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Summary
INTRODUCTION: Herpes zoster is the common reactiva-
tion of latent varicella zoster virus infection and is associ-
ated with substantial morbidity and costs. Age, immuno-
suppression, diabetes and active cancer are important
risk factors for developing herpes zoster. The recombinant
herpes zoster vaccine is highly effective in preventing this
infection. To inform cost-effectiveness analyses of vacci-
nation in risk groups, it is important to define the rates of
complications, mortality, and hospitalisation and its costs.

METHODS: In this single-centre, investigator-initiated, ret-
rospective study we analysed herpes zoster patients treat-
ed in our tertiary dermatology referral centre between
2005 and 2019. Case costs were calculated using health
insurance invoices and by estimating the drug-related
costs. The associations between patients' characteristics
and complications were assessed using logistic regres-
sion models.

RESULTS: A total of 355 herpes zoster patients were
analysed (mean age 61.5 ± 18.8 years; 56.6% women).
The complication rate was 30.1% (n = 107) with post-her-
petic neuralgia being the most frequent (37/355, 10.4%).
The herpes zoster-related hospitalisation rate was 19.2%
(n = 68), the herpes zoster-related mortality rate 0.85% (n
= 3). Of all patients, 22.8% (n = 81) had herpes zoster
risk factors. The odds ratio for complications (multivariate
analysis) was 2.5 (95% confidence interval [CI] 1.12–5.72)
in cancer patients and 1.04 (1.02–1.05) for each additional
year of age (1.41 for 10 years). The cost ratio (median) of
in- vs outpatient treatment was 26.9 (CHF/case 9029 vs
335), of all complicated vs non-complicated herpes zoster
patients 6.6 (CHF/case 2203 vs 332) and of complicated
vs non-complicated herpes zoster outpatients 4.3 (CHF/
case 1331 vs 306).

CONCLUSION: In this herpes zoster population at a uni-
versity hospital, one in three patients was affected by her-
pes zoster-related complications. Age and cancer were
independently associated with a high complication rate,
suggesting a need to vaccinate cancer patients. Herpes

zoster-related complications and the need for inpatient
treatment escalated the costs per case.

Introduction

Herpes zoster, or shingles, is a painful cutaneous reactiva-
tion of the varicella zoster virus (VZV), which remains in
latent form in trigeminal and dorsal root ganglia [1]. The
lifetime risk of herpes zoster in the general population was
reported to be 20–30%, resulting in substantial morbidity
and high direct and indirect costs [2–4]. According to inci-
dence estimates for Switzerland, approximately 21,400 in-
dividuals are affected by herpes zoster cases per year [5] of
whom 10–20% suffer from post-herpetic neuralgia (PHN)
as a common long-term complication. PHN adds to the pa-
tient’s and the economic burden of disease through its im-
pact on the quality of life and the chronic use of painkillers
their side effects [6, 7].

The exact pathophysiology of the VZV latency in trigemi-
nal and dorsal root ganglia and the sequence of viral reacti-
vation is not yet fully understood [8, 9]. Nevertheless, sev-
eral risk factors for herpes zoster have been reported, such
as cancer, immunosuppression (e.g., solid organ transplant
recipients; human immunodeficiency virus [HIV]; im-
munosuppressive drugs) and diabetes mellitus [10–12].
However, many aspects of herpes zoster such as the types,
rates and predisposing cofactors of complications remain
ill-defined [13]. Furthermore, the impact of these compli-
cations on herpes zoster-related costs are lacking for cen-
tral Europe including Switzerland.

Currently, two herpes zoster vaccines are approved by the
US Food and Drug Administration (FDA) and European
Medicines Administration (EMA): the herpes zoster live
vaccine (LZV, Zostavax®) and the recombinant, adjuvant-
ed subunit vaccine (RZV, Shingrix®), which prevent her-
pes zoster in about 50% (LZV) and >95% (RZV), respec-
tively. In Switzerland, the RZV was approved in October
2021. The LZV is contraindicated in immunosuppressed
individuals and has poor effectiveness in persons aged >80
years. RZV is effective in immunosuppressed and in the el-
derly. The recommendations for the RZV by the German
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Vaccination Advisory Board (Ständige Impfkommission,
STIKO) include individuals aged >60 years, but if spe-
cific risk factors are coincident also in patients aged >50
years, these include: HIV infection, rheumatoid arthritis,
systemic lupus erythematosus, diabetes, chronic obstruc-
tive pulmonary disease or asthma, immunosuppression, in-
flammatory bowel disease or chronic kidney disease.

As previously emphasised, there is still a need to match
health-economic estimations in herpes zoster with clinical
real-life data to refine vaccination strategies [13, 14]. The
goals of our study were to identify complication rates of
herpes zoster, determine risk groups and to evaluate the di-
rect costs associated with herpes zoster in different clinical
scenarios.

Methods

Clinical assessment and definitions

This single-centre, investigator-initiated retrospective
study was approved by the Ethics Committee Northwest
and Central Switzerland (#2018–02270).

We reviewed the medical records of patients with herpes
zoster treated by the Department of Dermatology of the
University Hospital Basel, Switzerland (a tertiary referral
centre) between 2005 and 2019, and extracted the follow-
ing herpes zoster-related data: age, sex, comorbidities, pre-
disposing factors, seasonal occurrence, clinical manifesta-
tions, complications, and information on management and
therapies.

Assessments of the clinical presentation included the num-
ber and location of affected dermatome(s), or dissemina-
tion (i.e., more than 20 vesicles outside the primary and
immediately adjacent dermatomes [15]). If allocation to
one single dermatome was not possible (e.g., recorded as
“Th9/10”), the region (“thoracic”) was counted only once.

The following documented conditions were considered as
herpes zoster complications: necrotising and/or haemor-
rhagic herpes zoster, bacterial superinfections, dissemina-
tion, PHN, VZV infection of the cerebrospinal fluid, Ram-
say-Hunt syndrome type 2 (zoster oticus), peripheral
herpes zoster-associated neuropathies, ocular complica-
tions (such as keratitis, glaucoma, visual impairment or
blepharoconjunctivitis; each patient with V1 herpes zoster
was referred to an ophthalmologist), chronification (de-
fined as a persistent herpes zoster rash for over 30 days
[16]) and herpes zoster-related death.

The selection of the risk factors for herpes zoster was based
on previous publications [11, 17–20], expert opinion and
the feasibility to retrieve the data in our retrospective study
design. We assessed the following variables as potential
risk factors in addition to age and sex: (i) cancers/ma-
lignancies (e.g. solid cancers, leukaemia, lymphoma, and
melanoma; for simplicity summarised as “cancer”, [non-
melanoma skin cancers and localised cutaneous lymphoma
were not classified into this group]); (ii) diabetes mellitus
(independent of type or therapy); (iii) immunosuppression
including glucocorticosteroid doses >10 mg/d prednisone
equivalent for any given reason, immunosuppression fol-
lowing solid organ transplantation (e.g., tacrolimus, my-
cophenolate mofetil), therapy of rheumatic or autoimmune
disease with biologics or non-biologic disease modifying

anti-rheumatic drugs (DMARDs) or HIV infection irre-
spective of the viral load or CD4+ T-cell count (since this
information was not available). Only patients with dissem-
inated herpes zoster were screened for HIV, because the
pretest probability of HIV in common herpes zoster cases
is very low in the University Hospital Basel.

Given the potentially additive herpes zoster risk of the
three assessed risk factors, patients with more than one
risk factor (e.g., kidney transplanted patients with diabetes)
were classified into a fourth group termed “high-risk
group”.

According to an exploratory analysis, the clinical presen-
tation and complications were not consistently document-
ed in non-dermatological specialties; we therefore chose to
focus on herpes zoster patients seen by dermatologists for
the reasons of quality, consistency and comparability of da-
ta.

Cost assessment per case

We analysed herpes zoster-related treatment costs in both
outpatient (including re-visits) and inpatient settings by
checking invoices issued to the health insurance compa-
nies. For outpatients we added the estimated medication
costs (calculated according to figure S1 in the appendix).
Patients for whom herpes zoster was not the main reason
for hospitalisation were excluded from cost analyses since
it would have been impossible to determine the herpes
zoster related costs in these cases. Indirect costs such as
herpes zoster-related absence from work were not consid-
ered. We converted the costs from Euro to Swiss Francs
with the exchange rate of EUR 1 = CHF 1.0638 and from
Dollars to Swiss Francs with the exchange rate of USD 1 =
CHF 0.9476 based on the exchange rate on 28 June 2020.

Statistical analysis

To compare patient characteristics, we used Fisher’s exact
test for binary variables and t-tests or Mann-Whitney U
tests for continuous variables where appropriate. To assess
the impact of risk factors on complications we first used a
logistic regression model to assess the univariate relation-
ship between complications and patients` characteristics
(age, cancer, diabetes, immunosuppression); we adjusted
for age. Secondly, we analysed the data using a multivari-
ate logistic regression model to better understand the rela-
tionships among the variables. Statistical analysis was per-
formed using “R” software (Version 4.0.2).

Results

Study population

The study population consisted of 355 herpes zoster pa-
tients (mean age 61.7 ± 18.7 years) with 201 females
(56.6%) and a female predominance in the outpatient
(55.9%) and inpatient (58.4%) settings. Out of 355 pa-
tients, 101 (28.5%) were hospitalised, 58 of whom (57.4%)
were treated in the dermatology ward. The remaining 43
(42.6%) were treated in other wards, but were seen by our
dermatologists. In 60% of the hospitalised patients (66/
110) herpes zoster was the primary reason for the hospital-
isation. The hospitalised patients were older than the out-
patients (mean age 71.1 ± 18.7 years vs 58.0 ± 18.6 years).
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The 254 outpatients had on average 1.7 herpes zoster-relat-
ed consultations (range 1–12 consultations).

There was no seasonality of herpes zoster cases with 29%,
25%, 25% and 21% of the cases occurring in winter,
spring, summer and autumn, respectively.

Herpes zoster risk factors were present in 81/355 patients
(22.8%) including 28 patients (7.9%) with solid cancers or
haematological malignancies, 24 (6.7%) with immunosup-
pression (most frequently corticosteroids, mycophenolate
mofetil, adalimumab) and 22 (6.2%) with diabetes. Seven
patients (2.0%) had more than one risk factor.

Clinical manifestations and herpes zoster-related com-
plications

In 255 patients (71.8%) herpes zoster was monosegmental,
in 100 (28.2%) multisegmental. The prevalence of the af-
fected dermatomes was as follows: trigeminal 30.2% (153/
506 affected dermatomes, V1 being the most commonly
affected dermatome of all [79/506, 16%]), cervical 24.9%
(126/506), thoracic 27.1% (137/506), lumbar 11.9% (60/
506) and sacral 5.9% (30/506) (fig. 1).

A total of 141 complications were recorded in 107 patients
(30.1%; 107/355). PHN (37/141, 26.2%), herpes zoster
dissemination (29/141, 20.6%) and skin necrosis (21/141,
14.9%) were the most frequent, accounting for 61.7% of all
complications (fig. 2). The herpes zoster-related mortality
rate was 0.85% (n = 3).

According to the preliminary age-adjusted univariate logis-
tic regression model (table 1), the complication rate was
significantly increased in patients with cancer (odds ratio
[OR] 2.38, 95% confidence interval [CI] 1.06–5.35), but
not in patients with diabetes (OR 1.60, 95% CI 0.64–3.93),
in immunosuppressed patients (OR 0.94, 95% CI
0.32–2.43) or patients with more than one risk factor
(the "high-risk group") (OR 1.06, 95% CI 0.15–5.10).

The multivariate logistic regression model (table 2) yielded
similar results for cancer (OR 2.52, 95% CI 1.12–5.72) di-
abetes (OR 1.79, 95% CI 0.71–4.42), immunosuppressed
patients (OR 1.08, 95% CI 0.37–2.80) and patients with
more than one risk factor (the "high-risk group") (OR 1.2,
95% CI 0.17–5.82). An exploratory analysis indicated that
cancer patients aged <60 years showed a similarly high

Figure 1: Affected dermatomes (506 in total, as 100 of the 355 patients had >1 dermatome affected).

Figure 2: Types and prevalence of complications (percentage per 355 patients). CSF: cerebrospinal fluid; HZ: herpes zoster; PHN: post-her-
petic neuralgia
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complication rate as older cancer patients (57.1%, 4/7).
However, this subgroup was very small.

Age was a significant risk factor (OR 1.035, 95% CI
1.02–1.051; p = 0.0005). For each additional year of age,
the odds for a complication increased by 3.5% and for 10
years by 41.4%. The complication rates per age group are
shown in figure 3, which indicates a marked increase be-
tween 50 and 60 years of age. Women and men had com-
parable complication rates (females 32.3%, 65/201; males
33.1%, 51/154).

Cost evaluation

Herpes zoster-related treatment costs in outpatients

Cost evaluation was available for 246/254 (96.9%) outpa-
tients. The average estimated total cost (median) per outpa-
tient (i.e., consultation plus medication) was CHF 335 (in-

terquartile range [IQR] 283) (table 3). The costs were 4.3
times higher in outpatients with complications than in out-
patients without complications (CHF 1331, IQR 1489) vs
CHF 306 CHF, IQR 196).

In 62.2% (158/254) of outpatients a standard therapy with
valaciclovir, analgesics and topical treatment was pre-
scribed. In 16.5% of outpatients (42/254) no antiviral treat-
ment was necessary. The remaining (21.3%) outpatients
(54/254) needed higher doses, longer duration or addition-
al use of analgesics (i.e., tramadol, metamizole, pregabalin
or gabapentin) and/or antivirals (see appendix for details)
resulting in higher costs per case.

Herpes zoster-related treatment costs in inpatients

Of 101 inpatients, 66.3% (67/101) were hospitalised be-
cause of herpes zoster and intravenous antiviral therapy

Table 1:
Univariate analysis.

Risk group OR for complications (95% CI) p-value

Age 1.037 (1.023–1.053) per 1 year <0.01

1.441 per 10 years

Cancer1 2.38 (1.06—5.35) 0.03

Diabetes mellitus1 1.60 (0.64—3.93) 0.30

Immunosuppression1 0.94 (0.32—2.43) 0.91

Patients with >1 risk factor1 1.06 (0.15—5.10) 0.95

CI: confidence interval; OR: odds ratio
1 Age adjusted univariate analysis

Table 2:
Multivariate analysis.

Risk group OR for complications (95% CI) p-value

Age 1.035 (1.020—1.051) per 1 year <0.01

1.414 per 10 years

Cancer 2.52 (1.12—5.72) 0.02

Diabetes mellitus 1.79 (0.71—4.42) 0.21

Immunosuppression 1.08 (0.39—2.80) 0.88

Patients with >1 risk factor 1.20 (0.16—5.82) 0.82

CI: confidence interval; OR: odds ratio

Figure 3: Complication rate per age group (n = 355).
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was administered in 71.6% (48/67) of these patients. The
remaining 34 patients (33.7%; 34/101) were hospitalised
for other reasons but developed herpes zoster during hos-
pitalisation, eight of whom were treated with intravenous
antiviral therapy (23.5%). The cost evaluation focused on
the patients hospitalised because of herpes zoster and was
available for 62 of the 67 inpatients hospitalised because of
herpes zoster.

The average cost (median) of patients hospitalised for Her-
pes zoster was CHF 9029 (IQR 8178). Overall, costs for
hospitalised herpes zoster patients were 26.9 times higher
in comparison with outpatients (CHF 9029 vs 335).

The overall costs of patients with complications were 6.6
times higher than the costs in herpes zoster-patients with-
out complications (CHF 2203, IQR 7835 vs CHF 332, IQR
268).

Discussion

In this single-centre, investigator-driven, retrospective
study we analysed the clinical presentation, complication
rates, risk factors and treatment-related costs of in- and
outpatients treated by dermatologists in our tertiary referral
centre between 2005 and 2019. The complication rate
amongst the 355 patients analysed was 30.1% (n = 107),
the herpes zoster-related hospitalisation rate was 19.2%
(n = 68) and the herpes zoster-related mortality rate 0.85%
(n = 3). Age and cancer were identified as factors that sig-
nificantly increase the complication rate. The cost ratio of
in- vs outpatient treatment was 26.9, the ratio of compli-
cated vs non-complicated patients was 6.6 and the ratio in
complicated vs non-complicated outpatients was 4.3.

The age and sex distribution in our population was com-
parable to previous studies [2, 21–23]. Therefore, we as-
sume that our study reflects a population of herpes zoster
patients treated in a tertiary hospital, allowing comparison
with previous studies from other countries. To put our data
into context, the Swiss Federal Statistical Office (FSO) re-
ported approximately 542 herpes zoster-related hospitali-
sations per year between 2008 and 2013. In 2016, approxi-
mately 21,400 herpes zoster cases were reported, resulting
in a hospitalisation rate of 2.53% [24, 25].

In our patients, the most frequently affected dermatomes
were trigeminal (30.2%), with a higher prevalence than
previously reported [26, 27]. We also observed a higher
rate of multi-segmental herpes zoster (28.1%) compared
with the 20% reported in the literature [28]. These differ-
ences were most likely due to a selection bias, as our clinic
is a specialised tertiary referral centre.

The overall complication rate of 30.1% in our study pop-
ulation, including in- and outpatients, was comparable to
other studies, ranging from 20% in a population-based

study by Yawn et al. [29] up to 61.4% in a study with in-
patients by Stein et al. [30]. The higher complication rate
in our study compared with Yawn’s is attributable to high-
er non-PHN complications, possibly caused by different
study designs and study populations.

Although herpes zoster complications are of paramount
importance for patients and herpes zoster-related health-
economic aspects, data on overall (non-PHN) complication
rates are scarce, especially in an outpatient setting [13].
In addition, the term “complication” in herpes zoster stud-
ies is inconsistently used in these studies [30]. The defini-
tion of “PHN” has been a matter of discussion for decades
(as reviewed by Tontodonati et al. [31]) with inconsistent
definitions of the pain duration varying from 1–6 months.
Therefore, rates of PHN range widely in the literature (de-
pending on the definition and the setting [32]), from 4.5%
[2] in a population-based study and up to 56% in a retro-
spective study [33]. It is probable that in our population
PHN is underestimated as we did not systematically moni-
tor subsequent PHN development.

Our study is the first to demonstrate the rate of specific her-
pes zoster complications in a sample of in- and outpatients
in Switzerland. We found the same relationships of compli-
cations and risk factors in the age-adjusted univariate and
multivariate analysis. The type and frequencies of compli-
cations in our group were comparable to the study by Yawn
et al. except for disseminated herpes zoster, which was ten
times higher in our population, possibly attributable to dif-
fering definitions of “dissemination” and the study settings
[34]. The mortality rate of 0.85% was in the range of ex-
isting data from population-based studies [2, 35, 36], but
lower than in an inpatient study of a tertiary referral centre
in Connecticut (USA) between 1986 and 1995, in which a
mortality rate of 5.3 was reported [37], possibly explained
by varying study settings and improved treatment options
(e.g., valaciclovir, brivudin).

Age was associated with higher incidence, and more com-
plications and hospitalisations. In contrast to a Korean
study, there was no decline in complication rate in patients
>80 years [38]. Our data support the current recommenda-
tions that individuals over 60 years are at higher risk both
for herpes zoster and its complications, suggesting that this
group should be prioritised for vaccination.

However, approximately a quarter of the patients aged <60
years also suffered from complications, leading to signifi-
cant morbidity and costs. Vaccination of healthy individu-
als aged <50 years may not be cost effective in general be-
cause of the high costs of the RZV, but potentially may be
so in subgroups having additional risk factors.

The second factor associated with a significantly higher
risk (p <0.05) for complications in our population was can-
cer (10 solid cancer patients and 14 lymphoma/leukaemia

Table 3:
Herpes zoster-related treatment costs.

Group comparison Median cost estimate per patient; IQR (CHF) Mean (CHF) Factor more expensive

Hospitalized vs. outpatients Hospitalised (n = 62) 9029; 8178 11463 26.9

Outpatient (n = 246) 335; 283 554 1

Outpatients with vs. without complication With complications (n = 52) 1331; 1489 1300 4.3

Without complications (n = 194) 306; 196 355 1

All cases with vs. without complications With complications (n = 91) 2203; 7835 6557 6.6

Without complications (n = 217) 332; 268 1154 1
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patients). Notably, the complication rate was also increased
in young cancer patients, suggesting an age-independent
association. In line with our data, Yenikomshian et al.
reported both a significantly higher incidence of herpes
zoster and complication rate in patients with a diagnosis
of solid or haematological cancers compared with healthy
controls [39]. Combined with these previous data, our re-
sults clearly suggest that cancer patients should be evaluat-
ed for vaccine strategies as a group at greater risk of com-
plications – a fact not yet considered in guidelines [40].

Although the complication rate in diabetes patients was
higher than the overall complication rate, the difference
was not statistically significant. In consideration of several
previous reports of significantly increased PHN in diabetes
patients, we hypothesise that our sample size might have
been too low to reach statistical significance [12, 41–43].

A second aim of our study was to characterise the addition-
al direct costs if complications occur and the average case
costs of in- and outpatient treatment for herpes zoster in
Switzerland. Although there are data on this available from
other central European countries, this is the first study to
address this topic in Switzerland. The indirect costs were
not assessed in this study, but are also relevant for estimat-
ing overall costs.

Generally, comparability of costs with other studies is lim-
ited for various reasons, including national differences in
healthcare systems, insurance coverage, taxing of medical
services, treatment policies and longitudinal changes of
herpes zoster-related costs.

Complications increased treatment costs in our outpatients
by a factor 4.3, and 6.6 when including the inpatients,
highlighting complications as a major driver for costs in
herpes zoster. Yawn et al. reported an even higher factor of
6.1 in patients with PHN and of 7.1 for non-PHN compli-
cations [44]. The lower costs of PHN in our study (CHF
1905) in comparison to Yawn et al. CHF 4158 (USD 4388)
may be attributable to a shorter estimated average treat-
ment time (6 months in our study) and the inclusion in their
study of costs of visits to general practitioners. In the study
by Ultsch et al. conducted in Germany, however, similar
costs of CHF 1418–1595 (EUR 1333–1499) for PHN were
reported [2].

In central Europe, the outpatient costs range approximately
from EUR 80–500 (CHF 84–532) [2, 13, 45], which is
lower than in our population. This may be partly explained
by more severe and therefore more costly cases being re-
ferred to tertiary referral centres such as ours, whereas the
studies mentioned above included general practitioners in
their cost analyses.

Hospitalisation increased the treatment cost by a factor of
26.9. The average hospitalisation costs were CHF 9029.
Very similarly, a study from Italy also showed a 20-fold in-
crease in treatment costs in hospitalised patients [19]. Oth-
ers reported lower costs in hospitalised patients (e.g., Ger-
many EUR 2984 (CHF 3174; 2010) [2], Spain EUR 3719
(CHF 3956; 1998–2004) [46]). Healthcare costs are gener-
ally high in Switzerland [47] and the aforementioned stud-
ies included smaller hospitals, presumably with less severe
cases.

To put our data into perspective, the only available study
from Switzerland is the study by Szucs et al. In their mod-

elling analysis, the direct costs per case in Switzerland
were estimated to be between CHF 362–386 and the indi-
rect costs betweenCHF 403–430. Costs of mild PHN were
CHF 127–389, of moderate PHN CHF 600–1040, and of
severe PHN CHF 1532–2493. Severe herpes zoster cas-
es including hospitalizations – resulted in estimated costs
of CHF 1227–1874. Notably, a study from the USA eval-
uated the costs of insurance claims related to herpes zoster
complications: more than 20,000 patients with complicated
herpes zoster were compared with matched patients with
uncomplicated herpes zoster. The authors found that the
mean annual incremental unadjusted costs for herpes
zoster-related complications were USD 4753 (CHF 5016)
[48]. As mentioned above, an Italian study reported that in-
patient care for complicated herpes zoster was >20 times
the outpatient costs per herpes zoster case [21]. Thus, in
Switzerland and abroad, real-world costs for complicated
herpes zoster are substantially higher than suggested by
some modelling studies.

In most countries, herpes zoster vaccination is recom-
mended for persons aged >60 years. Our results support
the notion that people aged over 60 years are at particular
risk for herpes zoster and its complications, as is stated in
the German and the Swiss vaccine recommendations [40].
Since we have also observed a marked rise in herpes zoster
cases and complications in patients aged over 50 years, we
hypothesise that this “late middle aged” group could al-
so benefit from herpes zoster vaccination. This aligns with
the US Advisory Committee on Immunization Practices
(ACIP), which recommends general herpes zoster vacci-
nation in people aged over 50 years based on similar data
(a two-fold increase of herpes zoster incidence >50 years)
[49].

This study may have several limitations. Generalisability
may be limited by national differences and by a potential
selection bias of more severe cases at our tertiary referral
centre, with consequently more complications and higher
costs compared with primary or secondary care. We did
not differentiate between the different forms of immuno-
suppression in the calculations, which could explain the in-
significant association of immunosuppression and compli-
cation rates. A recent meta-analysis showed that specific
immunosuppressive therapies (e.g., cyclophosphamide;
Januskinase inhibitors) increase the risk for herpes zoster
more than others (e.g., anti-tumour necrosis factor-alpha
blockers, DMARDs) [50]. The selection strategy of the
risk factors was not based on prior statistical analysis of
our data. The calculations of the medication costs in out-
patients were based on approximations depending on the
most common treatment course, which may lead to some
inaccuracies. Furthermore, the costs were not corrected for
inflation over time (cases over a period of 14 years were
included). Consequently, the costs may have been slight-
ly underestimated for the earlier cases. Since not all pa-
tients were further followed-up at our clinic, we may have
underestimated the incidence and costs of PHN. Side ef-
fects or adverse events (e.g., gastric ulcers or nephrotoxi-
city) of treatment for PHN is a further aspect that should
be considered in future cost estimations. Finally, since this
study was planned and conducted, the evidence for stroke
and myocardial infarction being herpes zoster complica-
tions has increased [51]. We therefore suggest taking these
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two complications also into account in future cost assess-
ments.

Conclusion

Our results support the notion that patients aged >60 years
are the primary risk patients for complicated herpes zoster
and thus should be the focus of vaccination strategies.
However, our data identify complications and hospitalisa-
tions as the main drivers of herpes zoster-related health
costs, which applied to patients aged <60 years as well.
Thus, cost-effectiveness studies should also include
younger patients and consider risk conditions for compli-
cated herpes zoster. In our study, cancer was an age-inde-
pendent risk factor for complications, suggesting the need
to consider adult cancer patients for herpes zoster vaccina-
tion irrespective of age.
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Appendix Figure S1: Cost estimates of the herpes zoster-related drugs in an
outpatient setting. As many patients with post-herpetic neuralgia
(PHN) were referred to us for the treatment of PHN only and it was
unclear from our documents whether or not they had been treated
with basic antiviral standard treatment, we did not include the ba-
sic antiviral standard treatment costs for this estimation in our pa-
tients. NSAIDs = Ibuprufen, diclofenac.
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