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Abstract

Age-specific force of varicella infection, hospitalisation and death rates in non-immune persons were calculated using an age-base
mathematical model and national data for France. A cost-effectiveness model was then applied to hypothetical cohorts of persons age
15-45 years with a negative or uncertain history of varicella. Vaccination strategies with and without prior serotesting, and healthcare paye
perspective and societal perspective were considered. A sensitivity analysis was performed. Vaccination prevented more than one third of ¢
varicella-related deaths. With serotesting, compared with no intervention, the cost per case avoided and per year of life saved for subjec
aged 15 years wel€335 and 55,100, respectively. When work-loss costs were also included, savings were associated with screening
and vaccination of subjects less than 30 years old. Without serotesting, the costs raised markedly, with an almost identical effectivenes:
resulting in an unfavourable incremental cost-effectiveness. Based on medical costs, routine serotesting and varicella vaccination for Frenc
adolescents and young adults with a negative or uncertain history of varicella affords health benefits at a cost comparable to those of oths
very expensive therapies considered worthwhile. From the societal perspective, such screening and vaccination might save costs.
© 2003 Elsevier Ltd. All rights reserved.
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1. Introduction a waning of vaccine-induced immunif9,10]. This would
increase the number of varicella cases with complications.
After a first peak during childhood, the incidence of vari- Targeting non-immune adolescents or adults for vaccination
cella among non-immune individuals in France increases therefore has a strong appeal, and may prevent a substantial
again in 30-year-old adulfd7]. The mean age of acquisi- proportion of complicated or lethal cases of varicella, while
tion of, or hospital admission for, varicella has risen recently at the same time avoiding an increase in incidence among
in both the UK[1-4] and Italy[5]. Because varicella-related adolescents and adults.
hospitalisation and mortality rates are known to increase sig-  Since most of the individuals who are hospitalised for, or
nificantly with age[6-8], reducing the number of varicella die of varicella were previously healtl$,6,7,11,12] rou-
cases among adolescents and young adults is an importaniine screening with immunisation should be considered. Sev-
public health issue. eral screening strategies are possible, based on the patient’s
Although an effective varicella vaccine exists, there has reported history, and on the availability of a serological test.
been concern that routine childhood immunisation could cre- However, the predictive values of the reported history and of
ate an adult population at risk for varicella in case of failure the serological test may be imperfect, justifying a detailed
to reach high levels of vaccine coverage in the population, or analysis of the impact of classification errors on the vacci-
nation strategies.
Informed decision-making for routine varicella vaccina-
_autt tion in older individuals requires age-specific estimation of
terne, CHU Ambroise Par 9, Avenue Charles de Gaulle, 92104 Boulogne the risks and complications of primary varicella for these
Billancourt Cedex, France. Tek:33-1-49-09-56-35; S . .
fax: +33-1-49-09-57-80. individuals. In order to allow comparison with other health-
E-mail address: thomas.hanslik@apr.ap-hop-paris.fr (T. Hanslik). care programmes competing for the same resources, the
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cost-effectiveness of these strategies is also important. Eaclperformed 1000 independent simulations, using, for each
year in France, varicella-related disease was predicted toone, a different combination of resampled source data. We
cause€ 16 million in discounted medical cost and more than report results as the mean, 2.5th and 97.5th percentiles
23,000 days in absence from wofk5]. In the US, these  obtained in the simulations.
costs were recently evaluated for varicella vaccination in
adolescents and aduls3,16], although routine childhood  2.2. Cost-€ffectiveness model
immunisation has been recommended in this country since
1996. We then constructed a cost-effectiveness model using a
Our objective was to evaluate the morbidity and mortality decision analysis tree to evaluate two distinct strategies for
risks of varicella in older adolescents and adults in France, routine screening and vaccination in subjects with a negative
and to evaluate the cost-effectiveness of strategies for routineor uncertain history of varicellaHg. 1): (a) antibody test-
screening and vaccination. ing in subjects reporting a negative or uncertain history of
varicella, and vaccination of only those with negative tests
(the “Ab test, Vax negative” strategy), and (b) vaccination
2. Methods of all subjects reporting a negative or uncertain history of
varicella, without serological testing (the “Vax all” strategy).
We constructed an age-based mathematical model to eval-The strategies were compared in an incremental analysis,
uate the morbidity and mortality risks of varicella in French versus no screening or immunisation, which is the current
individuals aged 15 years or older. We then developed astandard of care in France. We assumed that the threshold
cost-effectiveness model to estimate the clinical impact, cost, age for screening and vaccination was 15. However, we also
and cost-effectiveness of routine vaccination for older ado- did sensitivity analyses using age thresholds of 20, 25, 30,
lescents and adults reporting a negative or uncertain history35, 40 and 45 years, and the effect of the age threshold on
of varicella. the results is reported. The time horizon of the analysis was
from each age threshold until death.
2.1. Morbidity and mortality risks of primary varicella
2.2.1. Clinical risks
We calculated the risks of primary varicella and the re-  The clinical risks used in the cost-effectiveness model
lated hospitalisation and death rates from data for the yearswere derived from the literaturefdble 1), and from esti-
1990-1999. These were obtained from French national mates of age-specific risks of varicella calculated from our
databases, including the French general practitiorfaars’ age-based mathematical mod&hile 2.
tinelles network for the surveillance of varicelfd 7], the
French National Hospitalisation Database for hospitalisa- 2.2.2. Costs
tion [18], and the French National Mortality Database for Both the healthcare payer perspective, including only
death rate$19]. On the basis of these data, we constructed medical costs, and the societal perspective, which include
an age-specific mathematical model for varicella. The aver- work-loss costs and medical costs, were considered. Costs
age size of a birth cohort in France is about 720,000. The were reported in 2001 Euro€). All future costs and health
history of varicella in a given birth cohort was simulated benefits were discounted at their present values, using an
as follows: starting from an all-susceptible birth cohort, the annual discount rate of 3920]. Costs were not adjusted
number of living individuals was calculated by age by sub- for inflation.
tracting the number of deaths, indicated by the age-specific The direct medical costs of varicella included physician
all-cause mortality rate. The number of living non-immune consultation, medication and hospitalisatidlfle 1. The
individuals was calculated by subtracting the age-specific number of consultations and the cost of varicella treatment
incidence of varicella from this number. Age-specific in- were based on current data for adult varicella in Frghbg
cidence was estimated by apportioning the overall annual The cost of antiviral treatment was also considered, as rec-
incidence according to the age distribution of cases obtainedommended for adultgl4]. Hospitalisation costs were com-
from the Sentinelles network. The values of four parameters puted on the basis of the daily charge in a general internal
were derived from this mathematical model: the proportion medicine ward (as established by the French Social Security
of non-immune subjects or percent susceptible; the life- System). Societal cost of varicella was estimated as the cost
time expected probability of varicella among these subjects of work loss. The productivity loss associated with work
in the absence of vaccination; expected age at the occur-stoppage was calculated as the daily median s§dfymul-
rence of primary varicella in the absence of vaccination; tiplied by the mean number of days of work stoppage for
and the expected lifetime hospitalisation and case fatality a varicella case in an adult, and by the proportion of adults
rates among individuals-15 years of age. Calculation of who stop working in case of varicel[a5].
the mean age-related duration of hospitalisation was based We used a vaccination price 6f71.65 (two doses), based
on data supplied by the French National Hospitalisation on US data where the vaccine is widely u§&8,16] We ob-
Databasg18]. To assess the variability of the results, we tained a range of prices from other European studieg2]
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Fig. 1. Flowchart of the no intervention and screening and vaccination strategies for varicella proposed for adolescents and adults who have a negati
or uncertain history of varicella. Subtree shows outcome for the non-immune patientSe&em 2for details.

and included those in sensitivity analysis. The cost of ad- complicationd26] or hospitalisation. The proportion of eli-
ministering the vaccine was derived from the French Social gible subjects accepting vaccination was assumed to be 70%
Security System tariff for a consultation with a general prac- (range: 50-90%).

titioner in France (17.6€). Persons aged over 15 years re-

quire two doses of vaccind4]. As testing and vaccination  2.2.4. Outcome measures

were assumed to occur incidentally in relation to a routine  Primary outcome measures included the residual age-
medical visit, the cost of only one outpatient visit was con- specific probability of the occurrence of varicella, the num-
sidered in the baseline analysis. We postulated that 1% ofber of varicella cases, hospitalisations and deaths avoided,
vaccinations (range: 0.31-2%) lead to a consultation, due toand the number of years of life saved per 100,000 subjects
mild side effect§23,24] This percentage was applied to the aged 15, 20, 25, 30, 35, 40 and 45 years who reported a
national tariff for the consultation of a general practitioner negative or uncertain history of varicella, for each strategy
in order to calculate the cost of side effects of varicella vac- compared with no intervention. We also calculated by what

cination. percentage each strategy would reduce the risk of varicella
compared with no intervention, regardless of the history
2.2.3. Effectiveness of varicella, i.e. for the whole population. Incremental

We assumed that the vaccine provided 80% protection cost-effectiveness is calculated as medical and total costs per
against varicella infection (range: 70-90%), based on ex- case of varicella avoided and per life-year saved. The mean
pert summanj14]. We also assumed that it conferred life- age at occurrence of varicellay) for a susceptible individ-
long immunity, based on the observation that in vaccinated ual screened at a given age threshald£ 15, 20, ...) was
adults, the incidence and severity of varicella have not in- obtained from the mathematical model described earlier. The
creased with time 13 years after vaccinat[@h]. For vac- number of life-years saved was calculated as the difference
cinated persons who subsequently contracted varicella, webetween the individual’s life expectancg () and the mean
assumed that the costs of consulting a physician, medica-age at occurrence of lethal varicella, and was discounted us-
tion, and work loss equalled those incurred by unvaccinateding the formula: 003~1(1—0.03)% =47 (1—(1—0.03)% ~%V),
persons with varicella. However, we considered that in vac- Other future quantities (cases, hospitalisations, deaths,
cinated persons, varicella would not lead to either major costs) were discounted at a rate of 3% dQr— at years.



T. Handlik et al./Vaccine 21 (2003) 3614-3622 3617

Table 1
Clinical risks and costs of varicella in adolescents and adults derived from the literature
Parameter Baseline Range Reference
Reported history of varicella (%)
Sensitivity in relation to actual immunity 67.5 55.5-72.4 [40,41] estimates
Specificity in relation to actual immunity 86.8 80.1-87.8 [40,41] estimates
Varicella antibody testing (%)
Sensitivity 97 86-97 [14]
Specificity 99 82-99 [14]
Cost €)
Blood collection 1.72 - French Social Security System
ELISA 19.21 - French Social Security System
Varicella vaccination efficacy (%)
Protection against chickenpox 10 years after vaccination 80 70-90 [14]
Vaccination costs€)
Price of vaccine (two doses) 71.65 42.68-99.09 [15,16,22,24]
Administration of the vaccine 17.53 0-35.06 French Social Security System, estimates
Cost of vaccine side effect 0.18 0.05-0.35 [14,23,24,38] estimates

Varicella costs in persons15 years
Medical costs €)

Without antiviral treatment 94.11 50.00-144.06 [15]

Price of oral antiviral treatment (1 week) 103.51 - French Social Security System

Percentage of receiving antiviral therapy 50 0-100 [14], estimates

Price of 1 day in hospital 502.78 - French Social Security System
Work loss costs

Incidence of work stoppage (proportion of cases) (%) 51.9 - [15]

Mean duration of work stoppage (days) 10.9 - [15]

Daily cost associated with work stoppac€:)( 96.77 63.31-207.81 [21], National Institute of Statistics and

Economic Studies, estimates

Costs are given in 2001 Euro€),

Table 2

Estimated risks of varicella in adolescents and adults derived from an age-based mathematical model

Age Susceptibility rate  Expected lifetime proportion Expected age at occurrence Expected lifetime case Expected lifetime

(years) for the whole of occurrence of varicella in  of varicella in non-immune hospitalisation rate (per  case fatality rate (per
population (%) non-immune subjects (%) subjects (years) 10000 varicella cases) 10000 varicella cases)

15 10.3 (8.5-12.0) 79 (66-98) 28 (15-58) 146 (135-158) 2.3 (1.1-3.6)

20 8.4 (6.6-10.2) 74 (60-97) 31 (20-63) 174 (159-190) 2.8 (1.3-4.4)

25 6.9 (5.0-8.7) 69 (53-96) 34 (25-66) 201 (182-222) 3.5 (1.5-5.7)

30 5.1 (3.2-6.9) 57 (41-94) 39 (30-74) 234 (207-263) 5.0 (2.0-8.2)

35 3.4 (1.5-5.3) 37 (23-88) 46 (35-85) 354 (304-412) 9.9 (4.1-16.8)

40 2.7 (0.8-4.6) 21 (12-77) 55 (40-87) 547 (444-679) 19.1 (7.0-34.3)

45 2.5 (0.5-4.4) 13 (7-65) 63 (45-90) 736 (581-951) 28.1 (10.0-51.5)

Results are shown as the mean (2.5th and 97.5th percentiles) of the distribution obtained from the sensitivity analysis of the model. The age-specific
susceptibility rate for the whole French population, the expected lifetime proportion of non-immune subjects contracting varicella, expetted age
occurrence of varicella in these subjects, and the expected lifetime case hospitalisation and case fatality rates among indllvigieats old were

derived from the age-based mathematical model (data for the years 1991-1999, France, in the absence of vaccination).

We used cost-effectiveness analysis and not cost-utility 3. Results
or cost-benefit analyses because of the limited time frame
of the quality of life impact of varicella, and of the lack 3.1. Projection of morbidity and mortality from
of data on economic valuation of these outcomes. One-wayvaricella (Table 2)
threshold sensitivity analyses were performed for all param-
eters, to calculate the change in cost-effectiveness over a We found that subjects-15 years old represent 8.3%
plausible range of variation for these parameters. We alsoof the total projected number of cases of varicella (2.5th
calculated a “worst case” scenario, where the effect of vac- and 97.5th percentiles: 7.9-8.6%), 26% of varicella-related
cination on the reduction of both risk and cost was the hospitalisations (24-27%) and 69% of all varicella-
smallest. related deaths (56-76%7Yable 2 shows the age-related
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susceptibility rate for the whole population, the lifetime inthe worst case scenario) to 333 per 100,000 in 45-year-old
proportion of non-immune subjects expected to contract subjects (131 in the worst case) among subjects reporting
varicella, the expected age at occurrence of varicella in a negative or uncertain history of varicella. The number of
these subjects and the expected lifetime case hospitalisatiorhospitalisations avoided decreased from 98 in 15-year-old
and case fatality rates among individuad5 years old. subjects to 25 per 100,000 in 45-year-old subjects (38 to 9
The risks of varicella are not uniformly distributed among in the worst case). The number of deaths avoided decreased
adults, and are dependent on age. The lifetime proportionfrom 1.57 to 0.92 per 100,000, respectively (0.65 to 0.36 in
of non-immune subjects expected to contract varicella de- the worst case). The number of years of life saved decreased
creased from 79% in 15-year-old subjects (66—98%) to 13% from 41 in 15-year-old subjects to 12 in 45-year-old sub-
in 45-year-old subjects (7—65%). Hospitalisation rates rose jects (17 to 5 in the worst case). The figures were similar in
from about 146 per 10,000 at 15 years, to 736 per 10,000the “Vax all” strategy.

at 45 years. The case fatality rate rose from 2.3 per 10,000 For the entire population, the two strategies would reduce

to 28.1 per 10,000, respectively. the risk of varicella by about 49% (28% in the worst case).
In each age group, less than 27% of individuals would be
3.2. Clinical effects of vaccination strategies (Table 3) vaccinated on the basis of their medical history alone, and

less than 5% on the basis of this history and the results of

Health benefits were similar for strategies “Ab test, Vax Serotesting.
negative” and “Vax all”. For subjects reporting a negative or
uncertain history of varicella, we found that either strategy 3.3. Costs of screening and vaccination strategies
would prevent about 55% of the projected varicella cases (Table 4)

(about 32% in the worst case).

Table 3shows the age-related probability of being vacci-  Compared with no intervention, vaccination raised med-
nated among subjects reporting a negative or uncertain his-ical costs by€ 23 per 15-year-old person according to the
tory of varicella. Serotesting always reduced this proportion, strategy “Ab test, Vax negative”, and 48 according to
e.g. from 70 to 18% when performed at age 15. As the num- the strategy “Vax all”. When work loss costs were added to
bers of varicella cases decrease with age, the absolute healtmedical costs, there was an estimated average net benefit of
benefits of vaccination also decreases with age. With the “Ab € 12 per 15-year-old person with the strategy “Ab test, Vax
test, Vax negative” strategy, the number of varicella cases negative”, compared with no intervention, and vaccination
avoided decreased from 6712 in 15-year-old subjects (2785raised total costs b€ 13 according to the strategy “Vax all”.

Table 3
Health benefits of two strategies of routine screening for vaccination against varicella, applied to individuaislaggears reporting a negative or
uncertain history of varicella, as determined by the decision—analysis model

Age Strategy Probability of Varicella cases Hospitalisations Deaths avoidetl Years of
(years) being vaccinated avoided avoided (per 100000) life saved
(%) (per 100000) (per 100000) (per 100000)

15 Ab test, Vax negative 18 6712 98 1.57 40.8
Vax all 70 6780 99 1.58 41.2

20 Ab test, Vax negative 15 5820 102 1.61 41.2
Vax all 70 5879 102 1.62 415

25 Ab test, Vax negative 13 4781 96 1.67 41.6
Vax all 70 4830 97 1.69 42.0

30 Ab test, Vax negative 11 3374 79 1.70 41.4
Vax all 70 3408 80 1.72 41.8

35 Ab test, Vax negative 8 1320 46 1.29 27.4
Vax all 70 1334 47 1.30 275

40 Ab test, Vax negative 7 581 32 1.10 19.0
Vax all 70 587 32 1.11 19.2

45 Ab test, Vax negative 6 333 24 0.92 11.9
Vax all 70 336 25 0.94 12.0

Results are shown for the baseline hypotheses and for the “worst case” hypotheses, i.e. when the effect of vaccination on risk reduction was. the smalle

All results are averages per 100,000 persons of the French population reporting a negative or uncertain history of varicella. For the casé® avoided, t

reference is “no intervention”. Strategy “Ab test, Vax negative”: antibody testing in case of negative or uncertain history of varicella, anshiomuni

of subjects with a negative test. Strategy “Vax all”: immunisation in case of negative or uncertain history of varicella, without antibody testing.
aDiscounted to present value (3%).
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Table 4
Costs and cost-effectiveness of two strategies of routine screening for and vaccination against varicella for ingitilyalars reporting a negative or
uncertain history of varicella

Age (years) Strategy Cost of strategy Incremental cost effectiveness Incremental cost effectiveness
per person€)?2 per varicella case avoide€ J per year of life saved€)
Direct Total Direct Total Direct Total

15 No intervention 24 87 - - - -

Ab test, Vax negative 47 75 335  Savifigs 55100  Savinds

Vax all 72 100 37900 37400 7494800 7391200
20 No intervention 22 76 - - - -

Ab test, Vax negative 43 68 369 Savifigs 52100 Savinds

Vax all 71 95 47400 46900 7588000 7505200
25 No intervention 20 65 - - - -

Ab test, Vax negative 41 61 428 Savifigs 49200 Savinds

Vax all 70 90 61000 60500 7854400 7787700
30 No intervention 15 46 - - - -

Ab test, Vax negative 36 50 617 108 50300 8800

Vax all 68 82 94000 93500 7920300 7877500
35 No intervention 8 19 - - - -

Ab test, Vax negative 31 36 1752 1255 84500 60600

Vax all 65 71 254100 253600 22846400 22802600
40 No intervention 5 9 - - - -

Ab test, Vax negative 29 31 4127 3672 126000 112100

Vax all 64 66 624200 623700 32496600 32472300
45 No intervention 3 5 - - - -

Ab test, Vax negative 28 29 7419 7000 207700 196000

Vax all 64 65 1241500 1241000 24138700 24129300

Results are given in 2001 Euro€ ), Costs of strategies are expressed per person reporting a negative or uncertain history of varicella in the whole
French population. Strategy “Ab test, Vax negative”: antibody testing when negative or unsure varicella history, and immunisation of subject with a
negative test. Strategy “Vax all”: immunisation when negative or unsure varicella history, without antibody testing.

aDiscounted to present value (3%).

b Cost-saving interventions (“savings”) are those that result in both health benefits and financial savings.

Strategies for subjects aged more than 15 years cost mordios, i.e. that could result in savings, whatever the age. In
than for those aged 15 yearEaple 4. With regard to total 15-year-old persons for the “Ab test, Vax negative” strat-
costs, only strategy “Ab test, Vax negative”, when applied egy, the costs per case avoided ranged betvet0 and
to 20- and 25-year-old subjects, was cost-savéig énd 4 460. Cost-effectiveness ratios ranged betwea, 700 and

with the baseline parameter values, respectively). 75,900 per year of life saved. The parameters leading to
the largest change in cost-effectiveness were the vaccina-
3.4. Cost-effectiveness of strategies (Table 4) tion cost, followed by the cost of hospitalisation and the

probability of reporting a negative history among immune

With baseline assumptions in 15-year-old persons, vac- persons. For subjects aged more than 15 years, most of
cination according to strategy “Ab test, Vax negative” the variability was related to hospitalisation costs, followed
avoided varicella cases and saved lives at an average increby the susceptibility rate for the whole population and the
mental medical cost ¢€ 335 per varicella case avoided and expected lifetime proportion of occurrence of varicella in
€55,100 per life-year saved, versus no intervention. When non-immune subjects at a given age. When total costs were
work loss costs were added to medical costs in persons lesconsidered, the findings were less robust: one-way sen-
than 30-year-old, the “Ab test, Vax negative” strategy was sitivity analysis showed that the “Ab test, Vax negative”
cost saving compared to “no intervention”, i.e. it resulted strategy in persons less than 30-year-old was no longer cost
in both health benefits and financial saving. Incremental saving when the total costs of treating a case of varicella
cost-effectiveness raised sharply in subjects aged more(i.e. medical cost and work loss costs) were less €280,
than 30 years. The cost-effectiveness of vaccination with- when the total costs of hospitalisation were less ©860,
out antibody testing is much less favourable economically when the susceptibility rate for the whole population was
compared with testing then vaccination. less than 6% and when the expected lifetime proportion of

In the one-way sensitivity analyses, when only direct occurrence of varicella in non-immune subjects was less
costs were considered, none of the parameters presentethan 60%. In the worst case scenario, savings were not
a threshold that could reverse the cost effectiveness ra-possible with vaccination, for either direct medical or total
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costs. With the worst case assumptions, cost-effectivenesf varicella infection, hospitalisation and death rates for
ratios were increased by three-fold for subjects aged 15-34non-immune individuals obtained on a nation wide level,
years, and by four-fold for subjects aged over 35 years. based on an age-structured mathematical model. We made
non conservative assumptions regarding testing and vacci-
nation strategies in the baseline analysis, in contrast to the
4. Discussion authors cited above, particularly as regards compliance with
vaccination and vaccine effica¢¥3,16] The “worst case”

We found that routine vaccination targeted to 15-year-old hypothesis may be helpful for policy makers, as it indicates
subjects would reduce projected varicella-related morbidity the situation which would be least favourable if the vaccina-
and mortality by half. Since more than two thirds of all tion strategy were implemented, although it is improbable
varicella-related deaths occur after age 15 (even thoughthat all uncertain parameters would be so pessimistic at the
only 8.3% of all varicella cases occur in subjects of that same time.
age), more than one-third of all varicella-related deaths in The following are several examples of benchmarks
France could be prevented by vaccinating 70% of subjectsagainst which to measure the cost-effectiveness ratio, in
with a negative or uncertain history of varicella of age 15 terms of the direct medical cost of routine varicella vacci-
(18% after serotesting). The selection of subjects to vac- nation in 15-year-old subject€ 55,100~ US$ 50,700 per
cinate on the basis of negative serotesting (strategy “Ab year of life saved): US$ 54,500 per year of life saved for
test, Vax negative”) was markedly less costly than vaccina- universal hepatitis B virus vaccination in the general Amer-
tion based solely on reported history (strategy “Vax all”). ican adult population, US$ 32,700 per year of life saved
From the healthcare payer’'s point of view, including only by thrombolytic therapy with tissue plasminogen activator
medical costs, the routine varicella vaccination of older versus streptokinase for acute myocardial infarction, US$
adolescents and adults with a negative or uncertain history20,000 per year of life saved by medical therapy versus no
of varicella increased health benefits at an incremental costtherapy for severe hypertension, US$ 35,000 per year of life
above€ 55,100 per year of live saved. In a broader societal saved by hemodialysis versus no dialysis for chronic renal
perspective, i.e. when work-loss costs are added to medi-failure, or US$ 19,000 per year of life saved for the median
cal costs, a vaccination program based on the testing thanmedical intervention cost in 19982—-34] The upper limit
vaccination strategy may yield savings in subjects aged lessof an acceptable cost-effectiveness ratio remains controver-
than 30 years with the baseline estimates, but could remainsial, but values of more than US$ 100,000 per year of life

very costly with the “worst case” hypothesis. saved are generally considered very hjg4].
Previous cost-effectiveness studies of routine varicella This study has several limitations. As in previous stud-
vaccination mainly focused on childrdt5,22—24,27,28] ies, we made the simplifying assumption that vaccination

They showed that childhood vaccination would avoid ex- confers lifelong immunity[29]. It is possible that immu-
penditure from the societal perspective, at low cost to the nity could wane over time. However, the persistence of im-
healthcare payer. For example, the cost for pre-school-agemunity for more than 20 years after vaccination has been
children would bex~€2.3 (US$ 2) per varicella case pre- demonstrated35]. As in previous studies, our screening

vented andx~€ 2800 (US$ 2500) per life-year savge], for vaccination was based primarily on a negative or uncer-
compared tce 335 and 55,100 respectively for 15-year-old tain history of varicella. The age-specific reliability of this
subjects in our study. parameter has not yet been determined. In 18-21-year-old

Varicella vaccination of adults has been previously stud- American trainees, the positive predictive value of a history
ied in specific populations including non pregnant women of varicella was found to be 98.5%, whereas the negative
of childbearing agd29], military recruits[30], and health predictive value was 23.0986]. When calculated with our
care workerd31]. For the first two categories, vaccination decision analysis model for 20-year-old subjects, the results
costs were very high. The cost-effectiveness of the routine were almost identical, 97.7 and 24.6%, respectively. In our
vaccination in older adolescents or adults without a history analyses, we did not include the potential impact of vacci-
of varicella has only been evaluated in two American stud- nation on the incidence of herpes zoster. Vaccinated adults
ies by Lieu et al[13] and by Smith and Rober{d6]. In may have a lower rate of zoster than unvaccinated adults
both studies serotesting before vaccination proved to be the[14]. Therefore, vaccination strategies would be even more
least costly strategy, as we found. For the health-care payercost-effective if they prevented herpes zoster or reduced its
the cost-effectiveness ratios per varicella case prevented inrisk or severity. Similarly, we also did not include any as-
our study are in agreement with those reported in these twosumptions regarding the beneficial effects of vaccination on
studies. However, when work-loss costs are added to med-the congenital varicella syndronf29]. An important prob-
ical costs, vaccination versus no intervention was found to lem concerning vaccination of older adolescents and adults
be cost-saving by Smith and Robeft$] but not by Lieu is the difficulty of implementation, although high coverage
et al.[13]. The present cost-effectiveness analysis of routine of these age groups has proven feasible in France, where
varicella vaccination in adults, the first to be conducted in 80% of 16—20-year olds were vaccinated against hepatitis B
Europe, includes detailed estimates of the age-specific forcein 1997. The reaction of physicians to the recommendation
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