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Summary
AIM: Recent data on clinical complications and mortality
among hospitalised children and adolescents due to vari-
cella are unavailable in Switzerland. The aim of the study
was to explore data on severe varicella complications in
hospitalised children before the introduction of a universal
varicella vaccination recommendation, which the Swiss
Federal Office of Public Health implemented in January
2023.

METHODS: This was a retrospective observational study
of children hospitalised with varicella between 01.01.2010
and 31.03.2020 at a tertiary children’s hospital in central
Switzerland serving approximately 10% of the Swiss pop-
ulation. The inclusion criteria were acute varicella and/or
related complications.

RESULTS: A total of 95 patients were identified. The medi-
an age at onset was 4 years (range: 2 months to 13 years)
and the peak age of patients was between 1 and 4 years.
53 had mild and 42 patients had severe varicella-associ-
ated complications (8 had >1 severe complication). The
most common severe complications were bacterial skin
and soft tissue infections (n = 28), invasive secondary bac-
terial infections (n = 18), and central nervous system-re-
lated complications (n = 12). Admission to the paediatric
intensive care unit and surgical intervention were required
in 11 (12%) and 16 (17%) patients, respectively. Two pre-
viously healthy school-age children died because of sec-
ondary bacterial infections.

CONCLUSION: Our results demonstrate that varicella can
cause severe and even fatal complications in children liv-
ing in a highly developed country. This study provides
valuable clinical data on severe varicella complications
in hospitalised children from a large catchment area of
Switzerland, facilitating future data comparison of the dis-
ease burden before and after the introduction of universal
varicella vaccination in Switzerland.

Introduction

Varicella (chickenpox) is a common and highly contagious
infectious disease caused by varicella zoster virus (VZV).
It manifests as a pruritic rash accompanied by fever and
other systemic signs and symptoms that usually are mild to
moderate. The rash is more intense on the trunk and head
than on the extremities, and it typically evolves as a se-
ries of “crops” over 1 to 3 days in non-immunocompro-
mised hosts. In the absence of universal varicella zoster
vaccination, varicella occurs primarily in young children,
specifically, 52–78% of cases occur in children younger
than six years, and 89–96% of cases occur before adoles-
cence [1]. Occasionally, severe complications occur – lead-
ing to hospitalisation, long-term sequelae, or death – not
only in immunocompromised but also in healthy, immuno-
competent children [1]. Potential complications include
secondary bacterial infections of the skin and soft tissue
(e.g. impetigo, ecthyma, abscess, cellulitis, and necrotising
fasciitis), toxic shock syndrome, thrombocytopenia, pneu-
monia (viral and bacterial), hepatitis, arthritis, cerebellitis
with ataxia, encephalitis with seizures and coma, and con-
genital varicella syndrome. In Europe, annual incidence
rates for varicella vary between 300 and 1291 per 100,000
population [2]. Data from international surveillance studies
show hospitalisation rates of 1.3 to 5.5 per 1000 VZV cas-
es [3–6]. Approximately 70,000–85,000 individuals con-
tract varicella in Switzerland each year [7, 8]. In Switzer-
land, the most recent national data on VZV hospitalisations
of children were obtained in 2000–2003 through the Swiss
Paediatric Surveillance Unit (SPSU). This national surveil-
lance was restarted by members of our group in July 2021
and is currently ongoing. The calculated hospitalisation
rate during that 3-year period was 1.3 per 1000 cases [9].
In the USA and Germany, universal varicella vaccination
was introduced in 1996 and 2004, respectively, for chil-
dren aged 11 months and older. Thereafter, in the USA,
the number of cases (all age groups) decreased by 84% in
2000 compared with 1995/96 [10]. In Germany, varicella
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case rates per reporting physician decreased by 84%, from
3.6 per month in 2005 to 0.6 per month in 2012 [11]. Dur-
ing the years of our described cohort, the Swiss Federal
Commission for Immunisation recommended VZV vacci-
nation (two doses, at least 4 weeks apart) as a basic vaccine
for adolescents aged 11–15 years without prior varicella.
Furthermore, VZV vaccination is recommended for high-
risk individuals and healthcare workers [12]. Only recently
(January 2023) did Switzerland introduce universal VZV
vaccination. As no peer-reviewed paediatric varicella hos-
pitalisation data have been collected in Switzerland since
2003, we aimed to explore data on severe varicella compli-
cations and clinical outcomes in hospitalised children from
a large catchment area of Switzerland, facilitating future
data comparison before and after the introduction of uni-
versal varicella vaccination in Switzerland.

Materials and methods

Study design

This retrospective observational study of varicella-asso-
ciated hospitalisations included children aged 0 to <16
years with clinical signs and symptoms of varicella who
were hospitalised at Children’s Hospital Lucerne between
01.01.2010 and 31.03.2020. Microbiological confirmation
of clinical varicella diagnosis was not a prerequisite.
Screening for eligibility was conducted using ICD-10 code
B01 for a primary varicella diagnosis (primary diagnosis
for hospitalisation) or a secondary varicella diagnosis
(varicella as a concomitant disease during hospitalisation
or recent preceding disease). Outpatients were excluded.
The output of this case capture was systematically re-
viewed and validated by the first author (JS) and last au-
thor (MB), and all double entries were removed. For this
observational study, outcome measures were not differen-
tiated into primary or secondary outcomes. The outcome
measures included the exploration and description of vari-
cella complications, clinical course, risk factors, microbi-
ology, and treatment in hospitalised children and adoles-
cents.

Data collection was performed using a standardised clini-
cal report form. Demographic data (sex, age, and nation-
ality), medical history (vaccination status, hospitalisation
duration, place of infection, and family medical history),
risk factors (immune status, co-morbidities, and atopic dis-
ease), clinical symptoms (rash, fever before hospitalisation
and on admission, vomiting, diarrhoea, tachycardia, hy-
potension, dyspnoea, and others), diagnostics (microbiolo-
gy: blood culture, polymerase chain reaction (PCR), cere-
brospinal fluid, wound swab, radiology, and EEG),
treatment (antipyresis, surgery, and antiviral and antibacte-
rial therapy), and associated complications (see definitions
below) were recorded from the case files and entered into
an electronic database stored at the children’s hospital.

Study setting

The study was conducted in the Children’s Hospital of
Central Switzerland (Lucerne) at the Cantonal Hospital of
Lucerne, which is a tertiary paediatric hospital serving a
catchment area of around 700,000 inhabitants from the en-
tire canton of Lucerne and the other five central Swiss can-

tons, accounting for approximately 10% of the total Swiss
population.

Analysis

Data were extracted using Microsoft Excel tables, and sta-
tistical analysis was performed using IBM© SPSS© Statis-
tics versions 26 and 29. Statistics were descriptive. Analy-
ses were conducted by calculating the frequencies and
percentages. No additional software libraries, frameworks,
or packages were used in this study.

Definitions

Case definition used for varicella: Clinician diagnosis of
an acute illness with a generalised vesicular or macu-
lopapulovesicular rash with or without laboratory confir-
mation (e.g. for positive VZV PCR) or a positive VZV
PCR detected in the diagnostic work-up (e.g. for cere-
brospinal fluid or an atypical skin lesion) of a patient.

Complications were categorised as follows.

Severe

– Death

– Central nervous system related complications: cerebel-
litis, meningoencephalitis, seizure, stroke (vasculitis)

– Invasive secondary bacterial infections of different or-
gans: arthritis, endocarditis, meningitis, osteomyelitis,
and pneumonia

– Sepsis (according to the Goldstein criteria) [13]

– Toxic shock syndrome (with clinical and laboratory
changes caused by Gram-positive pathogens) [14]

– Bacterial skin and soft tissue infections (including all
classes, not subdivided) [15]

Mild

– Clinical complications: dehydration, nausea, pain, and
keratoconjunctivitis

– Laboratory abnormalities: coagulation disorder, elevat-
ed liver enzymes, and thrombocytopenia

Ethics approval

The study protocol was prepared by the first (JS) and last
(MB) authors and was approved by the Ethics Commit-
tee of Northwestern and Central Switzerland (EKNZ) (pro-
ject number: 2020-01367). General consent was not im-
plemented in this tertiary hospital during the study period.
According to article 34 a) HFG (swissethics.ch), the need
for individual consent was waived by the ethics committee.

Results

Study population

Screening for eligibility by ICD-10 code resulted in 230
cases, 131 of whom had to be excluded due to not meeting
the case definition; 88 patients had complications not re-
lated to varicella, and in 43 patients, varicella diagnosis
was not confirmed (figure 1). Four children were re-hospi-
talised with new complications due to varicella during the
study period; they were included in the analysis but count-
ed as one case. The median age of the remaining 95 pa-
tients was 4 years (range: 2 months to 13 years). Figure 2
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shows the distribution of hospitalised patients with varicel-
la by age group. Between 2010 and 2020, 0.5 to 3.8 pa-
tients with VZV complications were identified per 1000 in-
patient admissions (table 1) in Lucerne. Figure 3 provides
an overview of patients with severe complications, includ-
ing complication categories. No children had congenital
VZV infection.

Of the 95 children, 80 (84%) had no comorbidities, 12
(13%) had atopic eczema, and 3 (3%) had an underlying
oncologic disease. Vaccination status could be assessed in
84 patients; none had received VZV vaccination, as doc-
umented by a certificate or reported by the parents. A to-
tal of 79 had received other universal general vaccinations

according to age and the Swiss vaccination recommen-
dations; two patients were incompletely vaccinated; and
three children had no vaccinations, including two infants
who had not yet received vaccination due to their young
age. Three oncology patients had been previously exposed
to varicella and had received post-exposure prophylaxis
(VZV Immunoglobulin) at least 2 months before the cur-
rent hospitalisation. In 44 patients, exposure information
was available: 32 children were exposed within their fami-
lies, and 12 were exposed in a public institution (e.g. nurs-
eries, kindergartens, or schools).

Figure 1: Study population meeting the inclusion criteria. The four patients with re-hospitalisation were counted as one case in the analysis. *
Eight patients experienced more than one severe complication and are listed in more than one complication category. CNS: central nervous
system.

Figure 2: Distribution of all hospitalised patients with varicella by age group (n = 95).
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Hospitalisation duration

Eighty-six children presented to our emergency care unit
and were admitted. The median time from onset of first
symptoms to hospitalisation was 10 days (range: 0–150
days). Nine patients had already been hospitalised initially
for a “non-varicella” diagnosis; however, during the
course, they had varicella as a further diagnosis. The me-
dian hospitalisation duration was 6 days in previously

Table 1:
Epidemiology of varicella zoster virus hospitalisations at the Children’s
Hospital of Central Switzerland, Lucerne (2010–2020).

Study year Number of hos-
pitalisations

Varicella-relat-
ed hospitalisa-
tions

Varicella-relat-
ed hospitalisa-
tions per 1000
hospitalisations

2010 3692 14 3.8

2011 3705 6 1.6

2012 3815 5 1.3

2013 3846 12 3.1

2014 4138 12 2.9

2015 3940 8 2

2016 4088 8 2

2017 4069 16 4

2018 4199 4 1

2019 4557 8 1.8

2020* 1112 2 1.8

* January to March 2020.

healthy children and in children with atopic eczema (range:
1–31 and 2–18 days, respectively). Oncology patients had
a shorter median hospitalisation period of 4 days (range:
3–5 days).

Complications

A total of 60 severe complications occurred in 42 (44%) of
the 95 patients (table 2), including 8 (53%) of the 15 pa-
tients with comorbidities and 34 (42%) of the 80 patients
without comorbidities. Their median age was 4 years
(range 7 months to 13 years) and 8 of them experienced
more than one severe complication. No child with an un-
derlying oncological disease experienced a severe compli-
cation.

Four children with varicella were discharged and had to
be readmitted within 4 weeks because of newly occurring
complications: two were re-hospitalised with new patholo-
gies (cerebral vasculitis (see case vignette 3) and os-
teomyelitis). Two had worsening soft tissue infections (ab-
scess; renewed inflammation and pectoral swelling).

Secondary bacterial infections were the most common se-
vere complications – both skin and soft tissue infections
and invasive infections. The median time from the onset of
the first symptoms to hospitalisation with a secondary bac-
terial infection was 6 days (range: 1–26 days). Of the 95
patients, 2 died from bacterial complications (see case vi-
gnettes 1 and 2).

Figure 3: Severe varicella complications by age group. The blue bars show the number of patients with severe varicella complications (n =
42); the coloured bars show the numbers and categories of severe complications (n = 60) in the respective age groups. Eight patients experi-
enced more than one severe complication.
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Case vignette 1: Fatal Listeria monocytogenes meningitis

A previously healthy 8-year-old boy died of Listeria mono-
cytogenes meningitis. Fever and typical varicella skin le-
sions had occurred two days before hospitalisation, fol-
lowed by vomiting, dehydration, neck pain, ataxia,
somnolence, and convulsions. In the emergency room,
varicella encephalitis was suspected; immediate intra-
venous therapy with acyclovir and ceftriaxone (standard
local regimen for suspected bacterial meningitis) was ini-
tiated, and the patient was admitted to the paediatric in-
tensive care unit. After a positive cerebrospinal fluid cul-
ture for Listeria monocytogenes was received within 20
hours, antibiotic therapy was immediately extended to in-
travenous amoxicillin and amikacin. Rapid neurological
deterioration (fixed pupils and apnoea) prompted magnetic
resonance imaging (MRI), which revealed cerebellar
swelling with transforaminal herniation. Despite an emer-
gency bilateral craniectomy, the patient died within 24
hours of admission. No clinical or laboratory evidence in-
dicated immunodeficiency, and no varicella zoster virus
was detected in the cerebrospinal fluid or the brain.

Case vignette 2: Fatal group A Streptococcus sepsis

A previously healthy 5-year-old girl presented to the emer-
gency room with septic shock and multiorgan failure, fol-
lowed by immediate intubation and admission to the pae-
diatric intensive care unit. Typical skin lesions had evolved
three days earlier. Intravenous antibiotic therapy included
ceftriaxone, clindamycin, and amoxicillin. Blood culture
revealed group A Streptococcus. The patient deteriorated
rapidly with cardiac, respiratory, and renal failure and was
transferred to a university hospital for renal support (he-

mofiltration) and extracorporeal membrane oxygenation
(ECMO). However, the child died 5 days later secondary
to brain swelling and herniation

Case vignette 3: Cerebral vasculitis and stroke

A previously healthy 6-year-old girl presented to the emer-
gency room with left hemiparesis and choreoathetoid
movement disorder. Immediate cranial MRI showed vas-
cular stenosis secondary to vasculitis of the right cerebral
artery around segment M1. The patient had experienced
uncomplicated varicella 4 months prior. A positive VZV
PCR in the cerebrospinal fluid and a positive VZV im-
munoglobulin G (IgG) cerebrospinal fluid / serum index
were consistent with postinfectious varicella-associated
vasculitis. The girl recovered rapidly under high-dose in-
travenous methylprednisolone therapy and acyclovir.
Doppler sonographic and MRI angiographic control 4
weeks later showed a new stenosis of the right anterior
cerebral artery without clinical symptoms in the presence
of focal cerebral arteriopathy. The girl was re-hospitalised
for repeated steroid therapy over 4 days. Currently (5 years
later), the neurological status is unremarkable; the vas-
culitis changes on MRI have resolved completely on sec-
ondary antithrombotic prophylaxis with acetylsalicylic
acid.

Case vignette 4: Group A Streptococcus – necrotising
fasciitis and endocarditis

A previously healthy 5-year-old boy presented to the emer-
gency room with severe gluteal pain. Typical skin lesions
had evolved 2 days earlier. Gluteal necrotising fasciitis
was suspected, followed by immediate surgical interven-

Table 2:
Summary of severe complications in healthy patients and those with atopic eczema.

Complication categories Total patients No comorbidities Atopic eczema

n = 42 n = 34 n = 8

Including specified pathologies 60 complications 52 complications 8 complications

Death 2 2 –

Listeria monocytogenes meningitis 1 1*

Group A Streptococcus fulminant sepsis 1 1*

Cerebral and nervous system-related complications 12 12 –

Meningoencephalitis 4 4

Cerebellitis 4 4

Febrile seizure 2 2

Stroke (vasculitis) 2 2*

Invasive secondary bacterial infections 18 15 3

Endocarditis 1 1* –

Pneumonia 5 4 1

Sepsis or toxic shock syndrome 9 8 1

Arthritis 2 1 1

Osteomyelitis 1 1 –

Bacterial skin and soft tissue infections 28 23 5

Skin 6 4 2

Ecthyma 1 1 –

Others 5 3 2

Soft tissue 22 19 3

Abscess 4 3 1

Necrotising fasciitis 3 2* 1

Cellulitis/phlegmon 11 11 –

Others 4 3 1

* Short case vignettes (see below). The patient with fatal Listeria monocytogenes meningitis had multiple complications (case vignette 1): meningoencephalitis, cerebellitis, febrile
seizure, and sepsis; the patient with fatal group A Streptococcus fulminant sepsis had multiple complications (case vignette 2): sepsis, toxic shock syndrome, and skin infection.
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tion and administration of intravenous antibiotics with
clindamycin and cefuroxime. Blood culture and wound
swabs grew group A Streptococcus. Two further surgical
interventions were required. On day 6 of hospitalisation,
the patient developed a systolic murmur and respiratory
and cardiac deterioration. Echocardiography revealed rup-
ture of the chordae tendineae with severe mitral valve pro-
lapse. Antibiotic therapy was switched to intravenous gen-
tamycin and ceftriaxone, and the patient was transferred
to a cardiac surgery centre for reconstruction with intraop-
erative evidence of bacterial endocarditis. Re-operation 2
years later for a new rupture of the chordae tendineae was
necessary. Currently (6 years later) the boy has normal ex-
ercise tolerance, requires no medication, and has a residual
defect of moderate mitral regurgitation.

Microbiology

In the 42 patients with severe complications, 35 blood sam-
ples, 5 cerebrospinal fluid samples, and 21 wound swab
or tissue biopsy samples were analysed. Bacterial growth
or viral PCR was detected in 8 blood, 3 cerebrospinal
fluid, and 16 tissue samples. Table 3 shows the distribution
of pathogens by specimen and severe varicella complica-

tion category. The most frequently detected pathogen was
group A Streptococcus.

Treatment

In 35 (84%) of 42 patients with severe complications, in-
travenous antibiotic treatment was administered for a me-
dian duration of 6 days (range: 1–16 days). No antibiotic
treatment was administered to five patients with non-bacte-
rial central nervous system-related complications (one with
encephalitis, two with cerebellitis, one with febrile seizure,
and one with stroke) or two patients with bacterial soft tis-
sue infections (of the abdomen and knee). The two soft
tissue infections did not require antibiotics, as one was a
superficial abscess that was locally disinfected and rinsed
during the treatment course, and the other was a knee joint
effusion without evidence of a pathogen after rinsing.

Surgery was performed in 16 patients, including wound de-
bridement in three because of cervical (n = 1) or gluteal
(n = 2) necrotising fasciitis. Six children with soft tissue
infection developed abscesses in the retro-auricular, peri-
orbital, cheek, neck, lower abdomen or thigh area; all ab-
scesses were surgically drained. The other seven surgical

Table 3:
Pathogens detected and complication categories.

Patient ID Specimen Pathogen Complication category

Death Central ner-
vous system-
related compli-
cations

Invasive sec-
ondary bacter-
ial infections

Bacterial skin
and soft tissue
infections

10-01 Swab Group A Streptococcus X X

10-02 Swab Group A Streptococcus and Pseudomonas aerugi-
nosa

X

11-02 Blood (PCR) Varicella zoster virus X

Swab Group A Streptococcus and Staphylococcus au-
reus

11-06 Swab Staphylococcus aureus and Stenotrophomonas
maltophilia

X

13-01 Swab Staphylococcus aureus and Enterococcus faecalis X

13-03 Blood (PCR) Varicella zoster virus X

Cerebrospinal fluid Varicella zoster virus

13-11 Swab Staphylococcus aureus x

13-12 Blood Listeria monocytogenes X X X

Cerebrospinal fluid Listeria monocytogenes

Swab Listeria monocytogenes

14-07 Blood Group A Streptococcus X X X

Swab Group A Streptococcus and Staphylococcus au-
reus

14-11 Blood (PCR) Varicella zoster virus X

16-07 Blood (PCR) Varicella zoster virus X

17-02 Blood Group A Streptococcus X X

Swab Group A Streptococcus

17-05 Swab Staphylococcus aureus X X

17-07 Swab Group A Streptococcus X

17-09 Swab Staphylococcus aureus and Enterococcus faecalis
and Pseudomonas aeruginosa

X

17-10 Swab Group A Streptococcus X

17-14 Swab Group A Streptococcus X

17-15 Cerebrospinal fluid Varicella zoster virus X

18-02 Swab Staphylococcus aureus X

19-01 Blood Group A Streptococcus X

20-01 Swab Group A Streptococcus X

PCR: polymerase chain reaction.

Blood n = 8; cerebrospinal fluid n = 3; swab (swab means either a wound swab or a tissue biopsy) n = 16. Some patients had positive tests in more than one specimen.
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interventions included two joint punctures (knee and
shoulder) and one craniectomy (case vignette 1), lymph
node extirpation, thoracic drainage, nail extraction, and
wound debridement, respectively.

Paediatric intensive care unit admission for a median stay
of 3 days (range: 1–7 days) was required for 11 (26%)
of 42 patients with 23 severe complications (10 secondary
invasive bacterial infections, 7 central nervous system-re-
lated complications, 3 bacterial skin infections, 2 bacteri-
al soft tissue infections, and 1 multiorgan failure). Seven
patients in the paediatric intensive care unit experienced
more than one severe complication; two of them had five
and four severe complications at the same time, respective-
ly. The median age of all paediatric intensive care unit pa-
tients was 6 years (range: 2 to 12 years).

Discussion

In this comprehensive retrospective observational study
conducted over 10 years and 3 months (2010–2020), we re-
viewed all varicella-associated paediatric hospitalisations
at a large tertiary hospital in central Switzerland serving
approximately 10% of the Swiss paediatric population.
The study included 95 patients, nearly half of whom had
severe complications. Most of the hospitalised children
were 0–9 years old, with a peak in preschool age, which
aligns with the overall age distribution of all varicella cases
in Switzerland during the pre-vaccination era [16]. This
pattern was also observed for severe complications, pae-
diatric intensive care unit stay, and surgery interventions.
Our observation is consistent with a former Swiss Paedi-
atric Surveillance Unit study [9], as well as studies from
other countries [11, 17–19]. At the time of this study, no
universal infant varicella immunisation recommendation
was in place in Switzerland. However, vaccination was
recommended for children aged 11 years and older with
no history of varicella. In our cohort, one patient (13 years
old) should have been vaccinated but was not.

Since January 2023, universal varicella immunisation has
been recommended in Switzerland, with two doses at 9 and
12 months of age and a catch-up program for older chil-
dren [20].

Analysis of our cohort revealed that most patients with se-
vere varicella zoster virus (VZV) complications were pre-
viously healthy without pre-existing comorbidities, except
for a small subgroup with atopic eczema. Additionally,
only 3% of patients hospitalised for varicella were chil-
dren with underlying oncological conditions. This is con-
sistent with previous studies conducted in Germany and
New Zealand, which also reported that most patients with
complicated varicella were otherwise healthy. However,
patients with oncological diseases were older at the onset
of varicella complications, and the duration of hospitalisa-
tion was similar to that of immunocompetent children [10,
21, 22]. Potential explanations for this observation in on-
cology patients include earlier presentation to healthcare
services, a lower threshold for hospitalisation, and non-re-
luctant use of anti-viral medications.

Generally, in secondary bacterial infections in previously
healthy children and those with underlying atopic eczema,
the most prominent pathogen was group A Streptococcus,
which caused considerable morbidity and required surgical

interventions and paediatric intensive care unit admission.
Group A Streptococcus was also the cause of one fatal
case in our study. The association of group A Streptococ-
cus as a secondary bacterial infection in varicella is well
described [23–25]. In our cohort, group A Streptococcus
was the most common pathogen (10 out of 24). Invasive
bacterial infections affecting the skin and soft tissue ac-
counted for one-third of admissions in our cohort, and
the most common invasive complications were sepsis and
pneumonia. Varicella has been shown in various studies to
be the most important risk factor for developing invasive
infection with group A Streptococcus (including necrotis-
ing fasciitis), with the risk estimated to be 58–60-fold high-
er than in the general population [23–25]. Children may be
colonised with virulent group A Streptococcus strains in
their oropharynx and transfer them to different body areas
by scratching varicella skin lesions, further breaking the
skin barrier and facilitating invasive group A Streptococ-
cus infections and complications [26]. Notably, one case
of mitral regurgitation and papillary muscle rupture due
to a varicella complication with invasive group A Strepto-
coccus infection occurred during the study period and has
been published elsewhere [27].

Furthermore, children with atopic dermatitis are at in-
creased risk for bacterial infections. The risk factors are
chronic inflammation, a dysfunctional skin barrier due to
altered skin pH values and lower epidermal antimicrobial
peptides, and anti-inflammatory medication (topical
steroids) used for atopic dermatitis [28, 29]. VZV infection
may lead to transient virus-induced alterations in the innate
immune response [30].

The other fatal case in our study had a combination of vari-
cella with concurrent Listeria monocytogenes meningitis.
However, risk factors such as immunosuppression or as-
sociated underlying diseases (HIV, post-transplant status,
and cancer) were not present in this child. A previous lit-
erature review yielded only two case reports of patients
who developed Listeria monocytogenes meningitis within
6 weeks of varicella.Despite a lack of evidence of immun-
odeficiency, a transient T-cell abnormality due to VZV in-
fection could not be excluded as a risk factor for invasive
listeriosis, which can be a serious and life-threatening con-
dition[31, 32]. Thus, it can be assumed that invasive in-
fection with Listeria monocytogenes can occur as a com-
plication of VZV infection. Therefore, it may be prudent
to broaden the empirical treatment by including an an-
tibiotic that also covers Listeria monocytogenes (such as
aminopenicillin) in children presenting with varicella and
meningitis.

Central nervous system complications were the second
most common complication leading to hospitalisation.
Central nervous system complications have been described
for varicella, and their proportion among all complications
varies between studies (9–61%) [33–36]. Bonhoeffer et al.
described a large paediatric varicella cohort in Switzerland
and reported that 25% of complications involved the cen-
tral nervous system (9). Encephalitis was the most frequent
manifestation [33].

Weeks to months after varicella, patients are at an in-
creased risk of vasculopathy and ischemic stroke or tran-
sient cerebral arteriopathy. The pathogenesis of varicella
zoster virus vasculopathy involves viral invasion of blood
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vessels, in which the virus spreads transaxonally from the
ganglia to the vascular walls [37]. After reactivation from
the trigeminal or upper cervical ganglia, the virus travels
along neurites and infects the adventitia of the cerebral ar-
teries, causing vasculopathy [38].

Various studies have reported an average duration of hos-
pitalisation due to varicella of 4–8 days, and the results
of our study are within this range [9, 22, 35, 36]. Most
of the children requiring intensive care were previously
healthy, (i.e. immunocompetent) (8 patients), which is in
accordance with other international studies [2, 9]. The av-
erage age of the children who were admitted to the paedi-
atric intensive care unit was 6 years, slightly higher than
the average age of the overall study population (4 years).
The results of Bonhoeffer et al. regarding the mean age of
admission to paediatric intensive care unit support this ob-
servation [9]. The proportion of patients that required ad-
mission to the paediatric intensive care unit was slightly
higher in our study (12%) than in the literature (3–9%) [9,
17, 22].

Although often regarded as a benign illness, varicella im-
poses significant financial and societal burdens. The direct
healthcare costs range from €1000 to €25,000 per hospital
admission depending on the duration of stay and compli-
cations (with an average cost of €1625), as demonstrated
by a European study. Moreover, the socioeconomic impact
is considerable, as caregivers and parents often face ex-
tended absences from work during their children’s illness
[35]. When comparing the costs of universal varicella vac-
cination (universal varicella vaccination) (as recommend-
ed in Switzerland since 2023) with the previous vaccina-
tion strategy (vaccination at ages 11–40 in those with no
history of varicella), the direct costs – preventive vacci-
nation versus healthcare expenditures due to the disease –
are comparable, at CHF 1.75 million and CHF 1.5 million,
respectively. However, considering indirect costs, univer-
sal varicella vaccination results in an annual savings of
approximately CHF 620,000. The reduced morbidity and
complication rates further support the implementation of
universal varicella vaccination in Switzerland [39].

With an average of nine paediatric hospitalisations per year
(95 patients over 11 years), our cohort in central Switzer-
land represents approximately 6% of the 146 annual vari-
cella complication-related hospitalisations in Switzerland
[7]. Most of the complications in our catchment area oc-
curred in children younger than 11. These children were
not vaccinated, as per the national recommendations at that
time. This observation calls for the early introduction of
universal varicella vaccination, ideally before a child’s first
birthday. However, without knowing the total number of
varicella cases in the whole population and the respective
age groups, we cannot use our study data to draw firm
conclusions and suggest a strategy for the optimal age to
introduce varicella vaccination. The recent recommenda-
tion in Switzerland for universal varicella vaccination be-
fore a child’s first birthday is based on the experience and
evidence from other countries, in which the introduction
at an early age reduced the disease burden and morbidi-
ty in subsequent age groups, including vulnerable patient
groups (young infants, non-immune pregnant women, and
immunocompromised individuals) [39].

To the best of our knowledge, none of the patients in our
cohort had received the varicella vaccine. The documen-
tation concerning varicella vaccination status was incom-
plete and likely not explicitly addressed in the medical
history in many cases, as it was not among the routinely
recommended vaccinations at that time. Consequently, our
data provide limited utility for accurately comparing vacci-
nation rates before and after the implementation of the uni-
versal varicella vaccination.

Of note, our analysis focused exclusively on inpatient
VZV cases, excluding data from outpatient consultations
during the same period. As a result, we could not make
comparisons with complication-free outpatient cases. Fur-
thermore, patients with herpes zoster were not included in
this study, which could have provided valuable compar-
isons after universal varicella vaccination implementation.
In addition, the retrospective nature of the data collection
may have led to incomplete case identification due to po-
tential misdiagnoses or inadequate documentation. Never-
theless, the long observation period and large cohort al-
lowed us to gather comprehensive clinical data on the
complications and clinical outcomes associated with cases
of VZV requiring hospitalisation.

Conclusion

This retrospective study provides a comprehensive de-
scription of the age, hospitalisation duration, disease char-
acteristics, severity of complications, and treatment of chil-
dren and adolescents hospitalised with varicella over 10
years and 3 months before the introduction of universal
varicella vaccination in Switzerland. These data will be
supplemented by current ongoing, prospective nationwide
surveillance and can be used in future for evaluations of the
impact of universal varicella vaccination introduction, par-
ticularly the reduction in VZV-associated hospitalisations
and severe complications.

Open science

Anonymised study data can be shared on request by con-
tacting the corresponding author.
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