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About this publication

The Public Health Agency of Sweden (PHAS) has conducted an evaluation of the
prerequisites and conditions for the possible inclusion of vaccination against
varicella (chickenpox) for children in a national vaccination program. This report
describes the current knowledge, conditions, and assessments that will form the
basis for making a policy decision on whether to introduce varicella vaccines in the
national vaccination program for children.

The Public Health Agency of Sweden is required by law to evaluate thirteen factors
when proposing changes to the national vaccination programme. This report
summarizes the current evidence for these thirteen criteria regarding vaccination
against varicella. A summary of a modelling assessment of the potential impacts of
varicella vaccines based on the Swedish context and a cost-effectiveness analysis
of the vaccination and the expenses and savings for the state, the regions and the
municipalities is included. The medical ethics and humanitarian considerations
(criteria 13) are analysed and published separately by the Swedish National
Council on Medical Ethics (SMER).

The main target group for this publication is the government of Sweden (the
Ministry of Health and Social Affairs). It could also be of interest for health
professionals in Sweden and elsewhere, as well as ministries of health and public
health institutions in other countries considering vaccination against varicella
zoster virus-induced infections. This report will serve as the summary of evidence
as reference to a proposal to the Swedish government regarding a national
vaccination programme against varicella. The report was composed by a working
group comprised of analysts from the Public Health Agency of Sweden and
external experts (see Appendix A).

This report was initiated in June 2018 but was halted due to the COVID-19
pandemic. The work was restarted and has since then been updated with new data
between October 2022 and September 2023. A round of referral was performed in
June 2024. After considering input from referral, the final work was handed in to
the government by October 2024.

The Public Health Agency of Sweden

Olivia Wigsell
General Director
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Summary

Purpose of the evaluation

The national immunisation programmes (NIPs) are regulated by the Communicable
Diseases Act (SFS 2004:168). This act stipulates that a communicable disease shall
be covered by a national vaccination programme if the vaccination against the
disease is expected to:

o Effectively prevent communicable diseases from spreading in the population
e Be socioeconomically cost effective
e Be sustainable from an ethical and humanitarian point of view.

At the advice of the national reference group for vaccinations, convened under the
auspices of the Public Health Agency of Sweden (PHAS), and an internal decision
at the PHAS, varicella vaccinations were prioritised for review.

Burden of varicella-zoster virus (VZV)-caused disease in Sweden

In principle the whole population in Sweden is exposed to and infected with VZV
at a young age. In Swedish seroprevalence studies it has been shown that by the
age of twelve years approximately 92-98% have been infected. For most children
varicella is a mild disease, but around 300 children and adults per year are admitted
to hospital, with an average stay of 3-4 days. About five times as many children
and adults seek medical evaluation in the primary health care system due to
varicella and its complications. Risk factors for complications include
malignancies, immunosuppression, neurological disabilities, and respiratory
disease. Complications include secondary skin infections and neurological
symptoms, e.g. cerebellitis. Infection late in pregnancy or at the time of delivery
may lead to infection of the unborn or the newborn child. These infections can
become very severe and needs to be treated promptly. About one third of the
hospitalised cases are in need of antibiotic treatment. The infection affects society
in terms of parents being absent from work to care for their sick children and
production loss at work places.

A late complication of the acute varicella infection is herpes zoster (HZ). HZ can
occur any time during life after a varicella infection, but is most commonly seen
after 65 years of age. The burden of HZ in terms of clinical disease requiring
treatment and hospitalisation is high. The lifetime risk of developing HZ is around
30 percent, and in Sweden approximately 34 000 cases are evaluated in the health
care system per year. Of them, approximately 1200 require hospitalisation yearly.

Vaccines against varicella

There are four different vaccine products available for protection against varicella,
two monovalent against varicella only and two tetravalent in combination with
vaccines against measles, mumps, and rubella (MMRYV). These are all live



attenuated vaccines, and in terms of effectiveness and side effects the vaccines can
be considered similar although there is more scientific data available regarding the
two vaccine products Varivax and ProQuad compared to Varilrix and Priorix-
Tetra.

Impact of varicella vaccination

Post-licensure studies, including systematic reviews, consistently show very high
estimates of vaccine effectiveness (VE) in the prevention of severe illness from one
dose, about 95-98 percent, as well as in the prevention of all grades of any
varicella illness from two doses, almost 100%. The VE against all varicella from
one-dose programmes is somewhat lower at 81-85 percent.

Two main concerns regarding the introduction of varicella vaccines in national
programmes have been the risk of causing an upward shift in age for varicella
infections to older children, teenagers and adults and the impact on HZ rates. By
reaching a vaccine coverage high enough to interrupt virus circulation in the
population, the risk of an upward shift in age will be diminished; however,
unvaccinated individuals will remain susceptible to infection should they be
exposed to VZV later in life. The impact of varicella vaccination on HZ rates in
individuals that acquired wild-type VZV in a natural infection is still debated
including the role of exogenous boosting.

Recurrent exposure to VZV has been believed to improve the immune response to
the VZV and provide protection against HZ, so-called exogenous boosting.
However, an increasing body of evidence indicates that varicella vaccinations do
not have a substantial impact on the incidence of HZ by reducing circulating VZV.
There has been an increase of HZ in the elderly in Western countries, but this trend
started many years before varicella vaccinations were introduced and has been
attributed to more aggressive treatments of cancer and autoimmune diseases
causing immunosuppression. A number of follow-up studies indicate that the
possible role of vaccines against varicella on herpes zoster incidence is, if any,
quite limited. However, the varicella vaccine virus itself has been shown to be less
prone to reactivation later in life and may this way be protective against herpes
zoster in a life perspective although the observation period so far is up to 18 years
of age.

Expected impact of vaccinations on burden of disease in the Swedish context
(modelling studies)

We modelled the impact of varicella and/or HZ vaccination on VZV transmission
in Sweden with an assumed moderate impact from exogenous boosting. The model
suggests that vaccinating against varicella with a two-dose programme in young
children will considerably decrease disease caused by VZV. After 8 years there
will only by a few hundred cases of varicella per year and the number of HZ cases
will be prevented more effectively in the long run (after about 40 years) than from
the HZ vaccine. If catch-up vaccination of older susceptible children and teenagers



up to 18 years also takes place at the start of a vaccination programme, the
circulation of varicella will be interrupted after only two to three years.

Number of doses needed

Based on experiences from national immunization programmes (NIPs) in countries
such as Germany and United States where varicella vaccines were first introduced,
it is evident that a two-dose schedule is more efficient in terms of control of all
varicella-induced morbidity and transmission.

Target groups for vaccination

The varicella vaccines are approved from the age of 9 months, and there are several
programme design options. One or two doses could be given to young children
either independently or in combination with MMR, i.e. as a monovalent varicella
vaccine or as a tetravalent MMRYV vaccine. The various scenarios, of whether to
start vaccination at 12 or 18 months and whether to offer the second dose at 18
months, 5 years or 7 years, are taken into consideration in the modelling and health
economic evaluations.

Vaccine safety

Safety data from clinical trials and worldwide post-marketing for the available
vaccines against varicella include hundreds of millions of doses. The vaccines are
generally safe to administer and are well tolerated. In population studies after
authorisation of ProQuad and Priorix-Tetra febrile seizures have been observed 5-
12 days after MMRYV offered as first dose and has been estimated to 1 child per

2 000 — 3 000 vaccinated, which is about double the frequency compared to when
monovalent varicella vaccine is used. Both monovalent and tetravalent vaccines are
being used for dose 1 in national programmes.

Impact of varicella vaccinations on health care providers

The impact on the health services depends largely on the age groups that are
vaccinated and to some extent which vaccines are used. For children, if varicella
vaccinations are coordinated with existing visits to child health or school health
care, the extra workload is less than if additional visits are required. The aim is to
develop a strategy where both the routine programme and the catch-up vaccination
may be offered during already existing visits.

Attitudes and acceptance for vaccination

Parents in Sweden have a strong intention to vaccinate their children. One study
conducted by the Public Health Agency of Sweden suggests that the vast majority
of parents would choose to vaccinate their children against varicella should it be
offered as part of the NIP.
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Nurses within the child health system execute the vaccination programmes in
Sweden and are therefore important for the parental attitudes to varicella
vaccination. During the evaluation nurses have been represented in the external
expert group and have expressed a preference for offering dose 1 at 18 months
rather than 12 months of age to avoid three needle sticks at any vaccination time-
point. The need for sufficient resources upon a possible implementation was
emphasized.

Other preventive measures

Strategies available for the treatment and prevention of VZV-associated disease
and its complications include antiviral treatment, varicella-specific
immunoglobulins for the exposed neonates, vaccinations of those close to
individuals at risk of developing severe varicella infection (cocooning), and
isolation of at-risk patients. However, no preventive measures can effectively
replace vaccinations.

Monitoring the impact of vaccinations

The main objective of monitoring vaccination programmes is to ensure that the set
goals will be achieved regarding the implementation and impact of the vaccination
on disease burden and the expected risk-benefit profile. Monitoring consists of
follow up of obtained vaccination coverage by dose, disease surveillance by age
group, virological surveillance, seroepidemiology, and routine safety monitoring.
Communication activities

Several actors, such as the regional child health and the school health care, are
involved in supporting a successful NIP through their communication activities.
The PHAS will provide key actors with overall messages and basic information
material for vaccinators and care-takers of children to be invited for vaccination.
Communication strategies for HZ vaccinations will be designed and developed in
similar ways as for varicella, but directed to the recommended target groups, i.e.
immunocompromised, elderly people and health care staff planned to be involved
in vaccinations of those target groups.
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Sammanfattning

Syfte och anledning till utredningen

De nationella vaccinationsprogrammen regleras i smittskyddslagen (SFS 2004:
168). Enligt lagen ska en smittsam sjukdom omfattas av programmet om
vaccination mot sjukdomen forvéntas

o effektivt forhindra spridning av smittsamma sjukdomar i befolkningen,
e vara samhéllsekonomiskt kostnadseffektiv och
e vara héllbart fran etiska och humanitira utgangspunkter.

P& inrddan av referensgruppen for nationella vaccinationsprogram och efter ett
internt beslut har Folkhédlsomyndigheten utrett om vaccination mot vattkoppor och
baltros bor ingé i ett nationellt vaccinationsprogram.

Sjukdomsbdrda orsakad av VZV i Sverige

I princip exponeras hela befolkningen for och smittas av varicella-zoster-viruset
(VZV) i ung élder. Arligen liggs ca 300 barn och vuxna in pa sjukhus med en
medelvardtid pa 3-4 dygn. Ungefar en tredjedel av dessa har komplikationer i form
av bakteriell infektion och behdver behandling med antibiotika. Cirka 1500
personer arligen soker vard inom primérvarden. Riskfaktorer for svar sjukdom ar
immunbrist efter behandling for tumoérsjukdom, annan immunosuppression,
neurologiska funktionsnedséttningar och lungsjukdomar. Sekundéra hudinfektioner
och neurologiska tillstind, som cerebellit, 4r vanligaste komplikationerna.
Infektionen paverkar samhéllet genom att forédldrar ar franvarande frén sitt arbete
for att ta hand om sina sjuka barn och med produktionsforlust som foljd for
arbetsgivaren.

En sen komplikation till vattkoppor &r béltros. Béltros kan uppkomma nér som
helst i tiden efter en vattkoppsinfektion men &r vanligast efter 65 ars &lder. Bordan
av baltros ar hog nar det géller klinisk sjukdom som kraver behandling och
sjukhusvistelse. Risken for att utveckla béltros under en livstid &r cirka 30 procent
och 0kar med &ldern. I Sverige bedoms ungefar 34000 personer per ar inom
sjukvarden, varav uppskattningsvis 1200 personer kraver sjukhusvard.

Vacciner mot vattkoppor

Det finns fyra olika vacciner tillgéngliga mot vattkoppor, varav tva dr monovalenta
(Varivax och Varilrix) och tva ar tetravalenta (ProQuad och Priorix-Tetra) i
kombination med vacciner mot méssling, passjuka och roda hund. Alla fyra &r
levande forsvagade vacciner. Nir det giller effektivitet och biverkningar kan
vaccinerna anses vara likvirdiga, &ven om det finns mer data for Varivax och
ProQuad.
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Vaccineffektivitet

Studier visar genomgéende mycket hog skyddseffekt for vacciner mot vattkoppor.
En dos ger 95-98 procentigt skydd mot allvarlig sjukdom, och tva doser har
skyddseffekt pa 100 procent mot all sjukdom. Vaccinens skyddseffekt mot all
sjukdom efter en dos ar négot ldgre, 81-85 procent. Pa befolkningsniva dr en dos
tillracklig for att minska dodligheten och svar sjukdom orsakad av vattkoppor dven
bland ovaccinerade kohorter, men inte for att férhindra spridning och mindre
utbrott.

Vaccinationens forvéntade péverkan pd sjukdomsbérdan

Exponering for VZV har lange formodats forstiarka immunforsvaret mot viruset
och darmed forstirka skyddet mot baltros hos sedan tidigare vattkoppsexponerade
personer, sa kallad exogen boostring. Det kommer dock fler och fler studier som
talar for att vattkoppsvaccination inte har nagon betydande paverkan pé
biltrosincidensen. Man ser en dkande incidens i véistlander, men denna 6kning
startade redan innan man bdrjade vaccinera i manga liander.

Vi modellerade paverkan av vaccination pa epidemiologin av vattkoppor och
biltros i Sverige och antog en moderat betydelse av exogen boostring jamfort med
tidigare modelleringar. Modellen visar att vaccination mot vattkoppor i tvados-
schema minskar forekomst av sjukdom orsakad av VZV avsevirt och att
genomforande av ikapp-vaccination vid programstart har storre betydelse for
epidemiologin &n valet av alder for dos 1 respektive dos 2. Om ikapp-vaccination
av dldre mottagliga barn och ungdomar genomfors under programmets forsta ar,
skulle efter 2-3 &r endast nagra hundra fall av vattkoppor forekomma per ar. Utan
ikapp-vaccination skulle det ta 6-8 ar att uppnd samma resultat. Antalet fall av
béltros minskar dessutom mer effektivt pa lang sikt (> 40 &r) med vaccination mot
varicella 4n genom vaccination mot béltros.

Antal doser som behovs

Vaccinationsprogram mot vattkoppor med en dos skulle minska allvarlig sjukdom
medan for att minska den allménna spridningen av viruset, d.v.s. totalt antal fall
och utbrott behdvs tvé doser.

Mélgrupper for vaccination

Vaccinerna mot vattkoppor dr godkinda for att anviandas fran 9 manaders alder.
Det finns flera alternativ for ett program. En eller tvé doser kan ges till smé barn
antingen enskilt eller i kombination med vacciner mot méssling, passjuka och réda
hund (MPRV).

Vaccinsakerhet

Sakerhetsdata for de tillgdngliga vaccinerna mot vattkoppor inkluderar hundratals
miljoner doser. Vaccinerna &r i allménhet sékra och tolereras vil. I studier har
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feberkramper observerats efter att MPRV har givits som en forsta dos till barn < 2
ar med en frekvens av 1 fall per 2-3000 vaccinerade barn. Detta har varit ett skél
for vissa lédnder att erbjuda monovalent vattkoppsvaccin som dos 1.

Vaccinationens péverkan pd verksamheter

Péaverkan pa halso- och sjukvarden beror till stor del pa vilka aldersgrupper som
vaccinationer infors for och dven till viss del vilka vacciner som anvénds. Den
extra arbetsbelastningen &r mindre om vaccination mot vattkoppor sker i samband
med befintliga besok inom barnhélsovard eller elevhélsan &n om ytterligare besok
krévs.

Attityder och acceptans for vaccination

Skoterskor inom barnhélsovérden och elevhilsan kommer att ha en viktig roll nér
det géller att stddja attityder for vaccination mot vattkoppor. Behovet av tilldelning
av tillrackliga resurser vid eventuellt inférande betonades.

Foréldrar i Sverige har en stark avsikt att vaccinera. Enligt en studie fran
Folkhdasomnyndigheten skulle majoriteten av forédldrarna vilja att vaccinera sina
barn mot vattkoppor om vaccinet erbjuds som en del av ett nationellt program.

Andra forebyggande atgarder

Tillgéngliga strategier for behandling och forebyggande av sjukdom och
komplikationer inkluderar antiviral behandling, vattkoppsspecifika
immunglobuliner for exponerade nyfédda, vaccination kring individer som riskerar
att utveckla allvarlig sjukdom och isolering av riskpatienter. Inga forebyggande
atgérder kan ersitta vaccinationer.

Uppfdljning av vaccinationernas effekter

Huvudsyftet med uppf6ljning av vaccinationsprogram ér att utviardera om uppsatta
mal angdende genomforande, vaccinationens paverkan pa sjukdomsbordan och en
forvantad risk-nyttaprofil blir uppfyllda. Uppfoljningen kommer att omfatta
uppfoljning av vaccinationstdckning, 6vervakning av sjukdomar, virologisk
Overvakning, seroepidemiologi och sikerhetsovervakning.

Kommunikationsinsatser

Flera aktorer, exempelvis barn- och skolhélsovarden, deltar med
kommunikationsinsatser for att stodja ett framgéangsrikt vaccinationsprogram.
Folkhilsomyndigheten ger nyckelaktdrer 6vergripande budskap och grundlidggande
informationsmaterial.
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Background

Varicella zoster virus (VZV) infections

VZV is a highly contagious herpes virus that only affects humans and can cause
both varicella (chickenpox) and herpes zoster (HZ, shingles). Varicella is the
presentation of primary infection occurring after the first-time successful exposure
to VZV from someone with varicella (common) or with HZ (rare). Viral spread
from someone with varicella is very high, mainly through air and droplets.
Varicella is a disease normally occurring only once in a lifetime, i.e. it induces life-
long immunity, and after the primary infection VZV will remain in the body in a
dormant state.

This latent infection in which the virus is located in nerve cells of the posterior root
of spinal nerves can reactivate weeks to decades later leading to virus replication
and zoster blisters in the area of the affected nerve. The risk increases with age
and/or certain illnesses and treatments. This secondary VZV infection is not a
separate infectious disease, but rather a late complication of the previous varicella
infection. Viral spread from zoster blisters can occur and may cause a case of
varicella. The HZ can in turn also have subsequent complications, of which
persistent pain after resolution of the zoster rash is the most common, so-called
post-herpetic neuralgia (PHN). Further reactivations to more episodes of HZ can
occur.

Varicella commonly affects children of pre-school age, and in non-tropical
countries where vaccinations against varicella are not used virtually all children are
exposed and become infected. Thus, in principle the whole population will also
become carriers of the virus (1).

Vaccines against varicella

In Europe four different vaccines are available against varicella, including two
monovalent vaccines against varicella only (Varilrix® manufactured by
GlaxoSmithKline (GSK) and Varivax® manufactured by Merck) and two
tetravalent vaccines in combination with vaccines against measles, mumps, and
rubella (MMRYV; Priorix-Tetra®, GSK, and ProQuad®, Merck). These are all live
attenuated vaccines based on the same strain of VZV (the Oka strain, originally
from Japan) (2).

VZV vaccination in NIPs

Varicella vaccination

The first countries to introduce one-dose programmes were the US (1995), Canada
(1999), and Uruguay (1999). A second dose was added in the US (2006), in
Canada with variation by province (from 2011 onwards), and in Uruguay (2014).
One-dose programmes were also introduced in Australia (2004) and in some
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countries in Central and South America, whereas others initiated two-dose dose
schedules from the start. This included Japan, the origin of the Oka strain vaccine,
where a two-dose programme was introduced in 2014 (2-10).

Germany was the first European country to implement varicella vaccination in an
NIP. Initially one dose was recommended (2004) with later addition of a second
dose (2009). Some autonomous regions in Italy and Spain preceded or followed
with one-dose programmes, whereas other regions in these countries chose two-
dose programmes from the start (11, 12)). In Finland and Iceland, being the first
Nordic countries with a varicella vaccination programme, a two-dose programme
was initiated in 2017 and 2020 respectively (13-15).

Globally, 43 countries had introduced varicella vaccination in their routine
programmes by January 2023, and another 8 had programmes for at-risk groups.

Of the 14 countries in the European Union that introduced varicella vaccination to
children by 2023, 12 have a general recommendation of two doses. In five of these
countries the second dose is given before 2 years of age, in three countries it is
given at age 2—4 years and in five countries it is given at 4—7 years. Two countries
(Czech Republic and Poland) use risk-group strategies that may include children,
for instance, in the households of immunocompromised patients. Five countries
(Finland, Germany, Greece, Lichtenstein and Spain,) have implemented catch-
up/complementary vaccination of adolescents, or other specific groups, without a
history of varicella or who are seronegative. The use of monovalent and/or
tetravalent vaccines in these programmes varies (11).

In November 2023, the Joint Committee on Vaccination and Immunisation (JCVI)
has recommended that varicella vaccine should be added to the UK’s routine
childhood immunisation programme, using the tetravalent MMRYV vaccine (16).

Some European countries have considered but decided against general varicella
vaccination programmes, including the Netherlands and France (3, 5, 9-11).
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Evaluation

Legal framework

Swedish NIPs are regulated by the Communicable Diseases Act (SFS 2004:168
and SFS 2012:453), which stipulates that a communicable disease shall be covered
by an NIP if the vaccination against the disease is expected to:

o Effectively prevent communicable diseases from spreading among the
population

e Be socioeconomically cost effective
e Be sustainable from an ethical and humanitarian point of view

The corresponding ordinance (SFS 2004:255) regulates the following 13 criteria
that the PHAS must evaluate when proposing changes in the NIP to the
Government:

1. The burden of the disease on society, the healthcare sector, and individuals.

2. The expected impact of vaccinations on the burden and epidemiology of the
disease.

. The number of doses that are required to achieve the desired effect.
. The target groups who will be offered the vaccination.

. The safety of the vaccine.

AN W W

. The effect of vaccinations on the activities of county councils, municipalities,
and private healthcare providers.

-

. The suitability of combining the vaccine with other vaccines in the NIP.

8. The general public's ability to accept the vaccine, and the effect of the
vaccination on attitudes towards vaccinations in general.

9. Other accessible preventive measures or treatments that might be alternatives
to an NIP.

10. An assessment of the cost-effectiveness of the vaccination and of the expenses
and incomes for the state, municipalities, and county councils.

11. The opportunities to monitor the effect of the vaccination in the ten above-
stated factors and the estimated costs to the state for follow-up.

12. The need and cost for information initiatives for the population and healthcare
providers.

13. Medical ethics and humanitarian considerations.

The PHAS is mandated to define the target groups, number of doses, timing, etc.,
of vaccinations within NIPs. The vaccination programme for children has been
specified through regulations (HSLF-FS 2016:51).
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Vaccinations included in NIPs shall be offered by regions or municipalities free of
charge and be registered in the National Vaccination Register in accordance with
the corresponding legal act (SFS 2012:453).

Rationale behind the appraisal

The national reference group for NIPs is convened under the auspices of the PHAS
and is made up of representatives of government agencies, child and school health
care, and medical professional organisations. It is the Swedish form of a National
Immunization Technical Advisory Group (NITAG), and its role is to discuss and
prioritise any needed changes to the Swedish NIP. At the advice of the reference
group and after internal decision at the PHAS, varicella and zoster vaccinations
were prioritised for review.

Methods

The PHAS started the work on the appraisal in 2018, and the appraisal has been
carried out in accordance with the general process for proposing changes to NIPs
(17). An external expert group (see Appendix A) consisting of experts in different
fields was appointed to describe the evidence outlined in the Communicable
Diseases Act. The work was paused in 2020 due to the COVID-19 pandemic and
restarted in October 2022.

Guidance documents from the WHO and ECDC based on their work from expert
groups, including systematic reviews (5, 6, 18), were reviewed in a Swedish
context and also updated by subsequent international reviews and other studies that
were considered relevant by the expert group.

Disease burden and current treatment possibilities were described primarily using
Swedish register data from the National Board of Health and Welfare and national
care programmes for the main diseases and their complications. Scientific
publications were used to further update and complement this information.

When the work restarted in 2022, the modelling and the health economic analysis
was updated with new data. A new expert group was established for reference and
an update of the literature review was initiated in collaboration with Norway. The
updated systematic literature review (PROSPERO ID: CRD42023416345 Clinical
efficacy, effectiveness, and safety of varicella and zoster vaccines, possible
vaccination strategies including timing of the two doses of varicella vaccines and
catch-up vaccination of susceptible individuals) was conducted concerning
efficacy, effectiveness and safety of the available varicella and zoster vaccines. The
types of studies addressed were randomised clinical trials (RCTs) and other
intervention studies, including pivotal efficacy studies before licensure as well as
intervention studies after licensure, observational studies, systematic reviews of
effectiveness, and other follow-up reports including grey literature through
February 2023 from countries using varicella vaccines within NIPs and
publications addressing protective effects in groups other than healthy children.
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After a review of previous modelling studies and the assumptions made in these
studies, as well as the evidence behind them, we conducted a modelling study on
the possible impacts on varicella vaccination in the Swedish context. The results of
this model served as a basis for the health economic analysis.

Vaccine safety, the number of doses recommended, and the suitability of
simultaneous administration were described mainly using European Public
Assessment Reports and summaries of product characteristics.

Attitudes towards varicella vaccinations were described by experts in the area,
supported by the results of i) a literature review of scientific articles related to
attitudes, perceptions, acceptance, and willingness concerning these vaccinations
among parents and health care professionals, ii) a web-based survey among
Swedish parents, and iii) a web-based survey among child health nurses and school
nurses.

The expected impacts on the child and school health care services, including the
effects on the implementation of the current NIP, were described in interviews with
representatives of the health care services performing the childhood vaccinations in
Sweden. The required monitoring and communication activities by Swedish
agencies were outlined by specialists at the PHAS and discussed in the expert

group.

This summary of evidence was presented to the Swedish National Council on
Medical Ethics for their analysis and conclusion, which will be published
separately.
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Summary of evidence

Burden of VZV-induced disease in Sweden
Varicella

Clinical picture and epidemiology

Varicella is the clinical presentation of primary infection with VZV. The symptoms
include fever and malaise, followed or combined with an itching, vesicular rash
over the head and upper body that can spread all over the skin as well as the
mucosa. The disease is generally mild in children and symptoms recede without
complication within a week.

Due to the high contagiousness of varicella, nearly everyone will contract the
disease early in life. In a study using blood samples collected in 1997, the
seroprevalence of VZV antibodies was 98% among Swedish 12 year olds, i.e.
almost all of them had had varicella at some time before that age (19). In a
seroprevalence study analysing residual blood samples from diagnostic laboratories
collected in 2011-2013 nationally in Sweden, the seroprevalence at 5 years of age
was 66% and 92% at 12 years of age, with a suggested median age of infection
around 4 years (20). This immunity level has been corroborated by other studies
looking at the same age group (21, 22). In an adult cohort (mean age 60 years)
followed with regards to their immune memory function and health across the
lifetime (the Betula study) the VZV seroprevalence was 97.9% (23).

Since age of infection and seroprevalence in the adult population vary greatly
between countries and regions, primarily between temperate and tropical climates,
migrants from low-endemic countries could potentially be seronegative and thus be
at risk of contracting varicella upon arrival to Sweden and hence be at risk of
severe disease.

Complications and risk factors for severe disease

Complications occur in a minority of varicella cases, and these include secondary
bacterial infections of the vesicles with, for example, Staphylococcus aureus or
Streptococcus pyogenes, which can lead to abscesses, cellulitis, sepsis, or, in rare
cases, necrotising fasciitis. Skin complications are seen in 15-25% of hospitalised
paediatric chickenpox cases (24).

There are also neurological complications, and in children this mainly concerns
acute cerebellar ataxia, which generally has a benign prognosis with full recovery
(2). In the Netherlands, 1 in 20,000 varicella cases in children below 5 years of age
are admitted to hospital due to acute cerebellar ataxia (25). Furthermore,
meningitis/meningoencephalitis/encephalitis can affect both children and adults
(26). It is likely that the pathogenesis of neurological complications is partly
explained by VZV-caused vasculitis, and it has been shown that the risk of stroke
is elevated in the months after an episode of varicella (27, 28). VZV can also cause

20



viral hepatitis or pneumonitis, the latter sometimes complicated by a secondary
bacterial infection (2).

In a Swedish study, data were compiled on all hospitalised patients in Stockholm
and Gothenburg between 2012 and 2014 with a varicella diagnosis (ICD-10 B01)
at discharge. Of 273 patients, 76% had one or more complications (excluding
dehydration), with 26% having secondary bacterial infection of vesicles, 19%
having neurological complications, and 13% having pneumonia or bronchitis.
Dehydration was very common and was seen in 29% of patients, either alone or in
combination with other complications (20).

The risk of severe disease is higher in adults and in the immunocompromised.
Newborn infants, particularly if infected by their mother in the perinatal period, run
a significant risk of severe disease because they are not protected by maternal
antibodies. Pregnant women themselves risk a more severe disease, mainly in late
pregnancy, whereas varicella in early pregnancy (before the third trimester) can
give rise to birth defects, so-called congenital varicella syndrome. It can also lead
to benign HZ in the child within the first 2 years of life. The clinical features of
congenital varicella syndrome are multi-system with skin lesions, limb hypoplasia,
neurological abnormalities, eye disorders, and malformations of the cardiovascular
system, the gastrointestinal and the genitourinary tracts. The syndrome is
associated with a 30% mortality rate; however, it is quite rare and as of 2013 only
about 130 cases had been described in the literature (2, 29).

Concerning hospitalisations, the most recent Swedish nationwide study found an
overall hospitalisation rate of 3.6/100,000 person-years (PY) and 19.8-
41.0/100,000 PY in the age groups between 0 and 5 years of age. This means an
average of 333 hospitalised varicella cases of all ages per year nationally (including
239 children <15 years of age). There was a slight male predominance, and the
peak admission incidence was found in 1 year olds (30). According to data from
the Swedish National Board of Health and Welfare, the average duration of
hospital stay due to, or with varicella, is 3-5 days. These figures are in line with
data from other European countries, including those that are not vaccinating or pre-
vaccination in countries that now vaccinate, e.g. the Netherlands, Belgium, Italy,
and Spain.

A previous nationwide Swedish register-based study from 1993 found that 322
children and 154 adults were hospitalised with chickenpox as the primary or
secondary diagnosis during that year (31). In addition, Astrid Lindgren’s Children
Hospital in Stockholm has published several studies on the incidence of common
vaccine-preventable diseases. Their uptake area covers 10% of all Swedish
children, and in 1998-2005 the hospitalisation rate in children (below 18 years of
age) was estimated to be 1.6 per 1,000 varicella cases. Risk factors for severe
disease, such as malignancies, immunosuppression, neurological disabilities, and
respiratory disease, were seen in 28% of children (32). In the same hospital the
hospitalisation rate for chickenpox in children 5 years of age and younger was
30/100,000 PY in 2003—-2008 and 21/100,000 PY in 2008-2013 (33, 34).
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The overall consultation rate in specialist and primary care due to varicella was
20.1 and 109/100,000 PY, respectively, which approximates 2% and 10% of all
cases. The peak ages for consultations were <1 year for specialists care and 2 years
for primary care (30).

Data from the Swedish Social Insurance Agency showed that nearly 25% of
children had parents staying home from work to care for them when sick with
varicella at some time during their childhood. The mean duration of absence from
work was 3.5 gross days per child (30).

Very few people die from varicella, and the disease is mentioned as an underlying
or contributing cause of death in an average of only 3.2 deaths per year in Sweden
(30).

Neither varicella nor herpes zoster are notifiable diseases in Sweden. However,
when VZV is the cause of disease in the central nervous system, e.g. meningitis,
encephalitis, or meningoencephalitis, and is verified by PCR or serology of
cerebrospinal fluid, it falls under mandatory reporting. According to the
Communicable Disease Control Act, notifications are needed from both the
diagnosing laboratory and from the treating physician. Notifications from 2007 to
2013 were examined in the study by Widgren et al., and the incidence of reported
VZV-related meningoencephalitis was 0.3—1.8/100,000 PY over the age groups,
with the highest incidence in the elderly. Data on clinical presentation were limited
in about 90% of reports, and thus it is unknown whether the complications were
connected to primary infection or to reactivation of a dormant VZV infection (30).

Primary VZV infection in the immunocompromised host

Primary VZV infection in the immunocompromised host is a predominantly
paediatric condition that reflects the fact that the majority of varicella cases occur
in children below 5 years of age. In this context, it is also important to know that
the peak for the most common paediatric malignancy, acute lymphoblastic
leukaemia, occurs in pre-school age. In the immunocompromised child, severe
illness with pneumonia, hepatitis, and encephalitis may occur as a consequence of
varicella. Before the introduction of antiviral therapy, the case fatality rate for
primary VZV infection was 7%—10% for children with cancer undergoing
chemotherapy (35). Children with leukaemia were most at risk, and there were few
or no deaths caused by VZV in children treated for solid tumours. Thus,
immunocompromised children, and particularly those with impairment of cell-
mediated immunity, are at high risk for severe varicella. Unfortunately, available
data in the literature are sparse and are often limited to case reports regarding
primary VZV infection in these patients. In the immunocompromised child, it is
important to remember that varicella infection may present with unusual symptoms
or with a prolonged clinical course.

The use of immunosuppressive chemotherapy is increasing, and new
immunosuppressants are regularly being introduced, including biological therapy,
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and this suggests new indications of the potential risks for varicella infections.
There are, however, limited data on biological therapies and varicella infection in
children and adolscents.

Herpes zoster

The life-time risk of developing HZ after primary VZV infection is about 30% and
in Sweden approximately 34 000 cases per year are treated. Details about HZ, or
shingles, and its implications are to be found in Kunskapsunderlag om vaccination
for skydd mot béltros till vuxna med 6kad risk for sjukdom orsakat av stigande
alder (fran 50 ar), sjukdom och/eller behandling (fran 18 ar)”. Although HZ is less
contagious than varicella, cases of HZ may be important sources of varicella (36).
The varicella vaccine virus has been shown to be less prone to reactivation later in
life and may this way be protective against HZ in a life perspective although the
observation period so far is up to 18 years of age (37).

Summary — burden of VZV-caused disease in Sweden

In principle, the whole population in Sweden is infected by VZV at a young age.
However, the burden of severe disease is relatively low, with around 300 persons
(all ages) per year admitted to hospital and about five times as many seeking health
care. Risk factors for complications include age at infection (adolescence or
adulthood), malignancies, immunosuppression, neurological disabilities, and
respiratory disease. Deaths are rarely seen. These infections affect society in terms
of parents being absent from work in order to care for their sick children and in
terms of production loss in the work-place.

The burden of HZ in terms of clinical disease requiring treatment and
hospitalisation is much higher, and the situation in Sweden is similar to other
comparable countries.

Vaccine-induced protection

Immune responses

A combination of humoral and cellular immune responses is essential for
protection against VZV disease, but with differences in the responses to primary
disease, latent infection, and secondary disease. These differences are of
importance in vaccine evaluation. Antibodies play an important role in the immune
response to the primary infection. VZV immunoglobulin (VZIG, containing a
concentrate of VZV antibodies) can prevent or modify varicella if administered
during the first days of infection, probably by neutralising extracellular viruses and
thereby lowering the viral load. However, the cell-mediated immune response is
critical in defence against intracellular forms of VZV, which is the major means by
which the virus spreads in the body during acute illness. It is also the cellular
immunity that is fundamental in maintaining control of the latent infection and
preventing reactivation leading to HZ (38, 39).
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Immunogenicity studies of the initial vaccine response (’vaccine take”) are
inevitably necessary in the prelicensure documentation and are also useful when
comparing products, but further documentation of the protective effect of VZV
vaccines will require clinical trials and long-term cohorts or other types of follow-
up, preferably in combination with immunogenicity studies.

Varicella vaccine effectiveness (VE)

In this section follows a review of the available relevant data from trials, reviews,
and follow-up studies through 2023 on the VE of the four different varicella
vaccines available in Europe as of the second quarter of 2019.

Randomised controlled trials (RCTs)

There were two pivotal double-blind and placebo-controlled efficacy studies of the
two monovalent vaccines before licensure, one in the US (40, 41) and the other in
Finland (42). In the US, Varivax (17,000 PFU) protected 100% of vaccinated
children aged 1-14 years against varicella during the initial 9-month follow-up
(41), 98% after an extended follow-up at 2 years, and 95% after 7 years (40). In
Finland, three candidate versions of the GSK vaccine Varilrix (high-dose 10,000 or
15,850 PFU, low-dose 630 or 1,260 PFU) administered to children at age 10-30
months protected 88% of high-dose and 55% of low-dose vaccinees during an
average follow-up of 29 months (42). Following these RCTs the authorised vaccine
products Varivax and Varilrix contains 17,000 PFU and 1,995 PFU, respectively.

In the US, about 2,000 children aged 412 years were followed for up to 10 years
after another pre-licensure RCT of one or two doses of Varivax. The overall one
and two dose efficacy estimates for the 10-year period were 94% and 98%,
respectively (43).

To our knowledge there is only one phase 2 study including both monovalent
vaccines Varivax and Varilrix side-by-side, and this was a three-armed
immunogenicity study in about 600 children aged 11-20 months. The two
candidate lots of the Varivax vaccine performed similarly in spite of different PFU
contents, and they induced higher seroconversion rates (95-97%) compared to a
licensed lot of Varilrix (86%). Also, the geometric mean titres were somewhat
higher for Varivax when tested in the same assay (44).

There is one RCT comparing two doses of tetravalent vaccine (MMRYV,
PriorixTetra) with one dose of monovalent vaccine Varilrix (plus separate MMR,)
from the same producer, including long-term follow up. The trial was conducted in
10 countries with endemic varicella and with no recommendation for general
vaccination of children at the study start in 2005. Most participants were from
Eastern Europe and Russia (82%), some were from Sweden and Norway (8%), and
the remainder were from Spain and Italy. Two tetravalent doses provided better
protection than one monovalent dose during the initial efficacy follow-up of about
3 years, with 65% vs. 95% protection against all varicella after one vs. two doses,
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and 99.5 vs. 91% against moderate to severe varicella, respectively (45). Six years
after administration, the one-dose protection against all varicella was slightly
higher (67%), but the efficacy against moderate to severe varicella as well as
results after two doses remained virtually the same (46, 47). The final follow-up
over 10 years confirmed the 6-year results, with an overall vaccine efficacy against
all varicella of 95% from two (tetravalent) doses compared to 67% from one
(monovalent) dose, with 99% vs. 90% VE against moderate and severe varicella.
Overall, VZV antibodies increased gradually from 1 to 10 years of follow-up,
indicating natural boosting (45).

Reviews on VE and breakthrough varicella (BV)

BV is defined as varicella in a person who received at least one dose of varicella
vaccine at least 42 days before the onset of symptoms. Early BV cases represent
primary failures (non-response to vaccination) whereas later BV cases can occur
due to primary failure as well as to waning immunity, i.e. because of secondary
vaccine failure (an initial response but loss of protection over time). The definition
of BV does not include vaccine-virus-induced rash, which is typically seen around
21 days post-vaccination.

The update of the WHO position paper on varicella and HZ in 2014 was preceded
by a systematic review of studies addressing the VE of one or two doses in children
aged 9 months to 12 years. One dose protected a median of 83% against all
varicella, 95% against moderate or severe disease, and 100% against severe
disease. Overall, two doses provided better protection against all grades of severity
(median 95%) (18).

Another systematic review, including a meta-analysis of publications through
December 2014, found a pooled one-dose VE of 81% (95% CI: 78-84) against all
varicella, 98% against moderate/severe disease, and 100% against severe disease,
with no significant association with vaccine type or study design. The pooled two-
dose VE against all varicella was 92% (95% CI: 88-95) (48).

There is also a literature review from 2017 on the effectiveness and
epidemiological impact of vaccination, further supporting that both one- and two-
dose schedules are highly effective against varicella, with widely reported large
reductions in disease incidence, particularly moderate to severe disease. In
addition, this review concluded that there is currently no evidence that the
introduction of varicella vaccination results in a shift of varicella burden to older
age groups (49).

A meta-analysis from 2017 identified 27 studies and found a pooled average of 8.5
BV cases per 1,000 PY in children vaccinated with one dose compared to 2.2 cases
per 1,000 PY in those vaccinated with two doses. High heterogeneity was observed
in the average BV incidence rate after one dose. Sources of heterogeneity identified
in a meta-regression included study design and vaccine type. The pooled trend of
annual BV after one dose fluctuated from the first to the eighth year, with a peak of
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35.3 cases per 1,000 PY in the fourth year. One conclusion was that an interval of
3—4 years between the first and second vaccination might achieve higher efficacy
(50).

A recently published overview of reviews in 2023 on the efficacy and effectiveness
of different varicella vaccination strategies included 20 reviews, with 17 assessing
the efficacy/effectiveness of one-dose strategies and 10 assessing the
efficacy/effectiveness of two-dose strategies (51). The evidence suggests that one-
dose and two-dose strategies have similar high efficacy/effectiveness when it
comes to preventing moderate or severe varicella. Up to 14 years post-vaccination
with one dose, the average pooled incidence of breakthrough infection of any
severity was 8.5 cases per 1000 PY.

Fortunately, BV cases of varicella have usually proven to be mild, although a few
cases of severe disease have been reported (18, 40, 48, 52). A systematic review of
severe BV concluded that it appears to be a rare phenomenon after two doses given
to healthy individuals (52).

Follow-up studies of one-dose programmes

A literature review of studies from the US from 1995 to 2006 found one dose to be
84.5% effective in preventing all varicella and 100% effective in preventing severe
varicella (53). The programme during this period included one dose to children 12—
18 months of age and a catch-up dose to susceptible children aged 19 months—12
years, and from 1999 there were also national recommendations to implement
childcare and school entry requirements. The MSD monovalent vaccine (Varivax)
was used almost exclusively. Three US surveillance sites were assigned an
enhanced follow-up of varicella-related illness and outbreaks, including Antelope
Valley (California), West Philadelphia (Pennsylvania), and Travis County (Texas).
Long-term data, available from the first two of these, indicated an overall 90%
reduction in incidence of varicella over the years 1995-2005. Coverage rates in the
two states rose during this time period from 40-41% to 92-94% among children
aged 19-35 months (54, 55).

In Uruguay, there was an 81% reduction in the proportion of hospitalisations over
the years 19992005, with a 94% reduction in the 1-4 year age group, and there
was also an 87% overall reduction in out-patient visits due to varicella in the
country. Vaccination was recommended at 12 months of age, and coverage was
estimated to be over 90%. The GSK monovalent vaccine (Varilrix) was used (56).

In Canada, the single dose was recommended at 12—18 months of age with catch-
up for susceptible older children, but implementation varied between provinces and
territories over the years 2000 to 2007. A study from 12 hospitals across the
country demonstrated a gradual decline of varicella-related hospitalisations over
the years 2000-2008, with a 90% overall reduction in the 1-4 year age group, a
78% reduction in the 59 year age group, and a 76% reduction in infants (57). In
Alberta, the reported cases of varicella decreased from around 240 to less than 30
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per 100,000 persons during the period 2000-2011 (58). Both available EU
authorised monovalent vaccines were used.

In Australia in 2005, a single dose was recommended at 18 months, with a catch-up
in the school-based programme at 12—13 years. Varicella notification rates from
Southern Australia were reduced by 63% in children aged 0—4 years over the 9-
year period of 2007-2015. There was also, similar to in the US and Canada, a
decline in varicella hospitalisation rates, and this was most noticeable in the
youngest children and during the first part of the surveillance period (9). In a case-
control study from Queensland, the one-dose programme was found to be 82%
effective in preventing hospitalisation among children aged 1,56 years (59). Both
available EU-authorised monovalent vaccines were used until 2012, and from then
the tetravalent vaccine has been used.

In Europe, the German one-dose VE during the four years of 2005-2008 was
estimated at 83% in the 1-2 year age group (60). Both EU-authorised available
monovalent vaccines were available in Germany at the time, and the recommended
age of vaccination was 11-14 months. In Italy, Sicily was the first region to offer
one dose of varicella vaccine to all children in 2003, with the addition of a second
dose from 2010. The first dose was recommended at 13—15 months of age, with
catch-up offered to susceptible adolescents at 12 years of age. During the years
2003-2012, the annual notification rate of varicella decreased by more than 95%,
from 5290 cases in 2003 to 207 cases in 2012. The median age of hospitalised
varicella patients increased from 5 to 20 years (61). There is no information on
product use.

Follow-up studies of two-dose or mixed programmes

In the US, the reduction in varicella incidence at the national level was 85% when
comparing the period 2005-2006 (before two doses) with 2013-2014 (two doses
implemented), and of this the largest decline was reported in children aged 5-9
years (89%) (3). During the 25 years of programme implementation, the varicella
incidence has declined by more than 97% based on data from the four states that
have continued reporting (62). In Antelope Valley, the decline in the number of
outbreaks was 95% when comparing the two periods 1995-1998 and 2007-2010.
The outbreaks also decreased in size (the number of varicella cases per outbreak)
and duration (63). The same trend with fewer and smaller outbreaks could be seen
as the data was reviewed and updated with data from 2016 to 2019. During 2016—
2019, 79% of outbreak cases occurred among unvaccinated or one-dose vaccinated
individuals (64). Enhanced follow-up revealed a 76% decline in varicella incidence
in Antelope Valley, a 67% decline in West Philadelphia from 2006 to 2010, and a
combined decline in varicella-related hospitalisations of over 40% (65). A case-
control study from these states, comparing 125 clinically diagnosed varicella cases
with 408 matched controls, found a 75.6% one-dose VE for the prevention of
varicella of any severity and a 78.1% VE for the prevention of moderate or severe
disease. Among subjects over 4 years old, the two-dose VE was 93.6% against any
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varicella and 97.9% against moderate or severe varicella (66). Either the
monovalent (Varivax) or tetravalent (ProQuad) MSD vaccine was used.

A Canadian follow-up from Ontario in 2010-2013 covered the first years after
adding the second dose at 4-6 years of age, together with a second dose catch-up to
children born from 2000. In this province, the first dose was with either the GSK
(Varilrix) or MSD (Varivax) monovalent vaccine and the second dose was the
GSK (Priorix-Tetra) tetravalent vaccine. By 2011, the incidence rate had already
decreased from 181 to 51 cases per 100,000 population after the introduction of the
first dose, and it continued to decrease slightly after the introduction of the second
dose to around 30/100,000 in 2013 (67). Another region, Alberta, saw a more
modest decrease during the first 2 years after introducing the second dose in 2012
(no catch-up offered) (58).

In a large follow-up from Germany, 29,400 cases of varicella were identified
among 1.4 million children over a period of 8 years. The one-dose and two-dose
VE estimates were 81.9% and 94.4%, respectively. There was no association with
age at vaccination with first dose (11-14 months vs. >15 months), time since
vaccination, or vaccine type (mono vs. tetravalent), but the VE was significantly
lower after the first dose if given 1-27 days after a measles-containing vaccine.
The tetravalent (Priorix-Tetra) GSK vaccine was used in 2009-2010, with a change
to the monovalent (Varilrix) GSK or MSD (Varivax) vaccine in 2011 (68).

The region of Navarra in Spain introduced a two-dose programme in 2007,
implemented by cohort to children born from 2006 and onwards. The first dose was
given at 15 months of age, and the second dose was given at 3 years of age.
Vaccination of susceptible children had started already before this programme and
continued as catch-up vaccination to 10 year olds. Monovalent (Varivax) MSD
vaccine was used. During the first 6 years of the programme, the incidence of
varicella in children 0—14 years of age decreased by 98% from 50 cases to 1 case
per 1000 inhabitants, and the hospitalisations for varicella declined by 95% in this
age group (69).

Studies addressing the duration of protection after one dose

A meta-analysis of vaccine effectiveness in varicella outbreaks found an overall
one-dose VE of 72.5% (95% CI: 68.5-760) derived from 3,157 children in 14
publications, where waning immunity was addressed in nine studies. Two of these
reported no relation between VE and time since vaccination, but without specifying
how this had been assessed. The other seven all calculated relative risks for BV,
reporting an increased relative risk with time since immunization. Four
publications provided enough data to plot the dependence of VE on time since
immunisation, indicating a substantial waning immunity over the time covered
within the studies, which was up to 6 years. The number of available data points
did not, however allow the authors to distinguish whether the decrease was linear
or not. The meta-analysis also states that the true VE might be higher since
“vaccine-prevented outbreaks” will not be reported (70). There is also a small
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German study from outbreaks in day-care, which was published after that review.
The non-brand-specific VE after one dose was calculated to 62%, where the VE
after Varilrix (GSK) was 77%, although the numbers are too small to provide
statistically significant results on VE (71).

Three case-control studies indicate some waning protection over 3 to 10 years of
follow up. A Spanish study (Navarra) showed a VE of one dose of 93% in the first
year, declining to 61% after the third year (72). An American study performed in
West Virginia public schools found a slower decrease of one-dose VE with time
since vaccination and reported VEs of 93%, 88%, and 82% at less than 5 years, 5-9
years, and 10 years or more, respectively, since vaccination. Breakthrough cases
had milder rash than unvaccinated cases (73). Another study from Spain (Madrid)
demonstrated a more modest decline of VE from 98.2% in the first year after
vaccination to 93.1% after 9 years of follow-up (74).

There is to our knowledge only one study that did not indicate any waning of
protection. A long-term clinical cohort study from northern California in 1995
included 7,585 children after routine vaccination in the second year of life, with
follow-up by phone calls to the parents. There were no signs of waning protection
over the 14 years of 1995-2009. In all there were 1,505 BV cases, with about 26
cases per 1,000 PY in the first 4 years after vaccination, decreasing to <20
thereafter and further to 2 per 1,000 PY in 2009. About a third of the children later
received a second dose, and no child developed varicella after the second dose
(75).

Protection in immunocompromised children

Despite our current knowledge about varicella vaccination in the general healthy
population, less is known about the efficacy and safety of the vaccine in an
immunocompromised child. In theory, severely immunocompromised patients
might be unable to limit the replication of live-attenuated vaccine viruses, resulting
in severe vaccine virus disease. Therefore live vaccines are generally
contraindicated for use in patients with significant immunosuppression. However,
the contraindication to using live VZV vaccines is relative rather than absolute and
depends on the type and state of immunosuppression in each patient.

The live varicella vaccine was actually developed in the 1970s for protection of
children with leukaemia against varicella, provided that the patient was in
remission or that chemotherapy was suspended around the time of vaccination
(Chiu Exp Rev Vacc 2005). The usefulness turned out to be limited, however, and
the vaccine was redeveloped for protection of healthy children and adults — thereby
contributing to reduced viral circulation in the close proximity of vulnerable
patients. As of today, the varicella vaccine has again been evaluated in some of
these patient groups and might actually provide direct protection (2).

A recent review of such studies concluded that the varicella vaccine is safe and
induces high seroconversion rates in immunocompromised children with a history
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of bone marrow transplant, solid organ transplant, or immune-mediated
inflammatory disease (76). Vaccine strain-related infections were rare in all groups,
and no severe infections were seen.

Another obstacle regarding varicella vaccination in immunocompromised patients,
mainly young children, is timing. Varicella vaccination prior to
immunosuppressive therapies may be recommended, but it is not always
prioritised. However, a few studies on varicella vaccination during ongoing
chemotherapy or immunosuppressive treatment indicate that this might be feasible.
This includes a Swedish study of renal transplant recipient children. Antiviral
prophylaxis is also an option to prevent the spread of vaccine-VZV to other
children in, for example, oncology wards (77, 78).

Summary — vaccine impact on varicella

There are currently a large number of studies consistently showing high VE from
the varicella vaccines. The introduction of one-dose programmes has substantially
reduced the general disease burden but has not prevented limited virus circulation
or outbreaks. Two-dose programmes have virtually eliminated acute primary
varicella infections. Catch-up programmes have been effective in eliminating virus
circulation and, consequently, the incidence of BV. The available monovalent and
tetravalent vaccines from two manufacturers appear similar in terms of their
effectiveness. For the immunocompromised children with hiv clinical trials are on-
going with an inactivated vaccine and may become an option in the future.

Number of doses needed

Varicella vaccines

The conclusion drawn from follow up of NIPs where varicella vaccines were
introduced first, e.g. the US, Canada, and Germany, was that one-dose schedules
had a high impact with reductions in morbidity and mortality. However, these
countries continued to have outbreaks, even among vaccinated children. The
studies also produced evidence that a one-dose regimen would not provide
sufficient stimulation of the immune system to induce long-lasting memory and
protection. Following the introduction of two-dose schedules, the incidence rates
were further reduced across the whole spectrum of varicella disease and
complications. Nowadays there is consensus that two doses should be
recommended if the goal is to further reduce varicella (all cases) and to control
outbreaks (5, 6, 79). To individuals from 12 months of age, the doses should be
given at least 6 weeks apart, while in infants from 9 to 11 months of age, the
interval between the 2 doses should be at least 3 months (summary of product
characteristics, SPC).

For further details, see the section above on vaccine impact.
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Target groups for vaccination

Varicella vaccines

The varicella vaccines are approved from the age of 9 months (summary of product
characteristics, SPC) and the primary target groups are children — including
toddlers, preschool, and school children. A two-dose schedule will both provide
direct protection and reduce the overall risk of exposure in unvaccinated or for
other reasons non-immune persons of various ages. These groups are secondary
target groups for indirect protection by vaccination of children by means of a high-
coverage NIP. Most countries with national varicella vaccination programmes
administer the vaccine at an early age in order to decrease the overall chickenpox
incidence and disease burden (e.g. Germany, Finland, and the US). A few countries
have also opted for vaccination of children and/or adolescents who have not yet
had varicella, in Finland and Spain assessed by clinical history only (15). There are
two main reasons for the latter strategy. First, the risk of severe disease increases
with age at varicella infection, and late-onset cases will be prevented this way.
Second, the circulation of wild-type virus in society will be eliminated rapidly and
thereby provide protection to vulnerable individuals, e.g. those undergoing
immunocompromising treatment (5, 6).

The varicella vaccine could be given to young children either independently or in
combination with MMR, 1.e. as a monovalent varicella vaccine or as a tetravalent
MMRY vaccine.

The priming effect of the first immunisation dose is significantly dependent on the
age at which it is given according to studies on measles vaccination. The first dose
given at 12 months is expected to result in inferior priming compared to when it is
given at 18 months. The increased response to the first dose administered at 18
months is expected to persist also after the second dose (80-82).

In Sweden, a campaign for vaccinating seronegative children and adolescents up to
the age of 18 years could be considered in order not to leave any age cohort
unprotected, with the risk of getting infected at an older age and thereby being at
risk to develop a more serious disease. In addition, such a campaign would
eliminate the probability of a rebound effect of varicella infection with an NIP
without a catch-up.

Most relevant scenarios included in the modelling work

o First dose at 18 months as MMR + V and second dose at 78 years, either as
MMRYV or MMR+V.

o First dose at 18 months as MMR + V and second dose at 5 years, either as
MMRYV or MMR+V.

o First dose as monovalent (V) at 12 months and second dose as MMRYV at 18
months.
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e All of the above scenarios with and without vaccination of older children <18
years of age.

Safety of vaccines against varicella and the suitability of
simultaneous administration with other vaccines

Monovalent vaccines against varicella

The two monovalent vaccines against varicella that are licensed in Sweden,
Varilrix (GSK) and Varivax (MSD), have been marketed in their current forms
since 1994 and 2004, respectively. Globally, a previous version of Varilrix was
registered in Europe in the 1980s, while Varivax was first registered in the US in
1995. Both are live attenuated vaccines and have some differences in composition
and attenuated virus titre, but for the vaccination programme purposes they are
considered similar.

The adverse events that have been reported in clinical studies and after licensing
are described in detail in the product information for the respective vaccine and in
the published literature (83, 84). The reported adverse events are similar for the
two monovalent vaccines. This also includes the reported adverse events after the
introduction of the vaccines for clinical use. Among the most common reactions
are mostly mild general symptoms or reactions at the site of injection, e.g. fever,
erythema, and pain and swelling at the injection site, and these appear in 1-10% of
the vaccinees. A skin rash appearing as a mild form of the varicella infection is also
fairly common. No serious adverse events have been reported from monovalent
vaccines used for immunocompetent individuals (1, 3, 4, 174, 176, 177). A recent
overview of 17 reviews, comprising 34 RCTs and 62 other primary studies, found
evidence that varicella vaccination is safe. Febrile seizures were found to be
possible adverse effects of both monovalent varicella and quadrivalent MMRV
vaccine, but serious adverse reactions were found to be rare. Several reviews
estimated febrile seizures to be twice as common when MMRYV was given to a
child younger than 24 months, compared to giving the MMR-vaccine alone (85).

Active surveillance of children for >10 years after vaccination did not show any
increased incidence of HZ compared to children who previously had suffered from
wild-type varicella infection (before the introduction of the vaccine). The varicella
vaccine virus may cause HZ, but this seems to be a rare phenomenon and usually
occurs within a few years after vaccination (86-88). More long-term the varicella
vaccines may prevent against HZ shown up to 18 years following the use of
Varivax (37).

For Varilrix, HZ has been reported to be a rare adverse event (summary of product
characteristics, SPC).

Both Varilrix and Varivax are possible to administer simultaneously with other
vaccines, either live attenuated or inactivated. However, they should never be
mixed and should be given at different sites of the body. If a varicella vaccine is
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not given at the same time as MMR, at least a month should separate the
vaccinations. There are examples of studies where subjects receiving varicella
vaccine 30 days or less before MMR vaccine had a 2.5 times higher risk of vaccine
failure of the second vaccine compared to longer vaccine intervals. The mechanism
is postulated to be the production of interferon in response to the first attenuated
vaccination, which inhibits the second live vaccine. There are, however, no reasons
to believe that this should be product dependent because it is supported by general
knowledge about vaccines (see also ref 4).

Combination vaccines against measles, mumps, rubella, and varicella
(MMRV)

There are currently two vaccines licensed in Sweden where varicella is included as
a component in a combined, quadrivalent vaccine against MMR, namely Priorix
Tetra and ProQuad. We consider the vaccine efficacy to be equivalent for both
available vaccine products. None of the quadrivalent vaccines are currently
marketed in Sweden. In general, the two MMRYV and MMR vaccines share many
of the more common side effects. However, differences have been reported
concerning measles-like rash, fever, and febrile seizures. Serious adverse effects
following vaccination with MMRYV are very uncommon, but include febrile
convulsions, urticarial allergic reactions, fever, cough, and bronchiolitis (89-91).
All subjects have recovered without sequelae.

In population studies after authorisation of ProQuad and Priorix-Tetra febrile
seizures have been observed 5- 12 days after MMRYV offered as first dose and has
been estimated to 1 child per 2 300 — 2 600 vaccinated why most, but not all
countries have opted for offering monovalent varicella vaccine for dose 1 (84, 92-
95). This risk is about double, but from a low level, compared to when
administering MMR and monovalent varicella vaccine.

In Germany, both the first and the second dose were given with a quadrivalent
vaccine in 2009-2010, but from 2011 the monovalent vaccine has been preferred
as the first dose due to higher rates of febrile seizures from the combined MMRV
vaccine (68). In November 2023, the Joint Committee on Vaccination and
Immunisation (JCVI) has recommended that the tetravalent MMRYV vaccine should
be used for dose 1, given that the very small increased risk was not of clinical
concern and that there was a considerable benefit from giving fewer injections
across all eligible children (16).

Both ProQuad and Priorix Tetra can be administered simultaneously with
inactivated vaccines offered as part of the Swedish childhood vaccination
programme, i.e. vaccines against diphtheria, tetanus, pertussis (acellular),
Haemophilus influenzae type B, poliomyelitis, hepatitis B (HBsAg-based), and
pneumococcal infections. In addition, both vaccines have been administered
simultaneously with vaccine against hepatitis A.
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Summary of the expected impact of vaccinations on the
burden of disease and epidemiology, including health
economic evaluation

Vaccination campaign of older susceptible children

A catch-up campaign to offer vaccine to varicella-susceptible children who are
older than the age for vaccination within the NIP has been implemented in some
countries at the start of varicella vaccination in NIPs. For example, Finland offered
VZV vaccine to all susceptible children under 12 years of age as the VZV vaccine
was implemented in the NIP. The campaign was successful, with less than 1000
confirmed varicella cases nationwide within 3 years from implementation (15).

The exogenous booster discussion

The possibility of the effect of reduced circulation of VZV on the incidence of HZ
due to reduced exogenous boosting of VZV-specific immunity has been an area of
much discussion and of some worry when considering the potential effects of
vaccination programmes. The first observation of this came in the 1960s by Hope-
Simpson who introduced the concept of exogenous, as well as endogenous,
boosting (96). Hope-Simpson postulated that regular contacts with VZV would
stimulate VZV-specific immune responses and maintain control of the virus.
Likewise, subclinical reactivation of the virus could also give an endogenous boost.
Since then, a number of studies have confirmed that there is probably a boosting
effect of exposure to VZV throughout life. This might be of some importance
especially for older people with otherwise waning immunity. Forbes et al
concluded that up to 20 years after household exposure to a child with varicella,
adults were about 30% less likely to develop HZ (97). Thus, a possible reduction of
this exogenous boosting effect could then lead to an increase in HZ infections if the
circulation of VZV is diminished by a national varicella vaccination programme.
Indeed, the incidence of HZ infections has gradually increased in countries where
varicella vaccinations have been introduced, e.g. the US, but this increase started
already before the varicella vaccination programmes were launched (the first was
in the US in 1995). A number of follow-up studies in the US and other countries
(e.g. Canada, Australia, Taiwan, Spain, and Germany) have addressed this issue,
but none of them have been able to provide clear evidence for the reduced
circulation of VZV as the cause for the increase of HZ. Other factors, such as
changing demographic patterns, an increasingly ageing population, and the
increased use of immunosuppressive therapies, are important for this trend. In
addition, it is not clear if a single and larger VZV dose provides a more efficient
booster of VZV immunity than smaller but repeated exposures. Changing contact
patterns among people could also have an impact. Another aspect further
complicating the discussion on external boosting is the effect of internal boosting
due to reactivation of the virus harboured in the nerve cells. This has been less
studied, but some evidence exists from VZV as well as from other herpes viruses
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Above all, real-life studies cannot tell if HZ epidemiology will be affected until
after a very long time (5, 6, 98-102).

Vaccine coverage and the risk for an upward shift in age for varicella
infections

The WHO states in their position paper that vaccine coverage less than 80% is
expected to shift varicella infection to older ages, which would increase the risk for
complication among those who do get infected (6). With a high vaccine coverage,
the circulation of virus will be interrupted quickly, diminishing the risk for
susceptible individuals to contract varicella in that setting. However, unvaccinated
individuals with no history of varicella infection will remain susceptible to
infection should they be exposed to VZV later in life. By offering vaccination also
to older susceptible children, the number of individuals at risk of contracting
varicella late in life will be smaller. The section below, on the epidemiological
model and health economics, describes how a temporary vaccination campaign for
older children is expected to eliminate the risk of “rebound”, i.e. an increasing
number of infections a few years after the vaccination programme is initiated.

Epidemiological model and health economics

We developed an epidemiological transmission model to explore the transmission
of VZV in Sweden in order to assess the impact of a set of vaccination programmes
targeting varicella and subsequently HZ through vaccination against varicella. The
model was developed in the programming language C. A health economic model
was developed in Excel using data output from the transmission model to assess
the health economic consequences of the different vaccination programmes. The
epidemiological effect of administering dose one and dose two at different ages
was modelled, then the effect when adding a catch-up vaccination of susceptible
children, older than the age for dose one. As it turned out, the catch-up vaccination
had more impact on the epidemiology than the different ages for dose one and two,
hence we chose to continue with health economic modelling on scenarios that offer
dose one at 18 months of age. Four main scenarios were investigated with slight
variations regarding ages, see table 1.

Table 1. Description of modelled scenarios for vaccination.

Modelled scenarios No catch-up vaccination of = Catch-up (cu) vaccination
older naive children/ offered at ages 5+7 years,
adolescents 7+11 years and 11+13

years (95% coverage)

Age at vaccination: 18 months Scenario: 18mby Scenario 18m5y+cu

+ 5 years 5+7,7+11,11+13y

Age at vaccination: 18 months Scenario: 18m7y Scenario 18m7y+cu

+ 7 years 5+7,7+11,11+13y

The transmission model is a deterministic, compartmental, age-structured, dynamic
model. A review of the literature was conducted prior to this work, focusing on the
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methods in previous modelling studies as well as the assumptions made in these
studies and any changes in the evidence base behind them.

In the transmission model, a two-dose varicella vaccination programme, with the
first dose given at 12 or 18 months, will considerably diminish virus circulation
after 7 years. From over 100,000 varicella cases per year, only a few hundred will
be seen, see figure 1. A rebound period with a higher number of cases is expected
to be seen after approximately 5 years, possibly due to many children still being
susceptible as they reach school age. By performing a vaccination campaign for
susceptible older children as the programme is initiated (“catch-up” vaccination),
the virus circulation will diminish even faster, with fewer than 1000 cases/year
within 3 years from the implementation. Furthermore, no rebound period was seen
in the models vaccinating susceptible older children. A 95% coverage rate of
vaccination was assumed both for the vaccination starting at 12 or 18 month of age
and for catch-up vaccination. Varicella vaccination also has a great impact on the
number of HZ cases in the long-term.

Figure 1. The annual number of varicella cases after introducing varicella vaccination in a
national immunisation programme, without (left) and with (right) a vaccination campaign
targeting susceptible older children.
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Health economic analyses

In the health economic analyses, we compared the costs and health effects of the
four vaccination scenarios to no vaccination over their respective time horizons and
discounted both costs and health outcomes by 3% annually. The analyses were
conducted from both a societal and a health systems perspective. The results were
not sensitive to the differences in the four varicella vaccination strategies presented
above (Table 1). Our analyses suggest that scenarios without catch-up would lead
to approximately 11,300 QALY gained during the 95-year time horizon of the
model versus approximately 12,400 QALY's with catch-up, all in comparison with
no vaccination. The scenarios would lead to a decrease in costs associated with
varicella of roughly 7.5 billion SEK (no catch-up) versus 8.1 billion SEK (with
catch-up) from a societal perspective. Cost-savings were dominated by averted
child caregiver productivity losses. This implies that VZV vaccination is a
‘dominant’ health intervention, i.e. it improves health outcomes at a lower cost to
society than no vaccination programme. From a health systems perspective (with
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production losses excluded from the analysis) the cost per gained QALY would be
slightly above SEK 200,000 for all scenarios.

Table 2. Cost-effectiveness results

Scenario Total QALY  Total cost Cost per QALY Cost per QALY
gain, 95- savings gained gained (health
year time (societal (societal system
horizon perspective), perspective) perspective)

95-year time
horizon

Scenario 18mb5y 11,500 SEK 7.5 billion Cost saving SEK 209,000/QALY
QALYs

Scenario 18m7y 11.300 SEK 7.5 billion Cost saving SEK 203,000/QALY
QALYs

Scenario 18m5y+cu 12,400 SEK 8.0 billion Cost saving SEK 215,000/QALY

5+7,7+11,11+13y QALYs

Scenario 18m7y+cu 12,400 SEK 8.1 billion Cost saving SEK 206,000/QALY

5+7,7+11,11+13y QALYs

In order to investigate the robustness of the results of our analysis, we conducted
several sensitivity analyses. Since the vaccination was cost-saving from a societal
perspective with any variation in key input parameters these analyses are only
presented from a health systems perspective. Variations in the vaccine price,
exogenous boosting assumption, healthcare cost and discount rates applied had the
highest impact on the results (see Figure 2).

Figure 2. Sensitivity analyses provider perspective (vaccination at age 18 months and 7
years with catch-up (base case cost per QALY gained (y-axis) SEK 206,137)

Cost/QALY (SEK) M Lower than base case ~ mHigher than base case

Parameter values in 0 100,000 200,000 300,000 400,000

sensitivity analysis

Dose 2 at 5 years 217,105
Vaccination coverage 85% 209,057
Vaccination coverage 75% 211,716

HZ risk (vaccine-strain/wild-type) (20%)
Exogenous boosting 30% over 20 years 203,902
Exogenous boosting 100% over 30 years

212,101
314,941
Vaccine cost x70% (SEK 340) 120,972

Vaccine cost x50% (SEK 243) 62,973
Vaccine cost x30% (SEK 146)

Dose 2 MMRV 228,924
Dose 2 MMRV + vaccine cost x70% 177,614
Adding information campaign (MSEK 20 x5 yrs) 215,557
Vaccine administration cost (x50% <-> x200%) 182,790 258,333

VZ/HZ treatment costs (x200% <-> x50%) 274,165
Discount rate QALYs 0%, costs 0%
Discount rate QALYs 0%, costs 3% 49,330

Discount rate QALYs 5%, costs 5% 269,045
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Budget impact

Figure 3 gives an overview of annual programme costs over the first 10 years of
the programme with different assumptions of vaccine price. The estimation
includes the administration cost of giving the vaccine but no other programme
implementation costs such as training of health care staff and providing
information to the public. A coverage rate of 95% is assumed for both the
vaccination programme and the catch-up. The cost of providing dose 1 is assumed
to be SEK 55 million/year 1 with the current list prices for the vaccines, and SEK
31 million/year assuming a vaccine cost at 50% of the current list prices (both
calculations include vaccine administration costs, estimated at SEK 84 per dose (15
minutes nurse time) given as part of an already scheduled vaccine visit and SEK
180 when given as a separate visit (for children aged 15 year or older in the catch-
up programme). The annual cost of the catch-up vaccination over the first 4 years
(where after it gradually decreases) is estimated to around SEK 64 million with the
current list price of the monovalent vaccines and to SEK 38 million per year
assuming a cost of 50% of the list prices. In the health economic evaluation are
also presented budget calculations where MMRYV is used for administering dose 2
or both doses.

Figure 3. Budget impact of a national vaccination programme including a catch-up
vaccination up to age 18 years at percentage rates of the current list price of the vaccine
(VAR), annual cost (million SEK)
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(a) The calculation is based on a cohort of 101,000 children in the programme (the number of children born in Sweden
in 2023 (103))

(b) Annual cost of the cost of the catch-up programme are spread over 7 years in order for both dose 1 and 2 to be
administered to eligible children in combination with other vaccine visits with other already scheduled vaccination
visits.
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Impact of varicella vaccinations on health care providers
work situation

Regional level — Child health services

Background

The chickenpox vaccine, as part of the NIP, will be administered at the Swedish
child health units (BVCs) as part of the national child health programme when
doses are given before the age of 6 years. The child health programme includes
health visits at certain ages, and additional visits are offered when concerns about
the child’s physical, social, or mental health status arise (104).

At 12 months of age the child will be offered two vaccine injections: one combined
vaccine against diphtheria, tetanus, pertussis, polio, haemophilus type B, and
hepatitis B and a separate vaccine against invasive pneumococcal disease. At 18
months of age, immunisation against measles, mumps, and rubella is due, and the
final immunisation within the child health programme before school entry is at age
5 with the boosting of diphtheria, tetanus, pertussis, and polio.

Time and timing

The process of immunising a child against varicella within the NIP needs to
include the following steps: preparation of the vaccine and syringe, thorough
vaccine information about effects and side-effects, addressing parents’ questions,
pain-reduction, and the subsequent documentation in the child’s record. The
estimated time for this process is approximately 15 minutes on average, but when
interpreter services are needed at least 10 more minutes should be added to the
process. Extra time is needed for ordering the interpreter services, co-ordinating the
visit, and performing the vaccination. Children who migrate to Sweden from
countries with different NIPs have to be smoothly transitioned to the Swedish
schedule. With one more vaccine to be considered, this work will gain complexity,
and some concerns have been raised about the additional workload if varicella
vaccination is added to the NIP.

Based on the Swedish birth cohort of 2022, this would translate to a total of 49400
extra working hours per year (based on an assumed 15 minutes per vaccination). If
tetravalent MPRYV is used for the second dose, that dose is assumed not to need any
extra time and the two doses would then demand to 24700 extra working hours in
total. If varicella vaccination is introduced in the NIP, extra resources may be
needed for the prolonged time in already existing health visits or for additional
health visits.

The short-term effects of the introduction of varicella vaccination in the NIP are
expected to decrease the number of children contracting and spreading VZV. In
2022, 51% of children aged 12 months and 91% of children aged 24 months had
started in day-care (105). Protection against varicella would assumingly have a
larger impact in preventing the disease when the first dose is given before 24
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months of age. The impact in disease prevention is assumed to be even greater if a
temporary stake vaccination (catch-up) of susceptible older children is
implemented as varicella vaccine is included in the NIP. Presumably, this would
have a positive impact on child health services because fewer appointments are
going to be cancelled due to varicella disease, although the number of cancelled
appointments due to varicella in Sweden today is unknown. In addition, it would
lead to fewer contacts with the health care system, thus saving resources at that end
(further elaborated on in the modelling and health economic sections).

The expected impact on health care services from vaccine doses planned at
different ages is presented in table 6.

Monovalent vs. tetravalent vaccines

Depending on whether the vaccine is offered separately or in combination with the
MMR vaccine, the impact on services will differ. Administering monovalent
varicella vaccine will require more time for another visit or will lengthen the visit
due to several injections. In case of choosing the monovalent varicella vaccine, this
vaccine has to be ordered separately compared to choosing the tetravalent vaccine
where just one order has to be processed. In addition, there is a risk of mixing up
vaccines when dealing with multiple syringes. Finally, administering monovalent
varicella vaccine concomitantly with other vaccines would challenge injection
techniques and pain-reducing procedures (106). Independent of the child’s age,
fewer shots implies less stress and pain for the child.

The MMRYV combination vaccines, i.e. including varicella, have been shown to
increase the risk for febrile seizures in children 12—23 months of age after the first
vaccination, which requires thorough information from the nurse. Caregivers might
worry and more frequently seek BVC services after immunisation. Potentially, the
higher risk for febrile seizures could increase the number of caregivers declining
immunisation or choosing MMR only or MMR and varicella vaccines separately
(107). It is crucial to maintain trust among caregivers in order for the NIP to
continuously reach high coverage even for the already established vaccines. The
increased risk for febrile seizures after combined MMRYV vaccine is not evident at
age 4-6 years (95). See also the section on Safety.

Community level — School Health Care Services

Background

Scenarios for varicella vaccination as part of the NIP that include children older
than 5 years of age would affect the school health organisation. The school health
care programme includes health visits, at least four times during primary school
(school year 0-9) and most often offered in grade 1-2, 4, and 7 and in the first year
of high school. Today, immunisation is offered and carried out by school nurses. In
grade 1 or 2 MMR vaccinations are offered, in grade 5 or 6 two doses of HPV
vaccine are offered, and in grade 8 or 9 vaccination against DTP (booster) is
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offered. Moreover, school nurses provide complementary vaccines prescribed by
the school physician or designated school health nurses until 18 years of age.
Usually, two school nurses work together when performing the vaccinations in
order to maintain a high level of quality and safety. The municipalities and
independent schools determine what vaccination routines should apply in their
district or school. The circumstances for the school nurses can differ between
various municipalities and independent elementary schools, but also between
schools within the same municipality or independent school group. The capacity
for imposing additional duties on a school differs within the country. However,
more statutory tasks risk pushing aside non-statutory work such as open reception
for students, health education, etc.

A survey was conducted in 2017 to determine the impact on school health care
regarding the extra time needed for HPV vaccination of boys. School nurses in 15
municipalities and some independent schools were asked about their estimated time
for the different parts of the vaccination procedure with regards to HPV
vaccination of girls. Around 235 school nurses responded to the questionnaire. The
first parts of the immunisation process, €.g. ordering vaccine, providing
information in the classroom, and scheduling vaccination together with the teacher,
are estimated to take an average of 30 minutes for each round of vaccinations.
Additional time for vaccination procedures on an individual level is estimated to be
an average of 15-20 minutes per child and dose. The time required for
documentation of vaccinations depends on various factors. Documentation in
digital health records with access to templates requires less time than the
documentation on paper-based records. Caregivers with digital records have the
option of transferring vaccination data from the records, either directly or via
Svevac, to the National Vaccination Register. More time is required in the case of
manual online reporting to the National Vaccination Register by caregivers with
paper-based records and caregivers without automatic transfer (similar as for the
BVCs).

It is important to note that the different parts of the immunisation process are
spread out over a period of time that can range from a few weeks to several
months. Obtaining consent from the caregiver is a time-consuming process both in
terms of minutes per child and regarding the period of time from handing out the
forms to getting all of them back.

In Sweden 113,000 to 117,700 children were born each year in the 20132021,
followed by a dip in 2022 (104,000 children born). Due to immigration and the fact
that all children living in Sweden have the right to go to school and thereby also
have access to school health care, the number of children in each age group is
somewhat higher.

The expected impact on health care services from vaccine doses planned at
different ages, is presented in table 6.
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Table 3. Expected impact on health care services from vaccine doses planned at different

ages.
Alt Age for Child health services School health services
vaccination
A 12 months, There is an existing health visit No impact on school health
monovalent scheduled at 12 months in the national  services.
varicella child health programme. Adding one
vaccine given dose of monovalent varicella vaccine
as first dose implies one extra shot, resulting in
three injections at a single health visit.
This increases discomfort for the child
and could cause hesitancy among
parents and staff (i.e. a potential trust
issue). An average 15-20 minutes
extra time has to be calculated for
information about and preparation of
the vaccine. When an interpreter is
needed, the amount of time should be
increased.
B 18 months, There is an existing health visit No impact on school health
monovalent scheduled at 18 months in the national  services.
varicella child health programme.
vaccine or Given as the first dose, the vaccine
combined could be given as MMRV or as
tetravalent monovalent V concomitantly with the
MMRV vaccine  MMR dose. If the first dose is given as
given as first monovalent V it would result in two
or second injections instead of one at this health
dose visit. This implies greater discomfort
for the child. The first dose instead
given as a tetravalent MMRV vaccine
has a higher risk for febrile seizures.
This implies discomfort for the child
and caregivers and might lead to
increased contact with health care
services. Febrile seizures as a side-
effect might have a negative impact
on trust in the NIP.
Given as the second dose, MMRV
could be used. Combined chickenpox
vaccine has not shown any increased
risk for febrile seizures when given as
a second dose.
C 5 years, The second dose could preferably be No impact on school health
monovalent given concomitantly with the services.
varicella tetravalent booster dose at 5 years of
vaccine given age, resulting in two injections instead
as a second of one at this health visit. This implies
dose greater discomfort for the child. An

average of 15-20 minutes extra time
has been calculated for information
about and preparation of the vaccine.
When an interpreter is needed, the
amount of time should be increased.
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Alt Age for Child health services School health services
vaccination
D 7-8 years, No impact on child health services. Information for caregivers and
monovalent the child on why varicella was
varicella added to the NIP. Combined
vaccine or chickenpox vaccine has not
combined shown any increased risk for
tetravalent febrile seizures when given as
MMRYV vaccine a second dose. If the dose is
given as a given as a monovalent
second dose varicella vaccine, there will be
two injections instead of one
at this health visit. See
alternative C.
Convenient to vaccinate at an
age already established in the
programme.
E Catch-up Vaccine could be given concomitantly Vaccine could be given

with the tetravalent booster dose at 5
years of age. See alternative C.

vaccination of
susceptible
children, older
than age for
first dose

concomitantly with MMR at 6—
8 years of age, both doses of
HPV at 11 years of age, or
DTP booster at 14 years of
age, resulting in two injections
instead of one at these health
visits. See alternative C.

Convenient to vaccinate at
ages already established in the
programme.

Attitudes and acceptance towards varicella vaccinations
Varicella vaccination

Attitudes and acceptance among parents

Parental attitudes and acceptance of childhood vaccinations are complex and are
influenced by numerous factors. Factors influencing parental decision-making
regarding vaccinations range from individual determinants to social norms and
contextual factors as well as vaccination services and political policies (108). In
particular, having health care professionals as well as national guidelines advise or
recommend childhood vaccinations has been identified as a key factor for
promoting vaccinations (109). Moreover, the importance of trust in health care
providers has also been identified as an essential factor for vaccine uptake and the
acceptance of childhood vaccines (108, 110) as well as trusting the information
provided to the parents by the physician or nurse (111).

Several countries have already implemented varicella vaccination, and factors for
vaccine uptake and acceptance have been assessed. Routine varicella vaccination
has been offered in Germany since 2004, and therefore vaccination acceptance and
coverage has been assessed in several studies, mainly performed in the early years
after the introduction of the vaccine. The general picture was an increasing
acceptance and coverage (112-114). Access to information was a key factor as well
as having had the vaccine recommended by a paediatrician. Similarly, positive
attitudes among parents towards varicella vaccinations have been reported from
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studies in Hong Kong and New Zealand (115, 116). In contrast, only 28% of
parents with children aged 0—4 years in the Netherlands had a positive intention to
accept universal varicella vaccination for their child, whereas 21% were indecisive
(117). If the vaccine would not be offered free of charge, the positive intention was
even lower (20%). In relation to other diseases vaccinated against in the
Netherlands, parents ranked varicella as the mildest, and the majority believed that
it is a disease that “one is better off having been through”. No association was
found between parents’ knowledge scores for VZV and intention for universal
vaccination. An important predictor for positive intention was agreeing with the
belief that “varicella is a disease serious enough to vaccinate against”.

Finland introduced varicella vaccination in the child immunisation programme in
2017. A separate appointment was introduced at 18 months of age to receive the
first dose (118). Among children born from 2015, vaccination coverage did not
reach 80% by 2018, which is considered too low to interrupt virus circulating in
society. As varicella vaccine was introduced, a campaign to vaccinate children up
to 11 years without any history of varicella infection was also rolled out, which
was expected to have been effective in interrupting the circulation of varicella virus
in society. Vaccination coverage among children born in 2020 has by 2023 been
stabilized at 86%, which is lower than for other vaccines in the Finnish child
immunisation programme that for the same age cohort range between 93% and
97% (119).

In 2018, a survey regarding attitudes towards varicella and varicella vaccination
was sent to Swedish parents participating in the web-panel “Hélsorapport” run by
the PHAS (unpublished). In total, 1,056 parents to children aged 0—15 years (75%)
responded. Data were weighted based on background variables in order to achieve
representativeness of the Swedish population. Parents reported that 70% of the
children had had a VZV infection, and only a few (6%) had been admitted to
hospital due to the infection. A minority (9%) of the parents had vaccinated their
child against varicella at their own initiative and payment. Overall, most parents
responded that they had either a positive (46%) or neutral (39%) attitude towards
varicella vaccination for children. When asked about VZV infection being a mild
disease for children, about one quarter (27%) of the parents agreed to a great
extent, 48% somewhat agreed, and close to a fifth (18%) did not agree at all. Only
a few parents (13%) either agreed or agreed to a great extent that they were worried
about adverse events from the varicella vaccine. If the vaccine were to be included
in the NIP and offered to children under the age of 2 years, a striking majority of
the parents to children 0-5 years (86%) said they intended to have their children
vaccinated. Similarly, 79% and 87% of parents to children 610 and 11-15 years
of age, respectively, had a positive intention for vaccination of younger children.
The positive intention among parents was even higher (96%) if the vaccine were to
be offered to teenagers who have not yet had varicella infection.

One possible scenario is that the varicella vaccination is given during the routine
12-month visit as part of the national child health programme. In this case, three



vaccinations will be given to the child during the same visit. Another survey
focusing on MMR vaccination for children was conducted through the web-panel
“Hélsorapport” of parents with children aged 0—15 years in November 2017. The
survey assessed parental acceptance of giving three injections of vaccination
(combination against measles, mumps and rubella; combination against diphtheria,
tetanus, pertussis, polio, haemophilus type B, hepatitis B; and a separate vaccine
against invasive pneumococcal disease) during the 12-month routine visit at the
BVC. A majority of the parents (76%) felt comfortable with having their child
receiving three injections, and 24% were not comfortable. However, the acceptance
was lower (a 12% reduction) compared to the current national immunisation
programme of two shots. If there was a possibility to postpone one of the three
vaccinations, 47% would not want to postpone whereas 20% would definitely or
most likely postpone.

A literature review suggests that reluctance among parents increases with the
number of injections given at the same visit (120). The main reasons being
concerns about the child’s pain, adverse events, and stress on the immune system.
However, parents who accepted multiple injections had performed a risk-benefit
analysis with the positive aspects outweighing the risks. Recommendations from
the provider, disease severity, and VE were important factors for accepting
vaccinations.

Attitudes and acceptance among child health nurses

In Sweden, if the varicella vaccination is introduced to the NIP it might be offered
and administered by nurses specialising in child health at national BVCs. To our
knowledge, there are no scientific studies that have been conducted earlier on
attitudes and acceptance among nurses for varicella vaccination in Sweden.
Therefore, surveys were conducted to get a sense of the attitudes among child
health nurses in Skane and Stockholm, Sweden. One survey included 118 nurses
from the Region of Skéne, and 58 nurses (49%) were in favour of varicella
vaccination while 39 nurses (33%) were against the introduction of varicella
vaccination to the Swedish NIP. A total of 21 nurses (18%) were undecided.
Regardless of their responses, nurses in all three categories expressed a desire for
improved knowledge about the vaccine.

Among nurses in support of the vaccine, frequent comments were that the vaccine
has already been introduced in many other countries and that even in Sweden there
is also an increasing demand for the varicella vaccine among parents coming to the
BVC. A potential inclusion of the varicella vaccine in the NIP was also seen as an
opportunity to offer equal health services to all children, including families with
several children and/or families who do not have the means to pay for the vaccine
themselves. Some nurses emphasised that especially children at risk should be
offered the vaccine. If introduced to the NIP, the combined vaccine including
MMRYV was preferred. The nurses participating in the survey considered it
impossible to introduce another health visit to the BVC. Crucially, all nurses
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emphasised that additional time is needed for the procedure of immunising against
varicella, which has to be funded and allocated accordingly.

On the one hand, among nurses who were indecisive regarding the varicella
vaccine many expressed ambivalence and the need for more information. On the
other hand, nurses doubting or disagreeing with the introduction of a varicella
vaccine in the NIP expressed that varicella is a harmless disease and that only
teenagers and adults who have not yet had the disease would need protection by the
vaccine. A similar rationale was seen in a study from the Netherlands (117).
Hesitant nurses suggested that the HZ vaccine for adults should be introduced
nationally before varicella vaccine for children. Also see the Impact on health care
providers section for more details. Reluctance among providers has also been seen
to increase with the number of injections given at the same visit. Among providers,
reluctance was due to a number of reasons such as concerns of giving too many
injections, safety, risk of adverse events, and pain for the child, as well as
questioning the need for newly introduced vaccines (120).

A small sample of specialist nurses (40 nurses) working in the south-west region of
Stockholm were also asked about the potential inclusion of the varicella vaccine in
the NIP. The results were similar to the above-mentioned survey conducted among
nurses in Skane.

Furthermore, the same survey was administered to 14 managers responsible for
various BVCs in Skéne, as well as to a group of 14 managers in charge of either
antenatal care units, delivery room units, postnatal care units, or neonatal intensive
care units. The vast majority of the managers were in favour of the introduction of
varicella vaccine (13 and 11 persons, respectively).

Importance of trust and knowledge

BVC nurses in Sweden are subspecialised and experienced nurses in health
promotion as well as disease prevention and interventions. Parents seek advice for
their child from their BVC nurse for a broad range of health-related issues, and
they trust their medical judgement. Therefore, parental trust in the BVC nurse is
essential when they make the decision regarding childhood vaccinations (121). The
vaccination coverage for current vaccinations included in the NIP has been high
and stable in Sweden for many years. This successful vaccination coverage is
primarily built on strong parental trust of the nurses at BVCs. Parents also trust the
health care system recommending and delivering the vaccinations included in the
NIP.

Nurses’ knowledge is not only needed regarding the vaccine, but also concerning
both varicella and shingles and the complexity and the interplay of the diseases.
Being able to respond to questions posed by parents is crucial because nurses have
the opportunity to provide parents with trustworthy information and knowledge for
making informed decisions. Nowadays parents are frequently overwhelmed by
complex and often conflicting information available from different sources.
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Perceiving varicella as a harmless disease and therefore believing it not necessary
to vaccinate against might be a risk for low acceptance of the vaccine if introduced
in the NIP. A German study showed that professionals and parents who perceived
varicella as a serious disease and necessary to vaccinate against had a positive
attitude or intention to vaccinate (117).

Nurses have to be thoroughly educated in order to address various parental
questions and concerns. Therefore, there is a need for a well-designed educational
programme that can provide the nurses with up-to-date knowledge regarding
varicella and the vaccine. Such an intervention is also key for the successful
implementation of the varicella vaccine in the NIP and for enhancing parental
acceptance and confidence for the vaccination.

Attitudes and acceptance among school health care nurses

There are different scenarios to examine when considering the inclusion of
varicella vaccine in the NIP. One of the scenarios is to offer and administer
varicella vaccine by specialised school health care nurses at schools. In order to get
a sense of the actual attitudes of these school health care nurses, a small survey was
conducted among specialised school nurses from the Region of Orebro, Sweden.
The survey (4 questions) was sent to 58 nurses, of which 24 responded (43%).
Nearly all nurses, 92%, were in favour of the introduction of a varicella vaccine.
About one third of these nurses were positive even if the vaccine was not being
offered and administered by the school health care nurses. These nurses believed it
is better for the children and the effect of the programme if the vaccine is given
early in the child’s life. They pointed out that the workload for the school nurses
might be a problem, but despite this 15 nurses (63%) were positive to the
introduction of varicella vaccine. However, they emphasised that it is necessary to
allocate additional resources specifically to the school health care nurses in order to
compensate for the extra workload. Along with the survey, the nurses also received
brief information about VZV, severe complications of the disease, the burden of
disease, and why the varicella vaccine is being considered to be included in the
NIP. This information might have influenced the answers towards a more positive
attitude. A positive attitude among school health care nurses was previously seen in
a Canadian study on attitudes towards both current and proposed vaccines to be
included in the NIP (122). The results of that survey showed that nurses had a more
positive attitude to combined vaccines and to vaccines that they had received more
information about. Similar results were also found by Dubé et al. in Canada (123).
A more negative attitude towards the varicella vaccine was seen in a study
conducted among nurses and parents in the Netherlands (117), and the authors
concluded that a negative attitude towards the vaccine was more common among
those perceiving varicella to be a mild disease.
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Summary

Health care staff, and in Sweden especially child and school health care nurses,
have a central role in promoting and supporting attitudes towards varicella and
other vaccines, and recent surveys have found that they have varying views on the
potential introduction of a varicella vaccine in the NIP. Nurses not only need more
information and better knowledge about the vaccine, but also about the disease and
its complications. The introduction of any vaccine in the NIP must be preceded by
thorough educational efforts in order to facilitate successful implementation.

The school health nurses had positive attitudes towards a potential introduction of
the varicella vaccine in the NIP when given brief background information about
both the disease and the vaccine, and they emphasised the need for allocation of
sufficient resources. The most convenient alternative, and probably the most
accepted among health care staff, would be to offer the first dose as monovalent
varicella vaccine at 18 months of age and the second dose as a combined vaccine
(MMRYV) at the age for the second dose of MMR, which is currently given in
school. With this strategy, the workload for school health nurses would only be
expanded to respond to parents’ questions regarding the vaccine and the disease
once the catch-up vaccination of older children is finished (approximately 3-4
years).

Although the intention to vaccinate might differ from actual behaviour, the strong
intention reported by Swedish parents indicates that a majority of parents would
accept vaccinating their children against varicella if the vaccine were to be offered
as part of the NIP. To complement the survey performed among Swedish parents
and to get a deeper understanding of parental attitudes and acceptance of varicella
vaccination, a qualitative study would be needed. Having nurses and health care
professionals recommending the vaccine as well as providing satisfactory
information materials would be key factors for successful implementation and for
reaching a high vaccine uptake.
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Other preventive measures or treatments
Treatment of varicella in the immunocompetent host

Varicella

Antiviral treatment is not indicated in the healthy child with varicella, but
symptomatic treatment is recommended, e.g. over-the-counter drugs against fever
and itching. Adults with primary varicella are recommended antiviral treatment,
generally acyclovir or valacyclovir tablets, if treatment can be initiated early in the
course of disease, preferably within 24 hours of onset but no later than 72 hours.

Varicella with complications

Anyone with VZV disease with complications, e.g. pneumonitis or hepatitis,
should receive treatment with intravenous acyclovir.

In severe cases of cerebellitis, antiviral treatment should be considered. Other
VZV-related complications affecting the CNS, such as encephalitis, meningitis,
myelitis, and stroke, should be treated with 7—14 days of intravenous acyclovir. In
the case of myelitis, there should be the addition of a short course of high-dose
glucocorticoids. Cranial nerve engagements should also be treated with antivirals
and glucocorticoids, but not all cases will need parenteral treatment (124).

Post-exposure prophylaxis and treatment of varicella infection in the
immunocompromised patient

Significant exposure to VZV with a risk for contracting the virus has been defined
as household contact, face-to-face conversation, and being in the same room for at
least 15 min (125). Contact with a healthy person who develops chickenpox within
2 days should also be considered a significant exposure. According to the UK
guidelines, if a patient has pre-existing immunity no further actions are needed (Fig
2). However, in the Swedish guidelines for children with cancer, prophylaxis is
given to all children during high-dose intensive chemotherapy (126).
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Figure 4. Flow chart for varicella prophylaxis. Modified from the Green Book (UK) (125).
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Once significant VZV exposure is established, prophylaxis can be offered in two
forms — antiviral agents (acyclovir or valacyclovir) or VZIG. VZIG is prepared
from pooled plasma from donors with high VZV antibody titres and has been
shown to prevent varicella in healthy children provided that VZIG is given within
72 hours of exposure (127). In immunocompromised children, VZIG also reduces
the incidence of varicella and reduces disease severity. The effective duration of
VZIG is not known but is most likely 3—4 weeks as for other immunoglobulins.
VZIG has been used to prevent varicella in immunocompromised children for at
least 40 years, but the supply of VZIG is limited and should be restricted to those at
greatest risk (125).

Prophylaxis with antiviral agents is commonly used for immunocompromised
patients. Prophylaxis with acyclovir should start within 7 days after exposure at a
dose of 20 mg/kg four times a day (maximum 800 mg x 4) and continue for 14
days (128).

Treatment of varicella in immunocompromised patients should always be done in
close contact with a specialist. In Sweden, guidelines issued by the Swedish MPA
(Lakemedelsverket) should be followed (128).

It should be noted that the monovalent vaccines (Varivax and Varilrix) are also
licensed as post-exposure prophylaxis to non-immune individuals if administered
no later than 72 hours after exposure. The protective efficacy was for Varivax
reported to be >90%, and there are limited data indicating that severity may be
somewhat reduced if administered after day 3 but within 5 days from exposure
(129). The protective efficacy for Varilrix was reported to be 80% against
moderate/severe illness (130).
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Summary — other preventive measures and treatment

Strategies available for the treatment and prevention of VZV-associated disease
and complications include antiviral treatment, varicella-specific immunoglobulins,
vaccinations around individuals at risk of developing severe varicella infection or
HZ (cocooning), and isolation of at-risk patients. The use of these different
strategies depends on individual clinical situations and decisions made by medical
specialists.

Monitoring the impact of vaccinations

The main objective of monitoring vaccination programmes is to ensure that set
goals are achieved regarding the implementation of vaccination, the impact of the
vaccination on disease burden, and the expected risk-benefit profile. The results of
monitoring can indicate if the programme needs to be changed, e.g. the scheduled
age or the need for booster doses.

The monitoring of the effects of vaccinations in the NIP consists of:

e Vaccination coverage

e Disease surveillance

e Microbiological surveillance

e Seroepidemiological investigations of immunity in the population

¢ Safety monitoring

Monitoring of the varicella vaccination programme

Vaccination coverage

High vaccination coverage is required for a successful vaccination programme. For
varicella vaccination, achieving a high coverage for two doses is crucial. At low
coverage, the programme may have undesirable effects on disease burden because
it might shift onset towards older age groups who are at risk of more severe
disease. According to the WHO, reaching a coverage of at least 80% must be
ensured before considering the introduction of varicella vaccination in the NIP (6).
The goal for achieving two-dose coverage in Sweden would be 95%, equal to the
coverage for MMR vaccine.

The national vaccination register is used to monitor vaccination coverage, and all
vaccinations included in the NIP should be reported to the National Vaccination
Register maintained by the PHAS. The data in the National Vaccination Register
can be used to calculate vaccination coverage per dose, age group, county, and
municipality. The analysis of vaccination coverage through the National
Vaccination Register is currently done yearly by the PHAS. When introducing new
vaccines, the coverage can be followed more frequently from the beginning.
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Disease surveillance

The aim of disease surveillance is to monitor the impact of vaccination on VZV
disease burden and epidemiology. The indicators that are followed include
hospitalisations and age-specific varicella and HZ incidence. In order to monitor
outbreaks after the disease is no longer endemic, a system for active outbreak
reporting should be considered 5—7 years after the introduction of vaccination.

Varicella, except for its complication meningoencephalitis, is not a notifiable
disease according to the Communicable Diseases Act. Most varicella cases do not
seek medical care, and even if the disease were to become notifiable
underreporting is expected to be considerable if attempting to include all varicella.
Laboratory reporting of VZV-positive samples can be used to follow age-specific
incidence of severe cases, but microbiological samples are rarely collected in
varicella cases and routines vary between clinics. To monitor changes in disease
burden, the National Patient Register data on varicella-related hospitalisations and
the Cause of Death Register data on mortality can be analysed retrospectively. A
better monitoring would likely be obtained by also making varicella cases admitted
to hospital notifiable according to the Communicable Disease Act. Data from the
studies on disease burden performed in the pre-vaccination period will be used as a
baseline (30).

The National Patient Register maintained by the National Board of Health and
Welfare (NBHW) contains data on all inpatient care and outpatient specialist health
care and visits to specialist medical clinics and emergency departments. Reporting
is mandatory by law, and the register has a good completeness (131). There is,
however, some delay in registering and updating the database. ICD-10 codes at
hospital discharge could be used to identify varicella-related cases, and overall and
age-specific varicella incidence for hospitalised cases can be analysed using data
from the National Patient Register.

Varicella vaccination will provide indirect protection to people who are not eligible
for vaccination. For example, varicella incidence among infants is expected to
decrease after the introduction of varicella vaccination into the NIP. Data on
hospitalisations and consultations in specialist care among infants in the baseline
study could be compared to data from the patient register after vaccine
introduction. Age-specific case-based data from registers allow for the analysis of
potential changes in median age among hospitalised cases.

Cases of viral meningoencephalitis caused by VZV are reported to Sminet, a
database for notifiable diseases at the PHAS. Although meningoencephalitis can be
a complication of both varicella and HZ, it is mostly caused by reactivation of the
latent virus. Clinical data, such as symptoms or primary diagnosis, are usually not
provided on the clinical reporting form. Diagnosis could be confirmed by register
studies where data from Sminet and the patient register are co-processed.

Although varicella-related mortality is low, the impact of the vaccinations on
mortality could be monitored and evaluated by analysing data for the pre- and post-
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introduction periods within a later impact study. Relevant records of varicella-
related deaths in the Cause of Death Register can be identified using ICD-10 codes.

Data on the cause and length of parents’ absence from work to care for sick
children are available from the Swedish Social Insurance Agency. Parents need to
report care for a sick child to the Social Insurance Agency on the first day of their
absence from work in order to receive the temporary benefit. Such data could be
used to evaluate changes in overall varicella disease burden in children and the
health economic benefit of the vaccination programme. A system for using social
insurance data in monitoring the impact of health interventions needs to be further
developed.

HZ surveillance is important in order to assess the impact of varicella vaccination
on HZ epidemiology. Long-term follow up of HZ cases in vaccinated and
unvaccinated cohorts is needed.

Microbiological surveillance

Virus identification from clinical specimens in order to differentiate wild-type
VZV from vaccine-type VZV should be considered in case of severe varicella in a
recently vaccinated child or if secondary cases caused by the vaccine strain are
suspected. Viral strain identification should also be considered when HZ occurs in
a previously vaccinated person.

Polymerase chain reaction testing to differentiate vaccine type from wild-type VZV
is performed by the PHAS.

Seroepidemiological investigations

Antibody levels in the population and changes in age-specific seroprofiles can be
studied through serological surveys, as is done for other vaccine-preventable
diseases in approximately 10-year intervals,

Safety monitoring

The safety of any varicella vaccine will be followed by the MPA. All adverse
events (AEs) or suspected AEs should be reported to the MPA. Even BV cases
should be reported. The MPA’s routine monitoring of vaccine safety is based on
data from AE reports from health care personnel and consumers and other safety
information (e.g. the European database for AEs and the mandatory periodic safety
reports from the companies), as well as data from epidemiological studies and the
scientific literature.

The safety monitoring is product oriented, i.e. it is dependent on the safety profile
of each vaccine, and it is carried out by several parties. The producer of the vaccine
has the main responsibility for the product, including safety monitoring. The
Swedish MPA together with agencies in other EU countries, the EU commission,
and the European Medicines Agency (EMA) are responsible for the approval,
safety monitoring, and supervision of medical drugs, including vaccines, in Europe.
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A safety signal is information on a new or known AE that might be caused by a
medicine and requires further investigation. The EMA, together with the regulatory
authorities in the EU Member States and marketing authorisation holders, is
responsible for detecting and managing safety signals. Safety signals can be
detected from a wide range of sources, such as spontaneous reports, clinical
studies, and the scientific literature. The presence of a safety signal does not mean
that a medicine has directly caused the reported AE, and an illness or another
medicine taken by the patient could also be the cause. The assessment of safety
signals establishes whether or not there is a causal relationship between the
medicine and the reported AE. The evaluation of safety signals is part of routine
pharmacovigilance and is essential to ensuring that regulatory authorities have the
most up-to-date information on a medicine’s benefits and risks.

Associated costs

The cost will be influenced by the number of register studies planned because these
are labour intense and require the purchase of data from other agencies (such as the
NBHW and Statistics Sweden). The costs are estimated to be 30,000 SEK yearly.
These costs do not include overhead costs or funds to maintain the National
Vaccination Register.

Summary — monitoring

The main objective of monitoring of vaccination programmes is to ensure that set
goals are achieved regarding the implementation, the impact of the vaccination on
disease burden, and the expected risk-benefit profile. The results will indicate if the
programme needs to be changed, e.g. the scheduled age or the need for booster
doses. Monitoring will be carried out through disease surveillance and virological
surveillance and follow up of data concerning coverage, seroepidemiology, and
safety. The monitoring activities will involve external partners such as the MPA,
the NBHW, and the Swedish Social Insurance Agency.

Communication activities

In relation to the public and health care providers and associated costs.

Varicella vaccination

Communication activities to support the implementation of a national varicella
vaccination programme are related to a large number of aspects, for example, the
knowledge level and attitudes among child health and school health personnel,
children (depending on age of vaccinations), and parents. The communication
should mainly support action, such as parents’ and children’s informed decision-
making and nurses’ information about the vaccines and diseases as well as
administering and registering of the vaccinations. As described in earlier sections
about attitudes and impacts on health care, knowledge about varicella and the
vaccinations likely varies among children and their parents.
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Considering the important role of the nurses in child health and in schools in
communicating with parents and children, the planned national communication
activities should aim at supporting nurses with facts, hands-on tools for dialogue,
and guidance for registering the vaccinations. Additionally, national activities
should seek to clear up any misunderstandings or lack of knowledge that might
hinder parents’ and children’s individual and informed decision making.

Objectives

During the introduction and further on, the communication activities should aim at:

e empowering health care professionals and relevant key actors in their task of
offering and administering the vaccination

e facilitating children’s and guardians’ informed decision-making

e supporting equivalent communication and awareness in all units in all parts of
the country.

Methods and activities

Several actors are involved in supporting a successful NIP through their
communication. The most effective face-to-face communication will take place in,
or in relation to, the local setting (child and school health care). This will be
supported by national communication activities mainly through broader, non-
personal communication channels and the various channels of the health care
sector, such as 1177 Vardguiden.

The PHAS will provide key actors with overall messages and basic information
material. The agency will also collaborate with, for example, 1177 Vérdguiden,
Rikshandboken for barnhélsovérd, and digital communication channels to
coordinate the dissemination of information to the public. Content, such as
Questions and Answers, will be available on national websites, as well as relevant
texts and graphic material. The national resources will aim at filling the gaps
related to varying resources and at offering a variety of communication tools. Web-
based questionnaires, education, and webinars as well as communication through
social media will allow needs to be identified and information to be disseminated.
The extension of the programme will also be an opportunity to strengthen the
national communication supporting registration of administrated doses in the
National Vaccination Register. County councils, municipalities, and child health
and school health care units can build on the national material to develop their own
activities that are tailored and supplemented according to the needs of the local
target groups.

To support communication in the local setting, national printed material to hand
out to parents and children and material to support dialogue and reflection would
be a priority. When needed, timely support and updates through established
networks would aim at preventing rumours and misunderstandings that might
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prevent parents from accepting the vaccination. Because fear and rumours (often
facilitated by media and social media) might occasionally affect the public
perception of a vaccination, clear and timely support for communication by the
well-trusted child health and school health care system aimed at maintaining
confidence in the vaccination programme is important.

Time is a scarce resource already in these settings. This was shown in the
previously mentioned survey among nurses in child health and school health care
(see Impact of vaccinations on health care providers and Attitudes towards
vaccinations). If issues with time negatively affect the nurses’ ability to acquire
knowledge and to communicate and to have an active dialogue with parents and
children, this can become a problem for the extension of the vaccination
programme. This cannot be solved by national communication and has to be
planned for in the local setting.
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