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Introduction: The aim of the present study is to review the
economic burden of varicella disease and the benefit of
universal varicella vaccination in different settings pending its
implementation in all Italian regions.

Results: Twenty-three articles met the criteria: 15 cost-ef-
fectiveness, 8 cost-benefit and one cost-utility analysis. Vari-
cella vaccination could save the society from €637 762 (infant
strategy) to 53 million annually (combined infant and adoles-
cent strategy). The median and the mean quality scores result-
edin 91.8% and 85.4% respectively; 11 studies were considered
of high quality and 12 of low quality.

Discussion: The studies are favorable to the introduction
of universal varicella vaccination in Italy, being cost saving and
having a positive impact on morbidity. The quality score of
the studies varied greatly: recent analyses were of comparable
quality to older studies.

Materials and Methods: Research was conducted using
PubMed, Scopus and ISI databases. Score quality and data ex-
traction were performed for all included studies.

Introduction

Varicella or chickenpox is a common childhood exanthematic
disease caused by the Varicella zoster virus (VZV) -a member
of the herpesvirus family- which in most cases affects 5-10 y old
children. Although benign, is highly contagious, pandemic and
causes several complications that are frequently underestimated.!

Vaccination is one of the most effective and safe Public Health
interventions available for the primary prevention of infectious
diseases. This practice brings benefits not only to the vaccinated
subjects, but also indirectly by inducing protection to non-vacci-
nated: herd immunity.

Since 1992 a varicella vaccine, consisting of live attenuated
virus, is available and recommended for all children in the second
year of life. The efficacy of varicella vaccination is about 95% in
the prevention of moderate or severe cases and between 70-85%
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in the prevention of mild forms. The vaccine is safe, well toler-
ated and protection appears to be of long duration; it is now rec-
ommended as a two-dose schedule starting after the first year of
life (second dose 1-3 mo apart or administered at 46 y).

The trend of varicella in Italy shows a series of fluctuation
and basically increased until the mid-nineties. The maximum
number of cases was reported in 2004 and amounted to more
than 126000 infected subjects. Following that peak, there was
a decrease in cases, especially in 2005. Generally, the trend of
varicella in Iraly shows a decrement from 1996 to 2006 due to
the introduction of the vaccine in some Regions (104.216 vs.
97.634), but the number is still high.!

The reform of the V Title of the Constitution (Constitutional
Law n.3/2001) endows all 21 Italian Regions with the respon-
sibility of organizing and delivering health services while the
State determines the essential health care interventions that all
Regions have to offer to the population.? Both mandatory (diph-
theria, tetanus, poliomyelitis, hepatitis B) and non-mandatory
vaccinations (pertussis, Hemophilus influenzae type b, measles,
mumps and rubella) are included in essential health services.
Nevertheless, vaccination policies in Italian Regions have been
extremely heterogeneous in the last few years, with the same vac-
cine offered free of charge to all newborns and susceptible adoles-
cents in seven regions, and only to people at risk in the remaining
14 Regions. There are even differences within the same region,
related to the disparate vaccination strategies of Local Health
Units.

In several countries routine varicella vaccination for all chil-
dren has been introduced into the national immunisation sched-
ule, e.g., Germany,” Greece,* Australia,” Canada,® Republic of
Korea,” Saudi Arabia® and the United States of America (USA).
In Spain, as in Italy, it’s only at regional level.

Along with the adoption of routine vaccination program,
a two dose schedule has been recommended in Greece and by
the Spanish Association of Pediatrics."! In Germany, the com-
bined MMRYV (measles-mumps-rubella-varicella) vaccine can be
used, in place of separate injections of measles mumps- rubella
(MMR) and varicella vaccines, with the two doses administered
close together (at least 1 mo apart). A short interval between the
doses enhanced compliance and vaccine coverage. Also, a good
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immune response has been obtained when the MMRYV vaccine
was given to children with an interval of 1 to 6 y, as in Finland."
In other European countries (e.g., Belgium, Norway), MMR vac-
cines are administered with a longer schedule (7 to 12 y apart). A
long interval for the second dose of varicella-containing vaccine
is associated with higher risk of breakthrough disease between
doses and could have negative impact on vaccine coverage.”

In the USA, a two-dose schedule for varicella vaccination
has already been implemented, and a decrease in the number
of patients with varicella -including those with breakthrough
disease- has been observed."" The Advisory Committee on
Immunization Practices (ACIP) recommends the first dose of
vaccine administered at 12 to 15 mo and the second dose at 4 to 6
y or at an earlier age, provided the interval between the two doses
is 3 mo.” Furthermore, the American Academy of Pediatrics rec-
ommends either MMR and varicella vaccines separately, or the
MMRYV be used for the first dose. Generally, the use of MMRV
for dose 2 is preferred over separate injections.'®

Regarding varicella vaccination coverage, data are not rou-
tinely collected by all Italian Regions; hence, the national cover-
age is assessed every 5 y by survey method. The survey conducted
in 2008, among children aged 12-24 mo, showed a rate of 17%."
The rate is very low compared with other developed countries
with routine varicella vaccination program, such as the USA
(90.8% among children aged 19-35 mo in 2011)*® and Australia
(83% among children aged 24 mo in 2011).” The Italian cover-
age rate is also lower than in Japan, which has a voluntary vari-
cella vaccination program (90% for children up to 4 y old and
35% among those 1y of age, in 2011).%°

The Italian National Immunization Plan 2012-2014 (NIP),
approved in February 2012, has the primary objective to har-
monize vaccine strategies, and to ensure an active offer and free
vaccination priority for the general population. In particular, the
Plan states that varicella vaccination should become universally
recommended in all Regions, albeit from 2015, after obtain-
ing the results of the pilot programs activated in eight regions
(Basilicata, Calabria, Puglia, Sardinia, Sicily, Tuscany, Veneto
and the Province of Bolzano).?!

The aim of the present study is to evaluate the economic bur-
den of varicella disease and the benefit of universal varicella vac-
cination pending its implementation in all Italian regions.

Results

Identification of relevant research. Using the aforementioned
inclusion criteria we found (see Fig. 1):

e 173 articles for Pubmed search;

e 293 articles for Scopus search;

e 213 articles for ISI search.

A total of 1358 articles were found for all strings, of which
1264 were removed because they were not relevant and 71 articles
were duplicates in two or all search engines. At the end of the
evaluation, 23 articles met the pre-determined criteria described
above.?24

Quality assessment. The 23 articles reviewed, with the
assigned score quality, are shown in Table 1. The maximum
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quality score of 113/113 (100%) was obtained by Coudeville L.
et al. 2004°¢ and Brisson M et al. 2002,° and the lowest score
was 71/107 (66.3%) assigned to Jean-Jasmin LM et al. 2004.%
The median score resulted in a value of 91.8% (Table 1).

Considering the median score of the 23 articles, we found
that 11 were of high quality (articles with assigned score over
the median value), while the remaining 12 were of low quality
(articles with assigned score under the median value). The mean
score quality for all 23 articles considered was 85.41%.

The review evidenced that the quality score of the studies var-
ied over years, even in the same year and in analyses conducted
by the same authors: Scuffham et al.?? vs. Scuffham et al.?® got
90.3% and 75.6% respectively; Coudeville L. et al. in 1999,”
in 2004,% and 2005,%® obtained respectively 91.5%), 100% and
94.8%. The differences are especially evident in the 3rd sec-
tion - analysis and interpretation of results - of the Drummond’s
checklist. No difference is evident in the quality of the examined
studies along the years.

Type of economic evaluation of the included studies. The
classification of the studies is based on the type of economic
evaluation:

e CEA (costeffectiveness analysis) was performed in 15

economic evaluation studies;?>23:26-28,31-34,37-39,41.42,44
e CBA (cost-benefit analysis) was evaluated by 8
studies; 4252935374043
e CUA (cost-utility analysis) was considered in the study
performed by Brisson M. et al. 2003.3

Among the CEA, nine studies demonstrate the cost-effective-
ness of childhood varicella vaccination compared with no vacci-
nation,26:2731:3438.39.4142:44 The results of Scuffham et al.?>? varied
in different environments: in 1999 they affirmed that the intro-
duction of varicella program is cost saving for the New Zealand
society, while in Australia, the childhood vaccine program is still
preferred but has greater costs than the no vaccination program.
Furthermore, according to Getsios et al.,”® the childhood vacci-
nation program is not cost-effective for the Canadian healthcare
system.

Thiry etal.® underlined the economic savings of an adolescent
program in Italy, while Hanslik T. et al.? concluded that targeted
vaccination of non-immune adolescents and adults could reduce
medical and financial burden of varicella in countries where no
routine childhood immunization is implemented.

The only CUA included in the review (Brisson M. et al.*)
does not consider the childhood program as a cost saving strategy
compared with the adolescent one.

Finally, all the CBA substantially reported that varicella
vaccine can reduce the number of cases, complications and
hospitalizations.

The population and the countries considered were different in
the studies: 14 analyses were conducted in Europe, 3 in America,
4 in Asia and 2 in Oceania.

Discussion

The present review includes 23 studies on varicella vaccination,
which highlight the importance of varicella vaccine and the
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Records identified through
PUBMED database

1) n. 86 for “varicella vaccination
AND cost effectiveness”

2) n. S for “varicella vaccination
AND cost utility”

3) n. 82 for “varicella vaccination
AND cost benefit”

Total records:
n. 173 articles

Records identified through
SCOPUS database

1) n. 151 for “varicella vaccination
AND cost effectiveness”

2) n. 8 for “varicella vaccination
AND cost utility”

3) n. 134 for “varicella vaccination
AND cost benefit”

Total records:
n. 293 articles

Records identified through
ISI search

1) n. 145 for “varicella vaccination
AND cost effectiveness”

2) n. 10 for “varicella vaccination
AND cost utility”

3) n. 58 for “varicella vaccination
AND cost benefit”

Total records: n. 293 articles

n. 1358 articles

Total records found:

ﬂ:> Records screened on basis of the title and abstract:

n. 1.264 were r db not rel

Records removed because duplicates: n. 71

eligibility:
n.23

Full text articles assessed for

!
v

Not appropriate full text articles: n. 0

==

N.23 STUDIES

RECORDS INCLUDED IN THE REVIEW:

Figure 1. Flow-chart of the selection process.

economic burden of the disease both from the societal and the
healthcare perspective. Generally, varicella vaccination is cost
saving from the societal perspective, infact BCR ranges between
€637762 (childhood strategy)** and 53 million annually (com-
bined childhood and adolescent strategy).”’

The three studies conducted in Italy*3** support a routine
varicella vaccination program, being cost saving and having a
positive impact on morbidity. For recommended vaccination of
adolescents to be cost saving for the NHS—up to €292 134 sav-
ings in direct treatment costs- the overall price of the vaccine
would have to decrease below €25.10. The society will definitely
benefit from a catch-up program, targeting children aged 2-11'y
old, which can prevent the greatest number of varicella outcomes
and avoid 45% of cases.?

The analysis by Coudeville et a

1.3¢ states that a routine child-

hood immunization represents a good option for Italy. Similarly,
the study by Bonanni et al.* demonstrates that the introduction of
universal varicella vaccination in young children (with or without
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an adolescent catch-up program) would be very effective in reduc-
ing the high disease burden in Italy. They also clarified that signifi-
cant net savings are obtained from the societal perspective, while
universal vaccination is not cost-saving to the Italian National
Health System (NHS), but the amount needed to avoid a case or
gain a year of life is very low and favorable all the same.

The introduction of MMRV vaccines given in a two-dose
schedule could influence the cost-effectiveness of varicella vacci-
nation in different settings. The analysis performed in Germany,
demonstrated that two doses of MMRYV vaccine are cost-saving
from a societal and a health system perspective (BCR of 2.56 and
1.08, respectively) compared with an adolescent immunization
strategy with one dose of varicella vaccine.”” Furthermore, the
study conducted in the USA highlighted that, compared with
no intervention, the two-dose regimen is cost-saving from a soci-
etal perspective (BCR = 2.73). However, compared with 1-dose
program, the incremental second dose was not cost saving from a
societal perspective (BCR = 0.56).%*
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Table 1. Score quality of the included studies by year of publication (according to the Drummond’s checklist modified by La Torre et al.)
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Zhou F. et al. 2008

Banz K. et al.
2009

Bonanni P. et al. 2008

Valentim J. et al. 2008

HammerschmidtT. et
al. 2007

Lenne X. et al. 2006

Coudeville L. et al.
2005

Tseng HF et al. 2005

Coudeville L. et al.
2004

Jasmin LM et al. 2004

Ginsbe-rg GM. et al.
2004

Thiry N. et al.
2004

Hanslik T. et al. 2003

Banz K. et al.
2003

Brisson M. et al. 2003

Hui-Chun Hsu et al.
2003

Getsios D. et al. 2002

Wutzler P. et al.
2002

Brisson M. et al. 2002

Scuffham et al. 1999.

Coudeville L. et al.
1999

Domingo D. et al.
1999

Scuffham et al. 1999.

Authors
(year of publica-
tion)

Study Design

26/26 26/26 26/26 19/26 26/26 23/26 23/26 26/26 26/26 26/26 26/26 26/26 22/26 18/26 26/26 26/26 26/26 22/26 19/26 23/26 26/26 26/26 19/26

SCORE
/ITEMS (26 score

items)

Data Collection

SCORE/

39/42 42/45 32/45 42/42 39/39 39/39 32/45 45/45 42/42 42/42 45/45 45/45 35/42 42/42 38/42 42/45 33/39 33/36 39/39 39/45 45/45 36/42

33/36

ITEMS
(45 score items)
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In addition, the MMRV vaccine provides
other benefits by increasing the level of protec-
tion and, thus, limiting the risk of breakthrough
cases. It also reduces the number of injections
to complete vaccination, leading to major vac-
cine acceptance and improvement of the vac-
134041 Consequently,
adding varicella vaccination to the routine vac-

cination coverage rate.
cination program and implementation of the
two-dose schedule with MMRYV should be taken
into account in countries where it has not been
implemented.

In conclusion, the scenarios presented by the
23 articles analyzed are heterogeneous but are
also undoubtedly favorable to the introduction
of universal varicella vaccination. The results
should be handled in consideration of the stud-
ies quality. Fortunately for the Italian context,
the analysis by Coudeville L et al.?® obtained the
highest quality score (100%), followed by Thiry
et al.® (97.4%) and Bonanni et al.*® (91.5%). In
2003, Bonanni P.* affirmed that compulsory
varicella vaccination will not be introduced in
Italy, confirmed by Thiry et al.?* in 2004, since
the ultimate aim of the Italian NHS is the abo-
lition of compulsory vaccination. It is foreseen,
by the National Vaccination Plan 2012-2014,
that from 2015 childhood routine vaccination
will be offered free of charge during the second
year of life in all Italian Regions. Further public
health interventions will be therefore necessary
to inform and educate the general population
and to avoid a drastic drop of vaccination cover-
age in Italy; healthcare workers will surely have a
key role in this process.

On the basis of the review results, it’s possible
to conclude that the implementation of univer-
sal vaccination in all Italian regions by 2015 will
be cost-saving from the societal perspective, and
will imply a favorable cost-effectiveness profile
from the NHS perspective.

Materials and Methods

Identification of relevant studies. A literature
review was conducted using three electronic
medical journal databases: Scopus, PubMed and
IST engines for published studies on economic
evaluations of varicella vaccination programs.
The keywords used were “vaccination”, “vari-
cella”, “cost effectiveness,” “cost utility,” and “cost
benefit”. Combined searches were performed for:
“varicella vaccination AND cost effectiveness,”
“varicella vaccination AND cost utility”, “varicella
vaccination AND cost benefit.” Search criteria are
summarized in Figure 1.
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Table 2. Characteristics of the selected studies by year of publication and types of economic analysis

11years, to protect older children
until the first cohort of vaccinated
infants reaches 12 y of age.

The cost effectiveness analysis was
based on modeling the costs and
consequences of strategies Il and

Il relative to strategy | and strategy
IV relative to strategy Il. The latter
comparison was made to examine

the incremental cost-effectiveness
of adding a catch-up strategy for

12-y olds to the infant program.

w
[ — -
v 13 q
i 3 2 ) Nation/ Efficacy )
g - Alternatives i Sample Measures/ Main Results
‘% = 5 Perspective cost measures
-3
~ 1. adding the varicella vaccine to The total cost of a vaccination program is over
§ the existing 1. Direct and NZD2.6 million annually (€1,658,180.82); in the
. . - New Zealand/ soci- indii . absence of a program the total cost of vaccina-
§ a CEA dillcloes TmunrEiiEm seieeiilz etal and healthcare Celiel Z 20D indirect cost; tions is overpNZ?DS 6 million (€2,295,942.67")
o\ . d 0 ’ g b
. children 15 mo olds 2.“BCR; . . . L
£ 2. the current New Zealand situa- system By introducing a varicella vaccination pro-
3 tion: vaccine is available on a user- 3.°CER gram, society saves NZD1 million annually
& pays basis (€637,761.85).
aa Spain/ The vaccination program was cost beneficial
N A . . . ) X i
] 1. Vaccination at 15 mo of age; 1. Societal per- if vaccine price were less than PT6013 (€36.14%)
S 2 o . L 150 children 15 1. Direct and T
S . CBA 2 Novaccination (susceptible sub- spective mo old indirect cost p b
g .E ject; immunized; disease) 2. healthcare The total saving of the program would be
Q system PT368 million (€2,211,724.54%).
1. Children less
~ than 6y old The analysis demonstrates the value of varicel-
N - la vaccination when associated with measles-
() 2. Individual _rubella (MMR) ination: if varicell
= 1. Preventive strategy (vaccination patients presenting mumps-rubetia vaccination: IT varicefia
S for children and medical treatment France/ it verteale DT and MME vaccmeiare co—adn"nmsteredf the
S of residual cases of varicella) . o . velaccmatwn of 80% ofth‘e chlldren -agamst
~ CBA . L 1. Society two specific inves- 2. Direct and varicella leads to a reduction in medical costs
% 2 Ui siietiagy (no VR R 2. Patient tigations-an epide- ;. 4ot costs associated with varicella including that of vac-
3 and medical treatment of patients ’ miological model cination, ranging from 10 to 77% according
g with varicella) and a prospective to the values adopted for vaccination costs,
S observational varicella treatment costs, discount rate and
study (1832 cases vaccine efficacy.
studied)
Four strategies were considered:
1. Being the status quo - no vac-
cination.
2. Under strategy Il (all infants), the
accneliSgIvental th? same e The average cost per case of chickenpox
(but as a separate injection) as averted was $64, $530 and $418 (€40.8; €337.91;
thejivalentmeasiesimump=land €266.51") in the infant, adolescent and catch-
rubgl!a (MMR) vaccine currently up programs, respectively. The infant program
administered to children at 12 mo was the most cost-effective of the three. This
of age. program could avert 4.4 million cases, 13.500
~ 3.In strategy Il (adolescents hospitalisations and 30 fatalities for chicken-
a without a history of varicella) vac- pox over a 30-y period. Results were sensitive
~ cination is offered to 12 y olds who Australia/ 1. Annual birth to the price of the vaccine and the discount
E state they have not had varicella, 1. Health care pay- cohorts of infants 1. Direct costs rate, but relatively insensitive to changes in
; CEA without serological testing. er's perspective (12 mo old) and 2\Cost- vaccine efficacy, cl'ove.rage rates or vaccine
S 4. In strategy IV(catch-up), the 2. Societal per- 2. Adolescents (12 effectiveness complication rates.
§ adolescent program is combined spective y old). Improved accuracy of a negative varicella his-
3 with the infant program for the first tory in adolescents would substantially reduce
wv

the costs of the adolescent and catch-up pro-
grams making these programs feasible.

Conclusions: the infant vaccine program is the

preferred program, but the direct costs of any

of the vaccination programs considered here

are greater than the direct costs of no vaccina-
tion program.

BCR: Benefit-cost ratio; PCER: Cost-effectiveness ratio; “ANB: Actualized net benefit; ILYG: life year gained. 'Exchange rate 1 New Zealand Dollar = 0.64
EUR; 2Exchange rate 1 pesetas = 0.01 EUR (until 19 June 2001); 3Exchange rate 1 Canadian Dollar = 0.78 EUR; “Exchange rate 1 Taiwan Dollar = 0.03
EUR; *Exchange rate 1 £ = 1.24 EUR; °Exchange rate 1 US$ = 0.78 EUR; ’Exchange rate 1 Brazilian Real = 0.38 EUR. All exchange rates, except for Spanish
pesetas, are updated to 20.11.2012.
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Table 2. Characteristics of the selected studies by year of publication and types of economic analysis (continued)

w
141 - 0 q
v o q
i g 2 ) Nation/ Efficacy )
g - Alternatives X Sample Measures/ Main Results
S = 5 Perspective cost measures
o
Three different vaccination strate- Assuming no impact of vaccination on zos-
gies are investigated in this study: ) ter, varicella vaccination is estimated to cost
- S Prospectively 179 CADA45.000, 51.000 and 18.000 (€35.259;
: P ——— Jeree children aged 1-9 €39.960; €14.104%) per °LYG from the health
N 9Yi y with absence of payer’s perspective for infant, infant with
8 2. infant strategy + vaccination of any major chronic . catch-up campaign, and preteen programs,
: 5-and 11-y-old children for the Canada/ disease. Costs were 1. Direct and respectively. From the societal perspective,
S first 5y of the program (catch-up 1. Health payer’s ~ separated into two indirect costs mass infant varicella vaccination was esti-
o CEA strategy); and perspective age categories day 2.Cost- mated to be highly cost saving in Canada.
E 3. routine vaccination at 12 y 2. Societal per- care (1-4y) and effectiveness Importantly, infant varicella vaccination could
S (preteen strategy). These three e school age (5-9y). 3.BCR result in a short- to medium-term increase of
E strste ies are bei?\y .considered for In the analysis was zoster incidence and thus cause vaccination to
@ img Iementatioi i — applied results of be highly cost-ineffective (CAD118.000 per LYG;
P ) the school group to €92.516%) under the health payer’s perspective.
The possible impact of zoster and children 5-15 y. From a health payer’s perspective the preteen
breakthrough varicella is then vaccination is the only strategy that is deemed
investigated in separate analyses. cost-effective.

1. No vaccination 1. children 15 mo The most favorable strategies: children and
§ 2. children vaccination strategy old combined vaccination (decrease of the number
N o . 1.BCR of varicella infections by 82.7% and 83.5%
E CEA 3. adolescent vaccination strategy Germazy/ Societal 2.11-12yold P compared with no vaccination respectively).

. - and payer ;
‘g 4. combined vaccination 3. children 15 mo indirect costs Annual net savings ranging between 8.18 mil-
= strategy: children plus a catch-up of old and adoles- lion € (adolescent strategy) and 53 million €
adolescents cents 11-12y old (combined vaccination strategy).
g Vaccination program of 1-y-old chil- The overall costs of varicella will reduce by
i i o 4 million CAD (€3,136,134.23?), but costs to
= dren, with and without a catch-up Canada/ health Children 12 mo old . i ¢ L ) bu
“ program for susceptible 12-y-olds, . A 1. Direct and the health care system will increase by CAD2
3 CEA b care system and with or without .. ot
= A indirect costs million (€1,568,067.12%). From the health care
n vs. societal catch up at age 12 . .
5} system perspective, vaccination would cost
© No vaccination strategy CAD42 (€32.93%) per discounted case avoided.
) Taking indirect costs into account, the net sav-
188 varicella cases . -
() 1. Varicella vaccination Strate that were sampled ing due to vaccination program was TWD 425
g ! 9y p million (€11,393,240.794) from the societal per-
= . from local gen- . - )
{ . o il srilienas - . spective. In terms of benefit-cost ratio, a mass
~ . L
S 2. No vaccination In the non-vacci- aiwan/ B e _1'd_'re“ an varicella vaccination program could only save
. nated group, subjects followed the 1. Health care pay- scattered over indirect costs TWD 0.34 (€0.01%) in discounted costs for each
K CBA disease natural history as follows: er's perspective SSmr————— 2.BCR dollar incurred in a vaccination program from
S subjects are infected with chicken- 2. Societal per- southern, and east- 2. Willingness- Tr:/\e”aslt;chr(:gg);;:rss:iﬁzcsg\;iee\:la?:zaf s;\;et
S pox and may or may not develop spective. ern areas of Taiwan to-pay ) ; - [P
0 . ) Results based on the willingness-to-pay (WTP)
‘5 into symptomatic cases after between October
. X R method showed the Net Present Value (NPV)
I around 2-week incubation period. 2000 and February L )
2001 of the vaccination program was estimated as
’ -TWD 272 million (€7,291,674.10%).
. 1. No vaccination VS Vaccination:
-
E 2. Infant strategy (vaccination at
; M 90% coverage). England and 1.<2y 1. QALY The adolescent strategy is cost saving: £18. 000
c § CUA 3. Catch-up strategy: infant strategy Wales/ NHS e 2.2-1y 2. Directand (€22,368°) per QALY gained (NHS perspective).
§ with catch-up (at 80% coverage) societal 3. Eleven years indirect costs Infant and catch up strategy: not cost saving.
E 4. Adolescent strategy (at 80%

coverage).

BCR: Benefit-cost ratio; PCER: Cost-effectiveness ratio; “ANB: Actualized net benefit; ILYG: life year gained. 'Exchange rate 1 New Zealand Dollar = 0.64
EUR; 2Exchange rate 1 pesetas = 0.01 EUR (until 19 June 2001); 3Exchange rate 1 Canadian Dollar = 0.78 EUR; “Exchange rate 1 Taiwan Dollar = 0.03

EUR; *Exchange rate 1 £ = 1.24 EUR; °Exchange rate 1 US$ = 0.78 EUR; ’Exchange rate 1 Brazilian Real = 0.38 EUR. All exchange rates, except for Spanish
pesetas, are updated to 20.11.2012.

The selection was limited to articles published in English and
Italian language and we applied date restrictions from 1999 to
2011 included. We selected all studies focused on the economic
evaluation of varicella vaccination programs without limit of

population and country.

www.landesbioscience.com

All the review process, including search and selection (identi-
fication, screening, eligibility of included studies) was performed
according to the PRISMA criteria®® (Fig. 1).

In the selection process, abstracts were initially read indepen-

dently by two researchers to identify potentially eligible full text
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Table 2. Characteristics of the selected studies by year of publication and types of economic analysis (continued)

Sample

Efficacy
Measures/
cost measures

Main Results

w
4] - 0
v o q
€ °a . Nation/
g 8= Alternatives .
Q 2 < Perspective
g o
Three interventions were
§ compared with no vaccination: Germany/
:f 1. universal vaccination of around 1. Societal per-
S 15 mo old healthy children spective
] CEA - . .
o5 2. vaccination of susceptible ado- 2. the payers’ i.e.,
y [Sscents sickness funds,
,g (11-12y of age) perspective.
3. the combined strategy.
% Vaccination strategies with and France/
=2 without prior serotesting: 1. Healthcare payer
x (<Y . .
5N CEA 1. No intervention perspective
ST 2. Strategy “Ab test, Vax negative” %, Sraieset
= 3. Strategy “Vax all” spective
1. Compulsory vaccination (without
§ screening)
= 2.Recommended vaccination
S (anamnestic Italy/
° CEA .
= screening) Societal and payers
> 3. Vaccination (blood test)
|'E 4. Vaccination (both test: anamnes-
tic + blood)
e
© S 1. No vaccination
SR o o Israel/NHS and
g - CEA 2. Nationwide vaccination cam- sl
2 'E paign of 1y old children
(U}
s3
< S Adding a varicella vaccine to the Singapore/ societal
E : CBA existing immunization schedule in and healthcare
a S Singapore. system
S 9

two age groups: 1.
children

betweenOand 12y

2. adolescents/
adults = 13

Hypothetical
cohorts of persons
aged
15-45 y with a neg-
ative or uncertain
history of varicella

1. 11-y-old adoles-
cents

2. Vaccination of
susceptible adoles-
cents (11 yr)

3. Vaccination of 11
y adolescents

4. Vaccination of 11
y adolescents

Cohort of known
susceptible

children born in
2001, when they
are 1yold

15-mo old infants
in 1993

1. Direct and
indirect costs
2.CER

3.BCR

1. Vaccination
costs

2. Varicella costs
inpersonsz 15y

3.Work loss

1.LYG, CER

2. Direct/indi-
rect cost

1. BCR

2. Direct and
indirect costs

1. Direct and
indirect cost

Using a coverage rate of 85% and a vaccine
efficacy rate of 86% routine children vaccination
could prevent around 611.000 varicella cases
and over 4700 major complications per year.
Average yearly cost savings for the society are
€51.3 million. The BCR is 4.12. From the third-
party payer’s perspective, the BCRis 1.75 which
is a consequence of significant reimbursement
of parent’s lost earnings by German sickness
funds. The adolescent vaccination strategy has
a favorable BCR ratio of 8.44 from the societal
perspective, but clearly inferior medical effects.
The combined vaccination strategy showed
similar results as the children strategy.

With serotesting, compared with no interven-
tion, the cost per case avoided and per year
of life saved for subjects aged 15 y were €335
and €55.100, respectively. From the societal
perspective, such screening and vaccination
might save costs.

Compulsory vaccination cost = €1.476, 351. The
vaccination scenarios save from €108.207 (for
private vaccination) to €292.134 for compul-
sory vaccination.

Reduction of direct healthcare costs from
$1.96 million (€152,968,197.35°) to $165,000
(€128,774°). Direct benefits to the health servic-
es = $1.80 million (€1.40 million). BCR = 1.63/1.

Universal vaccination was cost beneficial, with

a cost benefit ratio of 2.25: 1; the cost savings

was mainly from a societal perspective rather
than the health care payer’s.

BCR: Benefit-cost ratio; PCER: Cost-effectiveness ratio; “ANB: Actualized net benefit; ILYG: life year gained. 'Exchange rate 1 New Zealand Dollar = 0.64
EUR; 2Exchange rate 1 pesetas = 0.01 EUR (until 19 June 2001); 3Exchange rate 1 Canadian Dollar = 0.78 EUR; “Exchange rate 1 Taiwan Dollar = 0.03
EUR; *Exchange rate 1 £ = 1.24 EUR; °Exchange rate 1 US$ = 0.78 EUR; ’Exchange rate 1 Brazilian Real = 0.38 EUR. All exchange rates, except for Spanish

pesetas, are updated to 20.11.2012.

papers which were then retrieved and assessed in order to decide
on the final inclusion.

Articles were examined and were excluded if: (1) the research
was based on modeling the impact of a combined varicella and
zoster vaccination program on the epidemiology of varicella zos-
ter virus; (2) studies were not pertaining to varicella vaccination;
(3) the full text was not available. When Medline outcomes over-
lapped, all duplicate articles were eliminated.

Quality assessment and data extraction. For each selected
study, two researchers (RS and BU) independently assessed
the quality according to the original Drummond’s checklist’

1938

Human Vaccines & Immunotherapeutics

(Table 1) modified by la Torre et al.,*® weighting-median score
for each item by different experts.

Discrepancies between the two investigators were solved by
oral discussion and consensus with a senior investigator (GLT).
Each item was assigned with the median weight attributed by
the consensus, if applicable. Finally, the global score was com-
puted summing up weights of each item. To compare different
studies, global scores were referred in percentage, to the highest
score achievable with the weighted Drummond’s checklist.

Drummond’s checklist is composed of 35 items divided
into 3 sections: study design, data collection and analysis and
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Table 2. Characteristics of the selected studies by year of publication and types of economic analysis (continued)

2. hypothetical cohort was created
each year for30y.

provided by the
government) or
10% private cover-
age (current situ-
ation).

w
§ s 2 Nation/ Efficacy
g g = Alternatives i Sample Measures/ Main Results
S = 5 Perspective cost measures
[
A routine vaccination program has a clearly
positive impact on chickenpox morbidity.
Respectively, 68% and 57% of chickenpox-
related hospitalisations and deaths could be
prevented with a 90% coverage rate. With
vaccination costs being more than offset by a
reduction in chickenpox treatment costs in the
base case, such a program could also induce
1. routine vaccination program for savings from both a societal and a health-
children aged 1-2 y with different ) system perspective (40% and 12% savings,
levels of vaccination coverage (90%, 1. Cost ofvar.l- respectively for a 90% coverage rate). A lower
70% and 45%) without any catch-up cellavaccination coverage rate reduces cost savings, but there
program Italy/ 2. Cost of chick- is still a
§ 2. routine vaccination program for 1. Societal ) ) R tre.atr;ent 9% decrease in overall societal costs for a
N children aged 1-2 y with differ- Perspective 1. Italian chlld.ren perepisode 45% coverage rate. Although the reduction in
3 ent levels of vaccination coverage including both aged 1-2y with 3. Total treat- total societal costs was robust to the sensitiv-
° CBA (90%, 70% and 45%) completed direct and indirect  different levels of ment cost ity analyses performed, a slight uncertainty
=4 T by a catch-up program for 6-y-old oS vaccination cover- 4, Chickenpox- remains regarding cost reduction from a
% children over the first 5 y of vaccine AT TG age s health-system perspective. However, in this
s marketing ;')erspective?llim— 2. ficlfem dhfikeian losses per Iattt?r perspectivg,.eyen in thg worst—‘case
3 3. routine vaccination program for i 14 costs sup- aged 2-11y. episode of chick-  scenario of the sensitivity analysis, T2 Ve
S children aged 1-2 y with differ- el el enpox cination programmes may be cost effective,
ent levels of vaccination coverage  1aaith Authorities 5.Direct the wotst—case scenario for cost pfarameters
(90%, 70% and 45%) completed by o leading to cost per life-year gained of
a catch-up program during the first and indirect €2853. Catch-up programmes combined with
year of vaccine marketing for costs routine vaccination should lead to further cost
children aged 2-11y. reductions from a societal perspective: 15%
for a massive catch-up during the first year of
vaccine marketing compared with toddlers’
vaccination
alone, and 11% for a catch-up focused on 6-y-
old children for a period of 5 y. However, the
impact of catch-up programmes on the costs
from an Italian health-system perspective
remains close to zero (+ 1%).
A model of the
incidence and
cost of varicella
1. Population-based data were ilalnenwis00:000
“ obtained using the year 2000 hyhpothetlcal birth
= annual outpatient claims and hos- Taiwan/ ce 0: was -creited 1. Direct medical  The benefit-cost analysis showed that one dol-
B pitalization discharge claims from i Eait ;’gar_'l_nht e cost including lar invested in the program would cost extra
S 1. CEA the Southern branch and Ka(?ping payer’s fhildreﬁ' W;Ze outpatien.t vi.sits 46 cents in direct medical expense, but would
9 5 o branch of the Bureau of Nat|f)na| ) assumed either to and hofP’ta"za' save extra 45 cents considering the societal
I £L0A Health Insurance (NHI), which Perspective ) " tion expenses. Substantial economic benefits can
= covered 3,246,949 and 3,629,444 2. Societal per- have' received .80 % 2. Indirectcosts  occur due to the averted unproductive days
Y populations, respectively. spective varicella vaccina- of work loss for parents.
=~ tion coverage (as

BCR: Benefit-cost ratio; PCER: Cost-effectiveness ratio; “ANB: Actualized net benefit; ILYG: life year gained. 'Exchange rate 1 New Zealand Dollar = 0.64
EUR; ’Exchange rate 1 pesetas = 0.01T EUR (until 19 June 2001); *Exchange rate 1 Canadian Dollar = 0.78 EUR; *Exchange rate 1 Taiwan Dollar = 0.03
EUR; *Exchange rate 1 £ = 1.24 EUR; °Exchange rate 1 US$ = 0.78 EUR; ’Exchange rate 1 Brazilian Real = 0.38 EUR. All exchange rates, except for Spanish

pesetas, are updated to 20.11.2012.

interpretation of results. To weight the items, a group of experts
was asked to attribute a score according to their importance. The
weighted scores assigned by the consensus to study design, data
collection and analysis and interpretation of results were 26, 45

www.landesbioscience.com
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and 48, respectively. For each item section, the maximum achiev-
able score was as follows: (1) Study design (7 items): Maximum
global score = 26; (2) Data collection (14 items): Maximum
global score = 45; (3) Analysis and interpretation of results (14
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Table 2. Characteristics of the selected studies by year of publication and types of economic analysis (continued)

References

Type of
analyses

Alternatives

Nation/

Perspective

Sample

Efficacy
Measures/
cost measures

Main Results

Coudeville L. et al. 2005

Lenne X, et al. 2006

Hammerschmidt T, et
al. 2007

Valentim J,
2008

BonanniP. et al.
2008

Banz K. et al. 2009

CEA

CEA

CBA

CEA

CBA

CEA

The economic analysis is based on
the comparison of epidemiological
and economic consequences of a
routine vaccination strategy (rou-
tine vaccination program + medi-
cal treatment of residual varicella
cases) with those of a “no vaccina-
tion” strategy (medical treatment of
varicella cases).

1. No vaccination

2. Routine vaccination program for
children aged 1-2y.

3. Routine vaccination program for
children aged 1-2 y completed by
a catch-up program during the first
year of vaccine marketing for chil-
dren aged 2-11y.

1. Adolescent immunization strat-
egy of 12-15 y old using a monova-
lent varicella vaccine; 2. Universal
mass vaccination of any child aged
11-23 mo with a two-dose schedule
MMRYV vaccine (first dose between
11 and 14 mo) and a catch-up of
2-17 y old with a monovalent vari-
cella vaccine.

1. Universal varicella vaccination of
12 mo-old children

2. Targeted vaccination of individu-
als of high risk for severe disease.

1. Toddlers vaccination with two
doses only

2. Adolescents vaccination

3. Toddlers vaccination combined
with adolescent catch-up pro-
grammes.

1. Vaccination of adolescents
2. Universal vaccination of toddlers

3. Strategy 2 plus catch-up vaccina-
tion of susceptible adolescents.

France and
Germany/

1. Societal per-
spective

2. a third-party
payer perspective

Spain/ 1. Societal
perspective

2. healthcare
system

Germany/

1. Societal per-
spective

2. healthcare
system

Brazil/

1. Societal per-
spective

2. healthcare
system

Italy/
NHS and societal

Switzerland/

Payer and societal

Entire population,
divided here in

100 birth cohorts
of identical size, on
the number

and age distribu-
tion of varicella
cases.

Cohort of 440.000
children

German epidemio-
logical data

Population in
Caieiras (Southeast
of Brazil)

1. Toddlers 1-1.5
yold

2. Adolescents 13
yold

3. Toddlers (1-1.5
y) and adolescents
(13y)

1.11-15y old
adolescents with a
negative or uncer-
tain history for
chickenpox

2. Toddlers at age
Tto2y

3. Strategy 2 plus
catch-up vaccina-
tion of 11-15 y old

1. Direct/indirect
costs

2.Cost-
effectiveness

1. Direct and
indirect cost;

2. BCR; 3.CER

1. Direct and
indirect cost;

2.BCR

1. Direct and
indirect cost

1. BCR

2. Direct/ indi-
rect costs

1.BCRand LYG
2. Direct/

indirect costs

A routine vaccination program has a clear
positive impact on varicella-related morbid-
ity in both countries. With a 90% coverage
rates, the number of varicella-related deaths
was reduced by 87% in Germany and by 84%
in France. In addition, with a coverage rates
of 90%, routine varicella vaccination induces
savings in both countries from both societal
(Germany 61%, France 60%) and third-party
payer perspectives (Germany 51%, France
6.7%). For lower coverage rates, routine vac-
cination remains cost saving from a third-party
payer perspective in Germany but not in
France, where it is nevertheless cost-effective
(cost per life year gained of 6521 € in the base
case with a 45% coverage rates).

Routine varicella vaccination program for
children in Spain is cost-saving from the soci-
etal perspective and highly cost-effective for

the Health Care System (cost-effectiveness
ratio estimated at €3982 per LYG, with a small
increase in the costs)

Universal mass vaccination of infants aged
11-23 mo including catch-up vaccination of
older children and adolescents can signifi-
cantly reduce the number of varicella cases,
complications and hospitalizations by 84-90%.

The program is cost-effective (R$ 14.749 and
R$ 16.582 (€5,535.447; €6,223.387) per life-year
saved under the societal and the healthcare
system'’s perspective, respectively). The pro-
gram'’s cost-effectiveness is highly sensitive to
the vaccine price and number of doses.

Strategy lll resulted in the highest annual net
savings of €51 million while Strategy Il was
found to generate the lowest annual net sav-
ings amounting to €10 million.

NHS perspective: all three strategies would not
determine annual net savings in Italy

Both universal childhood vaccination strate-
gies with or without catch-up result in net sav-
ings from the societal perspective: BCR = 1.22
or 1.29, respectively. In contrast, the model
predicts net costs from the payer perspective
(BCR of 0.27 and 0.30, respectively).

BCR: Benefit-cost ratio; PCER: Cost-effectiveness ratio; “ANB: Actualized net benefit; ILYG: life year gained. 'Exchange rate 1 New Zealand Dollar = 0.64
EUR; 2Exchange rate 1 pesetas = 0.01 EUR (until 19 June 2001); 3Exchange rate 1 Canadian Dollar = 0.78 EUR; “Exchange rate 1 Taiwan Dollar = 0.03

EUR; *Exchange rate 1 £ = 1.24 EUR; °Exchange rate 1 USS$ = 0.78 EUR; ’Exchange rate 1 Brazilian Real = 0.38 EUR. All exchange rates, except for Spanish
pesetas, are updated to 20.11.2012.
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Table 2. Characteristics of the selected studies by year of publication and types of economic analysis (continued)

w
4] N
g s § Nation/ Efficacy
g 8 %‘ Alternatives 3 Sample Measures/ Main Results
E = 5 el cost measures

Compared with no vaccination, both the
) 1-dose program (BCR = 4.37) and 2-dose
S o program (BCR = 2.73) were estimated to be
: 1. One-dose vaccination program USA/ Hypothetical US 1. Direct and cost saving from the societal perspective.
= CEA 2. Two-dose varicella vaccination . birth cohort of indirect cost Compared with the 1-dose program, the
:\ = program SOCIeta! [SEEPEE 4,100,000 infants incremental second dose was not cost saving
5 3. No vaccination e born in 2006 ZICERELECH (societal incremental BCR, 0.56). The incre-
_g mental cost-effectiveness ratio for the second
N

dose was $343 (€268°) per case prevented, or
$109,000 (€ 85,169°) per QALY saved.

BCR: Benefit-cost ratio; °CER: Cost-effectiveness ratio; “ANB: Actualized net benefit; ILYG: life year gained. 'Exchange rate 1 New Zealand Dollar = 0.64
EUR; 2Exchange rate 1 pesetas = 0.01 EUR (until 19 June 2001); 3Exchange rate 1 Canadian Dollar = 0.78 EUR; “Exchange rate 1 Taiwan Dollar = 0.03
EUR; *Exchange rate 1 £ = 1.24 EUR; °Exchange rate 1 US$ = 0.78 EUR; ’Exchange rate 1 Brazilian Real = 0.38 EUR. All exchange rates, except for Spanish

pesetas, are updated to 20.11.2012.

items): Maximum global score = 48. When the item was not
applicable to the study we reduced the Maximum global score
from the relative weighted score item. shown in Table 2.

Two reviewers used a data collection form to independently
abstract data from the studies. The information extracted was:
references, publication year and type of analyses, alternatives,

nation/perspective, sample, efficacy measures/cost measure and
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