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Abstract

Cost–benefit analysis was conducted to determine whether it is worthwhile to initiate a routine varicella vaccination program in Taiwan
from different perspectives. Using the human capital approach, the discounted net cost for vaccination program was New Taiwan Dollars
(NTD) 281 million from health care payer’s perspective. Taking indirect costs into account, the net saving due to vaccination program
was NTD 425 million from the societal perspective. In terms of benefit–cost ratio, a mass varicella vaccination program could only save
NTD 0.34 in discounted costs for each dollar incurred in a vaccination program from health care payer’s perspective whereas save NTD
2.06 from the societal viewpoint. Results based on the willingness-to-pay (WTP) method showed the Net Present Value (NPV) of the
vaccination program was estimated as−NTD 272 million.

We conclude that a routine varicella vaccination program is worthwhile from the societal perspective but neither from health care payer’s
nor from consumer decision based on the perspective of WTP.
© 2003 Elsevier Science Ltd. All rights reserved.
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1. Introduction

Although vaccination against chickenpox was recom-
mended by the American Academy of Pediatrics for all
healthy children older than 12 months without a history of
varicella, whether a mass vaccination program is worth-
while is still highly dependent on the perspective of health
economic evaluation. Earlier studies in France, Italy, New
Zealand, German, Spain, and US showed that varicella vac-
cination was considered to be cost-effective only from the
societal viewpoint but did not save money from the more
restrictive perspective of health care providers[1–6]. Due
to different economic levels and health care systems in dif-
ferent countries whether varicella vaccination is worthwhile
is also contingent on whether people are willing to pay the
vaccination program that would decrease the probability
of chickenpox and death. Benefit due to the reduction of
disease and death in cost–benefit analysis in these studies
was often measured by the human capital approach for
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which the value of vaccination program is measured by
its effect on the patient’s lifetime earnings. Rarely was
addressed the willingness-to-pay (WTP) method that ex-
presses the value of vaccination program by saying how
much people would be willing to pay for the varicella vac-
cination program in order to reduce chickenpox and further
death.

Taiwan has not yet included mass vaccination against
chickenpox under state-run childhood immunization sched-
ule such as measles and rubella. Except some counties that
have provided a small-scale and free-charge vaccination
program for children that under 6 years of age, most indi-
viduals received the vaccination from their general practi-
tioners on the basis of private money. Since the government
is in a dilemma about whether it is necessary to extend
these small-scale programs into a nationwide program, it is
timely to assess whether the benefit as a result of reduc-
ing deaths and long-term disability due to chickenpox can
outweigh the cost invoked by vaccination program. The
purpose of this study is therefore to perform cost–benefit
analysis to determine whether it is worthwhile to launch
mass varicella vaccination program for healthy children at
age of 15 months in Taiwan from different perspectives.
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2. Materials and methods

2.1. Markov Decision Model

A decision analysis using the Markov Decision Model
(Fig. 1) was constructed to compare varicella vaccination
strategy with no vaccination[7]. In the non-vaccinated
group, subjects followed the disease natural history as fol-
lows: subjects are infected with chickenpox and may or may
not develop into symptomatic cases after around 2-week
incubation period. The probability of being symptomatic
cases was approximately 90%. Of these symptomatic cases,
the majority subjects were mild disease and few have se-
vere complications. Those with mild disease may undergo

Fig. 1. Markov Decision Model for two options, vaccination and non-vaccination.

four possible utilizations, emergency department visit (seek
medical care within first 24 hr), emergency department visit
together with subsequent outpatient visit, outpatient visits,
outpatient visit plus over-counter medicine (OTC) purchase.
Severe complications were defined as those requiring hos-
pitalization, including but not limited to pneumonia and
encephalitis. Patients with major complications could go
on to have no long-term sequelae, long-term disability, or
death.

Transition probabilities for the disease natural history of
chickenpox and complications were derived from published
paper[4,6,8,9]. Estimates in these studies, which took ac-
count of heterogeneity in the risk of transmission and con-
traction of infection according to the individual’s age group,
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Fig. 1. (Continued).

enabled one to simulate the infection rate and attack rate by
age in the unvaccinated group. The application of vaccine
efficacy in reducing infectiousness and lowering suscepti-
bility to chickenpox and the possibility of waning effect to
the unvaccinated group yielded the changed parameters as a
result of vaccination. For each scenario, we then calculated
the expected number of cases of chickenpox under a hypo-
thetical cohort of 300,000 population and varicella-related
probabilities from 0 to 20 years old, when more than 85%
of cases of chickenpox occurred in our country[10]. Table 1
showed base case estimates, the range of best and worst es-
timates, and resources.

2.2. An empirical survey for direct cost, indirect cost,
and the estimate of WTP

A cross-sectional survey was conducted to interview a
total of 188 varicella cases that were sampled from lo-

cal general practitioners and pediatricians scattered over
northern, central, southern, and eastern areas of Taiwan be-
tween October 2000 and February 2001. Information pro-
vided in this survey included the numbers of children who
had had chickenpox; days absent from school, days of work
leave of parents or other family members, days staying at
home, times of visits, time and money incurred in visits,
and monthly incomes of parents or families who could not
work due to care for patient. Two types of costs were stud-
ied. Direct costs included out-of-pocket expenses as well
as the value of medical resource usages. Most costs spent
in varicella were outpatient and emergency visits, which
was calculated by multiplying average patient’s visits by
medical costs (data provided by National Health Insurance
(NHI)). As regards hospitalizations, a total of 87 events
collected from two teaching hospitals in the previous 1
year were used to calculate average hospitalization fees. In
addition, medical utilization for OTC medicine purchased
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Table 1
Base case estimates in varicella-related probabilities and varicella vaccine efficacy parameters

Variable Base case estimate Worst and best case estimates Reference

1. Annular attack rate Upper and lower 50% Beutels et al.[4], Lin et al. [8]
0–1 years old 0.05
2–3 years old 0.03
3–5 years old 0.16
5–7 years old 0.13
7–11 years old 0.22
11–15 years old 0.01
15–20 years old 0.04

2. Varicella sequelae (rate per chickenpox case)
Major complications requiring hospitalization 0.0045 0.0015–0.0054 Choo et al.[9]
Pneumonia 0.00014 0.0015–0.0054 Lieu et al.[6]
Encephalitis 0.00014 Lieu et al.[6]
Death 0.0000082 Lieu et al.[6]
Long-term disability after encephalitis 0.00000042 Lieu et al.[6]

3. Vaccine efficacy parameters
Complete protection after vaccination 0.95 0.83–0.95 Lieu et al.[6]
Immunity in partial by age of 20 years 0.22 0.05–0.30 Lieu et al.[6]
Relative susceptibility to varicella 0.12 0.05–0.16 Lieu et al.[6]
Relative infectiousness 0.4 0.0–0.95 Lieu et al.[6]
Relative probability of major sequelae 0.01 – Lieu et al.[6]

4. Vaccination complication rate 0.02 0.01–0.05 Lieu et al.[6]
5. Asymptotic rate 0.10 0.05–0.20 Lieu et al.[6]
6. Coverage rate 0.95 0.75–0.97 CDC
7. Vaccine price 1500 1500–3000 Lieu et al.[6]
8. Discount rate (%) 5 3–8 –

was also collected in our survey and only four individu-
als had used. Indirect costs were defined as the value of
productivity loss because of disease. The capital approach
was applied to calculate the cost of work loss by multiply-
ing each adult’s loss of working days by his or her daily
income.

Since varicella vaccine was administered with the MMR
vaccine in our scenario, there were no additional physician
consultation fees and cost induced by varicella vaccine
administration. The cost of varicella vaccine was deter-
mined by using as a reference the price of this vaccine in
US and local practitioners in Taiwan (New Taiwan Dol-
lars (NTD) 1500 in the base case). Approximately 2% of
vaccinated persons have suffered from pain at the injec-
tion side and rash and required one additional follow-up
outpatient visit for treatment of these minor complications
[6]. The estimate of WTP was measured by the following
question: “what is the most that you would be willing to
pay for routine varicella vaccination program that reduce
the risk of death and long-term disability as shown in
Table 1?

2.3. Cost–benefit analysis

All costs were expressed as NTD. Costs and benefits were
discounted to present value at 5%. Using the capital ap-
proach, discounted net cost (saving) for the vaccination pro-

gram, taking direct costs or indirect costs into account, was
calculated. Benefit–cost ratios were calculated as the reduc-
tion disease costs divided by the cost of the vaccination pro-
gram. Using the willingness-to-pay approach, Net Present
Value (NPV) was also calculated on the basis of the total
benefit (calculated by the WTP method) minus total cost
for the vaccination program. A series of sensitivity analyses
were conducted to assess the uncertainty of relevant param-
eters.

3. Results

Of the 188 eligible cases, 10 subjects refused to partici-
pate in this study. Only 178 cases completed the interview
with 94% (178/188) response rate.Table 2showed average
unit/rate per case, average cost per unit/rate for calculating
direct cost and indirect cost, and the estimate of WTP. It
should be noted that the hospitalization rate and complica-
tion rate were derived from Yawn et al.[10].

Table 3 showed total discounted direct costs and indi-
rect costs using the human capital approach. Vaccination
program could save NTD 147 million in discounted direct
costs. From health care payer’s perspective, the discounted
net cost for vaccination program was NTD 281 million.
The discounted indirect cost saved by vaccination program
was estimated at NTD 733 million. This yields NTD 452
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Table 2
Estimates of variable related to direct cost and indirect cost, and
willingness-to-pay for varicella vaccination

Events Average
unit/rate
per case

Cost per
unit
(NTD)

Average cost
per case
(NTD)

1. Direct cost
OPD 1.8 visits 450 810
ER 0.016 visits 750 12
OTC 0.022 times 204 4.5
Hospitalization rate 0.0054a 17442 94
Long-term disability 0.0000042a 6595238 27.7

2. Indirect cost
Visiting time 48.6 min 3.5 170
Work loss 1.85 days 1891 3500
Accompanied in

hospitalization
0.0054a 3222 17.4

Death and long-term
disability adjusted

0.0000124a 5513459 68.4

3. Willingness-to-pay – – 729

a Hospitalization rate and complication rate were derived from Yawn
et al. [10].

million net saving due to vaccination program from the so-
cietal perspective. A varicella vaccination program could
save NTD 2.06 from the societal viewpoint but only save
NTD 0.34 in discounted costs for each NTD dollar in-
curred in a vaccination program from health care payer’s
perspective.

The average estimate of WTP in order to reduce major
sequelae as shown inTable 1 was NTD 729. Translating
this figure into benefit yields NTD 220 million benefit due
to vaccination program. The NPV of the program, taking
indirect cost into account, was−NTD 272 million.

In order to examine the uncertainty derived from pub-
lished and/or unpublished data, a series of one-way sensi-
tivity analyses were conducted on a number of key model
variables.Table 4showed the threshold value of sensitivity
analysis. It could be seen that the program cost-effectiveness
was highly sensitive to vaccine price and insensitive to vac-
cine efficacy in plausible range. The threshold value under

Table 3
Cost–benefit analysis using the human-capital approach

Discounted costs
(NTD in million)

No
vaccination

Vaccination Net cost (saving)
of no vaccination
vs. vaccination

Direct cost
Vaccine 0 428 428
Varicella disease

costs
203 56 (147)

Total 203 484 281

Indirect cost 741 8 (733)

Total (direct cost
+ indirect cost)

944 492 (452)

Payer’s perspective benefit–cost ratio estimate: 147/428= 0.34. Societal
perspective benefit–cost ratio estimate:(733+ 147)/428= 2.06.

Table 4
Sensitivity analysis for relevant parameters

Variable Base-case
estimate

Range Threshold

Annual attack rate ratio 1 0.05–1.5 0.28
Asymptotic rate 0.1 0–0.9 0.56
Coverage rate 0.95 0–1 Dominated
Discounting rate 0.05 0–0.08 Dominated
Vaccine efficacy ratio 1 0.6–1.4 Dominated
Herd immunity effect 0.6 0–1 Dominated
Mild disease rate in vaccinee 0.9955 0–1 Dominated
Adverse rate after vaccination 0.02 0–1 Dominated
Severe disease rate in vaccinee 0.000045 0–1 0.94
Vaccine cost 1500 1500–4000 3093
Symptomatic rate of vaccinee 0.108 0–1 Dominated

which vaccine began to save money from the societal per-
spective was NTD 3093.

4. Discussion

4.1. Decision from different perspectives

The present study used cost–benefit analysis to as-
sess whether a varicella vaccination program against non-
vaccination group is worthwhile in Taiwan from different
perspectives. The results show indirect costs play an im-
portant role in the evaluation of the varicella vaccination
program. Vaccination program could save NTD 733 mil-
lion in discounted indirect costs compared with only NTD
147 million in discounted direct cost associated with vari-
cella disease costs. From health care payer’s perspective,
the discounted net cost for vaccination program was NTD
281 million. This suggests that the benefit from the vacci-
nation program cannot outweigh the cost incurred in the
vaccination program from health care payer’s perspective.
Taking indirect cost into account, the NTD 452 million net
saving suggest the varicella vaccination program is rather
worthwhile from the societal perspective.

Using the WTP approach, the present study shows it is
not worthwhile to have vaccination from the perspective of
WTP due to the negative NPV value. It should be noted that
the WTP approach is a contingent-valuation method that
reflects consume surplus of getting varricella vaccination.
Since the mean estimate of WTP (NTD 729) for the vacci-
nation program was far below the current expense for vacci-
nation (NTD 1500) this suggests that they could not get any
surplus from the purchase of vaccination. This accounts for
why the result of NPV is negative. If the estimate of WTP
is raised to NTD 2000, this means that if people have to pay
only NTD 1500 for benefits they value at NTD 2000 then
they get a surplus of NTD 500 from the purchase of vaccina-
tion. Results from the WTP suggest that the amount people
in this country are willing to pay for the program is lower
than the benefit they value. In term of consumer decision
based on the perspective of WTP, it may not be worthwhile
to launch a mass vaccination.
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4.2. Comparison with earlier studies

Our benefit–cost ratio was 0.34 from health care payer’s
perspective. This estimate is lower than 0.9 from Lieu et al.
[6], 0.82 from Beutel et al.[4], and 0.67 from Scuffham et al.
[3], but closer to 0.39 from Huse et al.[11]. From the societal
perspective, our benefit–cost ratio was 2.06, which is also
lower than 5.4 from Lieu et al.[6], 4.6 from Beutel et al.[4],
and 2.79 from Scuffham et al.[3], but still closer to 2.45 from
Huse et al.[11]. The first reason for this difference is that
annual attack rates adopted in this study were age-specific
and may be lower than other studies. The second reason may
be due to different study designs and different medical usage
in the treatment of chickenpox across countries. The most
prominent discrepancy was in indirect costs, there was 10
times between vaccination and non-vaccination in US[6],
but only 9 times in our studies, indicating higher productivity
loss in highly industrialized countries. However, it still saved
NTD 2 for every dollar invested in the program.

4.3. Limitation

There are some critiques raised from our study. Firstly, it
is important to note that, from an epidemiological perspec-
tive, it is not possible to predict all of the long-term effects
of varicella vaccination on immunity alternations and dis-
ease variations. There are complex and unresolved issues
regarding the possibility of the immunity conferred by the
vaccine waning over time. This might be due to some un-
certainty about the duration of time over which immunity is
conferred following vaccination compared to the life-long
immunity that follows infection with the wild VZV. Besides,
there is another possibility that, as routine vaccination even-
tually causes the disease to become rare, this in itself reduces
the long-term protection conferred by initial immunization.
These possibilities arise as there would be fewer ‘natural’ op-
portunities for ‘boosting’ immunity by exposure to the wild
virus in the community. Both of above possibilities may, in
the future, increase the cost per case of chickenpox infection
with a vaccination program in place. This concern should be
clarified in the ongoing research. Secondly, our results are
conditional on attaining optimal coverage rate and the vac-
cine being administrated in conjunction with MMR vaccine.
Otherwise, a 95% coverage rate will not be attained, and the
costs of vaccination program might not be as low as esti-
mated. This is rather important, since low coverage rate will
not only produce baleful consequences for the economic re-
sults but could also lead to a shift of infections to older age
groups, creating a large pool of older susceptible persons
who are at risk of more severe varicella. Therefore, to re-
duce the possibility of a large number of sero-negative adults
in the future and the potential danger of infection shifts to
older age group, it is necessary to immunize the maximum

possible number of children, and to consider booster doses
for adults or ‘catch-up’ program at age of 12. However,
whether ‘catch-up’ program is cost-effective should be elu-
cidated in the future. Thirdly, we did not attempt to include
the potential benefits or costs of future cases of zoster. Zoster
may be clinically mild in vaccinated healthy persons than
in unvaccinated persons, because there were limited data
on the long-term incidence of zoster in vaccinated persons
[12–14].

In conclusion, the present study suggests that a routine
varicella vaccination program is worthwhile from the soci-
etal perspective but neither from health care payer’s perspec-
tive nor from consumer decision based on the perspective of
WTP.
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