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ABSTRACT
The recombinant zoster vaccine (RZV) was licensed in the US for prevention of herpes zoster (HZ) 
in 2017. We conducted a literature search (January 1, 2017–August 1, 2023) using PubMed, 
Embase, and Scopus to consolidate the real-world evidence related to RZV. Overall, RZV effec
tiveness against HZ was high across the studied populations in real-world settings, including 
adults aged ≥ 50 years and patients aged ≥ 18 years with immunodeficiency or immunosuppres
sion. Effectiveness was higher with two doses versus one dose, especially in elderly people and 
immunocompromised individuals. The safety profile of RZV was broadly consistent with that 
established in clinical trials. RZV does not appear to increase the risk of disease flares in patients 
with immune-mediated diseases. Approximately two-thirds of individuals received a second RZV 
dose within 2–6 months after the first dose. Collectively, RZV effectiveness against HZ was high, 
and these real-world studies reaffirm its favorable benefit–risk profile.

PLAIN LANGUAGE SUMMARY
What is the context?
Herpes zoster is a common and painful rash that develops following reactivation of latent (meaning 
silent or dormant) varicella zoster virus, which is the virus that causes the common childhood illness 
chickenpox. The recombinant zoster vaccine (RZV) was first approved for the prevention of herpes 
zoster in the USA and Canada in 2017 and has since been approved in the European Union and 
various other countries. The approval was based on the results of large clinical trials. Since its 
launch over 5 years ago, evidence for RZV use in real-world settings has been collected; the benefits 
of real-world studies include large sample sizes, more diverse populations, and the ability to identify 
rare side effects.

What is new?
We provide a review of real-world studies, which have shown that RZV is effective across the 
studied populations, including in adults aged 50 years and above and in patients with immunode
ficiencies (i.e., those who have a decreased ability to fight infections or other diseases) or receiving 
immunosuppressive therapies (treatments that lower the activity of the body’s immune system). 
The safety profile of RZV in real-world studies was generally consistent with that seen in clinical 
trials.

What is the impact?
These studies show the effectiveness and well-tolerated safety profile of RZV in real-world settings.
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Introduction

Herpes zoster (HZ) is a common, painful, blistering dermato
mal rash that arises following reactivation of latent varicella 
zoster virus (VZV), primarily in people aged ≥ 50 years1,2 and 
in immunocompromised individuals.3–5 HZ, with or without 
its attendant complications, places a substantial burden on 
patients and healthcare systems.1,2,6

The adjuvanted recombinant zoster vaccine (RZV; Shingrix®, 
GSK) was first approved in 2017, in Canada and the US, and 
then in subsequent years in other countries, including the 
European Union in March 2018.6–8 Initially, RZV was indicated 
for HZ prevention in adults aged ≥ 50 years, based on phase III 
clinical trials (ZOE-50 and ZOE-70) in patients aged ≥ 50 years 

and ≥ 70 years, respectively.9,10 These studies demonstrated 
high vaccine efficacy rates (97.2% [95% confidence interval 
(CI): 93.7–99.0] in adults aged ≥ 50 years [mean follow-up 3.2  
years] and 91.3% [95% CI: 86.8–94.5] in adults aged ≥ 70 years 
[mean follow-up 3.7 years]), with mild-to-moderate, transient, 
injection-site and systemic reactions commonly reported.9,10 

Supported by data from several studies in immunocompro
mised patients,11–15 the indication was expanded in the 
European Union in August 2020 to include adults aged ≥ 
18 years at increased risk of HZ, and in the US in July 2021 to 
include adults aged ≥ 18 years at increased risk of HZ because of 
immunodeficiency or immunosuppression caused by known 
disease or therapy.7,8,16
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Collection and analysis of real-world evidence is critical 
in understanding vaccine effectiveness and safety; indeed, 
a key advantage of real-world studies is the heterogeneity of 
the populations involved (i.e., there are few exclusions com
pared with clinical trials). Further, in several real-world 
studies, the large sample sizes have enabled the identifica
tion of rare adverse events (AEs) and the detection of events 
to an extent that would not be possible in clinical trials.2,17 

Following the initial approval of RZV, several studies 
reporting real-world evidence for RZV were published. 
However, a comprehensive review of these studies is 
required. The principal aims of this review were, therefore, 
to identify and summarize studies reporting real-world evi
dence on the effectiveness and safety of RZV across various 
adult populations (including, but not limited to, adults aged 
≥ 50 years, adults who received prior zoster vaccine live 
[ZVL] vaccination, and adults aged ≥ 18 years with immu
nodeficiency or immunosuppression caused by known dis
ease or therapy) and studies investigating completion rates 
for the recommended two-dose administration regimen of 
RZV. Due to the broad scope of this review and the resulting 
heterogeneity in the methodology of the real-world studies, 
a meta-analysis was not conducted. In parallel, a separate 
literature review was conducted summarizing the clinical 
studies of RZV (available at: doi).

Methods

We conducted a targeted literature search of articles published 
between January 1, 2017, and August 1, 2023, using the 
Embase, Scopus, and National Library of Medicine PubMed 
databases. Search terms comprised “recombinant zoster vac
cine” and terms related to real-world evidence or other topics 
of focus for this review (“real world evidence,” “post surveil
lance,” “licensure,” “observational study,” “cohort,” “case con
trol study,” “case report,” “claims,” “health records,” 
“experience,” “series completion,” and “data mining”). Case 
reports were subsequently excluded, as in all instances the 
identified publications described three or fewer patients. The 
studies identified through this literature search were manually 
reviewed for relevance: the abstracts of identified studies were 
read in detail and additional papers selected from reference 
lists of the initially identified papers. Studies were included if 
they examined the safety or effectiveness of RZV against HZ, 
post-herpetic neuralgia (PHN), or HZ ophthalmicus (HZO) or 
of RZV series completion in a real-world setting in adult 
populations of any age in any country; distinct clinical trials 
were excluded, as were papers without an English language 
abstract.

Effectiveness of RZV

In total, seven primary studies18–24 that examined the real- 
world effectiveness of RZV in various populations (Table 1) 
and a meta-analysis25 of two of these studies18,19 were identi
fied. Six studies identified HZ based on diagnosis codes from 
the International Classification of Diseases, ninth or tenth 
version (ICD-9 or ICD-10),18–23 and six studies reported the 
median duration of follow-up, which was approximately 

3–24 months in vaccinated groups.18–23 As the initial indica
tion in the US for RZV was in adults aged ≥ 50 years, which 
was followed by a recommendation from the Advisory 
Committee on Immunization Practices in 2017,7,8,16,26 most 
studies (n = 6)18–23 focused on RZV use in this age group; 
however, one study focused on RZV use in adults aged 
≥ 65 years.

Adults aged ≥ 50 years

Two large retrospective cohort studies, both of which 
excluded immunocompromised individuals, investigated 
the effectiveness of RZV in general populations aged 
≥ 50 years.18,20 These studies included analyses using elec
tronic health record (EHR) data from Kaiser Permanente 
Hawaii (KPH; N = 78,356 individuals included in the study) 
and from the OptumLabs® (Optum Inc., Cambridge, MA, 
USA) Data Warehouse (OLDW), which includes claims 
and EHR data for individuals enrolled in commercial 
insurance, Medicare Advantage, or Medicare Part D (N =  
4,769,819 adults included in the study).18,20 The number of 
adults who received the recommended two doses of RZV 
was 11,864 in the KPH study and 173,745 in the OLDW 
study.18,20 Compared with unvaccinated individuals, vac
cine effectiveness against HZ was reported as 83.5% 
(95% CI: 74.9–89.2) and 85.5% (95% CI: 83.5–87.3), respec
tively, in the two studies (Table 1).18,20

In addition, a cohort study conducted by the US Food and 
Drug Administration (FDA) and Centers for Disease Control and 
Prevention (CDC) investigated RZV effectiveness in Medicare 
beneficiaries aged ≥ 65 years.19 The study, which used informa
tion from Medicare Parts A, B, and D (i.e., fee-for-service data), 
included data from approximately 15.5 million unvaccinated 
individuals and approximately 1 million individuals who had 
received two RZV doses. Vaccine effectiveness against HZ was 
estimated as 70.1% (95% CI: 68.6–71.5) for individuals receiving 
two doses and was similar regardless of whether individuals 
received the second dose within 6 months of the first (median 
time from first to second dose 90 days, vaccine effectiveness 70.0% 
[95% CI: 68.4–71.5]) or ≥ 6 months after the first dose (median 
time from first to second dose 230 days, vaccine effectiveness 
71.7% [95% CI: 66.1–76.3]).19 Although some benefit was evident 
with a second RZV dose given more than 6 months after the 
first,19 these findings should be interpreted with caution as the 
median time from the first to second dose in this group was 7.7  
months, and in a previous clinical trial (ZOSTER-026), noninfer
iority of immune response was not demonstrated for a two-dose, 
0- and 12-month, RZV schedule (compared with a two-dose, 0- 
and 2-month, schedule).27 A systematic review and meta- 
analysis25 combined the data from the study by Izurieta et al.19 

and the OLDW study by Sun et al.18 Using a random-effects 
meta-analysis model, the pooled vaccine effectiveness of RZV 
against HZ in adults aged ≥ 50 years was calculated as 79.2% 
(95% CI: 57.6 − 89.7).25 The differences in the study populations 
of these two studies should be noted. Izurieta et al.19 used data 
from adults aged ≥ 65 years, whereas Sun et al.18 used data from 
adults aged ≥ 50 years; furthermore, immunocompromised 
individuals were included in the former study but not in the 
latter.
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Overall, vaccine effectiveness appeared lower in the Izurieta 
et al. study (70.1%; 95% CI: 68.6–71.5)19 than in pivotal clinical 
trials9 and other studies in individuals aged ≥ 50 years included 
in the KPH and OLDW databases (vaccine effectiveness: 83.5% 
[95% CI: 74.9–89.2] and 85.5% [95% CI: 83.5–87.3], 
respectively).18,20 Among the three real-world studies, lower 
vaccine effectiveness in the Izurieta et al. study19 compared 
with the other two studies18,20 could perhaps be attributed to 
the older age of the population (≥ 65 years vs. ≥ 50 years) and 
non-exclusion of immunocompromised individuals. In addi
tion, key potential contributors to effectiveness – efficacy differ
ences (in the three real-world studies vs. pivotal clinical trials) 
included ascertainment factors linked to healthcare pursuit, 
diagnosis, coding (such as differential outcome misclassification 
and false-positive cases), residual confounding factors due to 
unbalanced cohorts and a less restrictive eligibility criteria 
allowing for a wider and more heterogeneous group of patients 
with comorbid or underlying conditions to be included in the 
real-world studies.28 Moreover, HZ case identification varied in 
real-world studies (primarily by ICD codes) compared with 
pivotal trials (primarily polymerase chain reaction confirma
tion) which can impact the specificity of HZ case identification 
and resultant efficacy/effectiveness.9,10,19 HZO has been 
reported in 10–20% of HZ cases,1,29 and several real-world 
studies have assessed the effectiveness of RZV in preventing 
HZO (Table 1).19,20,23 Among KPH members aged ≥ 50 years, 
RZV vaccine effectiveness after two doses was 93.3% (95% CI: 
48.7–99.1) for preventing HZO.20 In addition, in an analysis of 
OLDW data for adults aged ≥ 50 years, two doses of RZV had 
a vaccine effectiveness of 89.1% (95% CI: 82.9–93.0) for HZO.23 

Further, the Medicare fee-for-service beneficiary analysis pre
viously discussed reported that two RZV doses were associated 
with a vaccine effectiveness of 66.8% (95% CI: 60.7–72.0) for 
HZO in adults aged ≥ 65 years.19 Within each of these studies, 
results suggested that RZV had comparable efficacy in prevent
ing both HZ and HZO.

PHN is the most common complication of HZ, seen in 
10–34% of cases,30 with a greater incidence in individuals aged 
≥ 60 years and in patients with immunosuppression.3–5,31 In the 
previously mentioned analysis of Medicare beneficiaries aged 
≥ 65 years, RZV effectiveness in preventing PHN (within 90– 
180 days of HZ onset) was 76.0% (95% CI: 68.4–81.8) for two 
doses of RZV compared with the unvaccinated cohort (Table 1).19 

Effectiveness against PHN was consistent with effectiveness 
against HZ (70.1% [95% CI: 68.6–71.5]) in the same analysis.19

Analysis of age subgroups

The effectiveness of RZV was explored in distinct age sub
groups in three of the cohort studies (Table 1).18–20 Two of the 
studies reported generally consistent RZV effectiveness across 
studied age groups,19,20 in line with efficacy findings in 
analyses of the pivotal clinical trials.9,10 The OLDW real- 
world evidence study suggested slightly lower efficacy in 
patients aged ≥ 80 years, but vaccine effectiveness remained 
high in this subgroup (80.3% [95% CI: 75.1–84.3]).18 

Collectively, these results support the real-world effectiveness 
of RZV in adults aged ≥ 50 years.

Adults with prior zoster vaccine live vaccination

The three cohort studies described above also investigated RZV 
effectiveness in individuals who had received prior ZVL, either 
within the prior year or within the prior 5 years.18–20 Among 
participants who received two RZV doses, HZ incidence rates 
appeared to be similar regardless of whether participants had 
received ZVL in the prior 5 years (Table 1), thus indicating the 
benefit of revaccination with RZV against HZ, in spite of pre
vious ZVL vaccination.18,19 Izurieta et al.19 reported RZV effec
tiveness of 63.0% (95% CI: 58.3–67.2) within 5 years of ZVL 
receipt, and the corresponding value reported by Sun et al.,18 

based on OLDW data, was 84.8% (95% CI: 75.3–90.7). The 
abovementioned meta-analysis of these two studies suggested 
that RZV was 75.5% (95% CI: 41.5 − 89.7) effective in prevent
ing HZ in participants who had received ZVL within the prior 
5 years.25 Based on KPH data, Sun et al.20 reported RZV effec
tiveness of 61.1% (95% CI: −124.9–93.3) within 1 year of ZVL 
receipt. The very wide CIs in that report demonstrate the 
uncertainty in the estimate, as might be expected given the 
small sample size.20 Indeed, results of the KPH study should 
be interpreted cautiously, as the number of participants who 
received two doses of RZV following ZVL was very small 
(n = 296), providing only 184 person-years (PY) of follow-up 
data and further limiting the ability to accurately evaluate vac
cine effectiveness; although the incidence of HZ was similarly 
low in patients who received RZV versus those who did not 
(543.8 [95% CI: 31.0–2392.2] vs. 703.6 [95% CI: 466.6–1009.7] 
per 100,000 PY), only 3,695 PY of follow-up data were available 
for RZV-unvaccinated individuals (Table 1).20 The potential for 
unmeasured confounding may also have influenced this result, 
which is not unexpected as individuals who received RZV soon 
after ZVL may have been at increased risk of developing HZ. 
Furthermore, when interpreting vaccine effectiveness in indivi
duals who have previously received ZVL, it should be noted that 
these patients will likely have some protection from their pre
vious ZVL vaccination, which can impact the effectiveness of 
RZV. Overall, available real-world data indicate that there is 
clinical benefit of revaccination against HZ with RZV in patients 
previously vaccinated with ZVL.

Adults with immune-mediated diseases

Patients with autoimmune disease often receive immunosup
pressive medication, which increases their risk of HZ. The 
effectiveness of RZV in patients with autoimmune diseases 
was investigated by Izurieta et al. in Medicare beneficiaries 
aged ≥ 65 years.19 Autoimmune diseases included conditions 
such as multiple sclerosis, psoriasis, psoriatic arthritis, rheu
matoid arthritis, systemic lupus erythematosus, and ulcerative 
colitis.19 RZV effectiveness was 68.0% (95% CI: 62.3–72.8) in 
patients with autoimmune diseases, which was similar to the 
effectiveness in the overall cohort in this analysis (70.1% 
[95% CI: 68.6–71.5]) (Table 1).19 Although Izurieta et al. did 
not include patients with Crohn’s disease in the autoimmune 
disease subgroup,19 other studies have assessed vaccine effec
tiveness in patients with inflammatory bowel disease (IBD), 
including a retrospective cohort study using Veterans Affairs 
Healthcare System data from patients with IBD. This study 
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reported RZV vaccine effectiveness of 100% (95% CI: 100–100) 
after two doses in patients with IBD aged 50–60 years, and 61% 
(95% CI: 20–81) after two doses in patients aged >60 years; 
however, the sample size for the two-dose vaccinated group 
was small for those aged 50–60 years (715 PY of follow-up; 
Table 1).22 Although a pooled post hoc analysis of patients with 
immune-mediated diseases in the ZOE-50 and ZOE-70 clinical 
trials reported higher RZV efficacy in this subgroup (90.5% 
[95% CI: 73.5–97.5]), these trials excluded immunosuppressed 
patients.32 Overall, these real-world findings support the effec
tiveness of RZV in patients with immune-mediated diseases.

Immunocompromised adults

In clinical trials, RZV vaccine efficacy was reported as 68.2% 
(95% CI: 55.6–77.5) in immunocompromised adults aged 
≥ 18 years undergoing autologous hematopoietic stem cell trans
plantation (HSCT)11 and 87.2% (95% CI: 44.3–98.6) in a post 
hoc analysis in patients with hematologic malignancies.15 In 
real-world settings, a single-center, prospective, observational, 
cohort study in allogeneic HSCT recipients aged ≥ 18 years 
reported an HZ incidence of 37.3 per 1000 PY in patients who 
received at least one RZV dose, and 28.3 per 1000 PY in patients 
who received two doses (Table 1).24 Although this study lacked 
an unvaccinated comparator group, the authors noted that the 
rates of HZ breakthrough with two RZV doses were low com
pared with historic controls.24 Moreover, in the phase III, ran
domized, placebo-controlled study of RZV referenced above, in 
a total of 1846 patients aged ≥ 18 years who had undergone 
recent autologous HSCT, the incidence of HZ in the modified 
total vaccinated cohort (patients who received two vaccine doses 
and did not develop HZ within 1 month of the second dose) was 
30.0 per 1000 PY for RZV and 94.3 per 1000 PY for placebo 
(incidence rate ratio 0.32 [95% CI: 0.22–0.44]; vaccine efficacy 
68.2% [95% CI: 55.6–77.5]);11 thus, in immunocompromised 
adults, real-world data24 appear to be consistent with clinical 
trial data.11

The Medicare beneficiary analysis referred to earlier investi
gated RZV effectiveness in a subgroup of patients considered to 
be immunocompromised.19 This subgroup included patients 
with human immunodeficiency virus (HIV)/acquired immune 
deficiency syndrome, hematologic or solid malignancies, immune 
deficiencies, transplants and related conditions, and rheumatolo
gic and inflammatory conditions, as well as those undergoing 
dialysis or with intermediate conditions (defined as conditions 
viewed unlikely to be immunocompromising but included for 
optional use by users seeking to be as inclusive as possible). RZV 
effectiveness after two doses was only slightly lower in immuno
compromised versus immunocompetent patients (Table 1).19

Adults receiving concomitant vaccination

Real-world data have also been used to investigate the effects of 
concomitant administration of other vaccines alongside RZV. 
In a retrospective cohort study using EHR data from Kaiser 
Permanente Southern California (KPSC), the HZ incidence in 
adults aged ≥ 50 years who received RZV with concomitant 
vaccination was not higher than in adults who received RZV 
without concomitant vaccination, suggesting that vaccine 

effectiveness was not impacted by concomitant vaccination 
(HZ incidence 2.2 vs. 3.4 per 1000 PY).21 In this study, con
comitant vaccination was defined as any other vaccine received 
on the same day as either the first or second dose of RZV, with 
influenza vaccines (65.9% of participants) and pneumococcal 
vaccines (20.2% of participants) most commonly received.21 

The hazard ratio, adjusted for clinical and demographic vari
ables, was 0.75 (95% CI: 0.53–1.08) for individuals who 
received RZV with rather than without concomitant vaccina
tion (Table 1). These data complement prior clinical trial 
evidence indicating that the immune responses of RZV and 
influenza vaccine are not impacted by co-administration.33

One versus two doses

In pivotal efficacy studies in older adults and immunocom
promised individuals, RZV was administered as a two-dose 
vaccine.9–11 Two studies were identified that explored RZV 
effectiveness after one or two doses.19,22 In both studies, the 
two-dose versus one-dose regimen was consistently associated 
with greater effectiveness across all studied subgroups 
(Table 1).19,22 The lower effectiveness of one dose was more 
pronounced with increasing age and in immunocompromised 
patients; vaccine effectiveness against PHN was 51.4% 
(95% CI: 42.0–59.2) for one dose of RZV and 76.0% 
(95% CI: 68.4–81.8) for two doses of RZV.19 These findings 
underscore the importance of completing the two-dose series.

Real-world safety of RZV vaccination

Besides safety evaluation in clinical trials, the safety of RZV 
vaccination has been extensively studied in regulatory- and 
manufacturer-led, post-licensure surveillance studies6,34,35 

and other studies.24,36–48 These studies focused on RZV safety 
in specific populations and explored key areas of interest, such 
as the incidence of Guillain–Barré syndrome (GBS).6,36,46–48

Adults aged ≥ 50 years

An initial post-licensure safety surveillance report for RZV was 
conducted by the FDA and CDC using data obtained from 
October 2017 through June 2018 from the Vaccine Adverse 
Event Reporting System (VAERS), which collates reports from 
healthcare providers, vaccine manufacturers, and the public.34 

This study encompassed the first 8 months of RZV use in the 
USA, during which approximately 3.2 million RZV doses were 
distributed. At the time of the analysis, RZV was licensed for 
use only in adults aged ≥ 50 years, although a small proportion 
of the AEs reported (0.6%) were in adults aged <50 years. 
Overall, the reporting rate was 136 per 100,000 RZV doses 
distributed, with pyrexia, injection-site pain, and injection-site 
erythema the most common; the reported signs or symptoms 
were similar regardless of whether RZV was administered 
alone or combined with other vaccines. Vaccination errors 
accounted for 5% of reports, with most such instances (62%) 
related to administration errors (e.g., subcutaneous rather than 
intramuscular administration). Serious AEs were rare (4 per 
100,000 doses), and overall, the safety profile of RZV was 
consistent with clinical trial results. The authors concluded 
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that these initial data were reassuring and suggested that 
healthcare providers should counsel patients to expect self- 
limiting local adverse reactions, to encourage completion of 
the two-dose RZV regimen.34

The manufacturer of RZV (GSK) subsequently published 
an analysis of worldwide safety data from the GSK safety 
database, which included spontaneous reports of AEs, received 
either directly or via indirect routes (e.g., the scientific litera
ture), in individuals given RZV.6 Compared with the VAERS 
study, the manufacturer-led analysis included a longer mon
itoring period (October 2017 through February 2019), during 
which approximately 9.3 million doses of RZV were distribu
ted. Where age was known, almost all reports (97.2%) were 
from adults aged ≥ 50 years. In total, 15,638 reports were 
received: symptoms related to vaccine reactogenicity (e.g., 
injection-site reactions, pyrexia, chills, fatigue, etc.) were 
most common, with a reporting rate of approximately 50 
reports per 100,000 doses distributed; such symptoms typically 
lasted 3–4 days after vaccination. Most reports were non- 
serious (95%); among serious reports, the most common 
events were HZ (28% of reports), pyrexia (10%), pain in an 
extremity (9%), and pain (8%). Overall, 5.1% described symp
toms potentially linked to severe reactogenicity (e.g., decreased 
mobility of injected arm or extensive swelling of the injected 
arm); when described, these events occurred within the first 
few days after vaccination and generally lasted 3–4 days, 
although in rare cases, symptoms persisted for one week or 
more. A total of 865 case reports listed 837 HZ events and 50  
HZ-related complications; generally, laboratory corroboration 
of HZV (i.e., HZV-positive polymerase chain reaction, culture, 
immunohistochemical staining, or other testing) was not 
reported. In total, 22.9% of reports outlined vaccination errors, 
which included product preparation or reconstitution errors 
(29.7%), inappropriate or incomplete course of administration 
(26.7%), incorrect administration route (16.4%), and storage 
inconsistencies (12.9%); most reports of vaccination errors 
were not accompanied by symptoms (82.7%). Observed-to- 
expected analyses for certain outcomes (i.e., total mortality, 
and the two most commonly reported potential immune- 
mediated diseases, GBS and Bell’s palsy) and data-mining 
analyses for all reported AEs did not reveal any unanticipated 
patterns. Overall, the manufacturer-led analysis demonstrated 
that the safety profile of RZV was consistent with that observed 
in clinical trials conducted prior to licensing.6

Following reports in Germany of vesicular and bullous 
cutaneous eruptions (compatible with HZ rash) occurring in 
temporal association with RZV vaccination, GSK conducted 
a focused analysis of the worldwide safety database referred to 
above to investigate the incidence of events suggestive of HZ or 
non-HZ vesicular and bullous cutaneous eruptions.35 At the 
time of this analysis, approximately 2.5 years of reporting data 
were available, and over 32 million RZV doses had been dis
tributed. In total, 2423 reports describing HZ or HZ complica
tions were identified, of which 645 described possible lack of 
efficacy. The reporting rate of vaccination failure was low (2.0 
cases per 100,000 RZV doses distributed) and in line with the 
high efficacy of RZV in adults aged ≥ 50 years demonstrated in 
clinical trials.9,10 A total of 1928 reports met criteria for possi
ble VZV reactivation (HZ or HZ complications with an onset 

within 30 days post vaccination). An observed-to-expected 
analysis demonstrated that, generally, the observed incidence 
of those cases was below the background incidence in the 
general population. Additionally, 810 reports of non-HZ vesi
cular and bullous cutaneous eruptions were identified. These 
included injection-site rashes, attributed to the vaccine’s reac
togenicity, and non-injection-site hypersensitivity rashes, in 
a population (older adults) that has a higher prevalence of, 
and susceptibility for, dermatologic disorders in general35 and 
for hypersensitivity rashes including vesicular, blistering, or 
pustular rashes as clinical manifestations. Discussion of poten
tial underlying pathophysiologic mechanisms (immune 
exhaustion or cytokine-mediated reactivation) supported the 
medical review of the reports retrieved and did not raise safety 
concerns.35

In contrast to the abovementioned studies analyzing passive 
reports submitted to the regulators and the manufacturer, 
another study conducted active post-licensure surveillance 
with proactive capture and rapid analysis of the EHR data 
from the CDC Vaccine Safety Datalink (VSD) framework.48 

This approach allowed for near–real-time sequential monitor
ing to overcome issues, such as underreporting, that are linked 
to passive report databases. The prospective cohort study fol
lowed individuals aged ≥ 50 years enrolled in seven VSD- 
data –contributing healthcare systems in the US from 
January 2018, when RZV was introduced among this popula
tion, through December 2019. Within that period, a total of 
647,833 RZV doses were administered. Primary outcomes 
evaluated included acute myocardial infarction, stroke, supra
ventricular tachycardia, polymyalgia rheumatica, convulsions, 
Bell’s palsy, optic ischemic neuropathy, giant cell arteritis, 
anaphylaxis, and GBS. Secondary outcomes included systemic 
and local reactions occurring within 1–7 days, as well as gout, 
myocarditis, pericarditis, and several eye-related diseases, diag
nosed within 1–42 days. ZVL recipients (2013–2017) served as 
historical controls for primary outcomes, whereas non-RZV vac
cine recipients who had an annual well-person visit in 2018−2019 
served as controls for both primary and secondary outcomes. No 
sustained increased risk was reported for any primary outcomes. 
An increase was reported for four secondary outcomes, including 
increased risk of reactions (systemic reactions, adjusted relative 
risk [aRR] = 1.17 [95% CI: 1.10 − 1.24]; local reactions, aRR = 2.75 
[95% CI: 2.14 − 3.54]; combined “any reaction” group, 
aRR = 1.27 [95% CI: 1.20 − 1.34]), and a slight increase in gout 
(aRR = 1.08 [95% CI: 1.08 − 1.14]).48

The safety of RZV vaccination was also assessed in a data- 
mining study using IBM® MarketScan® (IBM Corp., Armonk, 
NY, USA) data from commercially insured people in the USA; 
the data covered the administration of approximately 1 million 
RZV doses in adults aged ≥ 50 years, from January 2018 
through May 2020.36 The analysis assessed whether various 
health outcomes were associated with RZV vaccination, 
through evaluation of temporal clustering of outcomes identi
fied via ICD-10 Clinical Modification (ICD-10-CM) codes. In 
the first few days after vaccination, clustering of ICD-10-CM 
codes relating to the following were identified: unspecified 
AEs, complications, or reactions to immunization or other 
medical substances or care; fever; unspecified allergy; syncope 
and collapse; cellulitis; myalgia; and dizziness and giddiness. 
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These associations were considered to reflect the known safety 
profile of RZV and the outcomes typically reported after 
injected vaccinations.36 A subsequent publication by the 
same authors applied a modified statistical approach using 
the same database and including a similar number of RZV 
doses.47 This study employed a sequential analysis using the 
tree-based scan statistic to identify AEs in days 1−28 versus 
29−56 following RZV vaccination. Statistically significant sig
nals emerged only for unspecified AEs or complications in 
days 1−28; the majority (90% of unique cases within signals) 
were reported within the first week following vaccination. 
Based on previous case-by-case investigations of similar sig
nals, the authors speculated that most of the cases might relate 
to nonserious AEs, such as injection-site reactions, headache, 
fever, and fatigue.47

A retrospective cohort study using EHR data from KPSC 
reported the incidence of various reactions in over 30,000 
adults aged ≥ 50 years receiving at least one dose of RZV.37 

Among these adults, very few experienced medically attended 
local reactions 1–7 days after the first dose (0.2% in adults 
receiving only one dose, or two doses), medically attended 
systemic reactions (approximately 0.5%), or medically 
attended pain (approximately 0.3%); these events did not 
influence whether individuals completed the two-dose series.37

Overall, the abovementioned reports in adults aged 
≥ 50 years indicate that the real-world safety profile of RZV 
is consistent with that seen in clinical studies and with that 
described in the Prescribing Information for RZV.7,8 

A summary of these studies is provided in Table 2. The inci
dence of GBS in the abovementioned studies is discussed in 
a later section of this article.

Immunocompromised adults aged ≥ 18 years

In clinical trials, an acceptable safety profile for RZV was 
shown in patients aged ≥ 18 years undergoing autologous 
HSCT,11 people living with HIV,12 patients with solid13 or 
hematologic15 malignancies, and patients after renal 
transplantation.14

Data from two real-world, single-center, US studies24,38 

(Table 2) complement the clinical trial findings. Baumrin 
et al.24 conducted a small, prospective, observational study 
exploring the safety of RZV in 158 allogeneic HSCT recipi
ents aged ≥ 18 years who received RZV 9–24 months after 
transplantation at the Dana–Farber Cancer Institute 
(Boston, MA, USA); most of these patients received other 
vaccines co-administered with RZV. AEs were reported by 
92.1% of patients, including injection-site AEs (87.3% of 
patients), most commonly pain. Serious AEs were reported 
in two patients (1.3%). Four of 157 (2.5%) patients experi
enced an episode of HZ; one case (0.6%, 1/109 PYs) was 
fatal, presenting as disseminated vesicular rash, pneumoni
tis, and hepatitis in a cord blood recipient. There was no 
difference in the incidence of graft-versus-host disease, dis
ease relapse, or death in patients receiving RZV versus 
historic controls. The authors concluded that RZV had an 
acceptable safety profile and was well tolerated in allogeneic 
HSCT recipients.24 Barghash et al.38 conducted a small, ret
rospective study at Mount Sinai Hospital (New York, NY, 

USA) in 65 immunosuppressed adults who had previously 
received a heart transplant and received RZV between 
September 2018 and June 2020. Chart reviews identified 
AEs in 35.4% of patients after the first RZV dose and in 
28.3% after the second dose; the AEs were typically injec
tion-site reactions (29.2% and 28.2% of patients after first 
and second RZV dose, respectively). The authors reported 
no evidence of increased allograft rejection after the 
vaccinations.38

Adults with immune-mediated diseases

RZV safety has also been investigated in real-world studies in 
patients with immune-mediated diseases, many of whom were 
receiving immunosuppressive therapies, as summarized below 
and in Table 3. Besides AE incidence, these studies investigated 
the theoretical concern that vaccination could be associated with 
an increased risk of disease flares due to vaccine adjuvants.39,40

A self-controlled risk interval study was conducted using 
claims data from IBM MarketScan and Centers for Medicare & 
Medicaid Services (Baltimore, MD, USA) databases 
(2018–2019).41 The self-controlled risk interval design was 
selected to investigate whether a temporal association exists 
between RZV administration and disease flares in older adults 
with immune-mediated inflammatory diseases. The IBM 
MarketScan database included patients for whom outpatient 
pharmaceutical claims were available; patients were covered by 
employer-sponsored insurance each year from US states. The 
Centers for Medicare & Medicaid Services database included 
patients with enrollment in Medicare Parts A (hospital insur
ance), B (outpatient medical insurance), and D (prescription 
drug coverage). The study investigated the incidence of disease 
flares among patients aged ≥ 50 years with immune-mediated 
inflammatory diseases who received at least one RZV dose. 
The study population was stratified across databases according 
to age, such that 7207 adults aged 50–64 years with employer- 
sponsored insurance coverage were included from the 
MarketScan database and 72,468 Medicare fee-for-service ben
eficiaries aged ≥ 65 years were included from the Medicare 
database. Patients had various diseases; the most common 
included rheumatoid arthritis, psoriasis, psoriatic arthritis, 
ulcerative colitis, Crohn’s disease, and systemic lupus erythe
matosus. No increase in the risk of flares was identified in the 
self-controlled case-series analysis: that is, the incidence of 
flares was similar during a control period (98–140 days) prior 
to vaccination and during follow-up (1–42 days) post vaccina
tion. In patients aged ≥ 65 years, 12% had flares after the first 
RZV dose, and 11% after the second dose, compared with 13% 
who experienced flares during the period prior to vaccination; 
in patients aged 50–64 years, 9% developed flares in the period 
following the first or second doses of RZV, compared with 10% 
during the period prior to vaccination (Table 3).41

Two studies specifically investigated RZV safety in patients 
with IBD, primarily focusing on the incidence of disease 
flares.39,42 A retrospective cohort study, using data from the 
Veterans Affairs Healthcare System for patients aged ≥ 50  
years with IBD, explored the incidence of disease flares (by 
chart review) in patients receiving RZV (N = 1677) compared 
with matched, unvaccinated patients.42 No difference was 
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found in the incidence of IBD flares within 90 days after 
vaccination between the RZV and unvaccinated groups: flares 
were reported in 1.2% versus 1.0% of patients, respectively 
(Table 3).42 A prospective, observational, single-center study 
at Boston Medical Center (Boston, MA, USA) investigated the 
safety of RZV in 67 patients with IBD who received at least one 
RZV dose.39 Two-thirds of patients were immunosuppressed. 
Eleven patients (16.4%) were on an immunomodulator 
(6-mercaptopurine, azathioprine, or methotrexate), 9 (13.4%) 
were on a tumor necrosis factor inhibitor, 15 (22.4%) were on 
vedolizumab, 9 (13.4%) were on ustekinumab, and 3 (4.5%) 
were on tofacitinib. Rates of injection-site reactions were con
sidered similar to those in the general population (Table 3). 
A disease flare was reported in only one patient in this study, 
and the authors concluded that the study suggests that rates of 
IBD flare are not increased by RZV administration.39 

However, the study was uncontrolled and without 
a comparator group.

Besides studies in IBD populations, several studies explored 
RZV safety in patients with rheumatologic disorders.40,43–45,49 

Although these studies were uncontrolled and without 
a comparator arm, they nonetheless highlight real-world experi
ence with RZV. The incidence of disease flares with RZV vaccina
tion was investigated in a single-center study, conducted at the 
rheumatology outpatient center at Brigham and Women’s 
Hospital (Boston, MA, USA), in 403 patients with rheumatoid 
arthritis or other systemic rheumatic diseases who were vacci
nated between February 2018 and February 2019.40 Most patients 
(78.4%) were receiving immunosuppressive medications. AEs 
were reported in 12.7% of patients, most commonly injection- 
site reactions; all AEs were mild and were consistent with the 
known safety profile of RZV. Disease flares 12 weeks post vacci
nation were identified in 6.7% of patients; all flares were mild and 
responded to treatment with glucocorticoids without requiring 
changes in immunosuppressive therapy (Table 3). The authors 
noted that the incidence of flares was lower than the background 
incidence in a previous analysis conducted at the same institution 
prior to the availability of RZV.40,50

A retrospective study, using EHR data from the Cleveland 
Clinic Rheumatology Department (Cleveland, OH, USA), 
investigated the safety of RZV in patients aged ≥ 18 years 
who received at least one dose of RZV from February 2018 
to March 2020.43 In the total rheumatology clinic population 
studied who received at least one dose of RZV (N = 622), 8.7% 
of patients reported AEs following RZV vaccination, most 
commonly local reactions. Among the total of 622 patients, 
359 had immune-mediated inflammatory diseases, most fre
quently rheumatoid arthritis (25% of patients). Disease flares 
following RZV vaccination were reported in 16% of the 359 
patients; 31% of the flares were related to a change in treat
ment, and 25% of patients with flares required alteration of 
immunosuppressive therapy. Multivariable analysis revealed 
that flares were significantly more likely (odds ratio 2.31; p  
= .004) in patients using glucocorticoids at the time of RZV 
administration. As short-term glucocorticoid therapy is typi
cally used to control active disease, the authors suggested that 
it may be prudent to delay RZV vaccination until low disease 
activity is achieved. However, the study lacked a comparator 

group, so a definitive causal link between RZV vaccination and 
disease flares could not be confirmed.43

Two small, single-center studies explored the safety of 
RZV in rheumatology patients, most of whom were receiv
ing disease-modifying antirheumatic drugs.44,45 In the first 
study (N = 47), three (6.4%) patients self-reported AEs after 
RZV vaccination but all were mild; four patients (8.5%) 
had disease flares at subsequent follow-up, but these flares 
were not reported immediately after vaccination and were 
considered likely related to the natural disease course and 
not to RZV vaccination.44 In the second study (N = 65), 
self-reported AEs after vaccination occurred in four (6.2%) 
patients, but none were severe; the incidence of disease 
flares was 5.6 per 100 PY in the pre-vaccination baseline 
period, compared with 2.1 per 100 PY in the post- 
vaccination follow-up period.45 A third small study fol
lowed rheumatology patients receiving Janus kinase inhibi
tors or one of the biologic agents rituximab and abatacept 
at the rheumatoid arthritis clinic of a tertiary center in 
Italy.49 A total of 52 patients, aged 18−85 years, received 
two RZV doses 1 month apart and were followed up for AE 
detection for 7 days after immunization. No flares were 
detected within the total duration of the study (3 months’ 
follow-up). Injection-site reactions, such as swelling and 
redness, were reported by 86.5% of patients, and fatigue 
was the most reported systemic AE (25%).49

Collectively, these studies suggest that RZV is well tolerated in 
real-world clinical practice in patients with immune-mediated 
diseases, including those receiving concomitant immunosuppres
sive therapy. Although evidence is limited and it is difficult to 
compare these studies directly (as the definition of disease flare 
may vary between studies and flare cases may not have been chart 
reviewed), RZV does not appear to increase the risk of disease 
flares. Additional research on this topic is required.

Guillain–barré syndrome

Individuals who develop HZ have an elevated risk of also 
developing GBS,51 and studies have evaluated the potential 
risk of GBS following RZV. In the GSK safety database analysis 
discussed earlier, 17 cases of GBS were reported, representing 
a reporting rate of 0.18 per 100,000 RZV doses distributed.6 

The authors evaluated this reporting rate further using an 
observed-to-expected analysis and found that the observed 
number of cases of GBS following RZV was not greater than 
expected in the patient population.6

A data-mining study using IBM MarketScan data for com
mercially insured people in the USA aged ≥ 50 years, and 
including approximately 1 million RZV doses administered 
from January 2018 through May 2020, found no association 
between RZV and GBS.36 Nine cases of GBS were identified in 
this sample, of which four, after further review, were consid
ered likely not true new-onset GBS cases.36 Subsequently, 
a sequential data-mining analysis of this database by the 
same authors reported no signals for GBS on days 8−21 fol
lowing RZV vaccination.47

Initial post-licensure safety surveillance by the CDC using 
the VSD database identified an elevated incidence of GBS  
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following RZV.46 Subsequently, a US FDA- and CDC-led 
analysis of the Medicare claims database investigated the 
incidence of GBS following RZV vaccination in adults aged 
≥ 65 years (1,318,004 doses in 849,397 patients), using data 
up to February 2020.46 In this self-controlled case series, the 
authors identified an increased risk of GBS in the risk versus 
control window (relative risk 2.84; 95% CI: 1.53–5.27; 
p = .001); that is, a small excess of approximately 3 cases 
per million RZV doses during the 42-day period following 
vaccination in the Medicare population.46 A self-controlled 
case-series analysis of data from two US claims databases 
suggested a confounding effect of HZ episodes on the poten
tial causal association between RZV vaccination and the risk 
of GBS.52 Nonetheless, the RZV label was updated, with the 
FDA noting a potentially increased risk of GBS following 
RZV vaccination in post-marketing reports while also 
acknowledging that the available evidence was insufficient 
to establish a causal relationship.8,53

In an active post-licensure study using data from the VSD 
framework, a preliminary signal for GBS was observed in RZV 
recipients compared with historical ZVL recipients 
(aRR = 5.25; p = .02) but waned over time (aRR = 1.24; 
p > .05).48 Following chart review, the aRR for confirmed 
GBS in RZV recipients versus historical ZVL recipients ranged 
from 1.04 (95% CI: 0.14−7.74) to 1.56 (95% CI: 0.18−18.62).48

Overall, GBS following RZV administration is a rare event. 
Some post-marketing data suggest a potentially increased risk 
of GBS. However, collective evidence is insufficient to deter
mine a causal association between RZV and GBS; even if it is 
confirmed, this relatively low risk is to be balanced with the 
health benefits of RZV vaccination.54

Two-dose RZV series completion rates

Overall, 14 real-world studies investigated completion rates for 
the RZV two-dose series (Table 4).19,38,39,41,45,55–63 These stu
dies were all conducted in the US, with the exception of 
a single study in Canada.57 Although most of the studies did 
not report mean or median times to two-dose RZV comple
tion, five studies reported these times as approximately 
86–140 days (Table 4).38,41,59,61,62 Importantly, the recommended 
RZV dosage schedule comprises a second dose administered 2–6  
months after the first (or 1–2 months later for individuals who are 
or will be immunodeficient or immunosuppressed and who 
would benefit from a shorter vaccination schedule).8

In general population studies conducted in adults aged 
≥ 50 years, two-dose completion rates within 2–6 months of 
the first dose ranged from 65% to 78%.19,38,55–58,62,63 

Completion rates assessed over longer periods (up to 24  
months after the first dose) ranged from 67% to 89.5% 
(Table 4).19,37,55–58,62,63 In studies assessing completion rates 
at multiple time points, completion rates tended to increase 
with increased duration of follow-up, as expected 
(Table 4).19,55–58,62,63 In special populations, such as those 
with immune-mediated inflammatory disorders, completion 
rates were broadly similar to those in the general population 
(Table 4).38,39,41,45,60

In the US, a large retrospective pharmacy and medical claims 
analysis extracted data from the IQVIA LRx Longitudinal 

Pharmacy and Dx Medical Claims Databases. Annually, the 
LRx database includes almost 4 billion adjudicated electronic 
prescription claims, and monthly, the Dx database includes 
approximately 1 billion non-adjudicated claims for professional 
fees from >870,000 practitioners.56 Overall, data were collated 
for >7 million adults aged ≥ 50 years with an RZV claim between 
October 1, 2017, and September 30, 2019; a total of 1,225,088 
individuals had data available for 12 months after the index 
date. The RZV second-dose completion rate was 70.4% at 6  
months and 81.8% at 12 months, median time to the second 
dose was 4.08–5.13 months, and adherence to receiving 
the second dose 2–6 months after the first dose was 67.6%.56 

Another large retrospective US study using the IQVIA 
PharMetrics Plus and IBM MarketScan databases for adults 
aged 50−64 years reported similar completion rates62 

(Table 4). Moreover, Fix et al. retrospectively analyzed data 
from January 2018 through December 2019 using the IBM 
MarketScan database.63 In a cohort of over 4.5 million enrollees 
aged 50−64 years, 89.5% of the individuals who received a first 
RZV dose completed the two-dose series. Among those who 
received both doses, 88.6% did so within the recommended 
2–6 months.63 A cohort study conducted by the US FDA and 
CDC investigated RZV effectiveness among Medicare benefici
aries aged ≥ 65 years.19 The study included data from approxi
mately 15.5 million unvaccinated individuals and approximately 
1 million individuals who had received two RZV doses, among 
whom the second RZV dose was given by 6 months after the 
first dose in 78% of individuals and by 12 months in 86% of 
individuals.19

In Canada, data on RZV use were retrospectively collected 
from the IQVIA LRx Longitudinal Prescription Database, which 
includes patient-level data for >70% of prescriptions dispensed 
at approximately 6000 Canadian retail pharmacies.57 The 
RZV second-dose completion rate was 65.0% within 
2–6 months of the first dose and 74.9% within 2–12 months of 
the first dose. However, the authors mentioned the potential for 
some immunizations not to be recorded in the pharmacy-based 
database: that is, in some regions, nurses can immunize patients 
without a prescription, and some patients may purchase pre
scriptions at sources other than retail pharmacies or receive 
drugs during hospital inpatient stays. Thus, the recorded com
pletion rates in the database may have underestimated the actual 
completion rates in the real-life setting, although this is unlikely 
to have been a major difference.57

The abovementioned real-world data suggest that two- 
dose RZV completion rates are generally high. However, 
up to one-fifth of vaccinees do not receive a second dose 
and up to one-third of individuals may not receive 
the second RZV dose within the 2- to 6-month period 
after the first dose, as recommended for healthy adults 
aged 50 years and above.8,19,55,56,62,63 As explained pre
viously, in the study conducted by the US FDA and CDC 
investigating RZV effectiveness among Medicare benefici
aries aged ≥ 65 years,19 effectiveness with two doses was 
higher than with one dose; although effectiveness remained 
comparable for individuals who received their second dose 
beyond 6 months, as the median time from the first 
to second dose was 230 days, this should be interpreted 
with caution given the findings in ZOSTER-026.27 
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Collectively, available data suggest that there is a need to 
ensure that patients receive two doses of RZV within the 
recommended schedule.

Beyond counseling and standard follow-up, several real- 
world studies explored potential strategies to improve 
adherence.59–61,64 For example, pharmacist-driven RZV 
administration programs were suggested to increase comple
tion rates versus standard provider-directed RZV education.60 

Using alerts within pharmacy electronic databases to prompt 
pharmacists to engage with individuals requiring a second 
dose of RZV was also reported to improve completion rates 
and shorten the time to completion.59 The addition of 
a patient-facing nudge via text messaging achieved further 
benefits.61 Finally, receiving a pharmacist phone call was 
reported to significantly increase the likelihood of individuals 
returning for a second RZV dose.64

Conclusions and future directions

The real-world evidence summarized in this review comple
ments and supports the clinical trial data previously accrued 
for RZV. Overall, RZV effectiveness against HZ was high 
across the studied populations in real-world settings, including 
in adults aged ≥ 50 years and in patients aged ≥ 18 years at 
increased risk of HZ because of immunodeficiency or 
immunosuppression.18,19,21–24 Besides the high RZV efficacy 
in phase III clinical trials,9–11 the real-world effectiveness 
results for RZV are reassuring, as these results were obtained 
in a more heterogeneous population. Further, the safety profile 
of RZV in post-licensing surveillance database analyses and 
other real-world safety studies was broadly consistent with the 
safety profile of RZV established in clinical trials.6,24,34–49 

Collectively, these real-world studies reaffirm the favorable 
benefit–risk profile of the vaccine.

The real-world studies reported in this review also highlight 
areas requiring further attention. Most of the studies were 
conducted in adults aged ≥ 50 years, and in the US, RZV 
only recently (mid-2021) gained approval for use in adults 
aged ≥ 18 years with immunodeficiency or immunosuppres
sion due to disease or therapy.8,16 Therefore, a need exists for 
further real-world evidence for RZV in adults aged ≥ 18 years, 
with increased focus on effectiveness and safety in at-risk 
populations (e.g., people living with HIV, people with auto
immune diseases), the concurrent use of specific immunosup
pressive therapies, and longer-term follow-up for the 
assessment of RZV effectiveness. Strategies to increase RZV 
two-dose completion rates could be another future focus for 
healthcare providers. In addition, there is a current paucity of 
real-world evidence from outside the USA. Data from other 
countries may help enhance understanding of the clinical 
profile of RZV in diverse populations.
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