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Abstract

Background Herpes zoster (HZ) results from reactivation of the latent varicella-zoster virus (VZV) and may cause
severe pain and serious complications. The risk increases with age, immunosuppression, and certain chronic
conditions. Tertiary care centers disproportionately treat patients with such risk profiles, yet data comparing tertiary
care populations with population-based cohort studies are limited. This study aimed to provide a comprehensive
clinical and epidemiological characterization of HZ patients at a tertiary care center and to compare findings with
those from population-based studies.

Methods All patients at the University Hospital Regensburg with an HZ diagnosis (ICD code B02*) between
January 2014 and December 2023 were included and subsequently underwent manual chart review for clinical
validation and data extraction, yielding 786 cases in 780 patients. We analyzed patient demographics, comorbidities,
immunosuppression, anatomical location, complications, hospitalization status, and vaccination status.

Results Of 786 cases, 398 occurred in women and 388 in men, with a median age of 60 years. A total of 13.5% of
cases were classified as immunocompromised. The trigeminal nerve was involved in 50.1% of cases, and herpes zoster
ophthalmicus (HZO) was present in 41.3%. Most cases, 72.8%, proceeded without complications, with postherpetic
neuralgia (PHN) being the most common complication, affecting 8.4% of cases. The hospitalization rate was 57.6%,
and HZ vaccination status was documented in fewer than 1% of cases.

Conclusions Compared to published population-based studies, this cohort showed an increased risk profile for
severe disease course as immunocompromised patients and cranial manifestations were markedly overrepresented.
Despite that, the complication rate was comparable. Early intravenous antiviral therapy during hospitalization may
have contributed to this, though retrospective design precludes causal inference. Prospective studies are needed to
confirm this hypothesis. The near-total absence of vaccination records indicates a significant documentation gap and
underscores the need for systematic vaccination counselling and documentation in tertiary care centers.
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Introduction

Background

The varicella-zoster virus (VZV) is responsible for chick-
enpox during the primary infection, usually affecting
children [1], and subsequently remains dormant within
the host. The reactivation appears as herpes zoster (HZ)
and occurs due to a weakened cellular immune response
resulting from aging, cancer, immunosuppressive thera-
pies, or particular comorbidities like cardiovascular
disease, chronic renal disease, and chronic obstructive
pulmonary disease (COPD) [1, 2]. While reactivation
can occur following both natural varicella infection and
VZV vaccination, the risk is considerably greater follow-
ing natural infection [3]. In Germany, more than 95% of
adults are seropositive for VZV, reflecting a significant
vulnerability to HZ [4].

Clinical presentation

HZ is clinically characterized by a painful, vesicular rash
confined to one or few contiguous dermatomes [5], with
the rash typically resolving within 7-10 days, though
pain generally persists for about one month [6]. Compli-
cations include post-herpetic neuralgia (PHN), defined as
pain persisting beyond three months, as well as auditory,
ocular, meningeal, and visceral involvement [7]. PHN is
particularly common in older patients, immunocompro-
mised individuals, and those with depression [8].

Prevention options and treatment

The recombinant subunit vaccine Shingrix (GSK) has
been approved in the European Union since 2018 and is
recommended by the German Standing Committee on
Vaccination (STIKO) for individuals aged > 60 years [9]
and for those aged > 18 years with relevant comorbidities
or immunodeficiencies, administered in two doses at 2—-6
month intervals [10]. Antiviral therapy with e.g. acyclovir
is often recommended to alleviate persistent pain; while
oral administration is usually sufficient, intravenous
therapy is indicated in high-risk patients, particularly
immunocompromised individuals [1]. Patients with com-
plicated courses are often referred to tertiary care facili-
ties, as outpatient settings typically lack the capability for
inpatient treatment.

Epidemiology

At least one in three people will develop HZ during their
lifetime, with incidence and complication rates increas-
ing sharply with age [11]. In Germany, prevalence ranges
from 5.8 to 9.6 cases per 1,000 person-years [12—14],
with a rising global trend suggesting a growing disease

burden [15, 16]. As HZ is not notifiable, systematic epide-
miological data in Germany remain limited [17].

Tertiary care centers disproportionately treat patients
with elevated risk profiles for severe HZ, yet most epi-
demiological investigations rely on health insurance
records, with few studies focusing exclusively on these
settings. We therefore aimed to characterize HZ patients
clinically and epidemiologically at a tertiary care center
and to contextualize findings in relation to population-
based studies.

Methods

Study design and setting

This retrospective cohort study involved patients of the
University Hospital Regensburg (UKR) from January 1,
2014, to December 31, 2023.

Patient population and eligibility criteria

The inclusion criteria for this study were met by all
patients with an ICD diagnosis code B02* (*0, 1, 2, 3, 7,
8, 9) in the digital hospital record who had a diagnosis
between January 1, 2014 and December 31, 2023. Each
case subsequently underwent manual chart review to
confirm the diagnosis and extract clinical data. More-
over, each diagnosis was treated as an independent event
because recurrent episodes may present with different
risk profiles. Our analysis is based on 786 cases from 780
patients.

Data collection and variables

A comprehensive analysis was conducted of following
diseases that are known to be risk factors: lupus erythe-
matosus, rheumatoid arthritis, chronic obstructive pul-
monary disease, cardiovascular conditions, inflammatory
bowel disorder, chronic renal disease, (allergic) asthma,
diabetes mellitus, depression. Although not diseases
in the strict sense, physical trauma and smoking were
included in “comorbidities’, as established and potential
risk factors [2]. In addition, some of the most common
chronic diseases in Germany were examined: thyroid dis-
orders, arterial hypertension, adiposity.

To better understand the impact of the SARS-CoV-2
pandemic on our patient population, a thorough review
of all available information regarding the virus was
conducted. This included known vaccination, current
COVID-19 infection, ongoing COVID-19-related pneu-
monia, negative test result, and COVID-19 history. Fur-
thermore, all records regarding the vaccination status for
HZ were collected.
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Possible immunosuppression through HIV/AIDS or
immunosuppressive drugs was determined. Addition-
ally, an attempt was made to comprehensively assess
the tumor history and present status, as far as traceable
by anamnesis. We also examined the HZ complications
while mapping the corresponding spinal nerve origins of
the affected dermatomes. The treatment setting (inpa-
tient/outpatient) was recorded for each case.

Statistical analysis

We used descriptive statistics to summarize the study
data. The mean value and standard deviation were used
for continuous variables and percentages for qualitative
ones.

To assess the normality of the patient’s age, we used the
Shapiro-Wilk test. Because the ages were not normally
distributed, we employed nonparametric tests.

The Mann—Whitney U test was used to compare con-
tinuous variables between two groups, and comparisons
involving multiple groups were conducted using the
Kruskal-Wallis test. The chi-square test was employed
to compare categorical variables, while Fisher’s exact test
was utilized when the expected cell frequency was less
than five. Correlation analyses were determined using
Spearman’s correlation coefficient.

The threshold for significance was set at p<0.05. We
decided against alpha error correction because this was
a purely exploratory analysis. The study results should be
interpreted accordingly.

Microsoft® Excel® for Microsoft 365 MSO (Version
2508 Build 16.0.19127.20532) was utilized for data collec-
tion, and JASP (Version 0.96) was employed for statistical
analyses.

Use of artificial intelligence tools

Large language models (Claude, Anthropic; DeepL Write;
SciSpace Paraphraser) were used to assist with the refine-
ment of the manuscript text. In addition, AI-powered
tools were used to support literature research (Claude,
Anthropic; SciSpace), to assist with data preparation and
statistical programming in JASP and Microsoft Excel
(Claude, Anthropic). All content was critically reviewed,
verified, and approved by all authors.

Results

Temporal trends

From January 1, 2014, to December 31, 2023, a total of
786 cases of HZ were diagnosed at the UKR. Two oppos-
ing trends were identified in the annual distribution.
The first trend was a gradual decrease in the number of
cases between 2014 and 2018, and the second trend was
a strong increase after 2018. The highest number of diag-
noses occurred in 2014 and 2023, while the lowest num-
ber of cases was recorded in 2018. The temporal trend is
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evident in both the number of inpatients and the number
of cases with PHN, although the difference is less pro-
nounced in the latter group.

Although the annual number of cases showed consid-
erable variation, a correlation test over the 10 year period
showed no significant link (r=0.248, p =0.492, n=10).

The annual distribution of cases, hospitalized cases,
and PHN over the study period is shown in Additional
file 1.

When examining seasonal trends, a statistically signifi-
cant deviation of the number of cases across the months
was detected (x*(11)=22.031, p=0.024). Patient enroll-
ment data showed two peaks, with the fewest cases in
April and October and the most in June and December.
The monthly distribution of cases is presented in Addi-
tional file 2.

Patient characteristics

Gender, age

We identified 398 females and 388 males, indicating an
even gender distribution (x*(1)=0.127, p=0.721). The
median age of the patients was 60 years, with no signifi-
cant difference between the sexes (U=75061, p=0.499).
When categorized into age groups of 10 years each, the
largest group, comprising 20.6% of all diagnoses, was the
60—69-year-old demographic. The 70-79 and 50-59 age
groups were slightly less frequent (16.7% and 16.5%). The
age groups with the fewest cases were those aged <19 and
>90 years (Table 1).

The patients’ age did not correlate with the year of
diagnosis (r(784)=0.017, p=0.631, N=786), indicating a
constant age distribution throughout the entire observa-
tion period.

Comorbidities, immunosuppression
In nearly half of the cases (46.1%), none of the comor-
bidities we identified had been previously diagnosed.
Furthermore, 54.7% of the cases did not exhibit any risk
factors for HZ reactivation, including immunosuppres-
sion and malignancies [2]. The most prevalent comor-
bidities associated with an elevated risk of HZ were
cardiovascular conditions and chronic renal diseases,
affecting over 10% of cases in each category (Table 2).
Patients with more comorbidities were also signifi-
cantly older (r = 0.39, p < 0.001). While the total num-
ber of comorbidities did not differ significantly between
the sexes (U = 79758, p = 0.39), males showed a higher
prevalence of relevant comorbidities, including current
malignancies (U = 83351, p = 0.026). However, both male
and female subjects demonstrated an average of less than
one comorbidity (0.64 and 0.50), indicating limited clini-
cal relevance. The male population exhibited a higher
prevalence of chronic obstructive pulmonary disease,
cardiovascular conditions, and chronic renal diseases.
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Table 1 Age group distribution of HZ cases stratified by sex, inpatient admission and PHN

Age Group (in years) Total (n=786) Female (n=398) Male (n=388) Admission (n=453) PHN? (n=57)
n (%) n (%) n (%) n (%) n (%)

1-19 25 (3.2 17 (68.0) 8 (32.0) 16 (64.0) 0 0.0)
20-29 53 6.8) 23 (43.4) 30 (56.6) 17 (32.1) 1 (1.9
30-39 82 (10.5) 37 (45.1) 45 (54.9) 32 (39.0) 2 (24
40-49 89 (11.4) 43 (48.3) 46 (51.7) 45 (50.6) 2 (2.2)
50-59 129 (16.5) 70 (54.3) 59 (45.7) 72 (55.8) 13 (10.1)
60-69 161 (20.6) 81 (50.3) 80 (49.7) 88 (54.7) 17 (10.6)
70-79 130 (16.7) 60 (46.2) 70 (53.8) 90 (69.2) 11 (8.5)
80-89 103 (13.2) 57 (55.3) 46 (44.7) 80 (77.7) 10 9.7)
>=90 13 (1.7) 10 (76.9) 4 (30.8) 13 (100.0) 1 (7.7)

Absolute number of cases (n), proportion of total cases per age group (%)
2 Postherpetic Neuralgia

Table 2 Distribution of co-morbidities and immunosuppression stratified by gender

Total (n=786) Female (n=398) Male (n=388)

n (%) n (%) n (%)
Co-morbidities
No Co-morbidities® 362 (454) 187 (47.0) 175 (45.1)
Smoking® 67 8.5) 26 (6.5) 41 (10.6)
Thyroidal Disease 119 (15.1) 83 (20.9) 36 9.3)
Hypertension 220 (28.0) 106 (26.6) 114 (29.4)
Adipositas 43 (5.5) 21 (5.3) 22 (5.7)
One or more Relevant Co-morbidities® € 279 (35.5) 129 (324) 150 (38.7)
Lupus Erythematosus (LE) 2 0.3) 1 0.3) 1 0.3)
Rheumatoid Arthritis (RA) 18 (2.3) 12 (3.0) 6 (1.5)
Chronic Obstructive Pulmonary Disease (COPD) 22 (2.8) 6 (1.5) 16 4.1)
Cardiovascular Conditions 125 (15.9) 53 (13.3) 72 (18.6)
Inflammatory Bowel Disease (IBD) 10 (1.3) 4 (1.0) 6 (1.5)
Chronic Renal Disease 90 (11.5) 31 (7.8) 59 (15.2)
Asthma 16 (2.0 9 (2.3) 7 (1.8)
Diabetes 82 (104) 42 (10.6) 40 (10.3)
Depression 34 (4.3) 20 (5.0) 14 (3.6)
Physical Trauma® 7 0.9) 2 (0.5) 5 (13)
Immunosuppression
Without immunosuppression® 680 (86.5) 362 (91.0) 338 (87.1)
Immunosuppressive drugs 44 (5.6) 18 (4.5) 26 6.7)
HIV/AIDS 2 (0.3) 0 (0.0) 2 (0.5)
Current Malignancies 60 (7.6) 18 (4.5) 22 (5.7)
Chemotherapy® 27 (34) 11 (2.8) 16 4.1)
Radiotherapy? 8 (1.0) 2 (0.5) 6 (1.5)
Surgical Therapy 12 (15) 6 (1.5) 6 (15)
Malignancy History® 70 (8.9) 35 (8.8) 35 (9.0)

Absolute number of cases (n), proportion of total cases within each group (%). Percentages may not sum to 100% due to multiple co-morbidities per patient
2 Although not a comorbidity in the strict sense, smoking was included as common habit with negative health — impact

b Although not a comorbidity in the strict sense, physical trauma was included as established risk factor (2)

¢ Defined as HIV/AIDS or current Malignancies(2) or intake of immunosuppressive drugs

d Current or planned treatment. Multiple treatment options may be pursued simultaneously. Percentages may not sum to 100% due to lack of data

€ Malignancies that have undergone complete treatment

Abbreviations: HIV, human immunodeficiency virus
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Table 3 Anatomic location of HZ manifestation and related
inpatient admissions

Anatomic location Total (n=786) Admissions
(n=453)
n (%) n (%)

Trigeminal nerve 394 (50.1) 268 (68.0)
Ophthalmic nerve 325 (41.3) 224 (68.9)
Maxillary nerve 73 (9.3) 50 (68.5)
Mandibular nerve 20 (2.5) 13 (65.0)
QOtic nerve 65 (8.3) 53 (81.5)
Cervical segments 72 (9.2) 31 (43.1)
Thoracic segments 143 (18.2) 60 (42.0)
Lumbar segments 53 6.7) 17 (32.1)
Sacral segments 24 (3.1) 7 (29.2)
Multisegmental 6 (0.8) 4 (66.7)
Unspecified 29 (3.7) 12 (41.4)

Absolute number of cases (n), proportion of total cases (%?) and proportion of
admissions per cases with same anatomic location (%P). Percentages may not
sum to 100% due to disseminated HZ

These conditions have been demonstrated to elevate the
risk of developing HZ [2]. However, thyroid disorders
manifested at a significantly higher frequency among
the female population, though these conditions have not
been identified as risk factors [2].

Most patients (86.5%) were immunocompetent. How-
ever, 7.7% of cases had active malignancies, thus account-
ing for just over half of immunocompromised cases. The

remainder were on immunosuppressive drugs or had
HIV/AIDS (Table 2).

SARS-CoV-2, zoster vaccination

COVID-19-related data were available for 49 of 226
cases documented during the peak pandemic period in
Bavaria between March 2020 and April 2023 [18], with
59.2% providing only a negative SARS-CoV-2 test result.
Given this limited data coverage, a conclusive association
between the pandemic and the incidence of HZ could not
be determined. Available SARS-CoV-2 data are summa-
rized in Additional file 3.

Table 4 Complications that occurred in HZ cases stratified by sex
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HZ vaccination status was documented in only three
cases, precluding any representative analysis.

Anatomic location

In our cohort the most common manifestations (67.6%)
involved the cranial and cervical ganglia. The trigeminal
nerve was affected in half of all cases (50.1%), while the
ophthalmic nerve branch was involved in 82.5% of these
cases.

Approximately one-fifth of cases developed HZ in
the thoracic dermatomes. Table 3 presents the exact
distribution.

A significant difference in median age was observed
across anatomic locations (H(7)=20.58, p=0.004,
N=786). Patients with HZ reactivation in the cervical
segments and trigeminal involvement were the oldest (64
and 63 years), while the youngest patients had affected
thoracic dermatomes and otic nerves (55 and 54 years).

Cases with affected otic nerve had the highest inci-
dence of complications (75.4%), while it was second
highest for affected trigeminal nerve (28.4%). There was
almost no difference when the ophthalmic branch was
involved (28.9%).

Complications

Most HZ cases proceeded without complications
(72.8%). The most common complication was PHN,
which affected 8.4% of cases. No significant differences
were found between the sexes, but more than 90% of
cases with PHN were >50 years old. The prevalence was
9.7% in patients aged > 50 years, but it did not increase in
older age groups.

Other complications that occurred approximately
half the rate of PHN included intraocular complica-
tions (3.4%) and superinfection (4.2%). Encephalitis,
meningitis, and necrotizing HZ were the least common
complications. Table 4 shows the exact incidence of all
complications.

A significant association was found between the num-
ber of comorbidities and the number of complications

Complications Total (n=786) Female (n=398) Male (n=388)

n (%) n (%) n (%)
No complications 572 (72.8) 285 (71.6) 287 (74.0)
Postherpetic Neuralgia (PHN) 66 (8.4) 42 (10.6) 24 6.2)
Intraocular Complications 34 (4.3) 13 (3.3) 21 (5.4)
Superinfection 33 4.2) 17 (4.3) 16 4.1
Inner Ear Involvement 26 (3.3) 18 (4.5) 8 2.1
Herpes Zoster Keratitis 24 3.1 14 (3.5 10 (2.6)
Herpes Zoster Generalisatus 20 (2.5) 7 (1.8) 13 (34)
Encephalitis or Meningitis 16 (2.0 8 (2.0 8 2.1
Necrotizing Zoster 10 (1.3) 3 0.8) 7 (1.8)

Absolute number of cases (n), proportion of total cases within each group (%). Percentages may not sum to 100% due to multiple complications per patient
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(r=0.096, p=0.007), as well as when relevant comor-
bidities, including current malignancy, were considered
(r=0.076, p=0.034). However, both correlations repre-
sented negligible effect sizes (r<0.1), suggesting limited
clinical relevance.

Complications affected men and women with equal
frequency (x* = 0.437, p=0.508), and no association was
found between sex and the occurrence of individual
complications. Patients who did not experience compli-
cations were significantly younger than those who did
(U=71161, p<0.001). The patient population was sig-
nificantly older for certain complications, such as PHN
(U=18580, p=0.003), zoster keratitis (U=6330, p=0.01),
and intraocular complications (U=9671, p=0.016).

Inpatient stays

Of all HZ cases, more than half (57.6%) were treated as
inpatients, with age and anatomical location playing
a significant role. Most admissions were due to zoster
affecting the trigeminal nerve, followed by the thoracic
segments and otic nerve.

The median age of the inpatients was 65.0 years.
Patients were admitted to the hospital more frequently
as they advanced in age. Only one-third (32.1%) of cases
aged 20-29 years were admitted; however, this percent-
age steadily increased in older age groups, reaching a
peak among patients aged>90 years. The only excep-
tion to this pattern was among 1-19-year-olds, of whom
nearly two-thirds (64.0%) were also treated as inpatients
(Table 1). The median age of women and men undergoing
inpatient treatment did not differ significantly (U =24191,
p=0.325). The incidence of hospitalization for HZ was
highest in patients with an affected otic nerve (81.5%).
Moreover, most cases with trigeminal involvement were
also treated as inpatients (68.0%). The lowest admission
rate was seen in patients with HZ in the lumbar and
sacral dermatomes (Table 3).

Discussion

This study identified a cohort at elevated risk for HZ
complications, characterized by advanced age, a high
prevalence of immunosuppression, and marked over-
representation of cranial manifestations. Despite this
risk profile, complication rates were comparable to those
reported in population-based studies.

Patient characteristics

Gender and age

An equitable distribution of gender was observed within
the study cohort (398 females and 388 males). This
observation does not align with findings from analo-
gous literature. A comprehensive analysis of all hospitals
across Germany, including the UKR, reported 58% of
cases in females, which was significantly more than the
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proportion of affected males [15]. Additionally, female
sex has been identified as a risk factor for the onset of
this disease [19].

Our findings revealed a similar clinical presentation
in males and females. Sex did not affect the progression
of the disease. Neither risk factors such as age, relevant
comorbidities, and immunosuppression, nor the course
of disease characterized by anatomical distribution, hos-
pitalization rates and complications differed significantly.
The median age of patients enrolled in the study was 60
years. Accordingly, our cohort comprised an increased
ratio of older patients relative to population-centered
research, in which the average age ranged from 51 to
52 years, or the median age was recognized as 56 years
[20-22]. However, approximately two-thirds (68%) of the
cases were 50 years of age or older, a finding supported
by existing literature regarding HZ in the German popu-
lation [13]. On the other hand, a comparable monocen-
tric study at a German university hospital reported an
even higher median age of 64 years [23]. This suggests
that monocentric studies focusing on tertiary care facili-
ties may encompass a higher proportion of older patients
than is typically observed in population-based research.
This is particularly significant, given the elevated risk of
complications and associated disease progression that
correlates with increasing age [8]. Furthermore, older
patients are more likely to experience persistent pain,
such as PHN [24].

Comorbidities and immunosuppression

Just over half of the cases (54.6%) were found to have at
least one comorbidity. Particular comorbidities, such as
cardiovascular conditions and chronic renal diseases, are
acknowledged for their potential to increase the risk of
HZ reactivation [2]. These comorbidities are most likely
to be more prevalent among individuals receiving treat-
ment at a tertiary medical institution than in the general
population. Thus, investigations involving older demo-
graphics or exclusively inpatient populations reported a
higher prevalence of such patients compared to our find-
ings, ranging from 62.7% to 73.8% [14, 25], whereas the
percentages in population-based analysis were notably
lower, falling between 28.1% and 30% [24, 26]. Immu-
nosuppression significantly influences the occurrence of
HZ, affecting both the overall likelihood of disease mani-
festation and the frequency of associated complications
[27, 28]. In our investigation, 13.5% of cases were clas-
sified as immunosuppressed, meaning they were either
undergoing treatment with immunosuppressive agents,
had a pre-existing malignancy, or were positive for HIV.
These data illustrate a considerably higher prevalence
than what has been reported in population-based stud-
ies, which suggest ratios between 2.8% and 6.6% [21, 26].
It is important to acknowledge that the precise definition
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of immunosuppression varies slightly across different
studies. While a direct comparison of statistics is there-
fore not possible, the elevated proportion of patients with
compromised immune systems remains evident when
juxtaposed with existing literature.

Anatomical distribution

In the present investigation, the reactivation of HZ at the
trigeminal nerve was observed in 50.1% of the subjects,
establishing it as the predominant anatomical site. Tho-
racic dermatomes were involved in 18.2% of cases. This
distribution appears inversely represented compared
to published literature, which consistently reports tri-
geminal involvement at approximately 15% and thoracic
involvement at 53—55% of cases [29, 30].

One possible explanation for this discrepancy could
be found in the advanced age of the participants in our
investigation, as the prevalence of thoracic lesions dimin-
ishes with age, whereas trigeminal involvement tends to
increase [31]. Within the trigeminal nerve cases, a fur-
ther notable finding emerged: in 82.5% of these cases, the
ophthalmic branch was affected, a condition also referred
to as herpes zoster ophthalmicus (HZO). Systematic
literature reviews have documented HZO incidence
ranging from 1.4% to 15.9% [8, 11]. Our study found a
notably higher incidence of 41.3%. Another study exam-
ining HZO patients at a German clinic with an eye center
reported HZO incidence rates ranging from approxi-
mately 30% to 60% over a period of more than 10 years
[23]. This indicates selection bias in hospitals with ocular
departments, as HZO patients should be treated as inpa-
tients and undergo an ophthalmological examination to
determine ocular involvement [1].

HZO can cause a range of ocular complications, such
as keratitis, uveitis, and conjunctivitis. These compli-
cations have been reported to occur in 30% to 78% of
HZO patients [11, 32]. We found ocular complications
in 18.2% of HZO patients, indicating a notably low
complication rate. Studies examining population-based
cohorts described incidences for these complications
ranging from 0.0% to 4.4% [8], whereas in our analyses,
they occurred in 7.5% of all cases. Considering that our
cohort had more than two and a half times the number
of cases with HZO than population-based studies (41.3%
vs. £15.9%), this is a relatively low proportion of ocular
complications. Furthermore, elevated complication rates
in HZO patients have been observed in patients with
particular forms of immunosuppression, including those
with HIV/AIDS and recipients of stem cell transplants
[8]. This indicates an even higher risk for HZO-related
complications in our cohort, as 13.5% of all cases were
immunosuppressed.
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Complications

Nearly three quarters (72.8%) of cases with HZ pro-
ceeded without complications. This percentage aligns
closely with population-based health insurance data
from Germany (72.4% - 77.5%) [33, 34] and is consistent
with the global literature (67.1% - 86.2%) [8]. However,
among inpatient cases only, 36.4% experienced no com-
plications. A study conducted in tertiary care centers in a
specific region of Italy (35) reported a remarkably similar
figure (36.2%), while 74.4% of cases were complication-
free in Chinese healthcare facilities [25].

Patients who experienced complications were statisti-
cally significantly older than those who did not. Other
studies have likewise demonstrated an increased occur-
rence of complications with older age [28, 35]. The likeli-
hood of complications is also elevated under conditions
of immunosuppression [28].

The most prevalent complication was PHN, which
developed in a total of 8.4% of cases. PHN is commonly
defined by clinically significant pain persisting for more
than 90 days following the onset of the rash [11]. While
the incidence rate was recorded at only 4.5% in a study
examining German health insurance data [13], global sys-
tematic reviews report a range of 2.6% to 46.7% within
population-based cohorts [8, 11]. PHN was found to be
more prevalent in patients with immunosuppression
and certain comorbidities, such as diabetes and depres-
sion, compared to immunocompetent individuals [8].
Older patients also demonstrated a higher frequency of
occurrence. The variance in reported rates was partly
due to inconsistent definitions of PHN, which can differ
in terms of pain duration or intensity. Additionally, ret-
rospective studies tended to report lower incidence rates
than prospective studies [11].

The association of PHN with age is well-documented
[8], and this study clearly corroborated that connection.
A substantial 91.5% of cases with PHN were 50 years
of age or older, indicating a prevalence of 9.7% among
individuals aged 50 and above. A similar figure (11.9%)
was observed in a study involving primary care centers
in Germany [14]. However, it is noteworthy that in our
study, the risk of developing PHN did not increase fur-
ther with advancing age. Even among those aged 70 years
and above, only 8.9% were affected, whereas other stud-
ies reported a continuous increase in risk, particularly
among the elderly population [13, 14, 24].

Another significant risk factor for PHN is immuno-
suppression. Depending on the study and the degree of
immunosuppression, it has been reported to be slightly
elevated to twice as high [36, 37]. Additionally, patients
diagnosed with HZO are more likely to develop PHN
[38]. Beyond their clinical significance, complications
such as PHN can have a lasting negative impact on
patients’ quality of life [39, 40].
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Inpatient admission

In the current study, 57.6% of the cohort was admitted
to the hospital. As expected, this ratio was significantly
higher than the maximum of 8% observed in population-
based studies [7, 28, 33].

The presence of immunosuppression, along with
the specific anatomical site of zoster reactivation, sig-
nificantly influences the decision to initiate inpatient
treatment. When the manifestation occurs within the
craniofacial region, inpatient intravenous therapy utiliz-
ing acyclovir is imperative [1]. Within our studied cohort,
craniofacial involvement affected a substantial majority of
cases (67.6%), with a notably elevated percentage (13.5%)
being classified as immunosuppressed. This observation
elucidates the elevated rate of hospitalization.

Furthermore, a positive association between the fre-
quency of inpatient treatment and advancing age was
observed. To be precise, the admission rate was 32.1%
for individuals aged 20-29, doubling to 77.7% for
80—89-year-olds. Existing literature corroborates this
phenomenon [15, 28], with additional studies focusing
exclusively on inpatient cohorts also documenting a high
mean age ranging from 63 to 64 years [25, 41].

Beyond patient characteristics, the treatment modality
itself may be relevant. Inpatient treatment enabled timely
intravenous antiviral therapy, as opposed to oral pharma-
cotherapy in outpatient settings. Whether this contrib-
uted to the comparatively low complication rate observed
in this cohort remains speculative; however, the retro-
spective design precludes any causal inference regarding
treatment effects. Prospective studies comparing inpa-
tients and outpatients with similar risk profiles and ana-
tomical locations of HZ lesions should be conducted at
tertiary care centers to evaluate this hypothesis.

Temporal trend

Two opposing trends were identified over the period of
ten years. There was a substantial reduction in cases from
2014 to 2018 exceeding 80%, followed by a sevenfold
increase from 2018 to 2023. However, no statistically sig-
nificant correlation was found between patient numbers
and diagnosis year (r=0.248, p=0.492, n=10).

Existing literature does not support this V-shaped
trend. Instead, it shows a steady annual increase in HZ
patients [15, 16] of 3% to 4% per year [22]. The study’s
timeline aligns with the COVID-19 pandemic from
March 2020 onwards [18]. This pandemic has been previ-
ously linked to increased HZ incidence [42]. An increase
in cases was noted during the pandemic in our data as
well. However, documentation was insufficient for thor-
ough investigation (available information in only 49 of
226 cases).

While an unconventional temporal trend is apparent in
our study, definitive conclusions regarding annual trends
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or the effects of the pandemic cannot be drawn from
these data.

Beyond temporal trends, the vaccination status of our
cohort warrants attention. While population-level data
from a German health insurance provider suggest that
vaccination coverage has risen to 15.4% among individu-
als aged 60 and older in Bavaria between 2019 and 2023,
vaccination rates remain critically insufficient [43]. This
is particularly striking given that HZ vaccination has
been fully reimbursed by statutory health insurance in
Germany for individuals aged 60 years and older, and for
high-risk groups from the age of 50, since May 2019 [44].
Physician-related and organizational factors at the prac-
tice level have nonetheless been identified as key deter-
minants of inadequate vaccination rates [43]. Although
vaccination is primarily a task of primary care, the con-
centration of high-risk patients in tertiary care centers
creates a particular responsibility for targeted vaccination
counseling. Systematic documentation of vaccination sta-
tus is a necessary prerequisite for this, and its near-total
absence in our cohort suggests that vaccination has not
yet been sufficiently prioritized in this setting.

Strengths and limitations

Strengths

All verifiable cases of HZ at the UKR were recorded and
evaluated over a 10-year period. This revealed detailed
clinical data from the tertiary care setting, thus offering
an accurate representation of current clinical practices
within a tertiary care facility concerning HZ. The investi-
gation examined and presented not only the most impor-
tant pre-existing conditions, but also the distribution of
the anatomical locations of HZ reactivation and compli-
cations in detail.

Limitations

This was a single-center, purely retrospective study with
a correspondingly limited sample size (N=786). Many
patients were referred to the UKR, which created a selec-
tion bias and rendered the cohort unrepresentative of
the general population. The higher comorbidity burden
of patients treated at a tertiary care center compared to
population-based cohorts may itself contribute to differ-
ences in observed outcomes, independent of treatment
modality. As detailed therapy data including timing of
antiviral initiation were not systematically collected, the
hypothesis regarding the contribution of intravenous
antiviral therapy to the observed complication rates can-
not be evaluated from the present data. There were defi-
ciencies in documentation, particularly concerning HZ
vaccination status (only 3 cases recorded) and COVID-
19 status (49 out of 226 cases recorded) during the pan-
demic. The retrospective data collection was further
limited by incomplete documentation of comorbidities
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and tumor histories, potentially resulting in missed pre-
existing conditions and malignancies. Furthermore, there
was no systematic follow-up, precluding the interpreta-
tion of recurrences and long-term complications. Due
to the small number of cases and the short observation
period, no valid conclusions could be drawn regarding
temporal and seasonal trends or the gender distribution
that differed from national hospital data. Since the UKR
did not have a fixed area of operation, population-based
calculations were not possible. This severely limited
direct comparisons with studies that reported incidences
in person-years or adjusted for the population. Possible
differences in the definitions of certain complications,
pre-existing conditions, and immunosuppression must
also be considered when comparing this study to others.

Conclusions

In this study, we analyzed HZ patients from a tertiary
care center over the course of ten years, comparing our
findings with those from population-based research. We
identified a high-risk group within our cohort. These
patients were generally older and more often immuno-
suppressed. They also experienced reactivation in cranial
ganglia, especially with ophthalmic involvement, which
likely reflects referral patterns and selection bias inherent
to a tertiary care center with an ophthalmology depart-
ment. Despite this, the complication rate was similar to
that of published population-based studies.

High rates of inpatient treatment with intravenous
antiviral therapy may have contributed to this outcome;
however, the retrospective design precludes any causal
inference regarding treatment effects. Prospective studies
are needed to confirm this hypothesis.

Our findings underscore that high-risk patients who
benefit most from vaccination are often treated in ter-
tiary care centers. Vaccination status was documented
in only 0.4% of cases, suggesting that vaccination history
is neither systematically assessed nor recorded in this
setting, which may indicate a missed preventive oppor-
tunity. We therefore recommend prioritizing systematic
vaccination counseling and documentation to prevent
HZ reactivation and its complications.
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