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Introduction

Infectious agents do not adhere to political boundaries. Travel, 
trade, and immigration between countries with disparate inci-
dence of disease can be a primary source of infection in the lower-
incidence country.1 Areas most at risk for disease importation are 
those with the highest influx of visitors. These can be large cities 
and hubs of international air travel, or more localized border areas 
with high rates of ground travel between nations.2-5 Hepatitis A 
is no exception. Recent evidence suggests that hepatitis A cases in 
the United States are primarily exposed when traveling outside of 
the United States and Canada.6 Arizona’s shared border with the 
northern Mexican state of Sonora, where hepatitis A infection is 
higher, may make Arizona particularly vulnerable to imported 
cases of hepatitis A.

Since the United States licensed hepatitis A vaccine in 1995, 
the rate of hepatitis A has fallen from 12 cases per 100 000 to 0.4 
cases per 100 000 in 2011.7 Arizona, the state with the highest 
hepatitis A infection rates in the country in the pre-vaccine era, 
initiated childhood vaccination campaigns early.8 In addition to 
vaccination efforts by the Indian Health Service and state and 
local health departments, the state’s largest county, Maricopa, 
instituted a hepatitis A vaccination requirement for enrollment 

in childcare or preschool, in response to studies that indicated 
childcare was a primary risk factor for hepatitis A transmission.9,10 
By 2011, uptake of the 2 doses required for adequate immune 
response was comparable in Arizona (51.2%) to the general US 
population (52.2%), among children aged 19–35 mo.11 Despite 
similar immunization coverage, Arizona’s hepatitis A incidence 
remained at 1.2 per 100 000 in 2011, triple that of the United 
States.7,12

The risk profiles of hepatitis A across the country have 
changed as cohorts of vaccinated children age in the population, 
and the average age of cases has increased.12 Less childhood expo-
sure has increased the proportion of unvaccinated adults who are 
susceptible.13 Higher adult coverage could be an effective inter-
vention strategy but vaccination programs targeted at adults gen-
erally have less success than those aimed at children which are 
often linked to childcare or school entry requirements.14 Current 
adult hepatitis A immunization recommendations target histori-
cally high risk populations: men who have sex with men (MSM), 
intravenous drug users (IDU), laboratory personnel working 
with hepatitis A virus (HAV) or HAV-infected primates, individ-
uals with chronic liver disease or those who receive clotting factor 
concentrates, individuals traveling to intermediate- to high-risk 
countries, and household contacts of international adoptees 

*Correspondence to: Kacey Ernst; Email: kernst@email.arizona.edu
Submitted: 12/29/2013; Revised: 01/27/2014; Accepted: 02/07/2014
http://dx.doi.org/10.4161/hv.28140

The role of ethnicity and travel on Hepatitis A 
vaccination coverage and disease incidence in 

Arizona at the United States–Mexico Border
Kacey c ernst1,* and Laura M erhart2

1University of arizona; college of Public Health; Tucson, aZ Usa; 2arizona Department of Health services; Phoenix, aZ Usa

Keywords: Hepatitis A, travel, United States–Mexico border, vaccination

Background: Hepatitis a (HaV) incidence has decreased in the United states, yet regional disparities persist. The role 
of international travel has become increasingly important in HaV transmission. We compared the relative burden of HaV 
in border and non-border regions in arizona and examined the role of travel in sustaining HaV transmission.

Methods: HaV vaccination coverage was calculated by age and region, using arizona state Immunization Informa-
tion system data. Incidence, demographics, and risk factors of cases reported through arizona’s infectious disease sur-
veillance system between 2006 and 2011 were analyzed.

Results: Hepatitis a incidence was higher in the border region of arizona. compared with the rest of arizona, one-
dose coverage in children <15 years was lower in the border region until 2008. second dose coverage was lower in the 
border region, particularly among spanish speakers. International travel among cases was generally high; however, in 
the border region cases were more likely to visit Mexico or south/central america (94% vs. 80%, P value = 0.01) and be 
Hispanic (68% vs. 42%, P value = 0.0003).

Conclusions: Rates of HaV continue to be higher in the arizona border region; the risk appears particularly high 
among Hispanics with recent travel in the americas. Border surveillance should be emphasized, along with vaccination 
of all travelers, to continue to decrease and control HaV.
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from intermediate- to high-risk countries. Vaccination coverage 
of adults is difficult to calculate in Arizona, as reporting to the 
immunization system is not mandatory for adult vaccinations. As 
adult recommendations focus on very specific risk groups, and 
the vaccine was licensed in 1995, coverage in Arizona adults too 
old to have received the vaccine as children may be low (<40%), 
as has been indicated in nationwide studies14.

Previous analysis demonstrated that international travel has 
replaced household contact and childcare exposure as the pri-
mary reported risk factor for transmission of hepatitis A among 
Arizona cases. More than 50% of cases with interview data 
reported international travel within the exposure period, and 
only 10% and 4% reported household or childcare contact, 
respectively.12

In contrast, Mexico has not incorporated hepatitis A vacci-
nation into the childhood vaccine schedule,15 and the state of 
Sonora, Mexico, has rates of hepatitis A that are 30 times higher 
than those of Arizona.16 Traffic is high across the Arizona por-
tion of the United States–Mexico border, with an estimated 24.5 
million crossings from Mexico into the United States through 
Arizona in 2009.17

A better understanding of the factors associated with exposure 
is needed to develop control strategies and identify reasons why 
the disparity in hepatitis A rates persists between Arizona and the 
rest of the United States. We examined Arizona hepatitis A cases 
reported during 2006 through 2011 to identify (1) differences in 

hepatitis A incidence rates; (2) demographic differences; and (3) 
differences in international travel patterns as well as differential 
vaccination rates between the Arizona border region and the rest 
of the state.

Results

Case data
Incidence over the five-year period of 2006–2010 was highly 

discrepant between the United States and Mexico and between 
Arizona and Sonora (Fig. 1). In 2010, the incidence rate ratio 
was 34 between Mexico and the United States and 25 between 
Sonora and Arizona.

From 2006–2011, 625 confirmed hepatitis A cases were 
reported in Arizona. The number and incidence rate of reported 
cases decreased each year, with higher rates in 2006 than in sub-
sequent years (Table 1). Rates were higher in Hispanics than 
non-Hispanic whites (RR 2.05, 95% CI 1.79–2.34) and in the 
border region than the rest of the state (RR 1.64 [95% CI 1.45–
1.84]). The mean and median ages of cases were 35.4 y (95% CI 
34–37) and 32 y, respectively.

Vaccination status by region
In younger age groups, the differences in coverage with at least 

one dose of hepatitis A vaccine were minimal between the bor-
der and non-border region across the 6 years. Reported one-dose 

Figure 1. Relative incidence of hepatitis a, 2006–2010: arizona, United states, sonora, and Mexico.
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coverage in the border region for age groups 1–4 y and 5–14 y was 
slightly lower (95% CI difference 1–4%, P < 0.05) than in the 
non-border region from 2006 through 2008, after which the cov-
erage in the border region exceeded that in the non-border region 
(95% CI difference 3–4%, P < 0.05) (Fig. 2). Coverage in 15–24 
y olds was slightly higher (95% CI difference 1.5–3%, P < 0.05) 
in the border region until 2010 at which point it was equivalent 
to the non-border region. In the older age groups (25–64 y and 
65+ years), reported vaccination coverage in the border region 
was consistently higher than that in non-border region (95% CI 
difference 1–1.5%, P < 0.05), although very low across these age 
groups (<3%) (data not shown). Two-dose coverage followed the 
same pattern as one-dose coverage, although there was no differ-
ence in coverage for 15–24 y olds (data not shown).

Vaccination status by primary language spoken
Overall, Spanish speakers in Arizona were more likely to get 

their children a second dose of hepatitis A vaccine than English 
speakers in 2006–2011 (OR 1.30 [95% {CI 1.27–1.32}]). By 
region, reported two-dose coverage for all ages combined was 
slightly lower in the border region (OR 0.97 [95% CI {0.95–
0.99}]). Stratifying by both language and region demonstrates that 

in the border region, two-dose uptake among Spanish speakers was 
less than among English speakers (OR 0.92 [95% CI {0.87–0.97}]) 
while in the non-border region two-dose coverage was more likely 
among Spanish speakers (OR 1.37 [95% CI {1.35–1.41}]).

Cases by region
Comparing cases in the border and non-border regions 

(Table 2), cases in the border region were significantly more 
likely to be Hispanic (57% vs. 24%, P value < 0.0001) and of 
younger age (mean age 32.5 vs. 36.7 y, P value = 0.01). Risk 
factor data was available for 450 (72%) cases; 88% in the bor-
der region vs. 65% in the non-border region. Reports of 2 risk 
factors were slightly higher in the non-border region: sexual or 
household contact with a hepatitis A case (11% vs. 4%, P value = 
0.01); and being identified by the health department as part of a 
foodborne outbreak of hepatitis A (4% vs. 0%, P value = 0.01). 
International travel was similar across regions (48% and 56%, P 
value = 0.11). Of cases with a “yes” or “no” answer to at least one 
risk factor, over one-third of cases (158, 35%) did not have an 
identified risk factor, with no difference by region.

Since international travel was such a prominent risk factor, 
we examined travel in more detail. Of cases with a positive or 

Table 1. Descriptive statistics of hepatitis a cases reported 2006–2011, arizona

Number of 
cases (%)

Rate / 100 000 population Relative Risk (95% confidence interval)

Region Border 193 (31%) 2.33 1.64 (1.45, 1.84)*

Non-border 432 (69%) 1.42 Reference

Year reported 2006 179 (29%) 2.87 Reference

2007 143 (23%) 2.22 0.77 (0.66, 0.91)*

2008 115 (18%) 1.76 0.61 (0.52, 0.72)*

2009 67 (11%) 1.02 0.35 (0.29, 0.43)*

2010 61 (10%) 0.95 0.33 (0.27, 0.41)*

2011 60 (10%) 0.93 0.32 (0.26, 0.40)*

Race/ethnicity White, non-Hispanic 224 (36%) 0.97 Reference

Hispanic 215 (34%) 1.99 2.05 (1.79, 2.34)*

Other: Total 48 (8%) 1.04 1.07 (0.86, 1.31)

• Asian 14 (2%) 1.31 1.07 (0.93, 1.83)

• African American 9 (1%) 0.58 0.60 (0.37, 0.85)*

• American Indian 23 (4%) 1.14 1.18 (0.87, 1.52)

• Other 2 (0.3%) N/a N/a

Unknown 138 (22%) N/a N/a

age
Mean = 35.4

(95% cI 34–37)
Median = 32

<1 y 6 (1%) 1.06 1.08 (0.56, 1.78)

1–4 y 9 (1%) 0.39 0.39 (0.23, 0.61)*

5–14 y 70 (11%) 1.27 1.30 (1.00, 1.70)

15–24 y 142 (23%) 2.63 2.68 (2.15, 3.39) *

25–64 y 347 (56%) 1.76 1.80 (1.49, 2.21) *

≥65 y 50 (8%) 0.98 Reference

sex Female 303 (48%) 1.57 Reference

Male 321 (51%) 1.66 1.06 (0.95, 1.19)

*Indicates a significant difference in population rates compared with the reference group for cI not including a null value of 1.
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negative response to international travel, cases reporting Hispanic 
ethnicity were more likely to have traveled (121, 68%) than non-
Hispanic whites (75, 41%) or other race/ethnicities (10, 42%) 
(P value for chi-square test <0.0001). Of the 229 cases report-
ing travel, 196 (86%) had traveled to Mexico or South/Central 
America (Table 3). The travel destination and the race/ethnicity 
of the traveler varied significantly between regions, with travel-
ers in the border region more likely to report travel to Mexico 
or South/Central America (94% vs. 80%, P value = 0.01) and 
more likely to be Hispanic (68% vs. 42%, P value = 0.0003). We 
reviewed cases with travel to Mexico and South/Central America 
for specific destination information. Of the 127 (65%) cases with 
specific country information available for that region, 124 (98%) 
reported travel to Mexico. We also examined international travel 
in combination with other risk factors; most travelers (198, 86%) 
reported no other risk factors.

Discussion

Hepatitis A incidence in Arizona remains persistently higher 
than the rest of the United States, despite continued decreases in 
both the level of disease in the state and in the magnitude of the 

discrepancy with the national data since the advent of hepatitis 
A vaccine. The statewide incidence steadily decreased from 2006 
to 2011. These overall declines, a decade after the introduction 
of the vaccine, are likely attributed to a concurrent change in the 
licensed minimum age at administration for this vaccine, from 
24 mo to 12 mo, and an expansion of the vaccination recommen-
dation to all children 12–23 mo of age. This demonstrates the 
importance of vaccination expansion in further reducing trans-
mission in this high risk area.18 Distribution of risk, however, is 
not homogenous throughout the state; the border region experi-
enced rates of hepatitis A during this period more than one and a 
half times those of the rest of Arizona.

Previous work has indicated that border regions are suscep-
tible to incursion of transmission from neighboring countries 
with higher transmission rates. On the United States–Mexico 
border, there is a long-standing differential in hepatitis A 
incidence between border regions and the rest of the United 
States. Early studies identified associations between hepatitis 
A infection and low socio-economic standing and lower edu-
cation.19 Given the role of sanitation in preventing hepatitis A 
transmission, it is not surprising that undeveloped colonias on 
the border generally had higher rates than urban border com-
munities in Texas.20 But, our previous results demonstrate that 

Figure 2. One-dose coverage with hepatitis a vaccine, arizona, 2006–2011, by age group and region (border and non-border).
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high vaccination rates in other Arizona populations, notably 
American Indians primarily residing on tribal lands, reduced 
rates of hepatitis A to below that of the general population 
despite minimal improvement in living conditions.8,12,21

Vaccination coverage in the border region is also quite high, 
in fact marginally higher than non-border regions in some age 
groups. In the younger age groups, one-dose coverage is 81% 
among 1–4 y olds and 95% among 5–14 y olds. Older age groups, 

Table 2. comparison of hepatitis a cases and risk factors for cases in the border region and non-border region, 2006–2011, arizona

Arizona
n = 625

Border Region
n = 193

Non-border 
Region
n = 432

p-value for chi-
square test†

Race/ethnicity
White, 

non-Hispanic
224 (36%) 55 (29%) 169 (39%) P < 0.0001*

Hispanic 215 (34%) 110 (57%) 105 (24%)

Other 46 (7%) 6 (3%) 40 (9%)

Unknown 140 (22%) 22 (11%) 118 (27%)

age: mean (95% cI); median
35.4 (33.9–36.9); 

32
32.5 (29.6–35.4); 

28
36.7 (34.9–38.5); 

35
P value for t test = 

0.01*

age group <1 y 6 (1%) 0 (0%) 6 (1%) P = 0.001*

1–4 y 9 (1%) 5 (3%) 4 (1%)

5–14 y 70 (11%) 35 (18%) 35 (8%)

15–24 y 142 (23%) 43 (22%) 99 (23%)

25–64 y 347 (56%) 93 (48%) 254 (59%)

65+ years 50 (8%) 17 (9%) 33 (8%)

Risk factor data available 450 (72%) 169 (88%) 281 (65%) P < 0.0001*

International travel

Yes 229 (51%) 95 (56%) 134 (48%) P = 0.11

No 197 (44%) 67 (40%) 130 (46%)

Unknown 24 (5%) 7 (4%) 17 (6%)

Daycare employment, attendance, 
or contact

Yes 26 (6%) 12 (7%) 14 (5%) P = 0.38

No 411 (91%) 154 (91%) 257 (91%)

Unknown 13 (3%) 3 (2%) 10 (4%)

sexual or household contact with 
hepatitis a case

Yes 37 (8%) 7 (4%) 30 (11%) P = 0.01*

No 301 (67%) 122 (72%) 179 (64%)

Unknown 112 (25%) 40 (24%) 72 (24%)

Men who had sex with men 
(includes men only)

Yes 16 (7%) 2 (2%) 14 (9%) P = 0.07

No 122 (52%) 43 (49%) 79 (53%)

Unknown 98 (42%) 42 (48%) 56 (38%)

Injecting drug use

Yes 10 (2%) 1 (1%) 9 (3%) P = 0.05

No 349 (78%) 145 (86%) 204 (73%)

Unknown 91 (20%) 23 (14%) 68 (24%)

Foodborne outbreak

Yes 10 (2%) 0 (0%) 10 (4%) P = 0.01 *

No 297 (66%) 127 (75%) 170 (61%)

Unknown 143 (32%) 42 (25%) 101 (36%)

Number of risk factors identified

None 158 (35%) 62 (37%) 96 (34%) P = 0.80

1 256 (57%) 96 (57%) 160 (57%)

2 32 (7%) 10 (6%) 22 (8%)

3 4 (1%) 1 (1%) 3 (1%)

†chi-square tests for differences in proportions compare Border to Non-Border regions. “Unknown” answers are excluded from the chi-square analysis. 
*Indicates a significant difference between proportions in the border and non-border regions at α = 0.05.
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however, all have less than 50% recorded vaccination coverage, 
which may at least partially explain the increased risk of hepa-
titis A incidence we found in adults compared with children 
overall. Two-dose coverage patterns were nearly identical to one-
dose coverage, though two-dose coverage rates were about half 
of one-dose coverage. Two doses of hepatitis A vaccine provide 
stronger and longer-lasting immunity than just one dose,22 exam-
ining both one-dose and two-dose coverage can further illumi-
nate populations to target for second-dose follow-up to ensure 
adequate protection. Overall, individuals in the border region 
had very slightly lower two-dose coverage than the non-border 
region. Though overall in Arizona, Spanish speakers were more 
likely to have a reported a second dose of vaccine, in the border 
region English speakers were more likely to obtain a second dose. 
Spanish speakers may be more likely to make visits to Mexico; 
if two-dose coverage is lower they may be more susceptible to 
infection.

Cases in the border region were more likely to be Hispanic than 
in the non-border region. The population in the border region is 
more heavily Hispanic than in the non-border region (35% vs. 
27%) but the margin is too small to fully explain the differences 
among cases. It is possible that those of Hispanic ethnicity and 
particularly those speaking Spanish as a primary language may 
be more likely to travel to see relatives south of the border, con-
tributing to the higher burden of disease in the border region.23 
Our results indeed indicate that although international travel is 
equally reported among cases in border and non-border regions, 
Mexico, and South/Central America is a more often-cited travel 
destination for travelers in the border region, and recent interna-
tional travel is much more predominant among Hispanic cases 
in the state. These results mirror those of a national study which 
determined that international travel was implicated in just under 
half of all reported hepatitis A cases.6

Our study is limited by several factors. First, reported hep-
atitis A cases likely represent only a fraction of the cases and 

transmission in the community. Less than 10% of children 
younger than 6 years of age infected with hepatitis A display 
symptoms, compared with 40% to 50% of those from 6 to 14 
y of age, and 70% to 80% of those older than 14 y of age. Like 
all surveillance data, there may be biases in the populations that 
seek healthcare and are reported. We do not expect, however, 
that under-reporting should be different across time or region. A 
minority of IgM-positive cases may be misclassified as confirmed 
cases in the event that information about symptoms could not be 
obtained. False positives have occurred when not coupled with 
symptomology as recent vaccination can also result in elevated 
IgM leading to the inclusion of non-cases if only IgM results are 
used.24 Risk factor data were unavailable for roughly a quarter 
of cases and were differentially available for the border region 
compared with the non-border region, possibly leading to bias in 
the risk factor analysis. Finally, we cannot identify whether cases 
were infected as a result of their reported risk factors, includ-
ing international travel, or through local transmission or other 
unidentified risk factors.

The vaccination data are also subject to several limitations. 
The ASIIS system is a passive surveillance system and is subject 
to under-reporting. Vaccinations administered in other states or 
countries may or may not be entered in ASIIS by Arizona care 
providers. Because reporting to ASIIS is not mandated for vac-
cines administered to adults and many adults may have received 
their childhood vaccinations in other states, this analysis likely 
underrepresents coverage among adult age groups, although vac-
cinations among young adults who were immunized in Arizona 
as children are included. While reporting of adult immunizations 
is low, we examine the comparison between border and non-bor-
der regions for this analysis, and have no reason to believe that 
reporting of adult vaccinations would differ between border and 
non-border regions. For these reasons, we feel the relative lev-
els may reflect actual differences between regions, even if calcu-
lated coverage is lower than in reality. While language data was 

Table 3. comparison of hepatitis a cases reporting international travel (n = 229) in the border region and non-border region, 2006–2011, arizona

Arizona n 
= 229

Border Region 
n = 95

Non-border 
Region n = 134

P value for chi-
square test†

Travel location
Mexico/south-central 

america
196 (86%) 89 (94%) 107 (80%)

P = 0.01*
Other 28 (12%) 6 (6%) 22 (16%)

Unknown 5 (2%) 0 (0%) 5 (4%)

Race/ethnicity White, non-Hispanic 75 (33%) 19 (20%) 56 (42%) P = 0.0003*

Hispanic 121 (53%) 65 (68%) 56 (42%)

Other 10 (4%) 3 (3%) 7 (5%)

Unknown 23 (10%) 8 (8%) 15 (11%)

age: mean (95% cI); median
29.0 (26.8, 
31.2); 25

26.8 (23.4–
30.3); 24

30.6 (27.7–33.5); 
27

P value for t test = 0.10

additional risk factors
None 198 (86%) 85 (89%) 113 (84%) P = 0.51

1 27 (12%) 9 (9%) 18 (13%)

2 4 (2%) 1 (1%) 3 (2%)

†chi-square tests for differences in proportions compare border to non-border regions. “Unknown” answers are excluded from the chi-square analysis. 
*Indicates a significant difference between proportions in the border and non-border regions at α = 0.05.
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reported in only a fifth of the records, we minimized the bias by 
examining only the two-dose uptake. By restricting the data to 
those who had at least one dose already reported, we controlled 
for the likely differential inclusion of language in the database.

Overall, it appears that there is a strong influence of interna-
tional travel, specifically to Mexico or South/Central America, 
as well as other factors inherent to living close to the border of a 
country with higher incidence of hepatitis A. This may contrib-
ute to a discrepancy in border vs. non-border rates of hepatitis 
A within Arizona, possibly explaining the continued excess in 
Arizona incidence rates compared with the rest of the country. 
As a means to monitor and communicate cross-border infectious 
disease information, the Border Infectious Disease Surveillance 
(BIDS) network has been put in place.25 BIDS is a sentinel sur-
veillance system that includes hepatitis and febrile exanthems. 
All individuals at sentinel providers with hepatitis, defined as 
“illness with jaundice or dark urine, or illness ≥6 d without jaun-
dice and ≥3 of the following: abdominal pain, alcoholic stools, 
nausea or vomiting, fever, anorexia,” are referred for hepatitis A, 
B, C, and E testing.25 Given the likely influence of border traffic 
on hepatitis A transmission, this disease should continue to be 
monitored as part of the BIDS. Furthermore, all practitioners in 
the United States–Mexico border region should encourage vac-
cination among their patients. While immunization coverage 
should continue to be emphasized for children in all regions, it is 
important that vaccinations for travelers of any age to Mexico and 
other endemic areas be stressed, particularly among Hispanics 
or frequent travelers. Innovative outreach strategies beyond the 
traditional travel clinic may be needed to reach these individu-
als through community organizations, churches, or other means. 
Further efforts should also be made to capture and assess the 
quality of existing adult immunization rates, as estimates from 
current vaccination reporting systems are likely gross underesti-
mates of uptake.

Materials and Methods

Relative incidence and vaccination coverage in the border and 
non-border regions were calculated for each year 2006–2011. The 
border region was defined as residence in the 4 counties located 
on the Mexican border: Cochise, Pima, Santa Cruz, and Yuma. 
This region comprises approximately one-fifth of the Arizona 
population.

Case data
Publically available rates of hepatitis A for the United States 

were extracted from annual reports from CDC.7 Incidence 
rates for Mexico and the state of Sonora were obtained from 
the Mexican Health Department website.16 Detailed case data 
were obtained for cases reported to the Arizona Department of 
Health Services (ADHS) as described in Erhart and Ernst 2012.12 
For this analysis, confirmed hepatitis A cases reported 2006 
through 2011 were extracted from the ADHS surveillance data-
base. Cases were included if they met the Council of State and 

Territorial Epidemiologists’ case definition for the year the case 
was reported: discrete onset of symptoms and either jaundice or 
elevated serum aminotransferase levels, along with either positive 
IgM antibody to hepatitis A virus or an epidemiologic link to a 
person with laboratory-confirmed hepatitis A.26 For risk factor 
analysis, only cases with at least one “yes” or “no” answer to risk 
factor questions were included.

Vaccination data
Vaccinations are reported to the Arizona State Immunization 

Information System (ASIIS) at ADHS, described more exten-
sively in Ernst et al. 2011.8 Each year the ASIIS database is popu-
lated with Arizona birth records. Arizona providers are required 
to report all vaccinations administered to children. All recorded 
hepatitis A vaccinations were extracted from ASIIS. Records were 
excluded as invalid if the county of residence was unknown or 
out-of-state; if the year of vaccination was recorded as pre-licen-
sure (before 1995), or post-study period (2012 or later); or if age 
was invalid (<0 or >107 y). Doses were also considered invalid if 
age at administration was <2 y before 2005 and <1 y 2005 and 
after, with a four-day grace period.

Case analysis
Incidence rate of hepatitis A was calculated and compared by 

year, age, race/ethnicity, sex, and border region. Demographic 
and risk factor differences, including gender, race/ethnicity, lan-
guage spoken, international travel, daycare association, MSM, 
IDU, and food-borne outbreak were assessed using chi-square 
tests. Country of travel for international travel was determined 
overall and by border region.

Vaccination coverage analysis
One- and two-dose coverage for border and non-border 

regions of Arizona, by age group, were calculated as described 
in Ernst et al. 20118 for each year 2006–2011. To examine dif-
ferences between the border and non-border regions, 95% CI 
bounds were calculated for the yearly estimates and differences 
between the upper and lower bounds of the CI in the 2 regions 
were assessed. To examine receipt of a second dose for individuals 
with multiple doses administered, we matched a second valid dose 
to the first dose, examined timing between doses, and retained 
second doses that met the minimal interval of 6 mo, with a 4-d 
grace period. If the second dose was administered at less than the 
minimum interval, we excluded the second dose and replaced it 
with a third dose, if available. We compared receipt of the second 
dose of vaccine by border non-border region. Additionally, we 
restricted the analysis to those who had at least one vaccination 
recorded and calculated the odds of receiving a second dose if 
primary language was English vs. Spanish.

Human subjects
Human subject approval was sought from the University of 

Arizona and the Department of Health Services and was deemed 
exempt.
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