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RESEARCH ARTICLE

Healthcare resource use and costs of varicella and its complications: A systematic 
literature review
Isabelle Williame a, Marina George b, Hiral Anil Shah a, Natalia Homerc, David Aldersonc, and Nicolas Jamet a

aGSK, Wavre, Belgium; bHari Group limited, Manchester, UK; cCogentia Healthcare Consulting, Cambridge, UK

ABSTRACT
Varicella is a highly contagious disease caused by the varicella zoster virus (VZV). While the disease 
is usually mild, severe complications can occur requiring costly hospitalization. A thorough under-
standing of the healthcare resource use (HCRU) and costs of varicella is needed to inform health- 
economic models of preventive strategies. A systematic literature review was carried out to retrieve 
relevant publications between 1999 and 2021, reporting HCRU and cost outcomes for varicella and 
its complications. Data were extracted and stratified according to pre-specified age groups and 
complication categories. Costs were re-based to a $US2020 footing using both purchasing power 
parity and the medical component of consumer price indexes. Data were summarized descriptively 
due to high heterogeneity in study design and outcome reporting. Forty-four publications fulfilled 
the inclusion and exclusion criteria of which 28 were conducted in Europe, 6 in Middle East and 
Asia, 5 in South America, 3 in North America, and 2 in multiple regions. Primary healthcare visits 
accounted for 30% to 85% of total direct costs. Hospitalization costs varied between $1,308 and 
$38,268 per episode depending on country, complication type, and length of stay, contributing 
between 2% and 60% to total direct costs. Indirect costs, mostly driven by workdays lost, accounted 
for approximately two-thirds of total costs due to varicella. The management of varicella and 
related complications can lead to substantial HCRU and costs for patients and the healthcare 
system. Additional research is needed to further characterize the varicella-associated economic 
burden and its broader impact from a societal standpoint.

PLAIN LANGUAGE SUMMARY
Varicella, also known as chickenpox, is a highly contagious infectious disease which affects mostly 
children. Indeed, >90% of children will have had chickenpox by the age of 12 years. The symptoms are 
usually mild, but in some cases, serious complications can occur such as pneumonia, bacterial super-
infection of the skin and encephalitis. A clear understanding of the complications of chickenpox for 
patients and the healthcare system would be helpful so that countries can assess the true health and 
economic burden of the disease.
In this study, we have summarized existing published data from around the world. We have included 
studies that reported on the number of varicella cases, doctor visits, hospitalizations, and costs due to 
varicella and associated complications.
These data showed that varicella causes high costs to the healthcare system. Even though less than 1% of 
varicella patients need to be hospitalized, costs remain high because varicella is so common. 
Furthermore, if the number of workdays lost are counted as well, then varicella-related costs are even 
higher.

HIGHLIGHTS
● Varicella and its complications lead to significant primary healthcare resource use because of its high 

incidence with each episode leading to 1 healthcare visit on average.
● Varicella-related primary healthcare visits account for 30% to 80% of total direct costs.
● Varicella-related hospitalizations contribute between 2% and 60% to total direct costs.
● Varicella-related hospitalizations may occur both in children and adults, with costs ranging between 

$1,308 and $38,268 per episode depending on severity, complication type and length of stay.
● Indirect costs are mostly driven by workdays lost and account for approximately two-thirds of total 

costs.

KEYWORDS 
Varicella; healthcare resource 
use; costs; varicella 
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Introduction

Varicella, also referred to as chickenpox, is a very common 
infection caused by the varicella zoster virus (VZV). 
Patients with chickenpox typically develop a rash, which 

progresses from papules to itchy blisters and scabs over the 
course of several days. Other clinical symptoms, which may 
precede the rash by a few days, include fever, fatigue, 
headaches and loss of appetite. The disease is usually 
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benign, lasting between 4 and 7 days; however, severe com-
plications may occur. These can include respiratory com-
plications (pneumonia), bacterial superinfection of the skin 
and soft tissue by bacteria, foremost by Group 
A Streptococcus, neurological complications (e.g., cerebelli-
tis, encephalitis, cerebellar ataxia), dehydration and in rare 
cases systemic complications and death. Infants and chil-
dren aged <1 year, pregnant women, adults and immuno-
compromised people are at highest risk to develop 
complications caused by VZV.1

VZV is a highly contagious virus with an estimated repro-
duction rate (R0) ranging from 3 to 17, dependent upon age 
and social mixing patterns.2,3 In the absence of vaccination, 
more than 90% of children will be infected with VZV by the 
age of approximately 12 years.4–6

Incidence rates and economic burden of varicella have 
been addressed in several systematic literature reviews; 
4,7–11 however, these reviews focused either only on inci-
dence or a specific geographic region, while recent reviews 
adopting a global perspective with emphasis on complica-
tions and associated costs are missing. To characterize the 
economic burden of VZV infection, it is necessary to 
review existing knowledge on healthcare resource use 
(HCRU) and costs for the treatment of varicella and its 
complications across different populations and geogra-
phies. Hence, the objective of this systematic literature 
review (SLR) was to synthetize the evidence available on 
the HCRU, as well as direct and indirect costs of varicella 
disease and associated complications.

Methods

Relevant publications between 1999 and 2021 were identified 
through a comprehensive literature search which included 
biomedical electronic databases and gray literature, following 
methodology described by the Preferred Reporting Items for 
Systematic Reviews and Meta Analyses (PRISMA) 
guidelines.12

The following databases were searched via embase.com: 
Medline and Medline in Progress, Embase, the York Centre 
for Reviews and Dissemination database which includes the 
National Health System Economic Evaluation Database and 
health technology assessment databases. Poster presentations 
from the International Congress of Infectious Diseases and 
from the International Professional Society for Health 
Economics and Outcomes Research (ISPOR) were considered 
if presented between 2019 and 2021, assuming that any earlier 
study would have been published as full article thereafter. 
Selected sources of gray literature were analyzed, including 
the Cost-effectiveness Analysis registry, conference proceed-
ings from the Global Summit on Vaccines and Immunology 
and the International Online Congress on Vaccines and 
Virology (published between 2019 and 2021), and reports 
from the European Centre for Disease Prevention and 
Control varicella vaccination working group and the Joint 
Committee on Vaccination and Immunization varicella vac-
cine sub-committee.

Inclusion and exclusion criteria are summarized in 
Table 1 and the full Embase search is provided in (supple-
mentary information [SI], Table S1). All studies in humans 

Table 1. Inclusion/Exclusion criteria for publications.

PICO Inclusion Exclusion

Population Males or females of any age who had primary and/or breakthrough varicella Animal models;
All variations of names: chickenpox/varicella Varicella as a latent/secondary infection (shingles)
Pregnancy related cases Immunocompromised individual Immunocompromised if comorbidities are influencing 

the costs of varicella
Intervention No specific interventions NA
Control No specific interventions NA
Outcomes Healthcare resource utilization, direct and indirect costs associated with 

complications of Varicella including the following 12 complications.
Outcomes other than healthcare resource utilization, 

direct and indirect costs associated with Varicella 
complications

● Bacterial skin infections, (cellulitis, impetigo) Cost-effectiveness models that don’t incorporate 
varicella-associated complications

● Soft tissue infection (group A streptococcal infection, necrotizing fasciitis, 
cellulitis, nephritis, hepatitis, pancreatitis, disseminated varicella)

● Lower respiratory tract infection, (varicella pneumonia)
● Encephalitis
● Cerebellitis/acute cerebellar ataxia
● Meningitis
● Other CNS infections (cerebritis)
● Febrile convulsions/seizure
● Haematological (hemorrhagic varicella, thrombocytopoenia)
● Gastroenteritis/diarrhoea
● Dehydration
● Systemic varicella complications (disseminated coagulopathy, stroke, and 

sepsis)
● Otitis

Papers that include a cost/HRU on “all complications”
Study methodology Observational studies; cohort, case-control, cross sectional, or registry/database. ● Case studies

Cost studies/surveys/analyses; budget impact models, database cost studies, 
resource-use studies, and cost-of-illness studies; cost-effectiveness, cost 
utility, cost-benefit, cost-minimization, and cost-consequence analyses

● Study protocols with no details reported
● Conference abstracts with few details reported
● SLRs will be excluded but marked for snowball 

searches

CNS: central nervous system, HRU: Healthcare Resource Utilization, NA: not applicable, PICO: patient/population, intervention, comparison, and outcomes, SLR: 
systemic literature review.
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with varicella or break-through varicella (varicella infection 
occurring in vaccinated people) were eligible if they 
reported selected outcomes, i.e., HCRU and/or costs asso-
ciated with varicella and its complications. For countries 
that have universal varicella vaccination in place, epidemio-
logic data were only considered for the pre-vaccination era. 
All study designs were acceptable except case studies, pro-
tocols, and conference abstracts containing insufficient 
information. SLRs were not included in this review but 
analyzed for citations that might fulfill inclusion and exclu-
sion criteria.

Abstracts were screened by three authors independently. To 
align the screening process and reduce bias during abstract 
selection, a sample of 10% of abstracts were screened by all 
three authors and any disagreement was reconciled by the 
project leader. Duplicate and secondary publications were 
excluded.

The quality of studies was assessed using the mixed meth-
ods appraisal tool (MMAT)13 for quantitative and qualitative 
studies and the Consolidated Health Economic Evaluation 
Reporting Standards (CHEERS) checklist in case of cost- 
effectiveness publications.14

Information was extracted into a predefined excel tem-
plate including information regarding the study (e.g., study 
design, year of publication, country, objectives), patient 
characteristics, results (e.g., complications, costs, HCRU). 
Results were extracted for predefined age groups, selecting 
the closest match among the following: <1 year, 1–5 years, 
6–10 years, 11–24 years, 25–44 years and 45–65 years. 
Complications were grouped into different categories to 
facilitate aggregated analysis: at least one complication, 
cardiovascular, cerebellitis/ataxia, ear/nose/throat (ENT), 
encephalitis/myelitis, febrile convulsion/seizure, gastroin-
testinal (e.g., dehydration and diarrhea), hematological, 
lower respiratory tract infection, meningitis, musculoskele-
tal, neurological, ocular, renal, respiratory, skin, systemic, 
and other. The grouping of complications was based on 
complications reported by the centers for disease control 
and prevention (CDC) and common categories published 
in the literature.15,16

Costs were converted to US dollars ($US) using purchasing 
power parity17 for the year costs were reported and inflated to 
$US2020 values using the medical care component of the 
consumer price index.18

Results

The initial search yielded 2,000 matches from databases and 
grey literature. After elimination of duplicates, 1,451 entries 
were retained for screening of abstracts and titles. Among 
these records, 164 publications were eligible for full-text 
screening, but 13 publications could not be obtained as full 
text or did not contain data for selected outcomes and were 
excluded (SI Table S2). Thus, 151 full text publications were 
further analyzed (Figure 1a).

After analysis of the full text, 44 studies were included 
consisting of 19 observational/retrospective studies, 21 

cost-effectiveness studies and 4 studies with a mixed design 
(i.e., internet questionnaire, surveys, pooled analysis of 
several studies, health cost analysis). The selected studies 
were conducted in 22 countries, most of them in Europe 
(n = 28), followed by Asia and Middle East (n = 6), South 
America (n = 5) and North America (n = 3) (Figure 1b). 
Two studies reported data from both American and 
European countries. Among observational studies and stu-
dies with mixed design, 14 focused on the pediatric popu-
lation. Cost-effectiveness analyses were in general 
conducted over a time horizon that considered both chil-
dren and adults [SI Table S3]. Ten studies provided infor-
mation regarding the health status of the population, i.e., 
immunocompetent vs immunocompromised, but only two 
studies analyzed data separately for these populations [SI 
Table S3].15,21 Thirty-six publications presented direct costs 
and 26 studies included indirect cost estimates. Details 
regarding study design, population and outcomes are pro-
vided in [SI Table S3].

All quantitative and qualitative clinical and/or observa-
tional studies achieved a MMAT score > 60% [SI Table S4]. 
All cost-effectiveness studies (n = 21) were included since their 
quality was deemed acceptable after evaluation with the 
CHEERS checklist.

Primary care

Healthcare resource use
Twenty-six publications reported the frequency and/or costs 
of primary care visits (general practitioners [GPs], pediatri-
cians, and outpatient visits) (Table 2). Average number of 
primary care visits per varicella episode ranged between 0.04 
and 2.2 visits.

There were large variations across countries in primary care 
seeking behavior for varicella; the proportion of patients hav-
ing a primary care visit ranged between 40% to close to 
100%.27,28,35,41,46,47 Only a few studies analyzed primary care 
visits by age group. In an economic analysis for the United 
States (US), the proportion of outpatient visits were highest in 
infants aged <1 year (78.8%) and adults aged >30–39 years 
(97.6%).48 Age-specific data for Canada suggested that the 
proportion of patients with varicella having a GP visit were 
age-dependent with highest rates observed in infants and chil-
dren aged <2 years (48–57%) and adults aged ≥25 years 
(≥90%).49 In a postal survey carried out in Canada, the pro-
portion of patients visiting a GP was slightly higher in adults 
≥18 years (62.5%) compared with children and adolescents 
aged 5–17 years (43.2% GP visits and 10.3% pediatrician visits) 
and children <5 years of age (32.8% GP visits and 19.7% 
pediatrician visit).27

Eight publications included information regarding the 
frequency of complications encountered in an outpatient 
setting.21,27,28,31,35,37,39,50 The proportion of outpatients 
requiring hospitalization or experiencing complications 
varied between 0.6% and 14.8%. Three studies compared 
complication rates between outpatients and inpatients: 
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between 6.7% and 14.7% of outpatients had complications 
compared with 82.7% to 92.6% of inpatients.31,37,50

Direct costs
Costs associated with primary care visits ranged between $4 
(Brazil) and $148 (United Kingdom [UK]), with most coun-
tries reporting average costs <$50 (Table 2). Lowest GP costs 
were reported for studies conducted in South America and 
Eastern Europe. There were five studies reporting GP costs > 
$50, all of them being conducted in Europe.21,32,38,46,51 Cost 
per outpatient visit did not change as a function of age 
group.6,25,41

Secondary care

Healthcare resource use
Seventeen publications reported the proportion of varicella 
cases leading to hospitalization and 11 publications reported 

the hospitalization rate per 100,000 people (Table 3). In general, 
<1% of patients with varicella required hospitalization. Age- 
specific data showed that the risk of being hospitalized was 
highest in infants (<1 year) and adults. Hospitalization patterns 
were similar across countries and regions.

Fifteen publications analyzed the relative proportion of 
different complications (or no complication) among hospita-
lized patients, length of stay (LoS) and/or complication- 
specific costs (Table 4). Average LoS in patients without com-
plication ranged between 2.1 and 4.7 days;15,35 variability in 
average LoS was larger in patients with complications, varying 
from 1.1 days for patients with febrile convulsions to 48 days 
for patients with encephalitis or cerebral vasculitis associated 
with severe sequelae.15,58

Direct costs
Varicella-based hospitalization costs per episode or per day 
were reported in 36 studies. Average hospitalization costs 

Figure 1. (a) PRISMA flow chart for the global search and B) geographical distribution. * Please note that two publications used the same epidemiological data (Wutzler 
et al., 2002 and Wagenpfeil et al., 2004)19,20. Only Wutzler et al., 2002 is retained in this count as presenting unique data. However, the Wagenpfeil et al. 2004 
publication is cited together with Wutzler et al., 2002 where appropriate.
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per episode varied between approximately $190 and $38,000 
while costs per inpatient day ranged between approximately 
$48 and $1,700 (SI Table S5). When looking at hospitaliza-
tion costs by complication, the average costs per hospitaliza-
tion episode ranged between $1,300 and $38,000 depending 
on the type of complication and average LoS (Table 4). One 
case of multiorgan failure and death was excluded from this 
analysis since considered an outlier: the patient spent 32  
days in the intensive care unit, leading to a total cost of 
approximately $130,000. For most types of complications, 
both LoS and cost data were right skewed with few patients 
requiring prolonged periods of hospitalization. 
Uncomplicated cases were less costly compared with com-
plicated varicella.15,21,48 Costs were in general lower in 
younger age groups compared with adults.52

Direct costs contributions

Eleven publications reported the relative contribution of differ-
ent cost items to total direct costs, revealing differences in the 
contribution of primary and secondary healthcare to total costs 
and variations in health seeking behavior between countries (SI 
Figure S1). Zhou et al. [2005] found that in the US 47.9% and 

52.1% of total direct costs due to varicella were generated by 
hospitalizations and ambulatory visits.55 In a public health 
impact study in Germany, Banz et al. [2004] found that con-
tributions from ambulatory and inpatient care were similar 
(21.3% vs 21.7%, respectively) from a payer’s perspective.30 In 
this study, the payer’s perspective also included indirect costs 
(57.0%) for reimbursements related to workdays lost effectuated 
by the healthcare system to parents. In Argentina, 77.4% of total 
direct costs were generated by visits to hospital outpatient 
clinics, while visits to the doctor’s office and hospitalizations 
only accounted for 5.4% and 3.3% of total direct costs.22 In 
Poland, GP visits accounted for the majority (85.4%) of total 
direct costs, while hospitalizations accounted for 2.3%.37 Other 
major contributors were emergency rooms (ER) visits (5.5%) 
and prescription medication (4.3%). In Spain, primary health-
care visits accounted for 30.2% of total direct costs, while ER 
visits contributed 16.1% and prescription drugs 39.2% to total 
direct costs.39 Hospitalization costs were not reported in this 
study. In another economic evaluation in Spain, total direct cost 
contributors were analyzed by age groups (≤14 years, >14  
years).40 Medical consultations accounted for 50.3% and 38.4% 
of direct costs in patients aged ≤14 years and >14 years, respec-
tively, while hospitalizations accounted for 12.7% and 24.8%. In 

Table 2. Number of GP/Primary care visits and costs per varicella case.

Reference Country Study Design
Number of GP visits per 

episode
Costs/visit (US$ 

2020)

Giglio et al. (2018)22 Argentina Multi-center, retrospective chart review in children 1– 
12 y

2† 27.99

Wolfson et al. (2019)23 Argentina Health resource utilization – international study 2.2 (Argentina) -
Peru 1.1 (Peru)
Mexico 1.3 (Mexico)
Hungary 1.1 (Hungary)
Poland 1.3 (Poland)

Bilcke et al. (2010)24 Belgium Cost-effectiveness analysis in children and adults - 66.40
Valentim et al. (2008)25 Brazil Cost-effectiveness analysis -‡ 4
Brisson et al. (2002)26 Canada Cost effectiveness analysis 1 21.71
De Wals et al. (2001)27 Canada Postal survey in families with children aged 6 m–12 y
Littlewood et al. (2015)28 France Cost-effectiveness analysis in children and adults - 39.69
Banz et al. (2003)29 Banz et al. (2004)30 Germany Decision analytical model 0.04–2.01* 3.97–49.66§
Meszner et al. (2017)31 Hungary Multi-center retrospective chart review 1.2 5.3–13.0¶
Thiry et al. (2004)32 Italy Cost effectiveness analysis 0.5–2 25.77–68.71§
Coudeville et al. (2004)33 Italy Cost effectiveness analysis
Melegaro et al. (2018)34 Italy Cost effectiveness analyis
Wolleswinkel-van den Bosch et al. 

(2011)35
Netherlands Internet questionnaire (to parents) 1–1.6§ 20.2¶

Boot et al. (2006)36 Netherlands Cost effectiveness analysis
Haugnes et al. (2019)21 Norway Cost analysis (primary care and hospitalizations) 1.3 43.16–69.06§
Wysocki et al. (2018)37 Poland Retrospective chart review 1.3 9.18–16.02§
Peña Blasco et al. (2017)38 Spain Benefit-cost analysis/retrospective chart review 2 12.70–117.76§
Dìez-Domingo et al. (2003)39 Spain Prospective data collection and cost evaluation 1.42 -
Lenne et al. (2006)40 Spain Cost-effectiveness analysis 1.54‡‡ 35.38–43.45
Banz et al. (2009)6 Switzerland Cost-effectiveness analysis 0.06–1.21 31.19††
Wolfson et al. (2019)41 Turkey Cost-effectiveness analysis 1–2 (age specific) 23.48
Turel et al. (2013)42 Turkey Single-center retrospective chart review - 10.80
van Hoek et al. (2012)43 UK Cost-effectiveness analysis 1.4–1.81 147.87
Walker et al. (2017)44 UK Retrospective database analysis 1.1 -
Hsu et al. (2003)45 Taiwan Cost-benefit analysis 1.8 33.75

GP: general practitioner, m: months, y: years. 
− Not reported 
†Mean number of outpatient healthcare encounters among patients who had an outpatient visit. 
‡ Number of GP visits reported by Valentim et al., 200825 were based on Canadian and UK data and therefore not shown here. 
* Lower range refers to physician visit to patient’s home. 
§Ranges are provided where no mean values could be calculated. 
¶ Costs could not be converted to 2020 US$ and are shown in 2017 Euros. 
†† Excluded one cost value that included travel costs. 
‡‡ Estimation based on data published by Dìez-Domingo et al., 2003.39
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both age groups, prescription medications contributed mark-
edly to total direct costs with 33.9% and 34.9%, respectively. In 
a cost-effectiveness model for Canada, physician visits and pre-
scriptions accounted for 33.9% of total direct costs, while hos-
pitalizations contributed 66.1% to total direct costs.26 In Italy, 
outpatient and inpatient costs accounted for 51.3% and 44.1% of 
total direct costs, respectively.32 The remaining costs were due 
to encephalitis sequelae, analyzed separately by the authors. In 
a cost evaluation study in Poland, 85.4% of varicella-related 
direct costs were attributable to GP visits, while hospitalization 

and prescription medications accounted for 2.3% and 4.3% of 
total direct costs.37 On the other hand, prescription medications 
were the major contributor (57.6%) to total direct costs in 
a Hungarian cost evaluation study; GP visits (17.0%), visits to 
outpatient clinics (12.6%) and hospitalizations (3.5%) contrib-
uted less to total costs.31 Five cost-effectiveness studies included 
long-term care costs due to sequelae, but only three studies 
reported cost estimates. Annual costs related to institutional 
care of people with long-term disability varied between approxi-
mately $4,000 (Brazil) and $155,000 (US).25,48 Hsu et al. 

Table 3. Hospitalization rate (%) by age group.

Age group (years)

Reference/Country/Study Design Overall <1 1–5 6–10 11–24 25–44 45–65 ≥65

Proportion (%) of Patients with Varicella Hospitalized
Coudeville et al. (2004)33 Italy/CEA 2.6 0.3 0.3 0.3/1.5 1.5 1.5 1.5
Melegaro et al. (2018)34 0.24
Italy/CEA
Littlewood (2015)28 1.6 0.1 0.1 0.1/0.3 0.7/0.9 3.2 3.8
France/CEA
Wutzler et al. (2002)19 0.78
Germany/CEA
Wolleswinkel-van den Bosch (2011)35 

Netherlands/Internet questionnaire
0.7

Lenne et al. (2006)40 0.23 0.23 0.23 0.23/ 
1.36Spain/CEA

Dìez-Domingo et al. (2003)39 0.73
Spain/Prospective observational
Peña Blasco et al. (2017)38 0.52–1
Spain/Cost benefit analysis
van Hoek et al. (2012)43 1.4 0.6 0.2 0.4 1.0 1.9 4.8–8.3
UK/CEA
Wolfson et al. (2019)41 25 8 4.2 3.7 4.2 6.5 14.7
Turkey/CEA
Zhou et al. (2008)48 0.6 0.2 0.1 0.2/2.1 2.1 NR NR
US/CEA
Brisson and Edmunds (2002)26 0.5 1.8 0.4 0.2 0.4/0.5 1.4 1.9 7
Canada/CEA
De Wals et al. (2001)27 Canada/Retrospective survey 0.6 0.6 0.7
Valentim et al. (2008)25 0.15 0.3 0.13 0.15 0.27 0.25 1.08 3.36
Brazil/CEA
Hsu et al. (2003)45‡ 0.5
Taiwan/Cost benefit analysis
Esmaeeli et al. (2017)47 3.0
Iran/CEA

Hospitalizations per 100,000 people
Guillen et al. (2010)52 2.2 2.0 3.4/4.1 0.9/1.1 1.1
Spain/Retrospective database analysis
Bilcke et al. (2010)24 0.2–2.8 130–158 0–158
Belgium/CEA
Bilcke et al. (2012)46 Belgium/Retrospective database analysis + surveys 5.3
Boot et al. (2006)36 1.3
Netherlands/CEA
Hobbelen et al. (2016)53 7.62 50.89 50.89 50.89 1.99 1.99 1.99 1.13
UK/Retrospective database analysis
Bernal et al. (2019)15 8.89
UK/Retrospective database analysis
Brisson et al. (2001)49 74/71 36/40 8/11 2–4/2 4/3 1/1 1/2
UK/Canada/CEA
Widgren et al. (2016)54 3.56 36.1 19.8–41.0 4.4–10.6 1.5–2.6 1.5 0.8 1.2
Sweden/Healthcare register review
Zhou et al. (2005)†55 45.1 9.9 9.9 1.5 0.8
US/Retrospective database analysis
Tseng et al. (2005)56 0.1
Taiwan/CEA

Several values are reported per age group if the original publications had more than one age category falling in a single predefined age group. 
CEA: cost-effectiveness analysis. 
†Both pre- and post-vaccination hospitalization rates were reported. Values shown in this table correspond to pre-vaccination hospitalization rates. 
‡ Hospitalization rates reported in the publication are taken from Yawn et al.57
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Table 4. Hospitalizations, length of stay and costs by specific complication type.

Complication Country/Study Design
Proportion of Hospitalizations 

(%)† Mean LoS (Days) Mean Costs (US$ 2020)

No complication
UK (Bernal et al. 2019)15/Retrospective database analysis - 2.1 1,566
Netherlands (Wollenswinkel van den Bosch et al., 2011)35/Internet 

questionnaire
0.1 4.7

At least one complication
Belgium (Bilcke et al. 2010)24/CEA - 2–13 5,188.47
UK (Bernal et al. 2019)15/Retrospective database analysis 38.1 6.6 (95%CI: 6.2–6.9) 2,760–2,961 (mean: 

2,860.19)
Taiwan (Hsu et al. 2003)45/Cost-benefit analysis - - 1,308
Italy (Losurdo et al. 2005)58/Retrospective chart review 12.14 13 -
Poland (Wysocki et al. 2018)37/Retrospective chart review - - 1,543.88
Mexico (Macias-Parra et al. 2018)59/Retrospective observational study 22.1 12 4,436.45–5,244.27
Netherlands (Wollenswinkel van den Bosch et al. 2011)35/Internet 

questionnaire
3.0 7.1

Cardiovascular
UK (Bernal et al. 2019)15/Retrospective database analysis 0.04 28.8 (95%CI: 18.6–39.0) 1,660–14,651

Cerebellitis/cerebellar ataxia
Belgium (Bilcke et al. 2010)24/CEA 4.7–5.5‡ - 9,147.20
Italy (Bozzola et al. 2020)††60/Retrospective chart review - 10 (range: 3–20) €6,068
Italy (Losurdo et al. 2005)58/Retrospective chart review 4.7 9 -

Ear/nose/throat
UK (Bernal et al. 2019)15/Retrospective database analysis 2.6 2.6 (95% CI: 1.8–3.5) 1,555–6,719
Germany (Wagenpfeil et al. 2004)20/Retrospective chart review 1.1 (otitis media in children 

≤12 years)
- -

Encephalitis, myelitis, and encephalomyelitis
Belgium (Bilcke et al. 2010)24/CEA 4.7–5.5† 9,147.20
Italy (Losurdo et al. 2005)58/Retrospective chart review 30.2 47.9 -
Norway (Haugnes et al. 2019)21/Healthcare costs analysis 3.5 €5,476
US (Zhou et al. 2008)48/CEA - - 18,619.55

Febrile convulsions/seizure
UK (Bernal et al. 2019)15/Retrospective database analysis 3.4 1.1 (95% CI: 1.1–1.2) 1,280–1,368 (mean: 

1,324)

Gastrointestinal
UK (Bernal et al. 2019)15/Retrospective database analysis 6.0 9.1 (95%CI: 7.9–10.3) 1,686–24,174

Hematological
UK (Bernal et al. 2019)15/Retrospective database analysis 1.57 19.3 (95% CI: 16.4–22.2) 1,921–12,003

Lower tract respiratory infection
Belgium (Bilcke et al. 2010)24/CEA 5.0–5.1 - 8,833
Italy (Azzari et al. 2007)61/Retrospective chart review 19.1 9,160
UK (Bernal et al. 2019)‡‡15/Retrospective database analysis 5.5 14.9 (95% CI: 13.6–16.1) 1,541–12,053
Germany (Banz et al. 2004)30/Cost benefit analysis 41.4 Range: 1.4–11.6 -
Germany (Wagenpfeil et al. 2004)20/Retrospective chart review 41.0 - -
Italy (Losurdo et al. 2005) ‡‡58/Retrospective chart review 7.0 6.3 -
Norway (Haugnes et al. 2019)††21/Healthcare costs analysis 3.0 - €14,750
US (Zhou et al. 2008)‡‡48/CEA - - 6,502
Turkey (Turel et al. 2013)42/Retrospective chart review 21.7 - -
Turkey (Büyükcam et al. 2016) ‡‡62/Retrospective chart review 19.0 - -

Meningitis
UK (Bernal et al. 2019)15/Retrospective database analysis 0.2–8.5 19.2 (95%CI: 9.8–28.6) 

Varicella meningitis: 9.6 (95%CI: 
8.1–11.1)

3,442–6,734

Norway (Haugnes et al. 2019)21/Healthcare costs analysis 6.2 - €7,883

Musculoskeletal
UK (Bernal et al. 2019)15/Retrospective database analysis 0.6 11.1 (95%CI: 8.9–13.3) 1,971–5,926

Neurological
UK (Bernal et al. 2019)15/Retrospective database analysis 8.8 8.9 (95%CI: 8.2–9.7) 2,388–11,034
Germany (Banz et al. 2004)30/Cost benefit analysis 43.9 1.3 (ward)/2.6 (ICU) -
Germany (Wagenpfeil et al. 2004)20/Retrospective chart review 44.0 - -
Italy (Azzari et al. 2007)61/Retrospective chart review 44.7§§ Range: 1 to 32
Turkey (Turel et al. 2013)42/Retrospective chart review 29.9 - -
Turkey (Büyükcam et al. 2016)62/Retrospective chart review 12.8 - -

Ocular
UK (Bernal et al. 2019)15/Retrospective database analysis 0.8 5.4 (95%CI: 2.5–8.2) 1,508–10,072
Italy (Azzari et al. 2007)61/Retrospective chart review 2.1 6 6,123

Other
Belgium (Bilcke et al. 2010)24/CEA 6.1–8.5 - 5,247.63
UK (Bernal et al. 2019)15/Retrospective database analysis 0.6 7.8 (95%CI: 5.3–10.3) 1,332–38,268
Germany (Banz et al. 2004)30/Cost benefit analysis 19.8 5.9 -
Germany (Wagenpfeil et al. 2004)20/Retrospective chart review 20 - -
Italy (Losurdo et al. 2005)58/Retrospective chart review 34.9 6.9 -

(Continued)
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reported a cost related to long-term sequelae of approximately 
$494,000 for Taiwan.45

Indirect costs

The most important contributor to indirect costs were work-
days lost either due to parents taking time off to care for their 
sick child or adults themselves having varicella disease (SI 
Table S6). In preschool children, whether parents took days 
off work depended on the type of childcare solution: 41% to 
51% of parents reported workdays lost if the child attended 
a childcare center while no workdays were lost with alternative 
care solutions (SI Table S6).25,35,46 Overall, for children, the 
average number of workdays lost by the parent varied between 
0.27 and 8.8 days/varicella case. In adults, a mean number of 
2.5 to 5.0 workdays were lost for uncomplicated varicella cases 
vs 4.2 to 11.7 days for complicated cases.26,41 Several studies 
adopted a wider perspective, including also costs incurred by 
premature death or long-term sequelae, transportation costs 
and costs related to loss in leisure time.6,25,32,39,45,48

Despite marked variation between studies and/or countries, 
indirect costs account for approximately two-thirds of overall 
costs in most studies (Figure 2).

Discussion

We investigated the data available on HCRU and costs related 
to varicella and its complications. Forty-four studies were 
included; 19 observational studies, 4 studies with a mixed 
design and 21 cost-effectiveness studies. Studies covered dif-
ferent geographic regions, i.e., Europe, North and South 
America, Middle East and Asia (Figure 3).

Results of this SLR highlight the burden of varicella to the 
healthcare system, with the highest HCRU occurring in the 
primary care setting. Despite the relatively modest cost of primary 
healthcare encounters (<$50 per visit), these visits contributed 
between 30% and 85% to overall costs due to the high incidence 
of varicella. There were marked variations in primary care 

Table 4. (Continued).

Complication Country/Study Design
Proportion of Hospitalizations 

(%)† Mean LoS (Days) Mean Costs (US$ 2020)

Norway (Haugnes et al. 2019)21/Healthcare costs analysis 19.0 - €4,562

Renal
UK (Bernal et al. 2019)15/Retrospective database analysis 2.9 21.7 (95%CI: 19.5–24.0) 1,733–17,030

Respiratory

Skin
Belgium (Bilcke et al. 2010)24/CEA 13.9–17.0 - 5,600–11,573
UK (Bernal et al. 2019)15/Retrospective database analysis 11.3 4.8 (95%CI: 4.3–5.4) 1,716–11,321
Germany (Banz et al. 2004)30/Cost benefit analysis 1.7–2.5 5.3 -
Germany (Wagenpfeil et al. 2004)20/Retrospective chart review 2.1 - -
Italy (Losurdo et al. 2005)58/Retrospective Chart review 16.3 7.6
Italy (Azzari et al. 2007)61/Retrospective chart review 10.6 4.8 (25,226.08) 

5,045
Turkey (Turel et al. 2013)42/Retrospective chart review 32.6 - -
Turkey (Büyükcam et al. 2016)62/Retrospective chart review 34 - -

Systemic
UK (Bernal et al. 2019)15/Retrospective database analysis 2.1¶ 19.8 (95%CI: 16.5–23.1) (1,797–17,147)
Italy (Azzari et al. 2007)61/Retrospective chart review 8.5¶¶ 4.3 (18,815.21) 

4,704

- Not reported. 
† Proportion with respect to all varicella hospitalizations. 
‡ Also includes encephalitis and sepsis/purpura fulminans/necrotizing varicella. 
¶ Only considers sepsis. 
†† Costs could not be converted to $2020 and are shown in reported currency. 
‡‡ Includes all respiratory complications. 
§§ Neurological complications included seizures, cerebellitis, abducens nerve palsy, stroke, drug poisoning, neonatal varicella, and multiorgan failure followed by 

death. This last case had a cost of $129,733 (cost not shown in table). 
¶¶ Disseminated or hemorrhagic varicella.

Figure 2. Relative proportion of direct and indirect costs to total costs (%).
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seeking behavior across countries and regions. While in Canada 
and the Netherlands, ≥40% of people with varicella had no 
primary healthcare visits, surveillance data from France, Italy, 
and Turkey suggested that >90% of cases lead to at least 1 primary 
healthcare encounter. Similar variations in primary care require-
ments were found in a previous SLR limited to Europe: between 
18% and 100% of varicella cases led to a primary healthcare visit 
depending on country and age-group.7 These findings may reflect 
cultural differences in health seeking behavior.63 For example, 
qualitative research in Norway suggests that Northern European 
behaviors are more parsimonious in the use of diagnostic tests 
and prescriptions compared with their Southern counterparts.64

Structural differences in healthcare systems, such as ease of 
access and copayments, could also influence health seeking 
behavior.65,66 However, comprehensive data on varicella- 
related primary healthcare encounters is scarce and often 
lacks detailed information regarding cost components and/or 
the impact of complications, age and other factors on HCRU 
and costs. Further research is needed to describe the burden of 
varicella and associated costs in the primary care setting across 
differing health systems, populations, and geographies.

Despite the fact that varicella is usually considered a benign 
infection, it may lead to complications and hospitalizations 
both in children and adults. Hospitalization rates were similar 
across countries and regions and in general <1%. 
Hospitalization rates were highest in the youngest age group 
< 1 year, consistent with other SLRs: In Europe, hospitalization 
rates reported in the SLR by Riera-Montes et al. varied between 
0.05% and 3.5% with the highest proportion of hospitalizations 
observed in children aged <5 years.7 In South America, hospi-
talization rates of approximately 1% were reported for 
Colombia and Brazil (pre-vaccination).9

Large variations in hospitalization costs per varicella epi-
sode were observed depending on country, type of complica-
tion and duration of hospitalization. Average LoS ranged 
between 2 and 48 days; LoS could be longer in individual 
patients, mostly driven by the severity of the complication. 
As a result, hospitalization costs correlated with LoS, manifest-
ing a right skewed distribution. In general, hospitalizations 
accounted for 2% to 25% of total direct costs. Differences 
could be due to methodological differences, i.e., the granularity 
used in breaking down cost components or country-specific 
differences, i.e., healthcare expenditure, income levels, coun-
try-specific treatment guidelines, healthcare resource availabil-
ities, and physician practices.23 Pawaskar et al. reviewed the 
economic burden of varicella in Europe.8 Average LoS was 
4.85 days in high-income countries and 5.89 days in low- and 
middle-income countries and hospitalization costs accounted 
for 2% to 21% of total costs, including indirect costs.8 In an 
SLR specific to Latin America and the Caribbean, average LoS 
ranged between 3 and 8.5 days.9 Also, severe complications 
could potentially lead to long-term sequelae such as persisting 
motion deficits (hemiparesis, nerve palsy, convulsion), scar-
ring, bone and joint defects after infectious complications.58,67 

Only few studies reported on costs related to long-term dis-
ability and further studies are needed to evaluate the burden of 
varicella-related sequelae.19,25,29,45,48

Indirect costs, mostly valued through workdays lost, 
accounted for approximately two thirds of total costs. 
A major contributor were workdays lost which for uncom-
plicated varicella varied between 0.3 and 2.5 days/case for 
children and between 2.5 and 5.0 days/episode in people 
>15 years. In case of complications, number of workdays 
lost were higher (up to 26.1 days/case). The proportion of 

Figure 3. Plain Language Summary.
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children attending daycare centers, employment rates and 
average wages were shown to influence indirect costs and 
lead to differences between countries. In the SLR by 
Pawaskar, indirect costs contributed between 36% and 
77% of total costs incurred by varicella, emphasizing the 
high burden of varicella due to indirect costs.8 Further 
research is needed to assess quantify the extent of school 
and work absenteeism and productivity losses incurred due 
to varicella.

More precise estimates of the size of varicella-related 
HCRU and costs would be of interest to policymakers 
when considering the introduction of varicella vaccine in 
their universal mass vaccination (UMV) program. Several 
countries have already introduced UMV since the availabil-
ity of varicella vaccines on the market, including the US, 
Canada, Germany, Finland, Italy, Spain, Greece and 
Luxembourg.68 Other countries (e.g. UK, Switzerland, 
Netherlands) have been hesitant due to concerns regarding 
the size of the burden of disease and the economic benefit 
of preventing a disease perceived as mild.15,36,69,70 The 
strength of this study is to provide a comprehensive sum-
mary of the economic burden of varicella using current 
evidence from high-quality studies.

There are several limitations to this SLR. We have opted 
to include both observational and cost-effectiveness studies 
to retrieve epidemiological, HCRU and costs data. This 
approach may lead to bias since cost-effectiveness studies 
rely on a variety of sources including published literature. 
We have not systematically assessed the quality of these 
sources. Information about complications and complication 
rates is non-exhaustive and requires additional research 
with focus on complications. Reporting of outcomes (e.g., 
HCRU, costs, complications), and break-down into differ-
ent age-groups is very heterogeneous: some publications 
engage into a granular reporting approach both in terms 
of age category and type of complications; others only 
include main categories of complications and stratify the 
population into children and adults.

Social interactions may also vary between countries, 
leading to different contact matrices and a shift in the 
peak varicella incidence across age groups. Some complica-
tions are rare and mentioned only in few publications. 
Therefore, no firm conclusion can be drawn with regards 
to rare complications, HCRU and costs by complication 
and age. In addition, varicella is a non-notifiable disease 
in most countries and primary care data are scarce.20 

Therefore, estimated varicella incidence relies mainly on 
seroprevalence studies. This could lead to uncertainty in 
true varicella incidence and primary healthcare use. Very 
limited information is available regarding long-term seque-
lae due to varicella. While rare, persistent deficits have 
a major impact on families and patients and lead to the 
need for long-term HCRU, which should be considered 
when assessing the burden of varicella. Finally, different 
methods of cost conversion exist, and the choice of method 
may have an impact on cost results. In this study, costs 
were first converted to $US using purchase power parity, 
which will directly reflect the basket of goods and services 
that could be obtained the same year, in the US.

Conclusion

Varicella and its complications can lead to substantial HCRU 
and costs in both outpatient and inpatients settings. Further 
research is needed to characterize complications rates in 
a population-wide setting, with special attention to HCRU, 
duration of hospitalization and long-term sequelae to allow 
for economic burden estimation.
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