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Hepatitis A is an important public health problem in Chile. Childhood vaccination has reduced hepatitis A rates in several
rompting this evaluation of its cost-effectiveness in Chile. Using a Markov model, we project mass vaccination would reduce h
ases among birth cohort members and their personal contacts >80%. Vaccination costs of US$ 5.3–6.4 million would be offs
.2–9.4 million reductions in disease costs. Further, approximately 70 fatal infections would be averted and >4600 quality-adjuste
ould be saved. This analysis supports the cost-effectiveness of universal childhood hepatitis A vaccination in Chile.

eywords: Cost and cost analysis; Hepatitis A; Vaccination

. Introduction

Hepatitis A is one of the most common viral infections
orldwide. While young children seldom develop clinically

ecognizable symptoms, those infected later in life typically
xperience extended morbidity[1]. Jaundice, fever, malaise,
norexia, nausea and abdominal discomfort are common
ymptoms. Illness typically lasts for several weeks, but may
ersist for several months[2]. Adults with hepatitis A miss
ubstantial time from work[2]. Most recover with lifelong
mmunity[3], but a small proportion develop acute liver fail-
re. Among these patients, multiple organ failure is common
nd most die without liver transplantation[4]. The risk of
ortality is strongly age-related[2,5]. Case fatality rates are
.14% among those <14 years, but 1.52% among those≥ 40
ears[6].
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Hepatitis A is typically transmitted via the fecal–o
route, generally through close personal contact or con
inated food or water[7]. Infectivity of stools persists from
21 days before to 8 days after the onset of jaundice[8]. Chil-
dren play an important role in community-wide outbrea
and appear responsible for most intra-household[9,10] and
inter-household[11,12]transmission. Hepatitis A epidem
may occur from common ingestion of contaminated foo
water. Shellfish are commonly implicated[13], because the
are frequently harvested from waters contaminated by hu
waste and often not cooked at temperatures required t
the virus[14].

As sanitation infrastructures improve in developing co
tries, more children reach adulthood without prior expo
to hepatitis A. Paradoxically, this often causes an incre
disease burden, as a greater share of infections cau
tended work absence, hospitalization, and/or death. Chi
undergone rapid development in recent decades, and h
perienced a shift in hepatitis A to older persons. Adults
resented 19% of hepatitis A cases during 2001–2003, v
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just 7% during 1981–1983[15]. The hepatitis A rate among
persons≥45 years has nearly doubled during the past 20
years. Should this trend continue, hepatitis A will impose an
increasing burden on Chile’s public and private health sys-
tems.

The Chilean Ministry of Health provides medical ser-
vices to >70% of the country’s 15.8 million citizens. A
well developed vaccination infrastructure is established, with
>94% of children receiving each dose recommended dur-
ing the first year of life, including tuberculosis, polio and
diphtheria–tetanus–pertussis–Haemophilis influenza B vac-
cines[16]. Currently, hepatitis A vaccine is reserved for use
during community-wide outbreaks.

Immunization with hepatitis A vaccine affords high levels
of protection[17] which kinetic models of antibody decline
indicate will persist for decades[18–20]. An anamnestic
response has been demonstrated after re-vaccination in
subjects with undetectable anti-HAV, suggesting protection
is extended by immunologic memory[21–23]. Widespread
childhood vaccination has significantly reduced hepatitis
A rates in several populations[24–26], prompting this
evaluation of universal mass immunization in Chile.

2. Methods
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and summarized inTable 1) were applied to the hepatitis
A model.

2.3. Vaccination coverage and protective efficacy

We assumed a birth cohort of 260,000 would be eligible
for vaccination. Based on coverage for other vaccines sched-
uled for 18 months and age 4 years, we estimated 96% would
receive a hepatitis A vaccine dose at age 18 months and 96%
of these children (92.2% of all children) would receive a sec-
ond dose scheduled for age 54 months. Since no vaccines are
currently scheduled for age 24 months, we made a more con-
servative 80% coverage estimate. However, we assumed 96%
of children who missed the 24 month dose would receive a
catch-up dose at age 54 months. Because these assumptions
yield such high coverage rates, we did not consider a second
catch-up opportunity afforded by the Chilean immunization
schedule at age 7 years. We estimated 98 and 99% of children
would develop immunity after the first and second vaccine
doses, respectively[7]. The proportion initially protected who
would subsequently lose immunity was estimated based on
expert panel opinion[28]. With one dose, we assumed 1.62%
would lose protection during each of years 1–10, and 2.67%
would lose protection annually thereafter. Corresponding es-
timates with two doses were 0.31 and 0.62%, respectively.
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.1. Immunization strategies

We considered 2 alternative interventions: vaccinatio
8 and 24 months; and vaccination at 18 and 54 months

atter strategy avoids the cost of an additional vaccina
isit, since the Chilean system includes immunization v
t ages 18 months and during the fifth year of life, but not
4 months.

.2. Model structure

We modified an existing Markov model[27] to predict
epatitis A outcomes for Chileans born between July 2
nd June 2003 and thus potentially eligible to begin
ination during 2004. Between ages 1–2 years and in
ubsequent year, birth cohort members were allocat
ne of four health states: (a) uninfected but susceptib
epatitis A; (b) infected with hepatitis A; (c) immune
epatitis A; or (d) deceased. The identical model struc
as used to assess hepatitis A costs and outcomes u

no vaccination” policy and with each immunization str
gy. With immunization, we considered vaccination c
nd reduced infection risks corresponding to vaccine

ective efficacy. When infection was predicted to occur
odeled the risk of disease transmission to household
ther personal contacts. Those infected were excluded

urther follow up due to presumed lifelong immunity[3].
he hepatitis A risks of others were considered annu

hrough age 50 years or earlier death from any caus
eries of base case parameter estimates (described
a

.4. Disease incidence

Rates of reported hepatitis A were determined from 1
o 2003 Ministry of Health surveillance data[15]. We as
umed each reported case represented overt illness. D
he time frame considered, the peak hepatitis A rate occ
mong Chileans ages 5–9 years, with consistently lower

n successively older cohorts. The probability of a hepa
case being reported was estimated by: (a) assuming
AV seroprevalence at age 5 years was 19% in 1998[29];

b) estimating that by 1998 1.33% of the 1993 birth co
ad overt hepatitis A, based on 7% of infections being ic

1] (19%× 7% = 1.33%); (c) calculating the 1993–1997
orted rate of hepatitis A among persons 0–4 years at 0

15]; and (d) comparing reported versus actual rates of
epatitis A (0.81%/1.33% = 61%). By comparison, Un
tates and Israeli surveillance systems identify 24% and
f overt hepatitis A cases, respectively[1,30]. Age-specific
ates of overt hepatitis A (reported and unreported) am
usceptible persons were derived by excluding persons
mmunity from the denominator. Rates of immunity were
ermined from a 1998 study conducted in Santiago[29], but
ecause it was limited to persons age <25 years, we ass
igher seroprevalence among older Chileans. We forec

uture hepatitis A incidence by calculating 5-year mov
verages during 1978–2003. During this period, hepati
ates declined 2.9% annually among Chileans ages 0–4
ere unchanged among those ages 5–9 years, and inc
.7 and 1.2% annually among those ages 10–14 years an
ears, respectively. We assumed these trends would con
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Table 1
Values of base case parameter estimates used in Markov model

Value Source

Vaccination coverage
First dose at age 18 months 96.0% [16]; unpublished Ministry of Health data; author assumptions
Second dose at age 24 months 80.0%
Second dose at age 54 months 92.2%

Vaccine protection with dose at 18 months
Age 2 years 96.4% [7,28]
Age 3 years 94.9%
Age 4 years 93.3%
Age 5 years 91.8%
Age 10 years 84.6%
Age 20 years 65.2%
Age 30 years 49.8%
Age 40 years 38.0%
Age 50 years 29.0%

Vaccine protection with doses at 18 and 24 months
Age 2 years 99.0% [7,28]
Age 3 years 98.7%
Age 4 years 98.4%
Age 5 years 98.1%
Age 10 years 96.6%
Age 20 years 91.3%
Age 30 years 85.8%
Age 40 years 80.6%
Age 50 years 75.8%

Vaccine protection with doses at 18 and 54 months
Age 2 years 96.4% [7,28]
Age 3 years 94.9%
Age 4 years 93.3%
Age 5 years 98.7%
Age 10 years 97.8%
Age 20 years 93.6%
Age 30 years 88.0%
Age 40 years 82.7%
Age 50 years 77.7%

Rates of reported hepatitis A per 100,000 population
Ages 1–4 years 99.1 [15]
Ages 5–9 years 259.7
Ages 10–14 years 154.0
Ages 15–19 years 55.8
Ages 20–24 years 31.0
Ages 25–34 years 14.7
Ages 35–44 years 6.9
Ages 45–50 years 5.6

Hepatitis A seroprevalence
At age 12 months 10% [29]; author assumptions
Ages 1–4 years 13%
Ages 5–9 years 26%
Ages 10–14 years 43%
Ages 15–19 years 57%
Ages 20–24 years 74%
Ages 25–34 years 80%
Ages 35–44 years 85%
Ages 45–50 years 90%

Proportion of hepatitis A infections causing overt illness
Ages 1–4 years 7% [1,27,28]
Ages 5–9 years 37%
Ages 10–17 years 71%
Ages 18–29 years 73%
Ages 30–39 years 74%
Ages 40–50 years 78%
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Table 1 (Continued)

Value Source

Overt hepatitis A hospitalization rates
Case 0–14 years 8% Unpublished Ministry of Health data
Case >14 years 11%

Overt hepatitis A liver transplant rates
Case 0–14 years 0.01% Unpublished Ministry of Health data
Case >14 years 0.03%

Overt hepatitis A case fatality rates
Case 0–14 years 0.14% [27]
Case 15–29 years 0.18%
Case 30–39 years 0.21%
Case 40–50 years 0.36%

Duration of hepatitis A symptoms 39 days [2]

Utility score while hepatitis A symptoms are present 0.43 [36]

Hepatitis A medical costs (US$)
Vaccine acquisition 11 [31,32]; unpublished Ministry of Health data
Vaccine administration at scheduled visit 0.4
Vaccine administration requiring additional visit 5
Medical costs of hepatitis A outpatient 90
Medical costs of hospitalized hepatitis A patient 500
Medical costs of liver transplant (lifetime) 64,800

Hepatitis A work loss costs (US$)
Case <20 years 0 [33,34]; unpublished Ministry of Health data; author assumptions
Case 20–59 years 561
Case≥60 years 0

absent vaccination, during the analytic period. Finally, we es-
timated the incidence of asymptomatic hepatitis A infections
based on age-specific ratios of asymptomatic-to-overt infec-
tions[1,27,28].

2.5. Hepatitis A transmission

We adapted a United States model of intra-household
transmission[10] to Chile by accounting for larger house-
hold sizes (unpublished data, Ministry of Development and
Planning) and higher rates of hepatitis A immunity[29].
Consequently, the number of secondary cases per primary
infection were reduced from the United States model by ap-
proximately one-third, to 14.2, 16.3, 10.7, 10.2, 12.6 and
9.3 per 100 index infections among persons ages <6 years,
6–11 years, 12–17 years, 18–29 years, 30–39 years and
40–49 years, respectively. Lacking Chilean-specific data, we
used 1994–1995 data from the United States Viral Hepatitis
Surveillance Program[6] to estimate total hepatitis A cases
due to personal contact from intra-household cases. We con-
sidered cases attributed to “household” or sexual” contact
with hepatitis A patients to represent intra-household trans-
mission, and cases attributed to daycare center exposure or
“other” contact with hepatitis A patients to represent inter-
household transmission. Thus, among index cases ages <15
years, we assumed 2.37 inter-household transmission cases
w sion.
C s and
≥ r each

intra-household transmission case. Assuming any new hep-
atitis A immunization policy would continue in subsequent
years, we avoided over-counting vaccination benefits by not
modeling transmission from members of the birth cohort to
younger persons.

2.6. Hepatitis A outcomes and costs

Among persons with overt hepatitis A, hospitalization and
liver transplant rates were estimated at 8 and 0.01% for cases
0–14 years, and at 11 and 0.03% for cases age >14 years
(unpublished data, Ministry of Health). Age-specific case fa-
tality rates were based on expert panel review of published
literature, and ranged from 1.4 per 1000 cases age 0–14 years
to 3.6 per 1000 for cases 40–50 years[27]. The cost of hep-
atitis A vaccine was estimated at US$ 11 per dose based
on the United States government contract price[31]. Costs
of vaccine administration (nurse labor and supplies) during
a scheduled visit and of an additional one-dose vaccination
visit were estimated at US$ 0.4 and 5, respectively (unpub-
lished data, Ministry of Health). Medical costs of hepatitis
A patients were determined through review of Ministry of
Health records. Because the liver transplant review did not
include long term graft maintenance, we estimated follow up
costs would be 105% as great as the cost of the procedure,
based on findings of a United States study[32]. We assumed
h m
w
o the
ould occur for each case of intra-household transmis
orresponding estimates for index cases 15–39 year
40 years were 1.39 and 1.31 inter-household cases fo
epatitis A cases <20 or≥60 years would not miss time fro
ork, but that 91% of cases 20–59 years would[33]. Based
n review of Ministry of Health records, we determined
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mean duration of work loss would be 28 days, an estimate
consistent with reports from the United States[2] and Israel
[30]. We valued each lost work day at US$ 22, the median
daily wage in Chile[34].

2.7. Analytic methods

Following the recommendation of the Panel on Cost-
Effectiveness in Health and Medicine[35], we performed
a cost utility analysis. A utility is a number between 0 and 1
reflecting the desirability of a health state based on the qual-
ity of life it provides. We considered each life-year lost to
fatal hepatitis A to represent 1 lost quality-adjusted life year
(QALY). To estimate QALYs lost to nonfatal hepatitis A, we
applied a utility score of 0.43[36] to an expected 39 days of
symptomatic illness[2], representing 0.06 lost QALYs per
overt infection. Costs and QALYs predicted to occur in fu-
ture years were adjusted to 2004 values using a 3% annual
discount rate[37]. Net vaccination costs were defined from
the perspectives of the health system (vaccination costs minus
reduced medical costs) and society (vaccination costs minus
reduced medical and work loss costs). From each perspec-
tive, we compared net costs of immunization with the num-
bers of life-years saved and QALYs gained, using a policy of
“no vaccination” as reference. The two immunization strate-
g naly-
s ss an
m s of

5 and 0% were substituted. Hepatitis A medical costs, work
loss costs and case fatality rates were independently varied
±25%. Because there are no definitive data describing the
duration of vaccine protection, we considered two alterna-
tives: (a) that lifetime protection is conferred to all children
who initially develop immunity; or (b) that protection wanes
twice as quickly as presumed by our base case parameter es-
timates. Finally, we recalculated cost-effectiveness assuming
the vaccine could be purchased at US$ 10, 9, 8 or 7 per dose.

3. Results

Without vaccination, our model predicts 55,155 members
of the current birth cohort would be infected with hepatitis
A, with 24,105 having overt illness. Moreover, these infec-
tions will be the source of 21,759 hepatitis A cases among
the personal contacts of birth cohort members. A policy of
hepatitis A vaccination at 18 and 54 months would reduce
the numbers of hepatitis A cases among birth cohort mem-
bers and their personal contacts by 84 and 86%, respec-
tively (Table 2). A policy of vaccination at 18 and 24 months
would reduce the numbers of primary and secondary cases
by 85 and 87%, respectively. The modest advantage of the
month 18 and 24 schedule reflects two factors: (1) greater
v duces
t it-
t ose is

T
H

Va onths

O
3,

H

H

H

L

Q

ies were also compared with each other. Sensitivity a
es were conducted by making selected assumptions le
ore favorable to vaccination. Alternative discount rate

able 2
epatitis A outcomes, by immunization strategy

No vaccination

vert hepatitis A cases
Birth cohort 24,105
Personal contacts 21,759

Birth cohort and personal Contacts 45,868

epatitis A hospitalizations
Birth cohort 2,271
Personal contacts 1,995
Birth cohort and personal contacts 4,266

epatitis A transplants
Birth cohort 5
Personal contacts 4
Birth cohort and personal contacts 9

epatitis A deaths
Birth cohort 44
Personal contacts 40
Birth cohort and personal contacts 84

ife-years lost to hepatitis Aa

Birth cohort 1,519
Personal contacts 1,806
Birth cohort and personal contacts 3,325

ALYs lost to hepatitis Aa

Birth cohort 2,481

Personal contacts 2,954
Birth cohort and personal contacts 5,435

a Expressed as present values. QALY: quality-adjusted life year.
d
accine protection between ages 24 and 54 months re
he likelihood hepatitis A will be acquired and thus transm
ed to personal contacts; (2) coverage for the second d

ccination at 18 and 54 months Vaccination at 18 and 24 m

950 3,659
3,114 2,914

7,064 6,573

396 367
287 269
693 636

1 1
1 0
2 1

9 8
6 5
15 13

218 202
270 253
488 455

352 326

441 413
793 739
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improved by allowing a third vaccination opportunity, thus
improving long term protection and reducing primary cases
later in life. On a per-dose basis, the two immunization strate-
gies are about equally effective. One case of overt hepati-
tis A would be prevented for each 13 doses administered.
One hospitalization would be prevented for each 137 doses,
and one premature death would be prevented for each 7100
doses.

Vaccination at 18 and 54 months would reduce the num-
bers of hepatitis A related hospitalizations, liver transplants
and deaths by 84, 83 and 83%, respectively. Vaccination at 18-
and 24-months would provide modestly greater reductions.
On each measure, vaccination benefits would be evenly di-
vided between birth cohort members and their personal con-
tacts. The numbers of life-years and QALYs lost to hepatitis A
would be reduced 85% with vaccination at 18-and 54-months,
or by 86% with vaccination at 18 and 24 months.

Vaccinating a single birth cohort would cost US$ 5.3 mil-
lion under the 18- and 54-month schedule, or US$ 6.4 mil-
lion under the month 18- and 24-month schedule (Table 3).
Most of the difference reflects the additional cost of establish-
ing a 24-month vaccination visit, with the balance reflecting
improved coverage for the second hepatitis A vaccine dose.
With respect to the 18- and 54-month schedule, 76% of vac-
cination costs would be offset by reduced medical costs, and
97% would be offset by reduced work loss costs. Thus, vac-
c osts
w tem
p year
s and

24-month schedule, the combined reductions in medical and
work loss costs would also more than offset immunization
costs. Health system costs would be US$ 882 per life-year
saved or US$ 503 per QALY gained. Because the 18- and 24-
month schedule would have higher costs and greater effec-
tiveness, it’s incremental cost-effectiveness was considered.
Instituting vaccination at 18 and 24 months rather than 18 and
54 months would cost >US$ 32,000 per additional life-year
saved, or >US$ 19,500 per additional QALY gained.

While vaccination costs are incurred immediately, eco-
nomic benefits accrue over time (Fig. 1). Comparing the costs
of vaccinating on the 18- and 54-month schedule versus a
“no vaccination” policy, net costs would remain positive for
7 years. Thereafter, savings would exceed vaccination costs,
reaching US$ 3.9 million in savings within 50 years. Con-
sidering the 18- and 24-month vaccination schedule, savings
would be realized within 13 years, and grow to US$ 2.9 mil-
lion within 50 years.

Cost-effectiveness ratios are relatively stable throughout
the range of alternative assumptions applied in sensitivity
analyses (Table 4). In each of 14 sensitivity analyses, vaccina-
tion at either 18- and 54-months or 18- and 24-months reduce
societal costs, with the time required for economic benefits
to exceed costs ranging from 4 to 20 years. Considering only
health system costs, results are most sensitive to the discount
rate, hepatitis A medical costs and vaccine price. Within the
r d 54-
m ,
w
p

T
H

V onths

V 5

M

W

V

C

C nths)

justed
ination would reduce the Chilean society’s hepatitis A c
hile improving health outcomes. From the health sys
erspective, vaccination would cost US$ 460 per life-
aved or US$ 281 per QALY gained. Considering the 18-

able 3
epatitis A costs and cost-effectiveness, by immunization strategya

No vaccination

accination costs 0

edical costs
Birth cohort 2,114,716
Personal contacts 2,618,356
Birth cohort and personal contacts 4,733,072

ork loss costs
Birth cohort 2,350,000
Personal contacts 3,993,194
Birth cohort and personal contacts 6,343,194

accination, medical and work loss costs 11,076,267

ost-effectiveness of vaccination (versus no vaccination)
Net health system costs per life-year saved
Net health system costs per QALY gained
Net societal costs per life-year saved
Net societal costs per QALY gained

ost-effectiveness of vaccination (versus vaccination at 18 and 54 mo
Net health system costs per life-year saved
Net health system costs per QALY gained
Net societal costs per life-year saved
Net societal costs per QALY gained

a Costs expressed as present values in 2004 US$. QALY: quality-ad
ange of alternative assumptions considered, the 18- an
onth schedule would cost≤US$ 498 per QALY gained
hile the 18- and 24-month schedule would cost≤US$ 726
er QALY.

accination at 18 and 54 months Vaccination at 18 and 24 m

,342,106 6,445,194

304,319 281,680
390,842 366,588
695,161 648,268

538,014 496,827
612,859 574,250

1,150,872 1,071,077

7,188,139 8,164,540

460 882
281 503
<0 <0

<0 <0

32,006
19,559
29,588
18,081

life year.
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Fig. 1. Net societal cost of vaccination over time (a) costs expressed as present values in 2004 US$.

Table 4
Cost per QALY gained under alternative assumptionsa

Vaccination strategy and perspective

Vaccination at 18 and 54 months Vaccination at 18 and 24 months

Health System (b) Societal (b) Health System (b) Societal (b)

Reference case assumptions 281 <0 (8 years) 503 <0 (13 years)

0% discount rate 25 <0 (8 years) 177 <0 (10 years)
5% discount rate 450 <0 (9 years) 726 <0 (18 years)

No loss of vaccine protection over time 224 <0 (8 years) 448 <0 (12 years)
Loss of vaccine protection accelerated 100% per year 334 <0 (10 years) 554 <0 (14 years)

Hepatitis A medical costs increased 25% 63 <0 (7 years) 285 <0 (9 years)
Hepatitis A medical costs decreased 25% 498 <0 (12 years) 720 <0 (20 years)

Hepatitis A work loss costs increased 25% 281 <0 (7 years) 503 <0 (9 years)
Hepatitis A work loss costs decreased 25% 281 <0 (12 years) 503 <0 (20 years)

Hepatitis A case fatality rates increased 25% 244 <0 (8 years) 436 <0 (13 years)
Hepatitis A case fatality rates decreased 25% 332 <0 (8 years) 593 <0 (13 years)

Vaccine price reduced to US$ 10 per dose 180 <0 (7 years) 399 <0 (10 years)
Vaccine price reduced to US$ 9 per dose 79 <0 (6 years) 295 <0 (8 years)
Vaccine price reduced to US$ 8 per dose <0 (35 years) <0 (5 years) 191 <0 (7 years)
Vaccine price reduced to US$ 7 per dose <0 (23 years) <0 (4 years) 81 <0 (6 years)

a Costs expressed as present values in 2004 US$; (b) when costs are <0, years until cost reduction are given in parentheses. QALY quality-adjusted life year.

4. Conclusions

Hepatitis A is a disease of particular public health impor-
tance in Chile, being the leading cause of liver transplant for
individuals with acute liver failure[38]. As the Chilean sanita-
tion infrastructure improves, more children reach school age
without immunity from natural infection. The prevalence of
hepatitis A immunity among children of elementary school
age is≤30% in Chile[29,39], versus >50% in Venezuela, Ar-
gentina and Brazil, and >70% in Mexico and the Dominican
Republic[39]. Children 6–10 years of age are most likely to
transmit the virus[10], and a growing percentage of Chileans

do not possess natural hepatitis A immunity. Consequently,
a continued shift towards infections in older individuals is
likely, with associated increases in hospitalizations, trans-
plants and deaths.

Based on epidemiological evidence, we modeled the im-
pact of hepatitis A on a single birth cohort. Without vaccina-
tion, we estimate that 24,105 members will experience overt
hepatitis A during the next 50 years, of whom 1 in 11 will
be hospitalized and 1 in 550 will die. We further project this
birth cohort will be the source of overt infection for 21,759
of their personal contacts. Considering birth cohort members
and their personal contacts, hepatitis A will cause >80 deaths
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and 1.8 million days of illness, while costing US$ 11.1 mil-
lion.

Considering the cost-effectiveness of immunization, both
the 18 and 24 month and 18- and 54-month schedules would
more than pay for themselves by reducing medical and work
loss costs. Further, 69–71 premature deaths would be averted
and 4600–4700 QALYs would be gained. It is difficult to
justify the added costs of the 18-and 24-month schedule over
vaccination at 18 and 54 months, as the latter would provide
99% of the health benefits while costing US$ 1.0 million less.
Thus, our analysis suggests the more cost-effective strategy
is vaccination at ages 18 and 54 months.

We considered only two of several possible immuniza-
tion strategies. Hepatitis A incidence and seroprevalence data
from Chile suggest the age of increased acquisition is be-
tween ages 5 and 9 years[15,29]. Thus, vaccination could be
implemented through a large campaign aimed at all children
in this age group. Alternatively, the age 18- and 54-month
doses could be implemented immediately, without concern
for catch-up doses. Under this strategy, Chileans born 18–54
months prior to policy implementation could only receive one
vaccine dose, while those born later would have the oppor-
tunity to receive two doses. We did not specifically examine
these strategies, but suspect they would be comparably cost-
effective, as our model indicates 84% of the lifetime risk of
overt hepatitis A occurs beyond age 6 years. Compared with
vaccinating sequential birth cohorts, these strategies would
likely accelerate herd immunity and provide more protection
to unvaccinated Chileans.

Within the range of sensitivity analyses conducted, vacci-
nation would always reduce total disease costs to the Chilean
society, while costing the health system≤US$ 726 per QALY.
Medical interventions are conventionally considered cost-
effective if their cost per QALY does not exceed the econ-
omy’s annual per-capita gross domestic product[40]. The
Chilean per-capita gross domestic product is currently US$
4200. Thus, vaccination would meet accepted standards of
cost-effectiveness even if work loss was not considered. Com-
paring the cost-effectiveness of hepatitis A vaccine with other
medical interventions offered in Chile is challenging, owing
to the scarcity of published economic assessments. Screen-
ing for gall bladder disease was recently reported to cost
between US$ 180 and 481 per life-year saved[41]. In 1993,
Haemophilis influenza B (Hib) vaccine was projected to save
US$ 1.66 in medical costs for each US$ 1 spent on vacci-
nation[42]. Yet that study appears to underestimate vaccine
acquisition and administration costs. Thus, it appears Hib
vaccine does not pay for itself by reducing medical costs, but
probably meets conventional standards of cost-effectiveness
by reducing morbidity and mortality.

Our estimates are speculative in several respects. First, we
estimate 80% of Chileans would receive the second dose of
hepatitis A vaccine at a presently nonexistent 24-month visit.
While this may appear optimistic, it is consistent with high
childhood immunization rates in Chile. If fewer children
received the 24-month dose, most would likely catch-up

at age 54 months. Our model suggests vaccine protection
would decline modestly, but vaccine costs would be reduced
substantially. Thus, cost-effectiveness ratios would actually
improve. Second, we may have underestimated hepatitis
A costs. Medical costs were based on government outlays,
which may be less than costs incurred by the private sector.
We did not consider Ministry of Health costs of managing
hepatitis A outbreaks, including increased surveillance
activities and providing immune globulin and vaccine doses.
While we considered work loss costs of hepatitis A, we did not
attempt to quantify other non-medical such as transportation
for clinic visits. Third, we estimated the duration of vaccine
protection without definitive information, with the longest
follow up for immunogenicity being only 12 years after the
primary schedule[18]. Yet reported cases of clinical hepatitis
A after vaccine seroconversion are rare, models of declining
anti-HAV levels suggest immunity may persist up to 50 years
[20], and an anamnestic response has been demonstrated in
subjects with undetectable anti-HAV, suggesting protection
is extended by immunologic memory[21–23]. Further, our
results are only modestly changed when vaccine protection
is assumed to wane twice as quickly. Fourth, we assumed
overt hepatitis A infections cause the loss of 0.06 QALYs.
An Israeli study assumed 0.09–0.22 QALYs are lost per
hepatitis A case[43]. Using these estimates would improve
cost-effectiveness ratios substantially. Fifth, we projected a
s tury
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o ting
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t 1–5,
a nted
hift in hepatitis A to older persons over the next half cen
ased on historical trends. Yet if age-specific hepatit
ates were to remain stable, cost-effectiveness would be
oderately affected, with vaccination costing the he

ystem US$ 345–579 per QALY gained. Sixth, we presu
ymptomatic and asymptomatic children were equally li
o spread hepatitis A. Studies of transmission are b
olely on index cases with overt illness[10], and less freque
ransmission may occur from asymptomatic children
o relatively lower viral shedding. However, more frequ
ransmission may also occur because unsuspecting
ould be exposed to the child’s entire period of fecal sh
ing without opportunity for immune globulin prophylax
r vaccination. But even were childhood immunization
rovide no protection to personal contacts, vaccinatio
8 and 54 months would still cost society a reasonable
08 per QALY gained. Finally, our model did not acco

or the cyclical nature of hepatitis A incidence. Since 1
isease rates have peaked each 5–7 years[15], and withou

ntervention this pattern is likely to continue. Universal m
accination would be more cost-effective if implemen
ust as disease rates began to increase, and less cost-e
f implemented while rates were declining. But the stren
f our findings suggests the proper time for implemen
accination is as soon as possible.

Over the course of our 50-year model, we predict the b
ts of vaccination would be equally divided between vacc
nd their personal contacts. But the timing of disease re

ion differs between these populations. During years
pproximately 2200 hepatitis A cases would be preve
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among vaccines, far less than the 9200 prevented among
personal contacts. During years 16–20, approximately 1900
cases would be prevented among vaccinees versus just 400
cases among personal contacts. Thus, the more immediate
impact of universal mass vaccination would be seen among
Chileans who are never immunized. Comparing model re-
sults with Chilean surveillance data, we predict vaccinating
the 2004 birth cohort would reduce nationwide hepatitis A
rates by 25% within 5 years. Assuming vaccination is con-
tinued with successive birth cohorts, a 73% reduction would
be expected. While seemingly dramatic, these estimates are
conservative in light of the experiences of other hepatitis A
immunization programs. In the United States, 66% of Butte
California children received≥1 vaccine dose during a pro-
gram begun in 1995, and by 2000 the community-wide hep-
atitis A rate declined 94%[24]. Among Indian and Alaska
Native populations, hepatitis A rates declined 95% within 5
years after routine childhood vaccination was implemented
[26]. Oklahoma began requiring hepatitis A vaccination for
school entry in 1998, and by 2003 90% of children had re-
ceived≥1 dose[44]. By 2002–2003, the number of hepatitis
A cases had declined 96% versus 1996–1997[45]. In Cat-
alonia Spain, vaccination at age 11 years was instituted in
late 1998, and by 2001 the hepatitis A rate among all age
groups had declined 72%[25]. In Israel, hepatitis A vac-
cination at ages 18 and 24 months was instituted in July
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