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SUMMARY

Varicella is the most widespread childhood disease in Italy.
However, as in many parts of the world, the country does not yet
have a unified approach to the management of the disease. A cost-
effectiveness analysis of varicella vaccination strategies, using the
Latium region in Italy as a case study, was undertaken. Mass
vaccination is only recommended if the immunization programme
can achieve coverage of over 85% in a short time. However,
experience in Italy with non-compulsory vaccinations has shown
this is difficult to achieve. Consequently, eradication of the disease is
not seen as an attainable short-term goal. For mass varicella
vaccination to be successful, it must be run at a national as well as
regional level in combination with education programmes, and a
reliable surveillance system. The interaction between varicella and
herpes zoster must also be taken into account when considering
vaccination strategies, as zoster vaccination strategies may have an
impact on varicella coverage.

Introduction

VARICELLA, OR CHICKENPOX, is the most
widespread childhood disease in Italy, continuing to
show an endemic/epidemic trend. A live attenuated
varicella vaccine was licensed in the USA in 1995 for
universal immunization and in Italy in 2001.2 It
appears to be safe, well tolerated® and highly immuno-
genic, with seroconversion rates ranging from 94% to
100%.* The implementation of wide vaccination
programmes in the USA significantly reduced the
incidence of varicella.® In Europe, a recent statement
recommends routine vaccination of healthy children
between 12 and 18 months and of susceptible
teenagers before their 13th birthday.® Nevertheless, the
most appropriate management of the disease continues
to be a divisive issue.”

The Sicilian region of Italy began mass infant and
adolescent vaccination against varicella in 2002,
becoming one of the first districts in Europe to carry
out such a strategy. According to some coordinators of
the programme, the goal of intervention should be to
reduce the incidence of chickenpox, to induce savings
of direct and indirect costs from both societal and
health-system perspectives and, eventually, to
eradicate varicella.® However, the Italian Parliamentary
Commission for Childhood expressed some doubts
about this decision of the Sicilian health authorities.®
The concerns were mainly related to the uncertain and
not easily predictable results of such a programme. In
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fact, the spreading of infectious diseases in a
population is a complex process, which becomes even
more complicated by the introduction of a vaccine.

Nevertheless, there are instruments that can help to
identify the best and most cost-effective vaccination
strategies. In Italy, as well as in Europe, with regard to
varicella vaccination, we are, de facto, still in a pre-
vaccination period. That is why there is the chance of
making best use of both the experience of the USA,
and of the several mathematical models which have
been developed to evaluate the impact of introducing
mass vaccination.10-1%

Although there are some differences between the
various mathematical models, all agree that, after
introduction of extensive vaccination, one or more
epidemic peaks follow an initial decrease of
chickenpox case frequency. Case frequency should, in
fact, decrease during the first 3—5 years, followed by
epidemic peaks. Furthermore, several models stress
that a decrease in cases among infants could be
accompanied by an increase in cases among adults, if
this event is not minimized by high vaccination
coverages undertaken over a short time-period. The
implementation of a vaccination strategy without
achieving coverage that is able to interrupt the
epidemiological transmission chain could lead to a
case reduction without eliminating the endemic nature
of chickenpox — as has already happened in Italy with
measles. In fact, although a vaccine against measles has
been available in Italy for 20 years, coverage continues
to be sub-optimal. Consequently, the virus has not been
eradicated, and the age of maximal incidence of the
disease has been postponed, in addition to a higher
frequency of complications.'® Many authors have
stressed that a non-coordinated and only partially
implemented vaccination strategy may have an effect
on age of infection and, consequently, give rise to
higher social and individual costs,* mainly due to the
increase in complicated varicella cases.®

The several cost-effectiveness analyses and
mathematical methods of varicella vaccination have
focused mainly on the consequences to varicella itself.”
However, as is already known, reactivation of latent
varicella zoster virus (VZV) can also cause herpes
zoster. Some studies have recognized that exposure to
varicella might reduce the risk of zoster by boosting
specific immunity to VZV.1213 That is why some
authors, based on mathematical modelling, have
foreseen that a decreased circulation of VZV caused by
mass vaccination could lead to an increase in zoster,
lasting up to 60 years.* Therefore, before making a
decision on an intervention strategy of varicella
vaccination, it is also necessary to take into account its
possible consequences on the development of zoster. A
cost-utility analysis based on this assumption has been
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performed for England and Wales.' Some of these
results appear to be applicable to the Italian
circumstances, particularly because the over-60 age
group, being the most affected by zoster, is strongly
represented in Italy.®

The present analysis utilizes the available literature
on cost-effectiveness of varicella vaccination, applying it
to the actual situation of the Latium region of Italy. Our
group has previously published the results of an
observational study on paediatric varicella in the
region.’ The hypotheses of the present study rest also on
the results of our previous one. We wanted to undertake
a simple and easily applicable cost-effectiveness
analysis, which may assist healthcare providers in
choosing the most appropriate varicella vaccination
strategy. It is worthwhile noting that the Latium region
has some demographic patterns similar to those of Sicily,
particularly the total population (5 205 139 versus
5003 262) and the number of live-born (50490 versus
51 899).1® However, it should also be stressed that the
Sicilian population is younger than that of Latium.

Varicella

In Italy, varicella is subject to statutory notification.
However, as a country it experiences a high level of
under-reporting.'8 It is therefore necessary to assess the
degree of under-reporting, as it may hamper the
accurate evaluation of the potential impact of a
vaccination strategy. In the Latium region the number
of officially reported cases was 4316 for 2002 (latest
definitive available data).’® A national network,
coordinated by the Italian Istituto Superiore di Sanita,
provides probably the most reliable approximation of
the actual incidence of chickenpox among children
(0-14 years) in Italy.?° Using these incidence rates,
increased by 15% in order to adjust them to the Latium
situation, we estimated the number of child varicella
cases per year at 34 250. Furthermore, knowing that in
Italy the seroprevalence of VZV is about 80% by 14
years of age,?! we put the number of adult varicella
cases (15 years and over) at 8560 per year.
Consequently, the total number of yearly chickenpox
cases in Latium should be approximately 43 000.

To assess the cost of one case of illness, it is
necessary to consider both the direct and indirect
costs. The direct costs include prescribed medications,
physician contacts and possible hospitalizations. The
indirect costs include the work-loss costs and
household expenditures. In order to estimate the cost
of one case of paediatric varicella, we utilized our
sample of 1094 subjects affected by chickenpox, who
originated from a population of approximately 50 000
children.'” The treatments prescribed to the 1094
subjects are shown in Table 1.

Table 1: Medication prescribed to 1094 children
with varicella in the Latium region of Italy

between September 1998 and May 19997

Treatment No. of patients %
Antihistamines 699 64
Antipyretics 288 26
Aciclovir 550 50
Antibiotics 125 11

It has been estimated that the average number of
physician contacts per case of paediatric varicella is
1.3.2%2 As in Latium, the average cost of one medical
examination of a general practitioner can be quantified as
€15.00, the cost per single child varicella case is €19.50.
With respect to adults, other authors have put the

physician contact cost for one varicella case at €15.00.%
To assess the costs of prescribed medications, we
based our estimates on the Italian Prontuario
Farmaceutico Nazionale.** The average cost for one
course of antihistamines is €5.20, for antipyretics €3.30,
for antibiotics €3.80 and for aciclovir €20.20. In the
clinical situation each patient is likely to receive a
combination of therapies. The typical estimated costs of
this approach, calculated in relation to the percentage of
children who actually receive each therapy, are given in

Table 2: Unit costs for treating varicella in the
Latium region of Italy. Based on a study of 1094
children with varicella treated in the Latium

region of Italy between September 1998 and

May 19997
Patients using Unit cost
the medicine (%) (€)

Antihistamines 64 3.30
Antipyretics 26 0.90
Aciclovir 50 10.10
Antibiotics 11 0.40
TOTAL 14.70

Table 2. With adults, we assumed that approximately
the same kinds of prescribed drugs are utilized, but we
added €10.00 because of the more frequent use of
antivirals and other medicines. So, the unit cost of the
treatment of one adult varicella case is €24.70.

According to the Italian database of hospital
discharges (Schede di Dimissione Ospedaliera),?®
117 children and 145 adults were hospitalized in
Latium in 2002 because of chickenpox (latest definitive
available data). The hospitalization rate can, therefore,
be approximated at 0.3% among children and at 1.7%
among adolescents and adults. The average cost of one
hospital admission for varicella, according to the DRG
(Diagnosis Related Groups) system of Latium, is
€2050.2% Consequently, the hospitalization cost of one
case of child varicella can be put at €7.00 and the cost
of one case of adult varicella at €34.70.

The work-loss costs have been valued to be between
€86.00 and €124.00 per day in Italy.?32” We also
factored in possible household expenditures, increasing
the estimated cost of 1 day of work loss to €128.00.
According to our sample, 10.2% of the parents lost
working days to care for their sick children. Therefore,
the average number of lost working days is 0.6, putting
the cost of each working day lost for paediatric cases at
€76.80. With regard to adults, according to a French
study, the mean number of lost working days for a
worker due to varicella is 11.28 As only 50% of the
patients were working, the average number of lost
working days should be estimated at 5.5, leading to a
unit work-loss cost of €704.00.

The combined cost of one varicella case is shown in
Table 3. We can quantify the overall cost of one child
varicella case to be €118.00 and of one adult case to be
€778.40. Assuming in Latium 34 250 paediatric
varicella cases and 8560 adult varicella cases per year,
we can estimate costs of child and adult varicella
respectively of €4 041 500 and €6 663 104. The high
costs of adult varicella are due mainly to lost working
days. So, the overall yearly cost of varicella in Latium
is €10 704 604.

Herpes Zoster

The incidence of herpes zoster ranges between 1.3 and
4.8 cases/1000 per year.?%3% A study conducted in Italy
involving people of at least 15 years of age calculated
an incidence of 4.14 cases per 1000 people.®!
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Table 3: Calculation of the overall cost of one

varicella case in the Latium region of Italy

Children Adults
(€ (€)

Direct costs

Treatment 14.70 24.70

Physician contacts  19.50 15.00

Hospitalization 7.00 34.70
Indirect costs 76.80 704.00
TOTAL 118.00 778.40

Assuming this incidence, and knowing that in Latium
86.1% of the total population is older than 14,6 the
number of people aged at least 15 years affected by
shingles should amount to 18 347 per year. The mean
length of the disease is 15 days®! and 44% of the
patients were still working. Applied to Latium, it
means that 8072 persons affected by shingles should be
workers. Therefore, the unit work-loss cost is about
€845.00. Four hundred and ninety six hospital
admissions due to zoster were registered in Latium in
2002.% The average cost of one hospital admission for
herpes zoster in Latium is €2800.00.%¢ Consequently,
the hospitalization cost of one case of zoster can be put
at about €76.00. On average, there are 1.5 physician
contacts per case of shingles,?! leading to an estimate
of €22.00 for the cost of medical examination per
single shingles case. Nearly all patients are treated
with antivirals, increasing the cost of medications,
which we estimated at €44.00. Table 4 shows the
combined cost of one shingles case. The overall cost of
one herpes zoster case is €987.00. Therefore, the cost of
herpes zoster in Latium can be estimated at

€18 108 489, an amount which is significantly higher
than that for varicella, without considering the few
paediatric or long-lasting postherpetic neuralgia cases,
particularly among the elderly, which amount to
5-10% of all zoster cases.?” This means also that a
relatively small increase in cases of zoster could lead
to a significant increase in societal and health-system
costs.

Table 4: Calculation of the overall cost of one
herpes zoster case in the Latium area of Italy

Cost
(€

Direct costs
Treatment 44.00
Physician contacts 22.00
Hospitalization 76.00
Indirect costs 845.00
TOTAL 987.00

Varicella Vaccination

To evaluate the costs of vaccination, we put, by
default, the unit cost at €82.00, i.e. the official cost of
the vaccine itself, without taking into account other
possible direct or indirect expenses. The vaccination
programme which is being implemented in Sicily is a
combination of infant strategy (routine mass infant
vaccination at 90% coverage) and adolescent strategy
(vaccination of 11 year old susceptibles at 80%
coverage). This strategy would vaccinate 45 441
children (90% of the live-born) and 9120 adolescents®
(80% of all susceptible 11 year olds, which, according
to some studies, corresponds to 22.8% of this age
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group®®) in Latium annually. So, the number of people
who should be vaccinated yearly is 54 561. Therefore,
the overall cost of a vaccination programme can be
estimated at €4 474 002 per year.

Five-year long varicella vaccination experience in
the USA showed a 71-84% decrease in chickenpox
cases.® Assuming a similar trend also in Latium we
should expect about 9050 residual varicella cases after
implementation of the vaccination programme, 1800 of
whom are adults. We used here the already estimated
unit cost per varicella case, with the exclusion of the
hospitalization costs, as the US experience shows a
strong decrease in complications. The computed unit
costs are therefore €111.00 for a child case and €743.70
for an adult case. The overall cost of the residual
varicella cases can be put at €2143410. The total cost
of this vaccination programme and of the leftover
varicella cases is therefore €6 617 412.

According to all these assumptions, the vaccination
programme would induce, in the short and medium
terms, savings of €4 087 192 a year, or 38.2% of the
present costs of varicella.

Discussion

The aim of this analysis was to determine the
maximum theoretical savings which could be obtained
in the short and medium terms through a well-
implemented vaccination programme in a region such
as Latium. That is why we have focused on the strategy
recognized as the most effective by the majority of
health providers and recommended at a European
level,® leaving aside other policies.!* In fact, while
conducting the present study, we willingly adopted a
‘pro-vaccine’ attitude, maximizing the pros and
minimizing the cons. Therefore, when analysing the
vaccination costs, we did not take into account
possible varicella breakthrough cases and adverse
effects, which do not at any rate outweigh the
benefits,** nor implementation, physician or nursing
costs or a boosting dose of vaccine. This is because in
Italy at present, as opposed to the current US situation,
a second dose of vaccine is not recommended by
public health officials. We also did not take into
consideration epidemic peaks, which can follow an
initial decrease of case frequency, even if these have
been highlighted by several studies.’>'® On the
contrary, the costs of each varicella case in the pre-
vaccination period have been overestimated. This
means that, in practice, savings will probably be lower
than the ones presented here. It should also be added
that if the programme does not succeed in achieving a
wide coverage in a short time, remaining at a sub-
optimal level, the shift of varicella cases towards older
ages could further shrink the cost-effectiveness of the
vaccination and increase the risk of complications. It is
noteworthy to mention that this has already happened
in Italy with measles vaccination, and that in Italy both
measles and varicella vaccination are recommended,
but not compulsory.

Furthermore, we assumed that after vaccination
there would not be any deleterious effect on the
occurrence and severity of herpes zoster. However, by
means of mathematical modelling, it has been shown
that the long-term cost-effectiveness of varicella
vaccination depends strongly on the impact it will
have on zoster.’® A possible rise in zoster morbidity,
estimated through modelling to be about 6%, lasting
for up to 60 years, could offset the benefits of varicella
vaccination, both in crude financial terms, and in lost
quality adjusted life years.

This means that to undo the financial savings in our
study, zoster cases would need to increase by an
unlikely 23%. On the other hand, it should be noted
that some data support the theory that vaccination itself
may prevent herpes zoster, a possibility not foreseen by
the mathematical modelling. Finally, Oxman et al.®

35



REFERENCES

36

recently have shown clearly that a varicella vaccine,
containing several times the amount of virus used in
child immunization, has significantly decreased
shingles cases in adults of 60 years of age or older.

Conclusions

The present study applied data on varicella
vaccination available in literature to the actual
situation of the Latium region of Italy. Obviously, our
study cannot give a definitive and all-inclusive answer
as to whether varicella vaccination is cost-effective or
not. However, some conclusions, which are useful in
identifying the most appropriate long-term cost-
effective strategies for Italy, can be drawn.

A mass vaccination policy should be recommended
only if the immunization programme is able to achieve
a high coverage (over 85%) in a short time. This means
that the implementation of the programme should be
well planned, structured and coordinated at a public
health level, avoiding undertakings which are
incoherent with the global planning. Making a
tetravalent vaccine (measles—mumps-rubella—varicella)
available in a short time could enhance the
possibilities of achieving a high coverage. However, in
Italy, the coverage of non-compulsory vaccinations,
like measles, has not been homogeneous throughout
the country. It is therefore difficult to foresee high
varicella vaccination coverage in the short term.
Furthermore, wide-ranging educational health
campaigns are a must before undertaking a vaccination
programme.

The eradication of varicella does not appear to be a
goal that can be achieved and realized in the short
term. That is why a mass varicella vaccination strategy
should be coordinated at a national and not only at a
regional level, as the mobility of the population could
thwart the development of the herd immunity effect,
negating the efficacy of the programme. In fact, herd
immunity plays an important role in the significant
decrease of varicella incidence following a vaccination
programme.®

The US experience shows also that, when beginning
a vaccination campaign, it is also necessary to develop
a reliable surveillance system, which should be
suitable for registering possible adverse reactions to the
vaccine. Surveillance is a fundamental instrument in

order to determine the impact of the programme, to
evaluate the necessity of implementing new strategies,
and to ascertain if and why at a certain moment the
incidence of the disease does not continue to decrease.
Only a continued long-term follow-up will be able to
determine how varicella vaccination will influence the
epidemiological development of chickenpox and
shingles.

The short- and long-term consequences of herpes
zoster should always be considered before beginning a
mass varicella vaccination programme. The combined
infant vaccination and vaccination of 11-year-old
susceptibles appears to have little effect both on the age
at infection and on incidence of shingles. However, this
positive result will be achieved only if a high coverage
is attained in a short time. Another, possibly more cost-
effective, option from the health provider’s point of
view could be to submit to routine vaccination only the
11-year-old susceptibles. This strategy would greatly
enhance the possibility of achieving high coverage rates
and, at the same time, significantly reduce the number
of serious diseases. This option would have only
modest consequences on the age at infection and on the
cases of zoster.'® As the zoster vaccine trial proved to be
able to reduce the incidence and/or the severity of the
disease and of post-herpetic neuralgia,®® then another
future strategy could be to vaccinate children against
varicella and adults against zoster.
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