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ABSTRACT

Introduction: Older adults and patients with
underlying conditions such as immunocom-
promised (IC) populations (e.g., due to medical
conditions or immunosuppressive medication)
are at increased risk for herpes zoster (HZ). The
first HZ recombinant vaccine for IC patients
was approved in 2020. Limited evidence exists
to inform decision-makers on HZ incidence in
high-risk patients in Europe. This systematic
literature review (SLR) assessed HZ incidence
across 14 high-risk populations in the European
Union/European Economic Area, Switzerland,
and the United Kingdom.

Methods: An SLR (Embase, Medline, 2002~
2022, observational studies) was performed to
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identify HZ incidence (i.e., primary outcomes:
rate or cumulative; secondary: relative inci-
dence) in type 1 and 2 diabetes mellitus (DM);
chronic obstructive pulmonary disease and
asthma; depression; theumatic disorders (RD);
multiple sclerosis (MS); inflammatory bowel dis-
eases (IBD); psoriasis; lupus; human immunode-
ficiency virus (HIV); solid organ transplantation
(SOT); solid organ malignancy (SOM); hemato-
logic malignancy (HM); and stem cell transplan-
tation (SCT).

Results: Of 776 unique records screened, 59
studies were included (24 reported incidence
rate per 1000 person-years; two, cumulative
incidence per 1000 persons; and 33, relative
incidence). The highest incidence rates were
reported for SOT (12.1-78.8) and SCT (37.2-
56.1); HM (2.9-32.0); RD (0.41-21.5); lupus
(11.0-16.5); IC mixed population (11.3-15.5);
HIV/AIDS (11.8-13.0); chronic respiratory dis-
eases (4.7-11.4); SOM (8.8-11.0); IBD (7.0-10.8);
DM (4.3-9.4); depression (7.2-7.6); MS (5.7-6.3);
and psoriasis (5.3-6.1). In many high-risk popu-
lations, HZ incidence was higher for older age
groups, women, and some treatments.
Conclusions: The HZ incidence rate in Europe
increased with age and varied across high-risk
populations, with high rates for solid organ and
stem cell transplants, cancer, and rheumatoid
arthritis. Most studies were retrospective with
methodological differences affecting generaliz-
ability and comparability. Future studies should
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stratify data by IC population, age, sex, severity,
medication, and study timeframe.

Keywords: Shingles; Incidence; High-risk
populations; Systematic review; Herpes zoster

Why carry out this study?

The incidence of herpes zoster (HZ) in Europe
is 2.0-4.6 in the general population, how-
ever, age and immunosuppression are known
important risk factors for HZ.

A recent systematic review of HZ incidence
in immunocompromised (IC) patients was
performed for the United States, however,
limited data are available in IC patients in
Europe.

This systematic review (SLR) in Europe
included Medline and Embase searches for
observational studies, published from Janu-
ary 2002 to January 2022 in multiple lan-
guages, reporting HZ incidence across 14 IC
populations.

What was learned from the study?

This SLR characterizes HZ incidence in a
broad range of patients at increased risk of
HZ in Europe. HZ incidence was significantly
increased in multiple IC patients, in older IC
age groups, in women, and for some treat-
ments.

The first HZ vaccine for IC populations was
approved in the EU in 2020. The evidence,
showing HZ incidence is increased in multi-
ple IC conditions, age and treatment groups,
could help inform decision-making on vac-
cination.

INTRODUCTION

Primary infection by the varicella-zoster virus
leads to childhood varicella (chickenpox) in the
majority of the population. The virus remains

dormant in the dorsal root ganglia, and can be
reactivated later in life, causing herpes zoster
(HZ) [1]. The main factors causing virus-specific
cellular immunity to wane are ageing and immu-
nosuppression, due to immune-compromising
conditions or immunosuppressive medication
[2].

Currently, two herpes zoster vaccines are
licensed (a live-attenuated vaccine and an adju-
vanted recombinant vaccine to prevent HZ and
postherpetic neuralgia (PHN) in healthy older
adults [3]. Since 2020, the recombinant vaccine
was also approved for adults aged > 18 years at
increased risk of HZ in the EU [4]. HZ vaccina-
tion is the standard of care in the United States
(US), and European countries are increasingly
offering HZ vaccination to certain populations
as part of adult immunization programs [5, 6].

Without vaccination, around 30% of people
develop HZ during their lifetime [7]. The inci-
dence rate of HZ (per 1000 person-years) in the
general population in Europe is between 2 and
4 in adults aged <50 years, increasing to 7-8 in
people over 50 years old, and up to 10 in those
over 80 years old [8, 9]. HZ is a frequent medi-
cal condition that is expected to increase due to
an ageing population, with a severe impact on
patients’ health-related quality of life [1] and an
important burden to the healthcare system [10].

HZ clinical symptoms typically begin with
pain in the affected dermatome for at least
2 days prior to skin eruptions; an acute phase
lasting up to 30 days with a painful rash that
does not respond to non-steroidal pain medi-
cation; and severe chronic pain for 30-90 days
after the rash has healed. PHN is a frequent
complication of HZ that is difficult to treat and
involves pain for more than 90 days post-rash.
PHN incidence and severity also increase with
age [1, 11]. Ophthalmic HZ is also associated
with significant complications and the risk of
blindness [1].

In immunocompromised (IC) populations,
such as those with cancer, human immunode-
ficiency virus (HIV), hemopathies, solid organ
or bone marrow transplants or patients on
immunosuppressive therapies, HZ can be more
severe. For example, there is a higher risk of
severe disease (e.g., cutaneous and/or systemic
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disseminated HZ [1]), of complications [12,
13], of disease recurrence [14] (e.g., HZ recurs
in around 6.2% overall, increasing to 30% in
IC patients [1]) and of mortality [15]. Central
nervous system manifestations associated with
HZ (e.g., encephalitis, myelitis, cerebrovascular
disease, radiculitis and Guillain-Barré syndrome)
are also predominantly reported in IC patients
[1].

The most important risk factors for HZ are
increasing age and immunosuppression [2].
While age-related risks are well documented in
the literature, the incidence of HZ in IC popula-
tions is less well described. A recent systematic
review was the first to assess overall HZ risk in IC
populations: this study focused on the US adult
population and five IC conditions i.e., hemat-
opoietic stem cell transplant (HSCT), hemato-
logic malignancies, solid organ transplant, solid
tumor malignancies and HIV [2]. There has also
been a systematic review of HZ epidemiology
and burden in Latin American countries, which
found a higher risk of HZ and complications in
IC versus immunocompetent populations [12].
Other systematic reviews have focused on non-
IC populations. A systematic review of global
HZ incidence focused on the general population
(and immunocompetent populations) in adults
over 50 years old, and found that HZ incidence
is increasing in countries over time, as well as
due to ageing [16]. Temporal studies have shown
that the incidence of HZ has been increasing
worldwide across all age groups, pre-dating the
introduction of vaccination programs [14]. In
Europe, a systematic review of HZ incidence,
focused on immunocompetent populations,
identified comparable incidence rates across the
region, increasing with age [8].

As HZ burden may increase with growing
numbers of aging population and co-morbidi-
ties, better estimates of HZ incidence in popu-
lations at increased risk are needed to inform
vaccine policy decision makers. The aim of
this study was to perform a systematic litera-
ture review of the incidence of HZ in high-risk
populations in the European Union/European
Economic Area (EU/EEA), Switzerland and the
United Kingdom (UK), across 14 high-risk popu-
lations including: type 1 and 2 diabetes melli-
tus (DM); chronic respiratory diseases (chronic

obstructive pulmonary disease [COPD] and
asthma); depression; rheumatic disorders; mul-
tiple sclerosis (MS); inflammatory bowel disease
(IBD); psoriasis; lupus; HIV; solid organ trans-
plantation; solid organ malignancy; hemato-
logic malignancy; and stem cell transplantation.

METHODS

Search Strategy and Selection Criteria

A systematic review of the literature was pez-
formed, following Cochrane Collaboration [17]
and Preferred Reporting Items for Systematic
Reviews and Meta-analyses (PRISMA) guidelines
[18] for performing and reporting systematic
reviews. The search was performed in Medline
(via PubMed) and Embase, for publications in
English, German, Dutch, French, Spanish, and
Italian, from January 1, 2002 to January 1, 2022,
and combined search terms for HZ, incidence,
high-risk populations, and countries of inter-
est (see Supplemental file 1). Study designs of
interest were prospective and retrospective
observational studies e.g., cohort studies, pas-
sive surveillance studies and other controlled/
uncontrolled studies.

The grey literature was also searched using
disease search terms (e.g., zoster, shingles), in
international health websites [19-24] and web-
sites of the Ministries of health, national sta-
tistics and national public health institutes of
six key countries for which limited data were
published i.e., France, Portugal, Norway, Swit-
zerland, Denmark, and Finland.

During the abstract and title screening (selec-
tion step 1), studies were included based on
relevant outcomes (i.e., HZ incidence in the
high-risk population) and excluded based on
population (i.e., not IC patients); study design
(i.e., models, sample size smaller than 30, phase
I, IT and III trials); geography (i.e., country out
of scope); and type of publication (i.e., letters,
editorials, comments). Two researchers indepen-
dently performed this step and discussed any
discrepancies (N.V., H.V.). Fewer than 5% of the
abstracts required review and discussion.
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During full-text screening of articles selected
in step 1, studies that answered the review ques-
tion were included. Exclusion criteria related to
populations (i.e., non-relevant high-risk popu-
lations, combined relevant and non-relevant
high-risk populations without stratified data,
unclear if secondary VZV infection only); coun-
try (i.e., combined relevant and non-relevant
countries without country-specific data, coun-
try not stated); methods (i.e., no quantitative
data or only data in figures, insufficient meth-
odological details, insufficient methodological
quality); and reporting (i.e., narrative review,
no methods section). Two researchers indepen-
dently checked the first 10% of full-text articles
for relevancy (N.V., H.V.). There was agreement
on all selections.

To ensure reproducibility, the study selection
process was documented in an EndNote Library
with the reasons for exclusion of full-text publi-
cations in an MS Excel table.

This article is based on previously conducted
studies and does not contain any new studies
with human participants or animals performed
by any of the authors.

Data Analysis

Data were extracted into an Excel database by
one researcher (N.V.) and reviewed by another
(H.V.). Standard evidence tables were used to
extract data on: First author, publication year,
journal; Country; Study design; Study period
and setting; Study population (inclusion and
exclusion criteria, sample size, age groups, gen-
der, ethnicity, underlying high-risk conditions;
Methodology (IC definition, HZ case detection,
HZ case definition, type of patients and inci-
dence denominator); HZ incidence (defined as
incidence rate [incidence per 1000 person-years],
cumulative incidence [incidence per 1000 pez-
sons], or relative incidence [number of cases
as a percentage of study population]) by year,
gender, age, ethnicity, high-risk population, and
treatment option; Comments or quality issues
from authors; and Quality assessment tool. The
primary outcomes were HZ incidence rate and
cumulative incidence, while the relative inci-
dence was a secondary outcome.

The methodological quality of studies was
assessed based on representativeness of the tar-
get population, validity of the HZ case defini-
tion, and use of a properly defined incidence
denominator. Most of the included studies were
surveillance studies, non-comparative studies,
or comparative studies that are not cohort or
case—control studies. As there are no formal vali-
dated checklists available for these study types,
a previously-developed quality assessment tool
was used to critically appraise and describe the
methodological quality of incidence and preva-
lence studies. This tool was adapted further, in
collaboration with an HZ expert, to focus spe-
cifically on HZ incidence studies [16] (see Sup-
plemental file 2).

Feasibility of conducting a meta-analysis was
assessed according to Cochrane criteria [17].
From an overview of studies that reported on
the same outcome measure with a correspond-
ing 95% confidence interval (95% CI), the com-
parability of the studies and similarity of the
results was discussed to decide on the feasibil-
ity of a meta-analysis. As many included studies
were non-comparative observational studies, the
assessment mainly focused on comparability of
study characteristics (i.e., setting, period, defini-
tion of HZ and high-risk disease) and of popula-
tion characteristics (i.e., type of high-risk dis-
ease, age, gender, antiviral prophylaxis; or other
medications).

Role of the Funding Source

GlaxoSmithKline Biologicals S.A. (VEO-000054)
funded this literature review and all costs related
to the development of the publication, includ-
ing the journal’s Rapid Service Fee.

RESULTS

The database searches identified 1045 records
(776 unique records after removing duplicates)
for screening with an additional 79 references
from the reference lists of systematic reviews
identified. A total of 652 abstracts and 137 full-
text reports (65 from database searches and 72
from additional references) were not eligible
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and were excluded, and it was not possible to
retrieve seven full-text publications. Reasons for
exclusion of full-text reports from the searches
are described in Supplemental file 3. Overall, 59
studies were selected for inclusion in the system-
atic review (Fig. 1), from ten countries in Europe
(Austria, France, Germany, Greece, Italy, the
Netherlands, Spain, Sweden, Switzerland, and
the United Kingdom). Baseline characteristics
of the included studies can be found in Table S1
(Supplemental file 4). There were 26 studies
reporting the primary outcomes of interest i.e.,
24 reported HZ incidence rate [25-48], and two
studies reported HZ cumulative incidence [49,
50] (Table 1). The remaining 33 studies reported
secondary outcomes i.e., HZ relative incidence
[51-83]. These mostly focused on the occur-
rence of different types of infection, including
HZ, after a specific treatment or a transplant.
Therefore, these secondary outcomes were not

IDENTIFICATION OF STUDIES VIA DATABASES AND REGISTERS

F3
2 |
= P .
S Eecords identified from: Duplicate records removed
£ mbase (n=134) before screening (n=269)
= PubMed (n=311) 4 Deforescreenngn=2%9)
e
@,
Records screened (n=776) | ------= > Reports excluded (n=652) |
Reports sought for retrieval @ b
eports sought for retrieval || ) _ |
(n=128) 1 Reports notretrieved (n=4)

l

Reports assessed for
eligibility (n=120)

Reports excluded (n=65):
Country out of scope** (n=12)
SLR/meta-analysis (n=11)
Data out of scope (n=12)

IC population out of scope** (n=7)
Unclear description of infection (VZV

Narrative review (n=2)

Small sample size (n<30) (n=2)
Insufficient results description (n=1)
Letter to the editor (n=1)

Studies included in review

(n=55) Too specific population (n=1)

Insufficient methods description (n=9)

without specifying HZ/chickenpox) (n=6)

No representative study population (n=1) &

@

INCLUDED

Studies included through

the main focus of this review and are reported
in Table S2 (Supplemental file 4).

Within the categories of high-risk populations
presented in Table 1, there was variability in the
reported HZ incidence across studies, partly due
to different subgroups of patients or different
immunosuppressive medication. The study find-
ings are described in more detail by population
and subgroup below, starting with the popula-
tions with the highest reported HZ incidence
rates (per 1000 person-years). Subgroup compari-
sons within these populations were not statisti-
cally compared unless otherwise indicated. Some
studies provided comparisons between IC and
non-IC populations, and while the focus of this
research was only on IC populations, compara-
tive results are presented when available.

IDENTIFICATION OF STUDIES VIA OTHER METHODS

Records identified from
reference lists of SLRs/meta-
analyses foundin the
Embase/PubMed searches
(n=79)

A

@)

Fulltext not found (n=3)

Reports d for
eligibility (n=76)*

Reports excluded (n=72):
Country out of scope (n=32)
Conference abstract (n=14)
Data out of scope (n=8)

IC population out of scope (n=8)
Trial (n=7)

SLR (n=3)

@)

SLRs/ lyses (n=4)

Fig.1 PRISMA flowchart. *Full-text article checked if
eligibility not clear from abstract. **Includes studies com-
bining relevant and non-relevant countries/IC populations
without stratified data. HZ herpes zoster, /C immunocom-

promised, PRISMA Preferred Reporting Items for System-
atic Reviews and Meta-analyses, SLR systematic literature
review, VZV varicella zoster virus
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Table 1 HZ incidence summary outcomes by IC population and subgroup

Disease HZ incidence rate per 1000 person-years (no. of stud- HZ cumulative incidence
ies) per 1000 population (no. of
studies)
Solid organ transplantation 12.1-78.8 (n=7) [30, 34, 37, 38, 41, 47, 48] -
Kidney transplant 14.5-78.8 (n=2) [30, 34] -
Lung transplant 38.2-38.8 (n=2) [34, 47] -
Heart transplant 30.7 (n=1) [34 -

1) [34

)

Liver transplant 22.7 (n=1)
Solid organ transplant, mixed 12.1-14.5 (n=3) [37, 41, 48] -

(

(

)

Stem cell transplantation 37.2-56.1 (n=3) [37,41, 48] -
HSCT 41.7-56.1 (n=2) [37, 48] -
Stem cell transplantation, mixed ~ 37.2 (n=1) [41] -
Hematological malignancies 2.9-32.0 (n=4) [25, 37, 43, 48] -
Myelofibrosis 12.0-32.0 (n=1) [25] -

Hematological malignancies
Chronic lymphocytic leukemia
Rheumatic disorders
RA
Polymyalgia rheumatica
Lupus
SLE
Lupus erythematosus
IC group, mixed
HIV/AIDS
HIV + AIDS
HIV
Chronic respiratory diseases
COPD
Asthma
Solid organ malignancies
Solid organ malignancy, mixed
Inflammatory bowel diseases

Ulcerative colitis

4.5-20.1(n=2) [37,48]
2.9 (n=1) [43]

0.41-21.5 (n=10) [26, 31, 37, 39-42, 44, 46, 48]
0.41-21.5 (n=10) [26, 31, 37, 3942, 44, 46, 48]

15.8 (n=1) [41]

11.0-1 n=3)[37,41,48]

N N

)

5( [
11.0-16.5 (n=3) [37, 41, 48]
162 (n=1) [41]
113-1555 (n=2) [28, 41]
11.8-13.0 (

125 (n=1) [29]
11.8-13.0 (
47-114(n=5
74-114 (n=3
47-112 (n=4

(

(

(

) [26-29,36]

)

)
3)

)

)

1]

)

[

26,29, 36]
[26-29]
[
[
[

8.8-11.0 (n=3) [29, 37, 48]
29,37, 48]

37,41, 48]

8.8-11.0 (=3

7.0-10.8 (=3

108 (n=1) [4

n=06)[29,32,33,37,41, 48]

n=5)[32,33,37,41,48]

3.5 (n=1) [50]

3.4 (n=1)[50]
3.4(n=1)[50]
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Table 1 continued

Disease
ies)

HZ incidence rate per 1000 person-years (no. of stud-

HZ cumulative incidence
per 1000 population (no. of
studies)

Crohn’s disease 10.7 (n=1) [41]

IBD 7.0-8.3 (n=2) [37, 48]
Diabetes mellitus 4.3-9.4 (n=3) [26,29, 35]

T2DM 7.0-7.9 (n=1) [26]

DM, not specified 9.3-9.4 (n=2) [29, 35]

T1DM 43-6.3 (n=1) [26]
Depression 7.2-7.6 (n=1) [26]
Multiple sclerosis 5.7-6.3 (n=2) [37, 48]

[

Psoriasis

2.8-18.7 (n=2) [49, 50]

2.8-18.7 (n=2) [49, 50]

5.3-6.1 (n=4) [37, 41, 45, 48] -

COPD chronic obstructive pulmonary disease, HIV’/AIDS human immunodeficiency virus/acquired immunodeficiency syn-

drome, HSCT hematopoietic stem cell transplant, HZ herpes zoster, IBD inflammatory bowel disease, /C immunocompro-

mised, R4 rheumatoid arthritis, SLE systemic lupus erythematosus, 71/72 DM type 1/type 2 diabetes mellitus

Solid Organ Transplantation

Seven studies [30, 34, 37, 38, 41, 47, 48] reported
HZ incidence rates in the subgroup of solid
organ transplant recipients, all studies focused
on adult patients (=18 years). The HZ incidence
rate per 1000 person-years ranged from 12.1 in
a mixed group of solid organ transplant patients
[48] to 78.8 in kidney transplant patients [30].
A retrospective study (N=1033) reported inci-
dence rates by type of solid organ transplanta-
tion [34]. The highest incidence was found in
patients with a lung transplant (38.8), followed
by heart transplant (30.7), liver transplant
(22.7), and kidney transplantation patients
(14.5) [34]. Another retrospective study in lung
transplant patients (N=119) reported similar
incidence rates (38.2 [47] vs. 38.8 [34]). A pro-
spective study (N=444) [30] and a retrospective
study (N=450) [38] in kidney transplant patients
reported higher incidence rates (20.6 [38] and
78.8 [95% CI 54-104] [30]). All three studies in
kidney transplant patients [30, 34, 38] included
adult outpatients with HZ diagnosed based on
clinical signs. In one of these studies, incidence
was found to be higher in patients>60 years (43)
versus< 60 years of age (16.7) [38]. Three studies

[37, 41, 48] reported incidence rates in a group
of combined solid organ transplant patients (i.e.,
ranging from 12.1 [48] to 14.5 [41] in transplant
patients versus, for non-IC patients, 4.6 [95% CI
4.6-4.7] in Spain [37], 5.9 [95% CI 5.8-5.9] in
Germany [41], and 6.2 [95% CI 6.1-6.3] in Eng-
land [48]). Higher incidence rates were found in
the older age categories (e.g., 17.0 in 60-69 years
and 17.3 in>80 years versus 6.0 in 18-29 years
of age in Spain [37], and 16.9 in>80 years versus
11.0 in 18-49 years of age in England [48]).

Stem Cell Transplantation

Three studies [37, 41, 48] reported HZ inci-
dence rates in stem cell transplantation
patients aged>18 years, ranging from 37.2
(95% CI 32.0-43.0) [41] in in- and outpatients
in Germany receiving stem cell transplantation
(including HSCT) to 56.1 (95% CI 48.9-64.0)
[37] in HSCT patients in Spain. Incidence rates
were significantly lower in non-IC patients
(e.g., 5.9 [95% CI 5.8-5.9] in Germany [41], 4.6
[95% CI 4.6-4.7] in Spain [37], and 6.2 [95% CI
6.1-6.3] in England [48].)
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Incidence rates reported peaked in 50-59 year-
olds (69.2 vs. 5.5 in non-IC patients) in Spain
[37] and 60-64 year-olds (60.3 vs. 6.9 in non-
IC patients) in England [48]. Lower rates were
reported in younger age groups (42.4 in 18-29
year-olds [37] and 34.1 in 18-49 year-olds [48],
vs. 2.1-2.3 in non-IC patients [37, 48]), as well
as in older age groups (52.0 in 70-79 year-olds
[37] and 47.0 in 65-69 year-olds [48], vs. 8.6-9.3
in non-IC patients [37, 48]).

Hematologic Malignancy

Four studies [25, 37, 43, 48] reported HZ inci-
dence rates in a mixed group of hematological
malignancies [37, 48], in myelofibrosis (MF)
[25], and chronic lymphocytic leukemia (CLL)
[43].

The lowest incidence rate was reported in the
Swedish Cancer Registry for CLL in- and out-
patients (N=8989), who had an 11.3 (95% CI
8.4-15.3) times greater risk of HZ versus con-
trols (2.94 vs. 0.26) [43]. In a multinational
study in MF patients (N=462), HZ incidence
was increased in ruxolitinib users versus non-
ruxolitinib users (3) i.e., incidence varied in
long-term (37), short-term (29), new (59) users
and patients who switched to ruxolitinib dur-
ing the study (43) [25]. In the mixed group of
hematological malignancy patients in Spain
[37] and England [48], the incidence rate in
adults>18 years was 12.0 (95% CI 11.5-12.5)
versus 4.6 (95% CI 4.6-4.7) in non-IC controls
[37] and 15.2 (95% CI 14.5-16.0) [48] versus
6.2 (95% CI 6.1-6.3) in non-IC controls, and
increased with age to 18.4 (95% CI 16.1-21.0)
vs. 6.9 (95% CI 6.6-7.2) [48] in 60-64 year-olds,
and to 20.1 (95% CI 18.4-21.9) vs. 9.3 (95% CI
9.2-9.4) [37] in 70-79 year-olds.

Rheumatic Disorders

Ten studies [26, 31, 37, 39-42, 44, 46, 48]
reported the HZ incidence rates in patients with
rheumatoid arthritis (RA), ranging from 0.41 in
adult UK in- and outpatients using rituximab
[40] to 21.5 in German outpatients of all ages
treated with Janus kinase-inhibitors (JAK-inhib-
itors) [39]. There was heterogeneity across HZ

case definitions used (clinical diagnosis versus
MedDRA), study populations, and medication
types. This heterogeneity might explain the
broad range of HZ incidence rates.

Four studies reported the HZ incidence rate by
type of medication (Table 2), with the high rates
in patients treated with JAK-inhibitors (21.5)
[39], infliximab (20.0) [31], etanercept and anti-
TNF agents (both 16.0) [31], adalimumab (13.0)
[31], B-cell-targeted therapies (10.3) [39] and
infliximab/adalimumab (11.1) [44]. A second
UK study [40] focusing on serious opportunistic
infections (OIs) in RA patients starting on bio-
logic therapies (mean age 56.7 years [SD 12.3])
reported that HZ was the most common OI with
an overall incidence rate of 0.59 (based on 61 HZ
cases, from 2001 to 2016) [40]. The considerably
lower incidence rate in this study may be due to
the inclusion of severe cases only, as the other
UK study [31] identified 320 HZ cases using the
same database (British Society for Rheumatol-
ogy’s Biologics Register) over a shorter duration
(2001-2009).

HZ incidence was compared in males versus
females with RA, and found to be comparable
(7.7 vs. 7.9) [44]. In a retrospective matched
cohort study in Germany, HZ incidence in RA
patients followed over 10 years appeared to be
stable over time (2008: 10.0; 2018: 10.5) [26].
In a passive surveillance study in Germany, HZ
incidence in RA versus polymyalgia rheumatica
patients was comparable (16.2 vs. 15.8) [41].

Lupus

Three studies reported HZ incidence rates in
adults aged > 18 years with systemic lupus ery-
thematosus (SLE) [37, 41, 48] and one with
lupus erythematosus [41].

Incidence rates in SLE patients were 11.0 (95%
CI 9.8-12.3) vs. 6.2 (95% CI 6.1-6.3) in non-IC
patients in a matched cohort study in England
[48], and 13.4 vs. 4.6 in non-IC patients in a ret-
rospective study in Spain [37]. Higher rates were
reported in older age groups (7.9-12.8 in<70
years vs. 17.2-18.1 in > 70 years (compared with
non-IC patients, 2.1-8.6 in<70 years and 11.0
in>70 years) [48]; and 8.4-9.8 in< 50 years vs.
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Table 2 HZ incidence rate (/1000 person-years) in RA stratified by treatment
Country, period  Study design (Register) Population Treatment HZ incidence
rate (95% CI)
UK [30] Prospective unmatched RA treated with anti-TNF  Infliximab 20.0 (16.0-25.0)
2001-2009 cohort study therapy or receiving nb Etanercept 16.0 (13.0-
(BSR-BR) DMARD 20.0)
N=15,554
Anti-TNF agents (all) 16.0 (14.0—-
18.0)
Adalimumab 13.0 (11.0-
16.0)
nb DMARD 8.0 (6.0-11.0)
Germany [38] Prospective comparative RA using biologic, targeted JAK-inhibitors 21.5(16.4-
2007-2020 study synthetic, or conventional 27.9)
(RABBIT) synthetic DMARD B-cell-targeted therapy 10.3 (8.0-13.0)
N=13991
Monoclonal anti-TNF 9.3(7.7-11.2)
agents
IL-6 inhibitors 8.8 (6.9-11.0)
Soluble TNF receptor 8.6 (6.8-10.8)
fusion protein
Conventional synthetic 7.1(6.0-8.3)
DMARD
Germany [43] Prospective unmatched RA treated with anti- Anti-TNF agents (inf. 9.8 (7.5-12.6)
2001-2006 cohort study (RABBIT) TNF-« agents or who liximab/ adalimumab or
changed their DMARD etanercept)
treatment after > 1 i i
DMARD failure Infliximab/adalimumab 11.1 (7.9-15.1)
N=5040 Etanercept 8.1(5.0-12.4)
Conventional DMARD 5.1(3.2-7.8)

BSR-BR British Society Rheumatology Biologics Register, HZ herpes zoster, IL interleukin, JAK Janus kinase, (26)DMARD
(non-biological) disease-modifying antirheumatic drugs, R4 rheumatoid arthritis, RABBIT Rheumatoide Arthritis: Beo-

bachtung der Biologika-Therapie (German biologics register for RA); 7NF tumor necrosis factor, UK United Kingdom

17.2-21.8 in2>50 years (compared with non-
IC patients, 2.3-2.8 in<50 years and 5.5-9.5
in>50 years) [37]. Comparable incidence rates
were reported from a passive surveillance study
in Germany, in patients with SLE versus lupus
erythematosus (SLE 16.5 [95% CI 14.4-18.9] vs.
lupus erythematosus 16.2 [95% CI 14.6-17.9]),
compared with non-IC patients (5.9 [95% CI
5.8-5.9]) [41].

HIV/AIDS

Five studies in HIV patients [32, 33, 37, 41, 48]
reported HZ incidence rates, ranging from 11.8
[48] in England to 13.0[41] in Germany among
adults (=18 years), compared with 5.9 (95% CI
5.8-5.9) in non-IC patients in Germany [41].
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Three studies reported incidence by age
groups (33, 37, 48]. A higher incidence rate was
reported among patients>40 years (13.4-13.5)
versus younger age groups (4.8-12.0) in a pro-
spective comparative study in Germany, with
the risk of HZ remaining significantly higher
than in the general population (incidence of
1.5-3.3 reported in Western countries) [33]. Inci-
dence rates were 12.9 (95% CI 12.0-14.0) versus
4.6 (95% CI 4.6-4.7) in non-IC patients in a ret-
rospective study in Spain [37], and 11.8 (95%
CI19.5-14.4) vs. 6.2 (95% CI 6.1-6.3) in non-IC
patients in a matched cohort study in England
[48]. In a passive surveillance study in France
[32], the incidence rate was found to be lower
in the period 2009-2011 versus 1992-1996 (6.3
vs. 29.5), while remaining significantly higher
than incidence in the general population (2.7
[95% CI 2.6-2.9]) [32].

In a passive surveillance study in HIV and
AIDS patients in Spain, incidence was higher in
females versus males (15.2 vs. 11.6) [29].

Chronic Respiratory Diseases (COPD and
Asthma)

Five studies [26-29, 36] reported HZ incidence
rates in asthma and COPD patients, ranging
from 4.7 in adult asthma patients treated with
inhaled corticosteroids [27] to 11.2 (95% CI
9.9-12.5) in elderly asthma patients [28] and
from 7.4 in COPD patients aged 50-59 years
using no inhaled corticosteroids to 14.2 in
COPD patients 280 years on inhaled corticos-
teroids [36]. In studies reporting HZ incidence
rates in both asthma and COPD patients, rates
were higher in COPD patients i.e., 6.9 vs. 11.4
(passive surveillance study in Spain) [29] and
5.9-7.2 vs. 8.2-8.7 (range of annual rates from
German retrospective matched cohort study
over 10 years [26]).

In adult asthma patients, the HZ incidence
rate was 1.2-1.4 times higher than in con-
trols [26, 28, 29], and up to 1.5 times higher
in asthma patients on oral versus inhaled corti-
costeroids [27]. The HZ incidence rate in Spain
(N=4476, passive surveillance, primary care
data 2009-2012) was 6.9 for asthma patients
(adjusted incidence rate ratio [IRR] 1.3 [95%

CI 1.3-1.4] versus controls) and was higher in
women versus men (8.1 vs. 4.9) [29]. A similar
incidence rate of 7.2 was reported in Germany
(retrospective matched cohort, hospital data
2018) versus 5.3 in matched controls (adjusted
odds ratio [aOR] 1.2 [95% CI 1.2-1.3]) [26]. The
incidence rate was higher in elderly asthma
patients in England (primary care and hospital
data 2013-2016): 11.2 (95% CI 9.9-12.5) ver-
sus 9.3 (95% CI 8.8-9.9) in general population
controls [28]. A study in the UK (N=4432, pri-
mary care and hospital data 2000-2015) found
that HZ incidence rates were higher for asthma
patients who have used oral corticosteroids (6.1,
adjusted IRR 1.3 [95% CI 1.2-1.4]) or are using
oral corticosteroids (7.2, adjusted IRR 1.5 [95%
CI 1.4-1.7]) versus those on inhaled corticoster-
oids alone (4.7) [27].

In adult COPD patients, the HZ incidence
rate was 1.1-1.5 times higher [26, 29, 36], and
up to 1.6 times higher for COPD patients on
inhaled corticosteroids [36], versus controls
without COPD. The HZ incidence rate in Spain
(N=2894, passive surveillance, primary care
data 2009-2012) was 11.4 for COPD patients
(adjusted IRR 1.3 [95% CI 1.2-1.3] in men and
1.2 [95% CI 1.2-1.3] in women versus controls)
and was higher in women versus men (12.9 vs.
10.8) [29]. HZ incidence rate was also higher for
COPD patients in Germany versus controls (8.7
vs. 7.3, OR 1.1 [95% CI 1.0-1.1] based on hospi-
tal data for 2018 (retrospective matched cohort)
[26]. In Spain (N=5793, passive surveillance,
primary care and hospital data 2009-2014), HZ
incidence rates were higher for COPD patients
aged >50 years (adjusted relative risk [aRR] 1.5
[95% CI 1.4-1.5], and even higher for COPD
patients on inhaled corticosteroids (aRR 1.6
[95% CI 1.5-1.7]) versus patients without COPD
[36]. Incidence rates for non-COPD controls,
COPD patients not on inhaled corticosteroids,
and COPD patients on corticosteroids, respec-
tively, increased with age from 5.3, 7.4 and
10.6 (aged 50-59 years) to 8.6, 12.8 and 14.2
(aged =80 years), respectively [36].

One Italian study (N=1553, hospital data
2013-2015) reported 2-year HZ cumulative inci-
dence per 1000 persons (6.8) in COPD patients
aged>50 years versus 4.7 in patients not at risk
of HZ (p<0.01) [50]. In this study, patients at
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risk of HZ were defined according to the Italian
National Vaccine Prevention Plan (2017-2019)
i.e., cardiovascular disease, COPD, diabetes,
immunosuppression [50].

Solid Organ Malignancy

Three studies [29, 37, 48] reported HZ incidence
rates, ranging from 8.8 [48] to 11.0 [37], in
patients aged > 18 years with various solid organ
malignancies versus 4.6-6.2 in non-IC controls.
Higher incidence rates [95% CI] were reported in
older age groups versus non-IC controls (among
patients aged 50-59 years: 10.2 [9.7-10.9] vs.
5.5 [5.4-5.6] in Spain [37] and 6.8 [6.4-7.3] vs.
4.9 [4.7-5.1] in England [48]; among patients
aged >80 years: 12.0 [11.4-12.6] vs. 9.5 [9.4-9.7]
in Spain [37] and 11.6 [11.1-12.2] vs. 11.0
[10.6-11.4] in England [48]), and in females ver-
sus males (10.8 vs. 9.0) [29].

Inflammatory Bowel Diseases

Three studies [37, 41, 48] reported HZ incidence
rates in adults>18 years with IBD [37, 48],
Crohn'’s disease [41] and ulcerative colitis (UC)
[41] that were 1.1-1.8 times higher than in non-
IC patients.

In Spain, IBD patients>18 years (N=28,700,
hospital and primary care data 2009-2014) had
significantly higher HZ incidence rates versus
non-IC patients (8.3 [95% CI 7.8-8.8] vs. 4.6
[95% CI 4.6-4.7]). Incidence rates increased
with age from 4.8 (95% CI 3.7-6.3) versus con-
trols 2.3 (95% CI 2.2-2.3) in younger adults aged
18-29 years, to 16.2 (95% CI 13.2-19.7) versus
controls 9.5 (95% CI 9.4-9.7) in older adults
aged >80 years [37].

In a matched cohort study in England
(N=31,884, hospital and primary care data
2000-2012), HZ incidence rate was 7.0 (95% CI
6.6-7.4) in IBD patients>18 years versus 6.21
(95% CI 6.1-6.3) in controls. Incidence rates
increased with age from 4.0 (95% CI 3.6-4.5)
versus controls 2.1 (95% CI 2.0-2.2) in patients
aged 18-49 years, to 13.9 (95% CI 11.6-16.4)
versus controls 11.0 (95% CI 10.6-11.4) in older
adults aged 280 years [48].

From German claims data (hospital data
2012), HZ incidence rates in adults>18 years
were 10.8 (95% CI 10.2-11.4) for UC and 10.7
(95% CI 9.9-11.4) for Crohn'’s disease versus 5.9
(95% CI 5.8-5.9) for non-IC patients [41].

Type 1 and Type 2 Diabetes Mellitus (T1DM,
T2DM)

Three studies [26, 29, 35, 37] reported HZ inci-
dence rates in patients with DM, ranging from
4.3-6.3 in T1DM to 7.0-7.9 in T2DM (between
2008 and 2018) [26], and ranging from 6.7 in
DM patients (type not specified) aged 50-59
years old to 10.6 in those aged >80 years [35].

A retrospective matched cohort study in
Germany [26] reported HZ incidence rates in
T1DM and T2DM per year from hospital data
between 2008 and 2018: incidence rates ranged
from 4.3 to 6.3 in patients with T1IDM versus
4.4 to 5.0 in controls, and from 7.0 to 7.9 in
patients with T2DM versus 6.7-7.5 in controls.
In 2018, HZ incidence was higher in T1IDM (5.8
vs. 4.6, adjusted OR 1.01 [95% CI 0.98-1.04])
and T2DM (7.9 vs. 7.5, adjusted OR 0.99 [95%
CI 0.91-1.08]) versus controls [26].

Two passive surveillance studies in DM
patients in Spain included primary care data
and reported significantly higher HZ incidence
in DM patients versus controls (from hospital
and primary care data in Valencia [N=397,940
aged =50 years[35], and N=491,210 aged>18
years [37]] and from primary care data in
Madrid [N=284,895] [29]). Incidence rates in
DM adults>18 years were significantly higher
than controls without DM (i.e., 9.4, adjusted
IRR 1.13 [95% CI 1.09-1.17] in men and 1.04
[95% CI 1.01-1.08] in women [29]). Similarly,
in DM adults>50 years, incidence rates were 9.3
(95% CI1 9.1-9.4) versus 6.8 (95% CI 6.8-6.9) in
controls (aRR 1.20 [95% CI 1.17-1.22]), and
increased with age from 6.7 (50-59 years), to
9.1 (60-69 years), to 10.1 (70-79 years) and to
10.6 (=80 years) [35]. HZ incidence was signifi-
cantly higher in women versus men (aRR 1.36
[95% CI 1.33-1.38] [35]), and in older age groups
versus patients aged 50-59 years (aRR for 60-69
years 1.38 [95% CI 1.35-1.41], 70-79 years 1.53
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[95% CI 1.49-1.57] and 280 years 1.50 [95% CI
1.46-1.54)) [35].

Two studies [49, 50] reported HZ cumula-
tive incidence per 1000 persons in DM patients
(type not specified). Two-year HZ incidence in
DM patients 250 years (N=591,765, hospital
data 2013-2015) was 5.6 versus 4.7 (p<0.01) in
controls not at risk of HZ, in Italy (at risk of HZ
based on Italian National Vaccine Prevention
Plan) [50]. In Spain (N=26,793, primary care
data 2006), HZ incidence in DM patients>30
years was also significantly higher versus con-
trols i.e., overall incidence 15.3 (aRR 2.1 [95%
CI 1.9-2.4]). Incidence increased significantly
with age versus patients aged 30-44 years (7.0);
45-59 years (9.0, aRR 2.3 [95% CI 2.0-2.7]);
60-74 years (14.7, aRR 4.0 [95% CI 3.5-4.6];>75
years (21.3, aRR 4.6 [95% CI 4.0-5.4]) and in
women versus men (18.7 vs. 12.4, aRR 1.3 [95%
CI 1.2-1.4]) [49].

Depression

A retrospective matched cohort study reported
the HZ incidence rate in adults in Germany with
depression over a 10-year timeframe versus non-
IC controls; incidence was 7.2 vs. 5.5 [2008] and
7.6 vs. 6.2 [2018]) [26]. The adjusted OR (all
ages) was 1.3 (95% CI 1.2-1.3) in 2008 and 1.2
(95% CI 1.1-1.2) in 2018; with higher ORs seen
in adults aged 50-59 years (i.e., 1.4 [1.3-1.5] in
2008 and 1.3 [1.2-1.4] in 2018) [26].

Multiple Sclerosis

Two studies [37, 48] reported HZ incidence rates
in MS patients aged>18 years i.e., 5.7 (95% CI
5.1-6.4) in a matched cohort study in England
[48], and 6.3 (95% CI 5.3-7.5) in a passive sur-
veillance study in Valencia, Spain [37]. Inci-
dence rates increased with age from 4.1-7.2
in<60 years (vs. 2.2-5.5 in non-IC patients) to
11.0-12.3 in>60 years (vs. 8.1-9.5 in non-IC
patients) in Spain[37]; and from 3.7-6.0 in<60
years (vs. 2.1-4.9 in non-IC patients) to 6.9-10.2
in>60 years (vs. 6.9-11.0 in non-IC patients) in
England [48].

Psoriasis

Four studies [37, 41, 45, 48] reported HZ inci-
dence rates in adults>18 years with psoriasis,
ranging from 5.3 (95% CI 5.2-5.5) in a matched
cohort study in England [48] to 6.1 (95% CI
5.9-6.3) in a passive surveillance study in Valen-
cia, Spain [37]. In these two studies, incidence
rates increased with age from 3.0-3.7 in<50
years to 7.6-12.4 in> 50 years (compared with
non-IC patients, from 2.3-2.8 to 5.5-9.5) in
Spain[37], and from 2.6-5.5 in<60 years to
7.4-12.2 in>60 years (compared with non-IC
patients, from 2.1-4.9 to 6.9-11.0) in England
[48]).

The incidence rate was higher in patients
with moderate to severe psoriasis (6.5 [95%
CI 5.9-7.1]) versus mild psoriasis (5.4 [95% CI
5.2-5.5]) in a UK prospective matched cohort
study (N=199,700) [45].

Group of IC Patients

Two studies [28, 41] reported HZ incidence rates
in grouped IC populations.

In a passive surveillance study in Germany
[41], the grouped HZ incidence rate was 11.3
(95% CI 11.1-11.5) in 2006 and 11.5 (95% CI
11.4-11.6) in 2012, among IC patients with HIV,
malignant neoplasms, organ transplantation,
stem cell transplantation, SLE, UC, Crohn'’s dis-
ease, lupus erythematous, and RA. HZ incidence
in non-IC patients was 5.9 (95% CI 5.8-5.9) [41].

In a UK retrospective comparative study, the
HZ incidence rate in older IC patients (born
in 1934-1946) with immunocompromising
conditions was 15.5 (12.2-18.8) versus 14.2
(10.9-17.6) in patients immunosuppressed due
to medication [28]. HZ incidence was 9.3 (95%
CI 8.8-9.9) in the general population. Condi-
tions included hematological malignancy, HIV/
AIDS, cellular immune deficiencies or HSCT.
Immunosuppressive or immunomodulating
therapies included chemotherapy, radiotherapy,
solid organ transplantation, immunosuppressive
therapy, biological therapy, short-term high-
dose corticosteroids, long-term lower-dose cor-
ticosteroids, and non-biological oral immune-
modulating drugs.
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One study [50] reported an HZ cumulative
incidence of 3.5, in patients immunosuppressed
due to medication and/or IC conditions.

Meta-analysis Feasibility

The feasibility of conducting a meta-analysis was
explored for the 11 studies that reported inci-
dence rates with 95% ClIs. These studies included
11 different subgroup populations (i.e., chronic
respiratory diseases, hematological malignancy,
HIV/AIDS, IBD, SLE, RA, MS, psoriasis, solid
organ malignancy, solid organ transplant, and
stem cell transplantation). However, data across
different subgroups could not be meaningfully
pooled. There were at least two studies with
data for each subgroup population, however,
the number of studies was considered too few
for the meta-analysis to add value. Moreover,
for subgroups with a somewhat larger number
of studies, the criterium of comparability of
study/population characteristics was not met
(see Appendix Table 3).

There was great variability in the incidence
rates reported across populations at increased
risk of HZ and across subgroups, due to heteroge-
neity in study designs, populations and HZ case
definitions, or as shown for RA, due to different
immunosuppressive medications (Table 3). For
study quality, 13/26 studies were of sufficient
quality regarding representativeness of the target
population, 14/26 regarding validity of HZ case
definition, and 17/26 had a properly defined
denominator. Overall, 19% of studies met all
three quality criteria, 39% met two criteria and
65% met one criterion.

DISCUSSION

This systematic review of HZ incidence in popu-
lations at increased risk of HZ, in the EU/EEA,
Switzerland and the UK, included a broad range
of conditions. The review included 24 studies
reporting incidence rates (per 1000 person-
years) and two studies reporting cumulative
incidence (per 1000 persons), across 14 popula-
tions. Thirty-three studies were also identified

reporting relative incidence (percentage of HZ
cases in the study population) (see Supplemental
file).

The highest incidence rate was reported for
solid organ transplantation (12.1-78.8) and stem
cell transplantation (37.2-56.1); then hemato-
logical malignancies (2.9-32.0); rheumatic dis-
orders (0.41-21.5); lupus (11.0-16.5); IC mixed
population (11.3-15.5); HIV/AIDS (11.8-13.0);
chronic respiratory diseases (4.7-11.4); solid
organ malignancies (8.8-11.0); inflammatory
bowel diseases (7.0-10.8); diabetes mellitus
(4.3-9.4); depression (7.2-7.6); multiple sclerosis
(5.7-6.3); and psoriasis (5.3-6.1).

The subgroups with the highest reported
incidence rates (of 20.0 or higher), were kid-
ney transplant (14.5-78.8); HSCT (41.7-56.1);
lung transplant (38.2-38.8); myelofibrosis
(12.0-32.0); heart transplant (30.7); liver trans-
plant (22.7) and RA (0.41-21.5).

In many populations at increased risk of HZ, a
higher incidence of HZ was reported in older ver-
sus younger age groups (e.g., solid organ trans-
plantation, hematological malignancy, lupus,
solid organ malignancy, IBD, DM, MS, and pso-
riasis). In HSCT patients, however, the incidence
was highest between 50 and 64 years of age and
lower in younger and older age groups. Mixed
results were reported across studies for HIV and
risk of HZ by age group.

Reported HZ incidence rates were higher for
females versus males with asthma, COPD and
DM,; for patients with T2DM versus T1DM; and
for moderate to severe psoriasis versus mild
psoriasis. Reported HZ incidence rates were
also higher in 2018 versus 2008 for asthma and
COPD patients, for DM and depression patients,
but remained stable for RA patients. Only one
study reported HZ incidence rates in populations
with an IC condition (15.5) versus immunosup-
pressed due to medication (14.2).

The recent systematic review focusing on IC
populations in the US [2] also found that the
majority of studies reported HZ incidence as
a percentage of cases out of the study popu-
lation, with a minority reporting incidence
rates. Reported incidence rates in this review
also varied widely across and within popula-
tions, with the highest rates (based on figure)
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Table 3 HZ incidence rate across high-risk groups and countries

Country Study design and period; Population Stratifications Incidence rate (CI)
Chronic respiratory disease (7 =3)
[27] UK Retrospective unmatched cohort study 2000-2015; Notused OCS (ICSonly) 4.7 (4.5-4.9)
Asthma > 18 years; N=262,847 Ever used OCS 6.1(5.8-6.5)
Currently using OCS 7.2 (6.3-8.1)
[28] UK Retrospective other comparative study 2013-2016; NA 11.2(9.9-12.5)
Asthma
[36] Spain Retrospective passive surveillance 2009-2014; NoICS 11.1 (10.7-11.4)
HM (n=2)
[37] Spain Retrospective passive surveillance 2009-2014; Total population 12.0 (11.5-12.5)
HM > 18 years
(48] England  Retrospective matched cohort Total population 11.0 (9.8-12.3)
2000-2012; HM > 18 years
HIV/AIDS (=4)
[33] Germany Prospective other comparative 1985-2010; HIV; Total population 12.2 (12.6-12.8)
N=14,142; 84.9% male
[37] Spain Retrospective passive surveillance 2009-2014; Total population 12.9 (12.0-14.0)
HIV > 18 years
[41] Germany Retrospective passive surveillance 2006-2012; 13.0 (12.0-14.1)
HIV > 18 years
[48] England  Retrospective matched cohort Total population 11.8 (9.5-14.4)
2000-2012; HIV > 18 years
IBD (»=3)
[37] Spain Retrospective passive surveillance 2009-2014; Total population 8.3(7.8-8.8)
IBD > 18 years
[41] Germany Retrospective passive surveillance 2006-2012; CD/ UC 10.8 (10.2-11.4)
UC218 years CD 10.7 (9.9-11.4)
(48] England  Retrospective matched cohort study Total population 7.0 (6.6-7.7)
2000-2012; IBD > 18 years
SLE (2=3)
[37] Spain Retrospective passive surveillance 2009-2014; Total population 13.4(11.8-15.1)

SLE > 18 years

[41] Germany Retrospective passive surveillance 2006-2012;

SLE > 18 years

1655 (14.4-18.9)
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Table 3 continued

Country Study design and period; Population Stratifications Incidence rate (CI)
[48] England  Retrospective matched cohort Total population 11.0 (9.8-12.3)
2000-2012; SLE > 18 years
RA (n=5)
[31] UK Prospective unmatched cohort 2001-2009; RA treated  Non-biological DMARDs 8.0 (6.0-11.0)
with anti-TNF therapy or receiving nonbiological Anti-TNF agents 16.0 (14.0-18.0)
DMARD; N=15,554; 27.7% male
Etanercept 16.0 (13.0-20.0)
Infliximab 20.0 (16.0-25.0)
Adalimumab 13.0 (11.0-13.0)
[37] Spain Retrospective passive surveillance 2009-2014; RA > 18y Total population 11.1(10.5-11.6)

[39] Germany

[44] Germany

[48] England

MS (n=2)
[37] Spain

[48] England

Psoriasis (7 =4)

[37] Spain

[41] Germany

[45] UK

(48] England

Prospective other comparative 2007-2020; RA using
biologic, targeted synthetic and conventional synthetic

DMARD treatment; N=13,991; 25.5% male
Prospective unmatched cohort 2001-2006; RA

treated with anti-TNF-a agents or who changed
their DMARD treatment after > 1 DMARD failure;
N=5040

Retrospective matched cohort 2000-2012;
RA > 18 years

Retrospective passive surveillance 2009-2014;
MS > 18 years

Retrospective matched cohort 2000-2012;
MS > 18 years

Retrospective passive surveillance 2009-2014; Psoria-

sis > 18 years

Retrospective passive surveillance 2006-2012; Psoria-

sis > 18 years

Prospective matched cohort 1994-2014; Psoria-
sis > 18 years ; N =199,700; 48.4% male

Retrospective matched cohort 2000-2012; Psoria-

sis > 18 years

Total population

Etanercept
infliximab/adalimumab
Anti-TNF-« agents

Changed DMARD treat-
ment after > 1 DMARD

failure

Total population

Total population

Total population

Total population

Total population (mild/
moderate—severe pso-
riasis)

Total population

8.9 (8.2-9.6)

8.1 (5.0-12.4)

(
111 (7.9-15.1)
9.8 (7.5-12.6)
5.1(3.2-7.8)

10.6 (10.1-11.1)

63(5.3-7.5)

5.7 (5.1-6.4)

6.1(5.6-6.3)
10.5 (10.3-10.8)

5.4 (5.3-5.5)

5.3 (5.0-5.5)
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Table 3 continued

Country Study design and period; Population Stratifications Incidence rate (CI)
SOM (n=2)
[37] Spain Retrospective passive surveillance 2009-2014; Total population 11.0 (10.7-11.2)
SOM = 18 years
[48] England  Retrospective matched cohort Total population 15.2 (14.5-16.0)
2000-2012; SOM = 18 years
SOT (n=4)
[30] Spain Prospective other comparative 2008-2016; Kidney 78.8 (54.0-104.0)
transplantation > 18 years; N =444; 62.4% male
[37] Spain Retrospective passive surveillance 2009-2014; Total population 12.7 (11.8-13.5)
SOT 2 18 years
[41] Germany Retrospective passive surveillance 2006-2012; 14.5 (12.7-16.5)
SOT 2 18 years
[48] England  Retrospective matched cohort Total population 12.1 (10.5-13.7)
2000-2012; SOT 2 18 years
Stem cell transplantation (= 3)
[37] Spain Retrospective passive surveillance 2009-2014; Total population 56.1 (48.9-64.0)
HSCT 2 18 years
[41] Germany Retrospective passive surveillance 2006-2012; Stem 37.2 (32.0-43.0)
cell transplantation: HSCT and other organ/tissue
transplant > 18 years
(48] England  Retrospective matched cohort Total population 41.7 (35.7-48.4)

2000-2012; HSCT = 18 years

CI confidence interval, CD/UC Crohn’s disease/Ulcerative colitis, COPD chronic obstructive pulmonary disease, DMARD
disease-modifying antirheumatic drugs, HIV/AIDS human immunodeficiency virus/acquired immunodeficiency syndrome,
HM hematological malignancy, HSCT hematopoietic stem cell transplant, HZ herpes zoster, /CS inhaled corticosteroids,
IBD inflammatory bowel disease, MS multiple sclerosis, N number, NA not applicable, OCS oral corticosteroids, R4 rheu-
matoid arthritis, SLE systemic lupus erythematosus, SOM solid organ malignancy, SOT solid organ transplantation, TNF

tumor necrosis factor, UK United Kingdom, y year

seen for hematopoietic cell transplants (HCT)
(40-90) followed by hematological malig-
nancies (30-70), solid organ transplantation
(20-30), solid tumor malignancies (15-25) and
HIV (10-20). The lack of, or a short duration
of, antiviral prophylaxis was associated with
higher HZ incidence in this review, following
HCT. Higher incidence rates were also reported
for 60-64 year-olds versus 18-49 year-olds with
HCT, SOT and cancer [2]. Similarly, the recent
systematic review of HZ incidence in Latin

America reported rates varying from 6.4 to 36.5
in immunosuppressed populations, with age
over 50 years old presenting an important risk
factor [12].

The review had some limitations. Most stud-
ies used a retrospective design, which could
be limited by incomplete or low-quality data.
Databases do not capture individuals who do
not seek care, are uninsured, or in some cases,
institutionalized, potentially underestimating
HZ incidence in the oldest age groups. Studies

A\ Adis



Infect Dis Ther (2024) 13:1083-1104

1099

did not always clearly specify how HZ cases or IC
disease was defined or whether antiviral proph-
ylaxis was used. Some studies used antiviral
prescriptions to define HZ. Mild cases may not
receive treatment, resulting in underestimation
of the HZ incidence, while antivirals prescribed
for another disease than HZ may result in over-
estimation of HZ incidence. Methodological
variations across studies made comparisons dif-
ficult e.g., settings ranged from single center to
national surveillance (with sample sizes ranging
from 33 to 1,481,095) affecting generalizability
and comparability of results; and study periods
ranged from 1987 to 1998 for the oldest data to
the year 2020. Statistical comparisons were often
lacking, and only 11 studies reported incidence
rates with 95% CI. Data were limited for some
countries (e.g., Eastern European countries) and
for some conditions (e.g., depression).

CONCLUSIONS

In conclusion, the results demonstrate that HZ
incidence rates in Europe vary across popula-
tions at increased risk of HZ, with high rates
(over 20 per 1000 person-years) reported for
patients with solid organ transplants, stem cell
transplants, cancer and rheumatoid arthritis,
and older age is an important risk factor. To bet-
ter inform vaccine policy decision makers, it
is important for future studies to stratify data
according to population and subgroup, age
group, sex, severity of disease, type of medica-
tion, and timeframe of the study, and to provide
statistical comparisons of these stratifications.
This will allow for meaningful comparisons to
be made across studies, and for data to be pooled
in a meta-analysis.
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