
by the same individual. aIdentified with the Medical Dictionary for 
Regulatory Activities (MedDRA®) preferred terms listed in ESM 
2. bIdentified with the MedDRA® preferred terms listed in ESM 3. 
cExcluded because linked to a co-administered vaccine and not to the 
adjuvanted recombinant zoster vaccine. dReports with unknown time 
to onset were included among both “possible VZV reactivations” and 

“vaccination failures.” eIncluded suspected and confirmed vaccination 
failures. fDetails on these reports are provided in ESM 6. gDetails on 
these reports are provided in Table  2. AEFI adverse events follow-
ing immunisation, ESM electronic supplementary material, HZ her-
pes zoster, LoE lack of efficacy, N total number of reports in a given 
category, RZV adjuvanted recombinant zoster vaccine, VZV varicella 
zoster virus
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the event < 30 days [day 0–29] or unknown after any dose) 
were performed.

2.1 � Data Source

The occurrence of any AE suggestive of vesicular and bul-
lous cutaneous eruptions (including HZ and non-HZ rashes) 
following vaccination with RZV was analysed using data 
recorded in the GSK worldwide safety database, which con-
tains spontaneous reports of AEs following immunisation 
(AEFIs) with RZV. The seriousness of the AEFIs was based 
on details provided by the reporter in accordance with the 
definition of SAEs defined by the International Council for 
Harmonisation (ICH) regulatory guidelines [27] (see the 
electronic supplementary material [ESM] 1). The analyti-
cal period ran from the date of RZV launch (October 2017) 
until 12 April 2020.

2.2 � Search Strategy

Customised search criteria with selected PTs from the 
MedDRA® terminology developed by the ICH were used 
[28]. To identify reports of AEs suggestive of HZ (includ-
ing HZ complications), a customised search was performed 
using the standardised MedDRA® query for lack of efficacy 
(LoE) combined with a GSK-customised MedDRA® query 
for RZV-specific LoE (ESM 2). To identify reports of AEs 
suggestive of other (non-HZ) vesicular and bullous cutane-
ous eruptions, we proposed a customised list of MedDRA® 
PTs (ESM 3).

2.3 � Medical Review and Categorisation of Identified 
Reports

All identified spontaneous reports were reviewed, regard-
less of whether the reports were medically confirmed (i.e., 
confirmed by a healthcare professional [HCP] or by medical 
documentation).

Based on the medical review, all identified reports were 
categorised as (1) AEs suggestive of HZ or HZ complica-
tions or (2) AEs suggestive of other vesicular and bullous 
cutaneous eruptions (non-HZ):

(1) AEs suggestive of HZ and HZ complications: Reports 
identified using the PTs indicative of LoE (ESM 2) were 
considered to be secondary to or diagnosed as HZ or an HZ 
complication. It was further assessed whether these reports 
met the criteria for (1.1) possible VZV reactivations or (1.2) 
vaccination failures as follows:

(1.1) Possible VZV reactivations: Reports with a TTO 
< 30 days (based on the proposed pathophysiological 
mechanism underlying possible VZV reactivations, which 
is explained in Sect. 4) or an unknown TTO (conservative 

approach) after any vaccine dose were considered possible 
VZV reactivations and were included in the O/E analysis.

(1.2) Vaccination failures:

•	 Confirmed vaccination failure The case presented with 
HZ clinical symptoms that occurred ≥ 30 days after 
receiving the full vaccination schedule (two doses) and 
had a laboratory-confirmed VZV infection (based on a 
positive polymerase chain reaction, culture, immuno-
histochemical staining, or other test strongly sugges-
tive of VZV and performed in the course of a medical 
evaluation).

•	 Suspected vaccination failure The case presented with 
HZ clinical symptoms that occurred ≥ 30 days after 
receiving the full vaccination schedule (two doses) but 
did not have a laboratory-confirmed VZV infection. 
Reports with an unknown TTO after receiving the full 
vaccination schedule (two doses) were conservatively 
considered to meet criteria for suspected vaccination 
failure. Reports that had a TTO < 30 days or included 
only one vaccine dose administered were considered to 
not meet criteria for vaccination failure (confirmed or 
suspected).

(2) AEs suggestive of other vesicular and bullous cuta-
neous eruptions (non-HZ): Reports identified using the 
PTs indicative of other (non-HZ) vesicular and bullous 
cutaneous eruptions (ESM 3) were considered to pre-
sent aetiologies unrelated to HZ. Reports that were co-
reported with AEs suggestive of HZ or HZ complications 
(i.e., identified using the PTs indicative of LoE listed in 
ESM 2) were excluded from this group and were discussed 
only among AEs suggestive of HZ or HZ complications, 
as detailed earlier. Based on medical review of the case 
narrative, all identified reports of AEs suggestive of other 
(non-HZ) vesicular and bullous cutaneous eruptions were 
further classified as injection site eruptions or non-injec-
tion site eruptions.

2.4 � Analyses

2.4.1 � Descriptive Analysis

A descriptive analysis was performed for all identified 
reports of AEs suggestive of vesicular and bullous cutane-
ous eruptions (i.e., reports identified with both searches in 
ESM 2 and 3). All reports were categorised as detailed in 
Sect. 2.3. Additionally, it was assessed whether the reports 
of AEs suggestive of HZ or HZ complications (identified 
using the PTs indicative of LoE; ESM 2) occurred in indi-
viduals with a history of HZ. Data were shown as the num-
ber and/or proportion of individuals who reported the event.
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2.4.2 � Observed vs. Expected (O/E) Analysis for Possible 
Varicella Zoster Virus Reactivations

An O/E analysis was performed to compare the observed 
number of possible VZV reactivations that occurred in the 
pre-defined risk period with the estimated expected number 
in the general population. The O/E analysis was conducted 
as previously described [29].

As detailed earlier, AEs suggestive of HZ or HZ compli-
cations that were retrieved using the MedDRA® PTs listed in 
ESM 2 were further categorised as possible VZV reactiva-
tions if the TTO of the event was < 30 days (day 0–29) or 
unknown after any vaccine dose. Reports with HZ clinical 
symptoms occurring ≥ 30 days after receiving the full vac-
cination schedule (two doses; i.e., that met the criteria for 
confirmed or suspected vaccination failure) were excluded 
from the O/E analysis. As a conservative approach, if the 
TTO was unknown after any dose, the case was considered 
to have occurred in the risk period. Confidence intervals 
(CIs) for the reported number of cases were calculated from 
an exact Poisson distribution [30], which depends only on 
the observed number of cases.

The observed number of possible VZV reactivations was 
calculated by dividing the reported number of these pos-
sible VZV reactivations by the reporting fraction (RF). The 
RF is the proportion of possible VZV reactivations reported 
among all those events that actually occurred in the vac-
cinated general population within the risk period, regard-
less of the causality. Exact 95% CIs were calculated for the 
observed number of cases.

The age-adjusted expected number of cases (Ne) was cal-
culated as

with the following definitions:

•	 Incidence of the diseasen the background incidence of 
HZ in the general population in age stratum n, expressed 
in person-years. Background incidences for countries 
where RZV was first marketed (i.e., Germany, Canada, 
and the USA) were estimated from systematic literature 
reviews of epidemiological studies that provided age-
stratified incidence rates (ESM 4) [31–34]. To account 
for an increasing incidence of HZ with age, background 
incidences were standardised according to the age dis-
tribution of RZV recipients in each country, which was 
inferred from all spontaneous reports of AEFIs with RZV 
available in the GSK safety database.

•	 Ndosesn total number of doses administered in age 
stratum n, which was estimated based on sales data 
for RZV from launch until 12 February 2020. A time 

Ne =

∑

n
Incidence of the disease

n
× Ndoses

n
× Risk period.

lag of 2 months compared with the data lock point for 
the reported number of cases was used to account for 
the average time lag between dose shipment and dose 
administration and to minimise the risk of inaccuracy 
as a consequence of sales database updates.

•	 Risk period the time at risk after vaccination, expressed 
in years. The risk period ran from the day of vacci-
nation until day 29 post-vaccination (i.e., TTO < 30 
days). Each vaccine dose independently contributed to 
the total time at risk.

The observed and age-adjusted expected number of 
cases were computed for worldwide and for the USA, 
Canada, and Germany, which are the countries where 
RZV was first marketed. The O/E analysis was conducted 
separately for worldwide and the included countries so as 
not to dilute any possible effects in Canada and Germany 
because the majority (90%) of RZV doses had been sold 
in the USA. The analysis was performed for the differ-
ent background HZ incidence rates while estimating the 
expected number of cases from the background incidence 
rates of the country-specific references (ESM 4) [31–34].

Based on the potential biological mechanisms under-
lying VZV reactivation, clinical symptoms are expected 
to occur only from 7 days post-vaccination (rationale is 
provided in Sect. 4). Therefore, a sensitivity analysis was 
run with a risk period of 22 days (TTO between days 8 
and 29). If the TTO was unknown after any dose, it was 
imputed based on the country-specific distribution of 
known TTOs.

The O/E analyses were performed using Statistical 
Analysis System (SAS) version 9.4.

3 � Results

3.1 � Descriptive Analysis

A total of 3274 reports were retrieved from the GSK 
worldwide safety database by both searches combined 
(ESM 2 and 3); one report could contain more than one 
AE reported by the same individual and/or a report could 
have been retrieved by both searches. The categorisation 
of retrieved reports is graphically presented in Fig. 1b. 
Most of the reports were from HCPs (69.3%), from the 
USA (53.4%), from events occurring in females (59.0%) 
and in individuals aged 50–69 years (36.4%). Approxi-
mately one-quarter of all reports were assessed as serious 
(27.3%). Among the reports for which the outcome was 
known (32.6%), most were recovered/resolved (11.9%) at 
the time of reporting (Table 1).
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3.1.1 � Adverse Events (AEs) Suggestive of Herpes Zoster 
(HZ) or HZ Complications

The search using MedDRA® PTs indicative of LoE (ESM 
2) retrieved 2465 reports, 42 of which were assessed as not 
related to LoE after medical review (i.e., AEs suggestive of 
HZ or HZ complications linked to a co-administered vac-
cine and not to RZV; out of scope of the analysis), resulting 
in 2423 reports of AEs suggestive of HZ or HZ complica-
tions retained for analysis (Fig. 1b). Of these 2423 reports, 
803 were serious. TTO was < 30 days (day 0–29) for 1096 
reports (included in the O/E analysis), ≥ 30 days for 495 
reports (included in the descriptive analysis), and unknown 

for 832 reports (included in both the descriptive and the O/E 
analyses) (ESM 5).

3.1.1.1  Vaccination Failures  Most of the 2423 retained 
reports of AEs suggestive of HZ or HZ complications 
did not meet the criteria for vaccination failure (n = 1778 
[73.4%]), whereas the remainder met the criteria of con-
firmed (n = 2 [0.1%]) or suspected (n = 643 [26.5%]) vac-
cination failure (Fig.  1b). The 645 reports that met the 
criteria of vaccination failure (suspected or confirmed) 
corresponded to a reporting rate of 2.0 cases per 100,000 
RZV doses distributed. They were most frequently 
reported from Canada (n = 316 [49.0%]) and by a non-
HCP source (55.0%). The median age of the individuals 
was 67 years, where age was reported.

3.1.1.2  Characteristics of  Reporting  Most of the 2423 
retained reports of AEs suggestive of HZ or HZ complica-
tions were recorded in the GSK safety database using the 
PT “herpes zoster” (n = 2344; reporting rate of 7.19 per 
100,000 doses distributed). Other reports included AEs 
suggestive of HZ complications, with the most frequently 
reported complications following vaccination with RZV 
being PHN (n = 92; reporting rate of 0.28 per 100,000 
doses distributed), HZ ophthalmicus (n = 81; report-
ing rate of 0.25 per 100,000 doses distributed), and HZ 
oticus (n = 12; reporting rate of 0.04 per 100,000 doses 
distributed). Less frequent HZ complications were cuta-
neous disseminated HZ (n = 4), disseminated HZ (n = 
3), and neurological HZ infection (n = 2). One report 
could contain more than one AE, reported by the same 
individual. Among the 81 HZ ophthalmicus reports, 18 
were suspected vaccination failures. From the remaining 
63 HZ ophthalmicus reports, 54 contained insufficient 
information for evaluation and nine had reported histori-
cal medical conditions that could have contributed to the 
event (five cases with a previous history of HZ or HZ oph-
thalmicus, one case with a history of keratitis and corneal 
scarring, and three cases with a history of malignancy or 
autoimmune disease). Among the other HZ complications 
(i.e., PHN, HZ oticus, [cutaneous] disseminated HZ, and 
neurological HZ; n = 113), 90 reports did not meet vac-
cination failure criteria, and the other 23 reports were 
assessed as suspected vaccination failures.

Among the 2423 retained reports of AEs suggestive 
of HZ or HZ complications, 447 occurred in individu-
als who, prior to vaccination with RZV, reportedly had at 
least one episode of HZ (n = 434), HZ ophthalmicus (n = 
11), and/or PHN (n = 5). This corresponded to a report-
ing rate of 1.37 cases per 100,000 doses distributed. Of 
these 447 reports, 129 constituted suspected or confirmed 
vaccination failures, and the majority were reported from 
the USA (n = 203), followed by Germany (n = 146) and 

Table 1   Characteristics of spontaneous reports retrieved

HCP healthcare professional, N number of retrieved reports in a given 
category, % percentage of retrieved reports in a given category
a Includes reports by nurses, pharmacists, and unspecified HCPs

Characteristics N %

Total reports 3274 100
Sex
 Female 1933 59.0
 Male 934 28.5
 Unknown 407 12.4

Reporter
 Consumer/non-HCP 1006 30.7
 HCP (other)a 1358 41.5
 HCP (physician) 910 27.8

Country of occurrence
 Canada 921 28.1
 Germany 597 18.2
 USA 1748 53.4
 Other 8 0.2

Age group, years
 < 50 46 1.4
 50–69 1193 36.4
 > 70 922 28.2
 Unknown 1113 34.0

Case outcome
 Fatal 4 0.1
 Not recovered/not resolved 344 10.5
 Not reported 164 5.0
 Recovered/resolved 390 11.9
 Recovering/resolving 153 4.7
 Resolved with sequelae 11 0.3
 Unchanged 1 0.0
 Unknown 2207 67.4

Seriousness
 Non-serious 2381 72.7
 Serious 893 27.3
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Canada (n = 95). The age of the individuals ranged from 
34 to 96 years.

3.1.2 � AEs Suggestive of Other (Non‑HZ) Vesicular 
and Bullous Cutaneous Eruptions

The search using MedDRA® PTs indicative of other (non-
HZ) vesicular and bullous cutaneous eruptions (ESM 3) 
retrieved 1053 reports. For 243 of these, the events were 
co-reported with LoE and were therefore excluded from 
this analysis (Fig. 1b). These are discussed among the 
reports of AEs suggestive of HZ or HZ complications 

(Sect. 3.1.1). From the remaining 810 reports, 81 (10.0%) 
were assessed as serious by the reporter (n = 3) or by the 
medical reviewer (n = 78), the latter based on the case 
being medically significant (n = 73), requiring hospitalisa-
tion (n = 4), or leading to disability or incapacity (n = 1).

From the 810 retained reports, 179 contained insuffi-
cient information for medical assessment and remained 
unclassified. The other 631 reports were classified as injec-
tion site eruptions (n = 74) and non-injection site erup-
tions (n = 557) and were further reviewed (Fig. 1b).

Table 2   Events of interest among the other (non-herpes zoster) vesic-
ular and bullous cutaneous eruptions identified with the search using 
the MedDRA® preferred terms indicative of other vesicular and bul-

lous cutaneous eruptions,a that contained sufficient information for 
assessment and were classified as non-injection site eruptions based 
on medical review of the case narrative

ESM electronic supplementary material, MedDRA® Medical Dictionary for Regulatory Activities, N total number of reports classified as non-
injection site eruptions, pIMD potential immune-mediated disease, PT preferred term, TTO time to onset
a See ESM 3
b Events of interest were reviewed and classified manually based on the diagnosis or possible aetiology. Consequently, the reported event type 
may not be a MedDRA® PT. In such cases, the corresponding MedDRA® PT (ESM 3) is reported between brackets
c One report could contain more than one adverse event reported by the same individual
d Time to onset was not available for all reports
e Assessed as immediate- or delayed-type hypersensitivity reaction based on the event description and considering the time to onset

Event typeb Number of reportsc 
(N = 557)

Reporting rate per 100,000 
doses distributed

Number of seri-
ous reportsc

TTOd (post-vaccination)

pIMDs 19 0.06 17 3 h–< 9 months
 Autoimmune bullous skin disease (pemphi-

gus, pemphigoid)
11 0.03 11 1 day–< 2 years

 Stevens–Johnson syndrome 3 0.01 3 3 h–7 days
 Erythema multiforme 2 0.01 2 21 days
 Psoriasis (rash vesicular) 2 0.01 0 2 days; < 9 months
 Systemic lupus erythematosus (blister) 1 0.00 1 2 days

Non-injection site hypersensitivity rashese 102 0.31 12 Immediately–160 days
 Rash vesicular 51 0.16 5 Immediately–2 months
 Blister 38 0.12 2 Immediately–160 days
 Pustule 9 0.03 2 < 1 day–18 days
 Rash pustular 5 0.02 0 4 h–8 days
 Anaphylactic reaction (rash vesicular) 1 0.00 1 2 h

Other aetiologies 436 1.34 39 Immediately–< 2 years
 Oral herpes 149 0.46 8 1 day–< 1 year
 Blister 120 0.37 7 Immediately–< 2 years
 Rash vesicular 80 0.25 5 Immediately–< 2 years
 Herpes simplex 45 0.14 11 1 day–< 1 year
 Varicella 39 0.12 3 1 day–45 days
 Herpes virus infection 13 0.04 1 Immediately–< 4 months
 Genital herpes 13 0.04 0 Immediately–< 2 years
 Rash pustular 10 0.03 0 2 days–4 months
 Ophthalmic herpes simplex 9 0.03 9 4 days–< 2 months
 Herpes ophthalmic 8 0.02 8 2 days–< 1 year
 Acne (acne pustular, rash vesicular) 3 0.01 0 1 day–14 days
 Injection site vesicles 1 0.00 0 24 days



1348	 P. Pirrotta et al.

3.1.2.1  Injection Site Eruptions  All 74 injection site 
eruptions were assessed as secondary to reactogenicity 
symptoms. Of these, three cases were assessed as seri-
ous; for 22 cases, the outcome was recorded as recovered/
resolved. The PTs that were recorded for these cases are 
listed in ESM 6.

3.1.2.2  Non‑Injection Site Eruptions  The 557 non-injec-
tion site eruptions were classified as having the following 
alternative aetiologies: pIMDs (n = 19), non-injection site 
hypersensitivity rashes (n = 102; including one case of ana-
phylaxis), and other aetiologies (n = 436) (Table 2).

There were 19 reports of AEs suggestive of non-HZ 
vesicular and bullous cutaneous eruptions that were reported 
in the context of the following pIMD diagnoses: autoim-
mune bullous skin disease (n = 11), Stevens–Johnson syn-
drome (SJS; n = 3), erythema multiforme (n = 2), psoriasis 
(n = 2), and systemic lupus erythematosus (n = 1). Of these 
reports, 17 were assessed as serious (Table 2). For most 
cases, the case narratives contained insufficient information 
for a full assessment (Table 2; described in more detail in 
ESM 7). Among the two cases reported in the context of 
psoriasis, one had a TTO of 2 days post-vaccination. The 
other report had a TTO of < 9 months post-vaccination but 
contained insufficient information for full assessment. The 
one case reported in the context of systemic lupus erythe-
matosus developed 2 days post-vaccination.

The 102 reports that were classified as a non-injection 
site hypersensitivity rash included the following events of 
interest: vesicular rash (n = 51), blister (n = 38), pustule (n 
= 9), pustular rash (n = 5), and anaphylaxis (n = 1). Of these 
reports, 12 were assessed as serious (Table 2). The major-
ity (n = 87) were reports of delayed-type hypersensitivity 
reactions as per the TTO and medical review of the case 
narrative. The report categorised as anaphylaxis occurred 
2 h post-vaccination. The individual was treated with an 
antihistamine.

The remaining 436 reports of non-injection site eruptions 
were categorised as other aetiologies, which included other 
non-allergic and non-injection site localised rashes or events. 
Of these 436 reports, 39 were assessed as serious (Table 2). 
These reports of non-injection site eruptions included the 
following events of interest: blister (n = 120), vesicular rash 
(n = 80), pustular rash (n = 10), acne (n = 3; including one 
report of pustular acne), and injection site vesicles (n = 1). 
These reports were categorised as other aetiologies mainly 
because they were co-reported with viral infections, includ-
ing oral herpes (n = 149), herpes simplex (n = 45), varicella 
(n = 39), herpes virus infection (n = 13), genital herpes (n = 
13), ophthalmic herpes simplex (n = 9), and ophthalmic her-
pes (n = 8). When documented (n = 355), the TTO ranged 
from immediately (1 h) to less than 2 years post-vaccination. 
The one report of injection site vesicles occurred 24 days 

post-vaccination. The individual also developed injection 
site haemorrhage, skin rash, and altered sensitivity to touch. 
When taking into consideration the TTO, other conditions 
such as viral exanthema or delayed-type hypersensitivity 
reactions may be considered. Among all reports of AEs 
suggestive of other vesicular and bullous cutaneous erup-
tions that were categorised as other aetiologies, there was 
no indication for a presumed underlying immunoglobulin 
E-mediated immune mechanism; alternative factors may 
have explained the event occurrence. Therefore, other aeti-
ologies such as viral exanthems, localised skin infection, or 
irritation due to minor trauma (e.g., skin rubs against skin) 
may be considered; however, there was insufficient informa-
tion for diagnosis ascertainment.

3.2 � O/E Analysis

During the analytical period, 32,597,779 RZV doses were 
distributed globally, including 1,045,785 doses in Germany, 
2,170,178 doses in Canada, and 29,380,658 doses in the 
USA.

There were 1928 spontaneous reports of AEs suggestive 
of HZ or HZ complications identified from the search using 
MedDRA® PTs indicative of LoE (ESM 2) that met the VZV 
reactivation criteria (TTO < 30 days [day 0–29] or unknown 
after any dose) (Fig. 1b and ESM 5).

When considering an RF of 75%, the observed number 
of possible VZV reactivations was lower than the expected 
number in all countries (ESM 8). The observed number of 
possible VZV reactivations was higher than the expected 
number for RFs < 10% for worldwide and the USA, < 56% 
for Canada, and < 53% for Germany (Fig. 2 and ESM 9).

The sensitivity analysis, which considered a shorter risk 
period (days 8–29 post-vaccination), was in line with the 
main analysis and indicated that the observed number of 
possible VZV reactivations was higher than the expected 
number for RFs < 22% (ESMs 8, 10, and 11).

4 � Discussion

In this analysis, spontaneous reports of AEs suggestive of 
HZ or HZ complications and other (non-HZ) vesicular and 
bullous cutaneous eruptions that occurred following vacci-
nation with RZV were assessed (Fig. 1a). It is important to 
note that cutaneous eruptions can have multiple aetiologies, 
such as viral infections, autoimmune diseases, vaccination, 
and allergic-type reactions, even when occurring in close 
temporal relation with vaccination. In particular, the elderly, 
one of the target populations for RZV, can show a marked 
susceptibility to dermatological disorders manifesting with 
eruptions. This is because of structural and physiological 
changes in their cutaneous membranes that may occur as a 
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consequence of ageing and a lifetime of exposure to envi-
ronmental and lifestyle factors and that can result in xerosis 
and reduced strength and elasticity [35]. The elderly also 
have an increased risk of cutaneous drug reactions because 
of such comorbidities as well as polypharmacy, which can 
complicate accurate diagnosis and safety assessment of der-
matological disorders reported in this patient group [35, 36].

Our search in the GSK worldwide safety database using 
the MedDRA® PTs indicative of LoE (ESM 2) identified 
2423 reports of AEs suggestive of HZ or HZ complications. 
Among these, only two reports were laboratory-confirmed 
cases, and 643 reports were suspected cases based on the 
presence of HZ clinical symptoms and TTO post-vaccina-
tion. Conservatively, suspected cases were included in the 
analysis despite limited diagnostic certainty. Most confirmed 
and suspected vaccination failures (49%) were reported from 
Canada via a Canadian RZV social media page. These cases 
were not medically confirmed, and the provided clinical 
details and possibility for follow-up were very limited. The 
reporting rate for vaccination failures was low (2.0 cases 
per 100,000 RZV doses distributed), in line with the high 
efficacy of RZV in adults aged ≥50 years demonstrated in 
clinical trials [13, 14, 16, 17]. A reporting rate of 1.37 cases 
per 100,000 RZV doses distributed for AEs suggestive of 
HZ or HZ complications that occurred in individuals who 
previously had an episode of HZ was observed. HZ recur-
rence incidence rates of 1–10 cases per 1000 person-years 
have been reported in immunocompetent populations [7, 37, 

38]. Together, the reporting rates observed in our analysis 
did not raise any safety concerns.

Our search using the MedDRA® PTs suggestive of other 
(non-HZ) vesicular and bullous cutaneous eruptions (ESM 
3) identified a total of 810 non-HZ reports (i.e., that were not 
co-reported with an LoE event). Most of the non-HZ reports 
that included sufficient information for full assessment were 
non-allergic and non-injection site localised eruptions. This 
may be explained by RZV being first licensed for immu-
nisation of older adults, who have a higher prevalence of 
and susceptibility for dermatological disorders in general 
[35, 36] and for hypersensitivity rashes including vesicu-
lar, blistering, or pustular rashes as clinical manifestations. 
Hypersensitivity rashes are rarely reported with vaccines in 
general and are also recognised and reflected in the patient 
leaflet for RZV [10, 12]. Local injection site reactions sec-
ondary to the vaccine’s reactogenicity occurred in 74 reports 
and are also reflected in the patient leaflet for RZV [10, 12]. 
Among the 19 AEs suggestive of other (non-HZ) vesicular 
and bullous cutaneous eruptions that were reported in the 
context of a pIMD diagnosis, four reports (one autoimmune 
bullous skin disease, one SJS, one psoriasis, and one sys-
temic lupus erythematosus report) had a TTO of < 5 days. 
Studies have shown that pro-inflammatory cytokine pro-
duction induced by the adjuvant system AS01 is transient, 
with a peak on day 1 and return to baseline by day 2–3, and 
localised at the injection site and draining lymph node [39]. 
Based on this, it would likely take more than 5–7 days for 

Fig. 2   Significance area for the 
equality test of observed and 
expected incidences of herpes 
zoster within 30 days (day 
0–29) after vaccination with 
the adjuvanted recombinant 
zoster vaccine in a Canada, b 
Germany, c the USA, and d 
worldwide. Number of doses 
distributed was 2,170,178 for 
Canada, 1,045,785 for Germany, 
29,380,658 for the USA, and 
32,597,779 worldwide. Back-
ground incidence represents the 
herpes zoster incidence rate in 
the general population and is 
adjusted for the age distribution 
of recipients of the adjuvanted 
recombinant zoster vaccine. CI 
confidence interval
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symptoms of a new pIMD to manifest [15], indicating that 
those four pIMDs were unlikely a consequence of the vac-
cination. In the remaining reports, the TTO was unknown, 
and/or no medical assessment was possible because clinical 
information was limited or because assessment of a causal 
relationship with vaccination was confounded and alterna-
tive aetiologies may be considered. Overall, the review of 
spontaneous reports of AEs suggestive of other (non-HZ) 
vesicular and bullous cutaneous eruptions following vac-
cination with RZV did not raise safety concerns.

There were 1928 reports among those identified using the 
MedDRA® PTs indicative of LoE (ESM 2) that met criteria 
for possible VZV reactivations (TTO < 30 days or unknown 
after any vaccine dose). An O/E analysis demonstrated that, 
generally, the observed incidence of HZ cases following 
RZV vaccination was below the background incidence in 
the general population [31–34], and this may be explained 
by the protection conferred by the vaccine or underreporting 
of cases. Worldwide and in the USA, the observed number 
of cases was higher than expected only for very low levels 
of RF (< 10%). In Germany and Canada, the observed num-
ber of cases was higher than the expected number for RFs 
< 56%. Estimates have indicated that between 50 and 81% 
of AEFIs are generally reported [29], meaning that the RFs 
estimated for Germany and Canada are at the lower end of 
this range. Consequently, it is likely that the actual RFs for 
these countries are higher than the RF limits estimated in our 
analysis. There is some indication for a higher likelihood to 
be vaccinated with RZV within 30 days after an HZ episode 
(data on file; publication in preparation). Therefore, the risk 
of recurrent HZ may be higher than the background inci-
dence rates identified from the literature, which decreases 
the O/E ratio, and the RF limits reported here may there-
fore be an overestimation. Overall, RF limits below which 
the observed number of cases was higher than the expected 
number were lower in the sensitivity analysis than in the 
main analysis. The risk period of the sensitivity analysis 
(starting 7 days post-vaccination) seems more reflective of 
an actual HZ episode from a pathophysiological perspective. 
More specifically, when VZV is reactivated, it is transported 
along microtubules within sensory axons to infect epithelial 
cells. At these sites, VZV replicates and causes the typical 
vesicular rash usually about 10–21 days after infection [40]. 
Although very unlikely, if postulating that inflammatory 
cytokines, of which levels peaked 1 day following adminis-
tration of a vaccine containing the adjuvant system AS01 in 
animal models [39], could theoretically induce VZV reacti-
vation, a period of more than 7 days would likely be needed 
for the apparition of HZ vesicular rash.

Two possible biological mechanisms have been hypoth-
esised for VZV reactivation to occur following vaccination 
with RZV [26]. The first hypothesis would be that vacci-
nation with RZV may cause immune exhaustion, which is 

the result of chronic T-cell stimulation and causes subopti-
mal control of infections [26, 41]. However, to date, such 
chronic stimulation has not been described following HZ 
disease or vaccination with RZV. On the contrary, it has 
been demonstrated that VZV-specific T cells that functioned 
as effector T cells at the peak of an HZ episode reverted 
to a polyfunctional memory phenotype within 4 months 
of recovery [42]. Additionally, considering that gE is not 
expressed during VZV latency [43] and that the gE antigen 
in RZV rapidly degrades following vaccination [44], it is 
unlikely that chronic antigenic stimulation of gE-specific T 
cells occurs following vaccination with RZV. Furthermore, 
telomere shortening, which has been linked with immune 
exhaustion for several viruses [45], has not been described 
for VZV-specific T cells; in contrast, one report demon-
strated increased telomere size in the VZV-specific T cells 
of one patient [46]. Lastly, in line with what has been shown 
for the live attenuated HZ vaccine [47], RZV may mobilise 
a naive pool of T cells in addition to re-stimulating memory 
cells. Such naive cells are thus not impacted by previous 
VZV exposure or previous episodes of HZ. However, it has 
also been speculated that RZV vaccination during subclini-
cal VZV reactivation could lead to symptomatic HZ because 
the excess gE might saturate T-cell-mediated immunity that 
would normally control such subclinical reactivation [26]. 
The second hypothesis would be that massive inflamma-
tion and cytokine production in response to vaccination with 
RZV may increase the risk of VZV reactivation [26]. The 
authors of a case report of HZ ophthalmicus following RZV 
vaccination in a patient who had had HZ ophthalmicus 20 
years prior to the reported episode speculated that, since 
histopathological studies had found VZV DNA in the human 
cornea up to 8 years after the onset of HZ ophthalmicus, an 
immune response to the vaccine might trigger an immune 
response to the VZV DNA in the eye, leading to disease 
[48] (although detection of VZV DNA does not imply pres-
ence of VZV gE). Pre-clinical studies have demonstrated 
that specific cytokines (i.e., interferon [IFN]-γ, IFNα, inter-
leukin [IL]-6, and tumour necrosis factor-α) inhibit VZV 
replication and promote latency [49, 50] and that the use 
of anti-nerve growth factor antibodies reactivates VZV [51, 
52]. A study in macaques showed that administration of gE 
adjuvanted with AS01 resulted in transient increases in IL-6 
and low levels of IFNγ with a peak on day 1 [53]. Similar 
data following administration of RZV in humans are cur-
rently not available; however, immunisation of adults with 
hepatitis B surface antigen adjuvanted with AS01B induced 
a rapid and transient response of five (IL-6, IFNγ, IFNγ-
induced protein 10, monocyte chemotactic protein 2, and 
macrophage inflammatory protein 1β) of 24 measured 
cytokines, all peaking between 12 and 24 h post-vaccina-
tion [54]. This indicates that no signs of massive inflamma-
tion and cytokine production could be observed following 
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immunisation with RZV and that it is very unlikely that an 
increase in cytokines could be the trigger for VZV reactiva-
tion and HZ. Overall, the O/E analysis and discussion of 
potential underlying pathophysiological mechanisms sup-
ported the medical review of the reports retrieved and did 
not raise safety concerns.

This analysis included the use of a large data set based 
on 32,597,779 distributed RZV doses from three countries 
where RZV was first marketed. As such, the analysis was 
based on a data set that was representative of the popula-
tion currently exposed to RZV. This analysis had some lim-
itations that are inherent to analyses using spontaneously 
reported data as a passive reporting system from a popula-
tion of unknown size, e.g., underreporting, missing infor-
mation, and misclassification [55]. These limitations may 
have biased the analyses towards specific regions or patient 
groups and may have hindered medical review and assess-
ment of the risk period. Furthermore, most identified reports 
of AEs suggestive of HZ or HZ complications included only 
clinical diagnosis without any confirmation using laboratory 
testing. As such, case identification could be biased because 
of a close temporal relation with RZV vaccination. To for-
mally test whether RZV vaccination increased the frequency 
of VZV reactivations, an O/E analysis was performed. How-
ever, this O/E analysis had uncertainties surrounding the 
number of doses distributed, the true risk period, and the 
relevance of the background incidence rates extrapolated 
from the literature.

5 � Conclusions

Although post-marketing safety surveillance that relies on 
spontaneous reporting of AEFIs has known limitations, this 
review of the available data on RZV use in the post-market-
ing setting did not raise safety concerns regarding the onset 
of vesicular and bullous cutaneous eruptions following vac-
cination with RZV. Among the reported non-HZ eruptions, 
there were anticipated injection site reactions attributed to 
the known reactogenicity of the vaccine and non-injection 
site hypersensitivity rashes. The analyses reported here pro-
vide important safety information and allow ongoing evalua-
tion of eruptions that are reported following RZV immunisa-
tion in the target population. GSK will continue to closely 
monitor HZ and non-HZ vesicular and bullous cutaneous 
eruptions occurring in close temporal relation with RZV 
vaccination as part of routine pharmacovigilance.
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