
I
A

R
G
a

b

c

a

A
R
R
A
A

K
A
H
H
A

1

i
r
H
h
I
1
i
p
b
1
t
r
i
A

n

t
f

(
g

0
d

Vaccine 28 (2010) 6298–6304

Contents lists available at ScienceDirect

Vaccine

journa l homepage: www.e lsev ier .com/ locate /vacc ine

mpact of a statewide childhood vaccine program in controlling hepatitis
virus infections in Alaska�

osalyn J. Singletona,b,∗, Sarah Hessa, Lisa R. Bulkowb, Louisa Castrodalec,
inger Provoc, Brian J. McMahona

Arctic Investigations Program, National Center for Emerging and Zoonotic Infectious Diseases, Centers for Disease Control and Prevention (CDC), Anchorage, AK, United States
Alaska Native Tribal Health Consortium, Anchorage, AK, United States
State of Alaska, Department of Health and Social Services, Section of Epidemiology, Anchorage, AK, United States

r t i c l e i n f o

rticle history:
eceived 8 March 2010
eceived in revised form 11 June 2010

a b s t r a c t

Historically, Alaska experienced cyclic hepatitis A virus (HAV) epidemics, and the HAV rate among Alaska
Native people was significantly higher than among other racial/ethnic groups. We evaluated the impact
of universal childhood vaccination, initiated in 1996, on HAV epidemiology in Alaska by analyzing HAV
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cases reported to the State of Alaska. HAV incidence in all age groups declined 98.6% from 60.0/100,000
in 1972–1995 to 0.9/100,000 in 2002–2007. The largest decrease (99.9%) was in Alaska Native people,
whose incidence (0.3) in 2002–2007 was lower than the overall U.S. 2007 rate (1.0). Among age groups,
the decrease (99.8%) among children aged 0–14 years was the largest. Routine childhood vaccination has
nearly eliminated HAV infection in Alaska.
epatitis A vaccine
laska Native

. Introduction

Hepatitis A virus (HAV) is one of the most common causes of
cteric hepatitis worldwide [1] and was one of the most frequently
eported vaccine-preventable diseases in the United States [2,3].
epatitis A infection rates have differed historically by race; the
ighest HAV rates in the United States occurred among American

ndian [4] and Alaska Native (AN) people [5]. In Alaska, from the
950s to 1990s, HAV epidemics occurred every 10–15 years result-

ng in thousands of persons developing icteric hepatitis [3,4]. AN
eople in traditional rural villages were disproportionately affected
y HAV epidemics. In a statewide epidemic occurring in the mid-
970s, AN persons accounted for >60% of reported cases, although
hey constituted only 16% of the state’s population [4]. In 1993, a

etrospective serosurvey showed evidence of past HAV infection,
ndicated by the presence of total antibody to HAV, among 85% of
N persons born before 1945 [4].

� The findings and conclusions in this report are those of the authors and do not
ecessarily represent the views of the agencies.
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Hepatitis A vaccines, Havrix® (GlaxoSmithKline, Rixensart, Bel-
gium) and Vaqta® (Merck & Co., Whitehouse Station, NJ), were
developed in the 1980s. Formulations evaluated in randomized
control trials had protective efficacies of 99–100% [6,7]. One of the
immunogenicity trials, which included both children and adults,
was conducted in Alaska in the late 1980s and the early 1990s [7]. In
1992, while the trials were ongoing, a large outbreak of HAV started
in rural Alaska and spread to the urban areas. In 1992–1993, the
peak reported incidence of HAV in the affected regions exceeded
2000 cases per 100,000 persons per year [8]. In an attempt to con-
trol this epidemic in the period immediately prior to HAV vaccine
licensure, the Alaska Area Native Health Service, regional Alaska
Native health corporations, and the State of Alaska Section of Epi-
demiology (SOE) conducted a demonstration project in 1993–1994
to administer Havrix® as part of the Phase III trials [8]. One dose
of Havrix® was given to more than 5000 susceptible persons in 25
Alaskan communities, halting the epidemic within 4–8 weeks of
administration in communities with high vaccination coverage [9].

Hepatitis A vaccines were licensed in 1995 and recommended
by the Advisory Committee on Immunization Practice (ACIP) for
routine vaccination of U.S. children in populations with high rates
of HAV such as those found in American Indian and Alaska Native

(AI/AN) communities throughout the United States [5]. An immu-
nization effort, initiated in 1996–1997, that included AI/AN children
as well as children from states with high HAV incidence led to
a 20-fold decrease in HAV incidence from 1997 to 2001 among
all AI/AN to a level similar to the overall U.S. rate, one of the
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Fig. 1. Timeline of hepatitis A virus and vaccination in Alaska.

argest decreases in HAV reported [10]. During 2001–2007, HAV
nfection rates among AI/AN people were lower than rates among
ther racial/ethnic populations in the United States, reaching 0.5
er 100,000 population among AI/AN people, and hepatitis A vac-
ination coverage among 24- to 35-month-old AI/AN children was
igher than that in U.S. children from other racial/ethnic popula-
ions [11].

The Alaska SOE implemented universal hepatitis A vaccination
ith state-supplied vaccine for all Alaska children ages 2–14 years

n January 1996 [12]; the vaccine recommendations were expanded
o 2–18 years in 1997 [13]. Beginning in 2001, hepatitis A vaccine
as required by the State of Alaska for daycare and school atten-
ance; in 2006 the age recommendations were expanded which

ncluded 1–18 year olds [14] (Fig. 1).
In this paper we analyzed all Alaska HAV cases reported to

he Alaska SOE from 1972 to 2007 to assess the impact of rou-
ine statewide childhood hepatitis A vaccination in decreasing HAV
nfections in all Alaskans and compared results in AN with other
acial and ethnic groups living in Alaska.

. Methods

.1. Population statistics

Denominators for calculating incidence rates were derived using
he 1970, 1980, 1990 and 2000 U.S. census data. We evaluated cases
nd population by race (AN vs. other), region, and age group. The
verage change in population for each group was calculated and the
stimated population per group was interpolated for 1972 through
007. Alaska Native people included Eskimo, Aleut, Athabascan,
simpsian, Haida, Tlingit, and non-Alaska American Indian groups;

ll others were considered non-Alaska Native. However, in 8.8% of
ases, race was not stated. Persons were considered urban if they
esided in the Municipality of Anchorage or the Matanuska-Susitna
orough. All others were considered rural. The denominators used
28 (2010) 6298–6304 6299

for periods greater than one year were the sum of the estimated
populations for each year.

2.2. Hepatitis A virus infection surveillance

Cases of acute hepatitis have been reportable to the Alaska SOE
since statehood; specific hepatitis types, including HAV infections,
have been reported to the Alaska SOE since 1974 [15]. A confirmed
case is defined as an acute illness with discrete onset of symptoms
and with the presence of jaundice or elevated aminotransferase lev-
els, and either a serologically confirmed immunoglobulin M (IgM)
antibody to HAV or an epidemiological link to a person who has
laboratory-confirmed HAV [16]. During the time period of inter-
est, 1972–2007, HAV cases were reported to the Alaska SOE by
health care providers and by laboratories including the Alaska State
Virology Laboratory, Alaska Native Medical Center, and out-of-state
commercial laboratories. Demographic data collected included age
group, location of exposure, race/ethnicity, and region of residence.

The age group variable identified age in 5-year increments from
0 to 89 years of age. These were collapsed into age categories
of 0–14, 15–24, 25–44, and 45 and older for analysis. The loca-
tion of exposure was categorized as exposed within Alaska or
exposed outside of Alaska (imported case); race/ethnicity was cate-
gorized as AN, other, and unknown; and region was categorized as
Anchorage/Matanuska Susitna Valley, Gulf Coast, Interior, North-
ern, Southeast, and Southwest regions.

2.3. Vaccine coverage

Estimated vaccine coverage with hepatitis A vaccine among
children 24–35 months of age was reported by the National Immu-
nization Survey for the United States and individual states during
2003–2005. Data tables for the National Immunization Survey were
downloaded [17]. In addition, estimated hepatitis A vaccination
coverage was provided from the 2006 National Immunization Sur-
vey (Written communication, CDC).

2.4. Statistical methods

Yearly incidence rates of HAV were reported by age, AN race,
and region for 1972–2007. We calculated mean incidence for
five time periods: three pre-licensure periods (early, 1972–1982;
middle, 1983–1993; and late, 1994–1995), early vaccine imple-
mentation period (1996–2001), and the routine vaccination period
(2002–2007) following school requirements for HAV vaccination.
Comparisons between AN and non-Native people were reported
with a relative risk (RR), 95% confidence interval (95% CI) and P-
value for significance testing.

2.5. Imported cases

Alaska SOE classified HAV cases as “imported” when investiga-
tion of the case revealed that exposure occurred outside of Alaska.
No evaluation of the completeness of reporting of the exposure
location has been performed; however, it is likely that the few cases
occurring after routine vaccination were more carefully evaluated
than cases occurring during peak HAV incidence years.

3. Results

3.1. Hepatitis A virus disease rates
Prior to routine hepatitis A vaccination in 1996, the average
yearly incidence of HAV infection in Alaska was 60 per 100,000
persons, with a high of 386.9 during an epidemic year and a low
of 3.4 during an inter-epidemic year. In the pre-vaccine period
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Fig. 2. Hepatitis A virus infection rate per 100,000 by year,

1972–1995) AN people experienced an average yearly incidence
243.8 per 100,000) over 10-fold higher than non-Native Alaskans
19.2 per 100,000; RR 12.7 [95% CI 12.0, 13.4]; P < 0.001), with a
early high incidence of 1809 per 100,000 and a low of 0 (Fig. 2).

With the exception of a pre-licensure immunogenicity trial
nvolving 163 AN children and 144 AN and non-Native adults con-
ucted in Anchorage in 1989–1992 [7], the first widespread use
f HAV vaccine in Alaska occurred during 1993–1994, when the
accine was administered in the rural Northern region during an
pproved pre-licensure demonstration project conducted at the
ime of the hepatitis A outbreak [8] (Fig. 1). In communities in which

ore than 80% of susceptible persons were vaccinated, the out-
reak ceased in 4–8 weeks, whereas, in a large community with
50% of susceptibles vaccinated, the outbreak continued for 50
eeks [8]. The statewide yearly incidence decreased from 134.9 in

993 to 8.5 per 100,000 in 1995, while the yearly incidence in AN
eople decreased from 748 per 100,000 in 1993 to 13.4 per 100,000

n 1995 with the conclusion of the Northern region outbreak (Fig. 2).
Vaccination of all Alaskan children 2–14 years of age was ini-

iated in 1996 and gradually expanded around the state [12].
accination was required for school entry in 2001; accordingly,
002–2007 is referred to as the routine vaccination period [14]
Fig. 1). These interventions resulted in a 98.4% decrease in HAV
n all-aged Alaskans from 60.0 in the pre-licensure period to 0.9
er 100,000 during the routine vaccination period, 2002–2007
Table 1). Among AN people, there was a 99.9% decrease in HAV
ncidence during this period. The HAV incidence in 2002–2007 was
he same or lower in AN than in non-Native Alaskans, 0.3 and 0.7
er 100,000, respectively (RR 0.54, 95% CI [0.36, 1.25); P = 0.195)
Table 1). There was a reduction in HAV relative risk in AN versus
on-Native Alaskans (all ages) from 12.7 in the pre-vaccine period
o 0.40 in the routine vaccination period (2002–2007).

Prior to childhood vaccination, Alaskan children 0–14 years
f age experienced the highest yearly incidence of HAV infection
112.4 per 100,000), while Alaskans 45 years and older experi-
nced the lowest yearly incidence (13.4 per 100,000) (Table 1).

his was true for AN children during HAV epidemics; however,
or non-Native Alaska people, during the 1972–1980 epidemic,
5–24 year olds experienced a higher rate than children 0–15
ears (Table 2 and Fig. 3). Following implementation of the school
equirement (2002–2007), children 0–14 years experienced the
2007, among Alaska Native and non-Native Alaska persons

lowest yearly incidence (0.2 per 100,000) compared with other age
groups (0.7–1.1 per 100,000; P = 0.042) (Table 1), with no HAV cases
occurring in AN children (Table 2).

In the pre-vaccine period, HAV yearly incidence varied sig-
nificantly by region. Because of large epidemics in 1972–1980
and 1985–1990 the rural primarily AN Northern and Southwest
regions experienced the highest yearly incidence (396.7 and 330.3
per 100,000, respectively), over 10-fold higher than other regions
(23.5–27.2 per 100,000). Since implementation of vaccine, HAV
yearly incidence has been low in all regions (0–1.1 per 100,000)
with no significant difference by region (Table 1).

Prior to routine vaccination, case investigations revealed that
most HAV cases were associated with outbreaks occurring within
Alaska; however, since 2001, 71.4% of HAV cases have been
imported cases, many of which were acquired during travel outside
of the United States.

3.2. Cases prevented

From 2002–2007, 34 cases of HAV infection were reported to
SOE. If rates from the pre-vaccine period had persisted during these
6 years, 2086 symptomatic cases of HAV infection would have been
expected; therefore, we estimate that 2052 symptomatic HAV cases
have been prevented.

3.3. Vaccine coverage

The estimated vaccine coverage with 1 or more doses of HAV
vaccine in 24- to 35-month-old children evaluated in the National
Immunization Survey was significantly higher in Alaskan children
than U.S. children during 2003 (72.7, 95% confidence interval ± 7.4
vs. 16.0 ± 0.7), 2004 (69.9 ± 7.9 vs. 17.6 ± 1.0), 2005 (66.8 ± 9.1
vs. 21.3 ± 1.2) [17], and 2006 (65.9; 95% CI 57.1, 73.7 vs. 26.2;
25.1, 27.4) (written communication, Natalie Darling, CDC, July 17,
2008).

Alaska Native tribal facilities documented evidence of HAV vac-

cination among their child user population 2–18 years of age in
their electronic databases in June 2002. Among 52,821 AN children
2–18 years of age evaluated, 65% had evidence of 1 or more HAV
vaccinations. In September 2008, the vaccine coverage for 2 doses
of HAV vaccine among 11,242 adolescent AN children 11–17 years
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cale for the Y-axis of (a) (0–4500 per 100,000) is 10-fold higher than the Y-axis sca

f age with 2 or more visits to a tribal facility within 3 years was
4% (RJS).

. Discussion

Historically, Alaska experienced cyclic epidemics of HAV. Sim-
lar to American Indians in the continental United States, the HAV
ate among AN people was significantly higher than among other
acial/ethnic groups [12]. The majority of AN people lived in small
solated villages not connected by the road system. At the time of
he epidemics most villages did not have pumped in water and
ewage, making hand washing and bathing difficult. While these
pidemics started in rural Alaska, the epidemics spread to urban
reas, affecting both AN and non-AN populations, as evidenced by
he high incidence of HAV in non-Native children. It is possible that
ncreasing rates of in-home running water contributed to some-

hat lower HAV incidence in later pre-licensure period; however,
fter childhood vaccination of all Alaska children was initiated the
ncidence of HAV in Alaska declined dramatically and has remained
t levels similar to those in other states who had low HAV rates prior
o vaccine [18]. While there was a 96.3% decline in HAV incidence
rom pre- to post-licensure period in non-Native Alaskans, the most
ramatic decline has been among AN people, who experienced a
9.9% reduction in HAV infection to an annual incidence (0.3 per
00,000 people) in 2002–2007 which is lower than the overall U.S.
007 rate (1.0) [18].

This dramatic success was achieved with vaccination of chil-

ren only, demonstrating the key role they play in community
ransmission of HAV. Similar declines have occurred in other states
nd in AI/AN populations with routine childhood vaccination [10],
nd in countries like Chile that have instituted routine childhood
accination [19]. However, Alaska’s experience suggests that a sus-
–2007, among Alaska Native (a) and non-Native Alaska people (b). *Note that the
(b) (0–450 per 100,000).

tained decrease in HAV in populations requires high vaccination
coverage. In Alaska, voluntary childhood immunization starting in
1996 led to a 98% decrease in the annual HAV incidence in children
0–14 years to 2.2 per 100,000/year in 1996–2001. Mandatory HAV
immunization, beginning in the fall of 2001 for children attend-
ing Alaska schools and licensed daycare facilities [14], assured high
vaccination coverage and resulted in an additional sustained 90%
decrease in childhood HAV infection to 0.2 per 100,000/year in
2002–2007, effectively eliminating HAV transmission. Although
the largest decrease in HAV has been among children, HAV infec-
tions have also declined >90% in all adult age groups, suggesting
that in a setting where many adults have natural immunity from
prior infection, vaccination of children has a strong herd immu-
nity effect and eliminates sustained transmission of HAV among
all ages [20]. The rate of HAV infection in Alaskan adults is lower
than reported in other states with routine childhood vaccination,
possibly because most AN adults, and many non-Native Alaskan
adults, were exposed to HAV in previous epidemics and have nat-
ural immunity [21].

In Israel, following implementation of a 2-dose universal hepati-
tis A immunization program with vaccine coverage rates of 90% for
the first dose and 85% for the second dose, a 95% or greater reduction
was seen in mean incidence compared to pre-immunization rates
[22]. Similarly, following a preadolescent HAV vaccination program
with a 95–98% compliance in Catalonia, Spain, a 90% reduction
in incidence was reported for non-vaccinated older children and
adults [23]. In Argentina, following implementation of a vaccina-

tion program of 12-month olds, an 88% decrease in HAV incidence
was noted [24]. Although the vaccination coverage was reported
at 95%, the lower decline of HAV in Argentina may be due to the
fact that only 12-month olds were vaccinated. The experience in
Alaska can help inform the future vaccine policies of countries such
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Table 1
Number (rate per 100,000) of reported cases of hepatitis A virus infection, Alaska, 1972–2007.

Pre-vaccine Vaccine Implementation Routine vaccination % reduction, pre
to post*

1972–1982 1983–1993 1994–1995 Total 1996–2001 2002–2007

Total 3436 (83.8) 2877 (50.6) 259 (22.2) 6572 (60.0) 148 (4.0) 34 (0.9) 98.6%

Race/ethnicity
Alaska Native 2166 (326.7) 1942 (216.8) 159 (83.0) 4267 (243.8) 13 (2.1) 2 (0.3) 99.9%
Non-Native 1016 (29.5) 696 (14.5) 54 (5.5) 1766 (19.2) 91 (3.0) 23 (0.7) 96.3%
Unknown 254 239 46 539 44 9
RR (P-value) 11.1 (P < 0.001) 14.9 (P < 0.001) 15.0 (P < 0.001) 12.7 (P < 0.001) 0.70 (P = 0.217) 0.54 (P = 0.195)
95% CI (10.3, 11.9) (13.7, 16.3) (11.0, 20.9) (12.0, 13.4) (0.36, 1.25) (0.05, 1.61)

Age (years)
0–14 1825 (154.3) 1435 (93.4) 142 (46.2) 3402 (112.4) 21 (2.2) 2 (0.2) 99.8%

15–24 714 (85.8) 489 (55.6) 36 (21.6) 1239 (65.9) 16 (3.0) 4 (0.7) 98.9%
25–44 535 (37.9) 732 (33.7) 65 (15.5) 1332 (33.3) 76 (6.2) 14 (1.2) 96.5%

45+ 114 (16.9) 148 (13.5) 12 (4.4) 274 (13.4) 35 (3.5) 14 (1.1) 91.6%

Region
Anchorage 803 (42.2) 573 (21.3) 26 (4.6) 1402 (27.2) 69 (3.7) 21 (1.0) 96.3%
Gulf Coast 78 (18.2) 223 (36.1) 19 (14.5) 320 (27.2) 23 (5.4) 3 (0.7) 97.5%
Interior 210 (30.3) 212 (24.0) 8 (4.5) 430 (24.5) 12 (2.1) 6 (1.0) 96.0%
Northern 760 (482.2) 767 (368.5) 95 (220.6) 1622 (396.7) 4 (2.9) 0 (0) 100%
Southeast 179 (32.0) 102 (15.0) 42 (31.0) 323 (23.5) 32 (7.5) 3 (0.7) 97.0%
Southwest 1400 (460.6) 996 (269.8) 68 (93.3) 2464 (330.3) 7 (3.0) 1 (0.4) 99.9%

Population estimates for regions on July 1, 2008: Anchorage (367,509), Gulf Coast (75,876), Interior (104,421), Northern (23,612), Southeast (69,202), Southwest (39,100) and Total (679,720).
* P < 0.001 for % reduction for all groups.

Table 2
Number (rate per 100,000) of reported cases of hepatitis A virus infection, Alaska, 1972–2007, by age and ethnic group.

Pre-vaccine Vaccine Implementation Routine vaccination % reduction, pre to post**

1972–1982 1983–1993 1994–1995 Total 1996–2001 2002–2007a

Age (years)
0–14 Alaska Native 1622 (664.9) 1188 (380.3) 111 (169.4) 2921 (469.7) 2 (0.1) 0 (0) 100%

Non-Native 144 (15.3) 184 (15.0) 15 (6.2) 343 (14.3) 14 (1.9) 1 (0.1) 99.1%
RR (P-value) 43.3 (P < 0.001) 25.3 (P < 0.001) 27.3 (P < 0.001) 32.9 (P < 0.001) 0.5 (P = 0.374) 0 (P = 0.764)
95% CI (36.5, 51.8) (21.7, 29.7) (15.4, 50.4) (29.4, 36.9) (0.1, 2.2) (0, 126)

15–24 Alaska Native 230 (157.7) 348 (217.2) 22 (68.6) 600 (177.4) 1 (0.9) 0 (0) 100%
Non-Native 431 (62.8) 107 (14.9) 8 (5.9) 546 (35.4) 11 (2.6) 4 (0.9) 97.5%
RR (P-value) 2.5 (P < 0.001) 14.6 (P < 0.001) 11.5 (P < 0.001) 5.0 (P < 0.001) 0.4 (P = 0.332) 0 (P = 0.375)
95% CI (2.1, 3.0) (11.7, 18.3) (5.0, 30.0) (4.5, 5.6) (0.01, 2.5) (0, 5.5)

25–44 Alaska Native 168 (102.2) 312 (118.5) 24 (43.0) 504 (104.2) 8 (4.5) 1 (0.5) 99.5%
Non-Native 311 (25.0) 324 (17.0) 24 (6.6) 659 (18.7) 45 (4.3) 11 (1.1) 94.1%
RR (P-value) 4.1 (P < 0.001) 7.0 (P < 0.001) 6.5 (P < 0.001 5.6 (P < 0.001) 1.1 (P = 0.841) 0.5 (P = 0.529)
95% CI (3.4, 5.0) (5.9, 8.2) (3.6, 12.0) (4.9, 6.3) (0.4, 2.3) (0.01, 3.3)

45+ Alaska Native 49 (44.7) 66 (41.4) 1 (2.6) 116 (37.8) 2 (1.5) 1 (0.6) 98.4%
Non-Native 59 (10.4) 61 (6.5) 6 (2.5) 126 (7.3) 21 (2.5) 7 (0.7) 91.0%
RR (P-value) 4.3 (P < 0.001) 6.3 (P < 0.001) 1.0 (P = 0.901) 5.2 (P < 0.001) 0.6 (P = 0.534) 0.9 (P = 1.0)
95% CI (2.9, 6.4) (4.4, 9.2) (0.02, 8.5) (4.0, 6.8) (0.1, 2.5) (0.02, 7.2)

a Cases with unknown race by age, 2002–2007: 0–14 years, 1 case; 15–24 years, 0 case; 25–44 years, 2 cases; 45+ years, 6 cases.
** P < 0.001 for % reduction for all groups.
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s Brazil, where improved sanitation has increased the number of
on-immune young people leading to periodic outbreaks [25]. The
pidemiology of HAV in rural Alaska was characterized by periodic
arge community-wide outbreaks beginning in isolated AN villages

ith little transmission during the inter-epidemic period in these
illages. While most adults had existing antibody to HAV, epidemics
ccurred when a large proportion of seronegative children aged
15 years developed during the inter-epidemic period [21]. Previ-
us studies have reported that more than half of children who are
ositive for IgM antibody to HAV during outbreaks are anicteric
ut capable of spreading the disease [6]. The Alaskan HAV vac-
ine demonstration project just prior to licensure suggested that
here 80% of persons are immune, outbreaks are halted. Efforts

o control HAV have been aimed at school-aged children and tod-
lers; in 2005 the licensed age for HAV vaccine was reduced to 12
onths [18]. By focusing vaccination efforts on children and man-

ating HAV immunization for school-aged children, transmission
f HAV has been halted. Several studies have identified children as
n important potential source of HAV transmission in communi-
ies [26,27] and justify the call for universal hepatitis A vaccination
mong children [28].

Past epidemics of HAV in Alaska have caused significant mor-
idity in affected individuals and had a profound impact on
ommunities. During the 1992 HAV epidemic, two children and two
dults died of fulminant hepatitis failure. HAV epidemics decreased
chool attendance, interfered with fishing and hunting activities
ecessary for AN families, and caused lost work time. In addition,
uring epidemics, village health providers, public health nurses
nd Alaska Native Health corporations devoted a large amount
f money and time to caring for ill individuals and attempts to
alt these epidemics by widespread use of immune globulin often
roved futile [29]. Thus, the ability to eliminate HAV has commu-
ity and economic benefit beyond the saved medical costs.

Since HAV transmission has been nearly eliminated in Alaska,
niversal vaccination has resulted in a shift in continued HAV infec-
ions from community-wide outbreaks to uncommon sporadic
ases, primarily acquired outside of Alaska and the United States,
nd rare food-borne outbreaks [30]. The risk of such imported cases
s growing in the United States because of increased travel of U.S.
itizens to endemic areas, importation of food from other countries,
nd adoption of children from endemic countries [18].

One limitation of our study is that 8.8% of cases had unknown
ace. This could have resulted in an underestimate of the incidence
n AN prior to vaccination and an overestimate of the reduction in
ncidence in AN after vaccination if AN were included in those per-
ons where ethnicity was not known. However, the impact of this
imitation is likely to be small because HAV cases whose ethnicity

as not declared were included as AN if they were beneficiaries
f AN tribal health care organizations. Another limitation is the
otential that cases of acute HAV infection were not identified. We
xpect that surveillance for acute viral hepatitis in Alaska is nearly
omplete because of laboratory reporting of anti-HAV IgM tests to
he Alaska SOE by the limited numbers of labs performing these
ests in both Alaska and commercial labs outside of Alaska. Even
f surveillance were incomplete, requirements for reporting have
ot changed over time, so we may be underestimating rates, but
hanges over time are unlikely to be a surveillance artifact.

. Conclusion

High childhood vaccine coverage through routine childhood

accination and mandatory school vaccination has nearly elimi-
ated transmission of HAV infection in Alaska. The largest declines
ave been among AN people who historically had one of the high-
st HAV rates in the United States and now experience a lower HAV
han other Alaskans and the US general population. The continued
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occurrence of HAV cases, which are now mostly imported, is a rea-
son to remain vigilant with surveillance and to maintain a strong
immunization program.

Acknowledgements

The authors thank Thomas Hennessy for his careful review of
the manuscript and wish to recognize the staffs of the State of
Alaska SOE, the Alaska Native Health Consortium Viral Hepatitis
Program and Arctic Investigations Program—CDC for their work in
controlling hepatitis A infections.

References

[1] McMahon BJ, Shapiro CN, Robertson BA, Hepatitis A. In: Haubrich W, Shaffner
F, Berk JE, editors. Bockus gastroenterology. 5th ed. Philadelphia: WB Saunders
Company; 1994. p. 2044–61.

[2] Centers for Disease Control and Prevention. Prevention of hepatitis A through
active or passive immunization: recommendations of the Advisory com-
mittee on Immunization Practices (ACIP). MMWR Morb Mortal Wkly Rep
1999;48:1–37.

[3] Bell BP, Shapiro CN, Alter MJ, Moyer LA, Judson FN, Mottram K, et al. The diverse
patterns of hepatitis A epidemiology in the United States—implications for
vaccination strategies. J Infect Dis 1998;178(6):1579–84.

[4] Bulkow LR, Wainwright RB, McMahonBJ, Middaugh JP, Jenkerson SA, Margolis
HS. Secular trends in hepatitis A virus infection among Alaska Natives. J Infect
Dis 1993;168(4):1017–20.

[5] Centers for Disease Control and Prevention. Prevention of hepatitis A
through active or passive immunization: Recommendations for the Advi-
sory Committee on Immunization Practices. MMWR Morb Mortal Wkly Rep
1996;45(R-15):6, 22.

[6] Innis BL, Snitbhan R, Kunasol P, Laorakpongse T, Poopatanakool W, Kozik
CA, et al. Protection against hepatitis A by an inactivated vaccine. JAMA
1994;271(17):1328–34.

[7] Werzberger A, Mensch B, Kuter B, Brown L, Lewis J, Sitrin R, et al. A controlled
trial of a formalin-inactivated hepatitis A vaccine in healthy children. N Engl J
Med 1992;327(7):453–7.

[8] McMahon BJ, Beller M, Williams J, Schloss M, Tanttila H, Bulkow L. A program
to control an outbreak of hepatitis A in Alaska by using an inactivated hepatitis
A vaccine. Arch Pediatr Adolesc Med 1996;150(7):733–9.

[9] Tulisov A, McMahon BJ, Koch A, Minuk G, Chulanov V, Bruce MG, et al. Viral hep-
atitis in the Arctic. A review from a Circumpolar Workshop on Viral Hepatitis.
Alaska Med 2007;49(2 Suppl):193–203.

10] Bialek SR, Thoroughman DA, Hu D, Simard EP, Chattin J, Cheek J, Bell BP. Hepati-
tis A incidence and hepatitis A vaccination among American Indians and Alaska
Natives, 1990-2001. Am J Public Health 2004;94(6):996–1001.

11] Centers for Disease Control Prevention. Hepatitis A vaccination coverage among
children aged 24–35 months—United States, 2006 and 2007. MMWR Morb
Mortal Wkly Rep 2009;58(25):689–94.

12] State of Alaska. Universal Hepatitis A Immunization Program. Department of
Health and Social Services, Division of Public Health Section of Epidemiology,
Bulletin No. 21, December 14, 1995.

13] State of Alaska. Childhood Vaccination Recommendations Expanded. Division
of Public Health Section of Epidemiology, Bulletin No. 40, December 4, 1997.

14] State of Alaska. New School and Childcare Recommendations for Fall, 2001.
Department of Health and Social Services, Division of Public Health, Section of
Epidemiology, Bulletin No. 21, December 26, 2000.

15] Centers for Disease Control and Prevention. 2007 Nationally Notifiable Infec-
tious Disease: Hepatitis A, Acute [cited August 20, 2008]. Available from:
http://www.cdc.gov/ncphi/disss/nndss/casedef/hepatitisacurrent.htm.

16] Centers for Disease Control and Prevention. Summary of National Noti-
fiable Infectious Diseases [cited August 20, 2008]. Available from:
http://www.cdc.gov/ncphi/disss/nndss/nndsshis.htm.

17] Centers for Disease Control and Prevention. National Immuniza-
tion Survey data tables [cited August 25, 2008]. Available from:
http://www.cdc.gov/vaccines/stats-surv/imz-coverage.htm#nis.

18] Centers for Disease Control and Prevention. Surveillance for acute
viral hepatitis—United States, 2007. MMWR Morb Mortal Wkly Rep
2009;58(SS03):1–27.

19] Quezada A, Baron-Papillon F, Coudeville L, Maggi L. Universal vaccination of
children against hepatitis A in Chile: a cost-effectivenss study. Rev Panam Salud
Publica 2008;23(5):303–12.

20] Averhoff F, Shapiro CN, Bell BP, et al. Immunogenicity of an inactivated hepatitis
A vaccine in infants and young children. Pediatr Infect Dis J 2007;26(2):116–22.

21] Peach D, McMahon BJ, Bulkow L, Funk E, Harpaz R, Margolis HS. Impact of recur-
rent epidemics of hepatitis A virus infection on population immunity levels:

Bristol Bay, Alaska. J Infect Dis 2002;186(8):1081–5.

22] Dagan R, Leventhal A, Anis E. Incidence of hepatitis A in Israel following uni-
versal immunization of toddlers. JAMA 2005;294(2):202–10.

23] Dominguez A, Oviedo M, Carmona G, Batalla J, Bruguera M, Salleras L, et al.
Impact and effectiveness of a mass hepatitis A vaccination programme of pread-
olescents seven years after introduction. Vaccine 2008;26(14):1737–41.

http://www.cdc.gov/ncphi/disss/nndss/casedef/hepatitisacurrent.htm
http://www.cdc.gov/ncphi/disss/nndss/nndsshis.htm
http://www.cdc.gov/vaccines/stats-surv/imz-coverage.htm%23nis


6 ccine

[

[

[

[

[

[29] State of Alaska. Hepatitis A, Continuing Rural Spread. Department of Health and
Social Services, Division of Public Health, Epidemiology Bulletin No. 16, May 5,
304 R.J. Singleton et al. / Va

24] Vacchino MN. Incidence of hepatitis A in Argentina after vaccination. J Viral
Hepat 2008;15(Suppl 2):47–50.

25] Vitral CL, Gaspar AMC SF. Changing epidemiology of hepatitis A in
Brazil: reassessing immunization policy. J Viral Hepat 2008;15(Suppl. 2):
22–5.
26] Armstrong GL, Bell BP, Hepatitis. A virus infections in the United States:
model-based estimates and implications for childhood immunization. Pedi-
atrics 2002;109(5):839–45.

27] Smith PF, Grabau JC, Werzberger A, Gunn RA, Rolka HR, Kondracki SF, et al. The
role of young children in a community-wide outbreak of hepatitis A. Epidemiol
Infect 1997;118(3):243–52.

[

28 (2010) 6298–6304

28] Lieberman JM, Word BM, Jacobs RJ, Dagan R, Marchant CD. Universal hep-
atitis A vaccination in the United States: a call for action. Pediatr Infect Dis
J 2008;27(4):287–91.
1993. http://www.epi.hss.state.ak.us/bulletins/docs/b1993 16.htm.
30] Castrodale L, Beller M, Middaugh J, McCumber B, Mynes-Spink K, Bernth G. Use

of liver function tests to predict the magnitude of an outbreak of hepatitis A.
CID 2002;35(1):91–2.

http://www.epi.hss.state.ak.us/bulletins/docs/b1993_16.htm

	Impact of a statewide childhood vaccine program in controlling hepatitis A virus infections in Alaska
	Introduction
	Methods
	Population statistics
	Hepatitis A virus infection surveillance
	Vaccine coverage
	Statistical methods
	Imported cases

	Results
	Hepatitis A virus disease rates
	Cases prevented
	Vaccine coverage

	Discussion
	Conclusion
	Acknowledgements
	References


