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Objectives. To describe county-level socioeconomic profiles associated with Ken-

tucky’s 2017–2018 hepatitis A outbreak that predominately affected communities

affected by the opioid epidemic.

Methods. We linked county-level characteristics on socioeconomic and housing vari-

ables to counties’ hepatitis A rates. Principal component analysis identified county

profiles of poverty, education, disability, income inequality, grandparent responsibility,

residential instability, and marital status. We used Poisson regression to estimate ad-

justed relative risks (RRs) and 95% confidence intervals (CIs).

Results.Countieswith scores reflecting anextremely disadvantagedprofile (RR= 1.21;

95% CI = 0.99, 1.48) and greater percentage of nonmarried men, residential instability,

and income inequality (RR=1.15; 95% CI = 0.94, 1.41) had higher hepatitis A rates.

Counties with scores reflecting more married adults, residential stability, and lower

income inequality despite disability, poverty, and loweducation (RR =0.77; 95%CI = 0.59,

1.00) had lower hepatitis A rates. Counties with a higher percentage of workers in the

manufacturing industry had slightly lower rates (RR =0.97; 95% CI = 0.94, 1.00).

Conclusions. As expected, impoverished counties had higher hepatitis A rates. Eval-

uation across the socioeconomic patterns highlighted community-level factors (e.g.,

residential instability, income inequality, and social structures) that can be collected to

augment hepatitis A data surveillance and used to identify higher-risk communities for

targeted immunizations. (Am J Public Health. 2020;110:1332–1339. doi:10.2105/AJPH.

2020.305789)

See also the AJPH Rural Health section, pp. 1274–1343.

Hepatitis A is a vaccine-preventable, in-
fectious liver disease transmitted via the

fecal–oral route through direct person-to-
person contact or consumption of contami-
nated food or water. Hepatitis A is the most
common form of viral hepatitis worldwide1;
however, in the United States, hepatitis A
incidence decreased from 31 582 cases in
19952 to 1239 cases in 20143 after vaccine
introduction in 1995. Since 2016, multiple
outbreaks have resulted in greater than 15 000
incident hepatitis A cases not attributed to
food or drink contamination, but that have
predominately occurred in urban and rural
communities that use or inject drugs and those
affected by the opioid epidemic.1

The opioid epidemic and increased rates of
infectious diseases are closely associated.4–6

Behaviors promoting hepatitis A virus (HAV)
transmission among drug users are less clear,

but likely involve poor hygiene and unsanitary
drug sharing that are tied with socioeconomic
challenges that increase infection vulnerabil-
ity.7–9 Social and economic factors, such as
personal and neighborhood poverty,10–19 in-
come inequality,15,20,21 and lack of financial
opportunities12,14,19,22,23 or social enrichment
resources,24,25 are factors associated with
drug-seeking behaviors,11,15–18,25 opioid use
disorder,13,20,22,24 and higher prevalence of
blood-borne viral infections,10,14,15,19–21,23,24

but have not been studied in relation to HAV
infection. Community-level public health in-
terventions are needed to address the contextual
causes of drug use for infectious disease preven-
tion and opioid use disorder prevention5,7,9–11

and should consider the complicated nature of
socioeconomic status that is likely to be mean-
ingful, as observed with the neighborhood
deprivation index.26 In this study,we assessed the
interplay of multiple county-level socioeco-
nomic factors by using a principal component
analysis (PCA) and examined socioeconomic
patterns in relation to hepatitis A incidence in
the context of the opioid epidemic.

Kentucky reported the highest number of
hepatitis A cases in the 2017–2018 outbreak27

and had one of the highest rates of overdose
deaths.28 Qualitative research in Kentucky
highlighted that opioid use and risky health
behaviors were thought to be driven by
greater poverty, declining economic oppor-
tunity—particularly loss of coal mining jobs
and out-migration—and declining social
enrichment, which have disproportionately
affected the eastern Kentucky region of
Appalachia.24 The current study’s objective
was to describe the county-level variation in
socioeconomic patterns in Kentucky and to
examine their associations with differential
rates of the hepatitis A outbreak across
Kentucky counties.

METHODS
Hepatitis A is a reportable infectious dis-

ease. Confirmed, probable, and suspected

ABOUT THE AUTHORS
Natalie DuPre and Lyndsey Blair are with the Department of Epidemiology and Population Health, University of Louisville
School of Public Health and Information Sciences, Louisville, KY. Sarah Moyer, Bert Little, and Jeffrey Howard are with the
Department of Health Management and Systems Sciences, University of Louisville School of Public Health and Information
Sciences. S. Moyer is also with the Louisville Metro Department of Public Health and Wellness, Louisville. E. Francis
Cook is with the Department of Epidemiology, Harvard T.H. Chan School of Public Health, Boston, MA.

Correspondence should be sent to Natalie C. DuPre, ScD, 485 E Gray St, Louisville, KY 40202 (e-mail: natalie.dupre@
louisville.edu). Reprints can be ordered at http://www.ajph.org by clicking the “Reprints” link.

This article was accepted May 14, 2020.
doi: 10.2105/AJPH.2020.305789

1332 Research Peer Reviewed DuPre et al. AJPH September 2020, Vol 110, No. 9

AJPH RURAL HEALTH

mailto:natalie.dupre@louisville.edu
mailto:natalie.dupre@louisville.edu
http://www.ajph.org


cases of hepatitis A were reported to local and
state health departments in Kentucky. Local
health departments and epidemiologists
reviewed medical records and conducted case
interviews. Patient and infectious disease
outbreak information collected during this
outbreak included demographic factors,
clinical information, housing characteristics,
behavioral factors, travel history, and contact
with homeless persons, sick persons, and
restaurants. Between August 2017 and De-
cember 2018, 3353 hepatitis A cases were
reported in 97 of 120 Kentucky counties. In
this study, we included 3349 reported hep-
atitis A cases with information on the county
of diagnosis. The median age of hepatitis
A diagnosis among the cases was 36 years,
59.2% were males, 64.9% reported illicit drug
use, 52.5% had coinfections predominately
from hepatitis C virus, and 9.1% reported
homelessness. Nearly all hepatitis A cases
(n = 3348) were serologically positive with
immunoglobulin-M anti-HAV tests, and
89.8% had 2 or more symptoms consistent
with infection. Among those with samples
sent to the Centers for Disease Control and
Prevention for HAV sequencing (n= 586),
97.8% screened positive. County-level hep-
atitis A rates were derived by dividing the
number of reported cases in each county by
the county population size and were the
outcome of interest.

The American Community Survey (ACS)
is an annual survey on demographic, social,
economic, and housing factors conducted by
the US Census Bureau from a sample of US
addresses.29 We linked the county-level 5-
year estimates for 2012–2016 ACS charac-
teristics to the county-level hepatitis A rates.
We excluded the 23 counties that did not
report hepatitis A cases.

County-Level American
Community Survey Variables

County-level demographic and social
factors considered were age, race, ethnicity,
familial and marital characteristics, educa-
tional attainment, grandparent responsibility
for care of grandchildren, disability, resi-
dential stability, and adolescent birth rate.We
examined economic factors on income and
poverty, income inequality, health insurance
coverage, employment, and industry types of
employment as well as housing characteristics

onmedian home value, costs, occupancy, and
vehicle ownership. The median percent
margin of error for the 5-year ACS variables
included in the PCA was 2.8% (interquartile
range = 2.0%–3.6%).

Statistical Analyses
We mapped quartiles of county-level

hepatitis A rates by using ArcGIS, version
10.6 (Environmental Systems Research In-
stitute Inc, Redlands, CA) to describe the
geographic distribution of hepatitis rates.
County-level socioeconomic characteristics
by hepatitis A quartiles were presented to
identify factors crudely related to hepatitis A
rates. We examined correlation patterns be-
tween 41 socioeconomic variables with
Pearson correlation coefficients. As expected,
many socioeconomic variables were strongly
correlated with each other with correlations
greater than the absolute value of 0.70 (Table
A, available as a supplement to the online
version of this article at http://www.ajph.org),
which prompted the use of the PCA to
identify socioeconomic patterns across 97
Kentucky counties. After identifying socio-
economic status patterns from the PCA, we
used Poisson regression to estimate the as-
sociations between the principal component
(PC) scores with HAV infection rates.

Principal component analysis. We con-
ducted the PCA in SAS version 9.4 (SAS
Institute Inc, Cary, NC) using PROC
FACTOR to generate statistically uncorre-
lated PC scores using the weighted sum of the
socioeconomic variables with the weights
equal to the eigenvectors obtained from the
PCA. We used a scree plot and a cut-off of
75% of cumulative variation explained to
select the number of PCs to include in sub-
sequent outcome analyses.30 This approach
has been used in many contexts, including
social and nutritional epidemiology, to de-
velop indices related to other health out-
comes.26,31 For easier interpretation of the
PCs,we selected a reduced set of 12 economic
and social variables that have been commonly
used in the literature and based on data ob-
servations from Table 1. We examined the
factor loadings and labeled each PC by the
heaviest loadings greater than 0.15, which
has been used as a cutpoint in previous
literature.31

We included percentage of population
below the poverty level and the Gini index of
income inequality that are commonly used
income-based variables.20,21 Education vari-
ables were highly correlatedwith one another
(> the absolute value of 0.64; Table A); we
selected percentage of county with educa-
tional attainment below ninth grade and
high-school graduation.On the basis of Table
1 observations, we selected a subset of 5 fa-
milial structure and marital status variables,
grandparent responsibility for grandchildren,
disabled population, and residential instability
based on the strength of relationships ob-
served with hepatitis A quartiles. We ex-
cluded other variables on living in nonfamily
households, widows, family size, and ado-
lescent birth rates from the PCA because they
were similar across hepatitis quartiles (Table
B, available as a supplement to the online
version of this article at http://www.ajph.org).
The loadings between these 12 socioeconomic
variables and each PC score are presented in
Table 2. In summary, the variables included in
the PCA were the Gini index of income in-
equality and the percentage of the county’s
population below the poverty line, with ed-
ucational attainment less than ninth grade,
high-school graduates, disabled, grandparents
responsible for grandchildren, living in a dif-
ferent residence than the previous year, families
living in married households, families living
in households with a single-female head of
household, families living in households with a
single-male head of household, married adult
men, and married adult women.

We mapped quintiles of the PC scores in
ArcGIS to visualize the geospatial distribution
of the socioeconomic PC scores across the
state, which public health practitioners may
find useful to identify their counties’ score for
the 3 identified PC patterns.

Outcome analysis. We used Poisson re-
gression to estimate relative risks (RRs)
for a 1-standard-deviation increase in each
county-level PC score with a scaled deviance
to account for overdispersion. County hep-
atitis A counts was the dependent variable,
and we included an offset term for the natural
log of population size. We additionally ad-
justed all Poisson regression models for
population size and a quadratic term for
population size. We included county median
age and percentage of the county who were
White as adjustment variables. We examined
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whether the adjusted associations were in-
dependent of industries alluded to as reasons
underlying the rise in opioid use24 (e.g., lack
of economic development or social enrich-
ment resources). We included the percen-
tage of the county in the industries of (1)
manufacturing; (2) arts, entertainment, rec-
reation, accommodation, and food services;
(3) construction; and (4) agriculture, forestry,
fishing and hunting, and mining as proxies of
economic development and social enrich-
ment resources. As a sensitivity analysis, we
restricted our analyses to counties with more
than 10 cases of hepatitis A.We conducted all
statistical analyses in SAS version 9.4.

RESULTS
The median HAV infection rate in Kentucky

was 57.8 per 100 000 (IQR=27.5–149.8).

Higher HAV infection rates tended to occur in
eastern Kentucky counties (Figure 1a), which
is the Appalachian region particularly affected
by the opioid epidemic. Compared with low
hepatitis A rate counties, counties with the
highest hepatitis A rates were slightly younger,
had a largerWhite population, were more likely
to live in single-male or single-female heads of
households, had more single adult men, had
more grandparents responsible for grandchildren,
had more individuals who were disabled, were
more impoverished, and had higher income
inequality and residential instability (Table 1). In
addition, the populations in counties with higher
hepatitis A incidence had lower educational at-
tainment, fewer families in married households,
and lower percentage in the manufacturing in-
dustry (Table 1). Counties were similar across
hepatitis A quartiles in terms of family size,
nonfamily households, single adult females,
widows, health insurance coverage, and other

top industries including arts, food services, con-
struction, agriculture, and mining (Table B).

Principal Component Results
Three principal components explained

75.3% of the variation in county-level so-
cioeconomic factors (Table 2) and were the
location of the elbow in the scree plot (Figure
A, available as a supplement to the online
version of this article at http://www.ajph.
org). High PC1 scores were correlated
with high poverty (r=0.921), low educa-
tional attainment (r=0.791), high disability
(r= 0.729), single-female and single-
male heads of households (single-female:
r=0.721; single-male: r=0.487), low
married households (r= –0.774), high in-
come inequality (r=0.658), and high
grandparent responsibility for grandchildren
(r=0.537; Table 2). Counties with high PC1

TABLE 1—County-Level Socioeconomic Characteristics of 97 Kentucky CountiesOverall and byQuartiles of County Hepatitis A Case Rates per
100000 People Occurring During the 2017–2018 Outbreak

Overall Quartile 1 Quartile 2 Quartile 3 Quartile 4
No. of counties 97 24 24 25 24

No. of hepatitis A cases per 100 000 (IQR) 57.8 (27.5–149.8) 16.5 (2.1–27.0) 39.3 (27.5–57.5) 82.4 (57.8–149.8) 241.1 (153.4–474.3)

County median age, y (SD) 40.3 (2.9) 41.3 (3.6) 39.3 (3.2) 40.4 (2.1) 40.3 (2.6)

% White, median (SD) 96.4 (4.8) 94.6 (5.0) 93.6 (5.3) 96.7 (5.2) 97.8 (1.7)

% of families that are married householders, mean (SD) 74.5 (4.4) 76.8 (3.4) 75.1 (4.0) 74.1 (5.1) 72.2 (3.7)

% of families with single-male heads of households, mean (SD) 7.2 (1.7) 6.2 (1.3) 7.5 (1.9) 7.4 (1.6) 7.8 (1.8)

% of families with single-female heads of households, mean (SD) 18.2 (3.5) 17.0 (3.1) 17.4 (3.2) 18.5 (4.1) 20.0 (2.8)

% of men who are married, mean (SD) 53.4 (5.0) 56.1 (3.6) 53.3 (5.2) 53.9 (4.7) 50.5 (4.8)

% of women who are married, mean (SD) 50.9 (4.7) 52.4 (4.1) 51.9 (4.9) 49.8 (4.9) 49.6 (4.7)

% educational attainment < ninth grade, mean (SD) 9.0 (4.2) 8.4 (3.7) 7.1 (3.5) 8.7 (4.1) 11.7 (4.1)

% high-school graduate or higher, mean (SD) 80.3 (6.6) 81.5 (5.6) 82.7 (6.1) 80.8 (6.3) 76.1 (6.7)

% of grandparents responsible for grandchildren, mean (SD) 57.0 (11.5) 54.2 (9.9) 56.9 (13.2) 53.8 (10.3) 63.5 (10.4)

%with disability among noninstitutionalized civilians, median (SD) 19.6 (5.8) 19.0 (5.0) 17.5 (4.9) 20.5 (6.1) 22.4 (5.7)

% with different residence than previous year, mean (SD) 13.2 (3.7) 11.8 (3.0) 14.7 (4.2) 12.5 (3.9) 13.8 (2.9)

% in manufacturing industry, mean (SD) 16.2 (6.8) 19.5 (6.3) 17.6 (6.2) 16.4 (7.3) 12.5 (6.7)

% in arts, entertainment, recreation, accommodation, and food

services industries, mean (SD)

7.2 (2.4) 6.5 (2.4) 7.7 (2.4) 7.0 (2.6) 7.0 (2.6)

% in construction industry, mean (SD) 7.2 (2.3) 7.7 (2.5) 7.3 (2.5) 7.1 (2.5) 7.3 (2.3)

% in agriculture, forestry, hunting and fishing, and mining

industries, median (SD)

3.1 (3.4) 3.4 (2.8) 3.0 (3.0) 3.1 (2.9) 3.3 (4.6)

% of population with income below poverty line, median (SD) 20.4 (7.6) 21.9 (5.8) 18.8 (7.6) 19.1 (7.6) 26.1 (6.9)

Gini index of income inequality,a mean (SD) 0.46 (0.03) 0.45 (0.03) 0.46 (0.04) 0.46 (0.04) 0.47 (0.03)

Note. IQR= interquartile range.
aGini Index ranges from 0 to 1.
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scores reflect socioeconomic factors related to
extreme disadvantage.Counties in the highest
quintile of PC1 scores were generally in
eastern Kentucky (Figure 1b).

High PC2 scores were correlated with
counties with a high proportion of married
households (r=0.517), married adults
(married women: r=0.706; married men:
r=0.601), high disability (r=0.510), low
educational attainment (high-school gradu-
ate: r= –0.526; education < ninth grade:
r=0.480), low residential instability
(r= –0.724; i.e., high residential stability);
moderately associated with poverty (r=
0.263); and there was a lack of an associa-
tion with income inequality (r=0.066;
Table 2). High PC2 scores reflect a pattern of
marital support and residential stability with
low income inequality despite challenges of
low education, high disability, and moderate
poverty. Counties in the highest quintile
of PC2 were distributed across the state
(Figure B1, available as a supplement to
the online version of this article at http://
www.ajph.org).

High PC3 scores were correlated with
high residential instability (r=0.476), high
grandparent responsibility for grandchildren
(r=0.465), moderate income inequality
(r=0.249), families living in married

households (r=0.265), yet lower percent-
ages of families living in single-male head of
households (r= –0.513) and married men
(r= –0.177). PC3 scores were largely not
correlated with poverty (r=0.103), educa-
tion (r= –0.039), disability (r=0.025),
married women (r=0.022), or single-female
heads of households (r= –0.076). High PC3
scores reflect a profile of residential instability,
nonmarried men despite low single-male
heads of households, and high income in-
equality. Counties in the highest quintile
of PC3 were distributed across the state
(Figure B2).

Outcome Poisson Regression
Results

Counties scoring high on the extremely
disadvantaged PC1 profile were significantly
associated with higher hepatitis A incidence
(RR=1.44; 95% confidence interval [CI]
= 1.19, 1.74); however, estimates attenuated
after adjustment for median age of the county
population, percentage of the population that
was White, and percentage working in the
manufacturing industry (RR=1.21; 95%
CI= 0.99, 1.48; Table 3). Counties with
higher PC2 scores following the profile of
high marital support and residential stability

despite low education, high disability, and
moderate poverty had lower HAV infection
rates after adjustment for county age, race, and
manufacturing (RR=0.77; 95% CI= 0.59,
1.00). A standard deviation increase in PC3,
which was characterized by counties with
high residential instability, nonmarried men,
and high income inequality, was associated
with higher incidence after adjustment
for county age, race, and manufacturing
(RR=1.15; 95% CI= 0.94, 1.41). Results
were similar when restricting to counties with
at least 10 reported hepatitis A cases (Table C,
available as a supplement to the online version
of this article at http://www.ajph.org).

Counties with a higher proportion of
Whites had higher HAV infection rates
(RR=1.13; 95% CI= 1.07, 1.19; Table 3).
Median age of the county population was not
associated with hepatitis A rates. Counties
with a higher percentage of the population
in manufacturing had slightly lower rates
(RR=0.97; 95% CI= 0.94, 1.00; Table 3).
The multivariable associations with HAV
infection rates were null for the arts, enter-
tainment, recreation, accommodation,
and food services industries (RR=1.00
95% CI= 0.90, 1.12) and construction
(RR=0.93; 95% CI= 0.84, 1.04), but
showed an inverse association for the agri-
culture, forestry, fishing and hunting, and
mining industries (RR=0.93; 95% CI=
0.85, 1.00). With additional adjustment
for these industries, the RR estimates
for PC1, PC2, and PC3 scores were
similar (Table 3, model 4; PC1: RR=
1.27 [95% CI= 1.04, 1.57]; PC2: RR=
0.90 [95% CI= 0.66, 1.23]; PC3: RR=1.20
[95% CI= 0.96, 1.48]).

DISCUSSION
In summary, the 3 most prominent so-

cioeconomic profiles derived from the PCA
were generally geographically dispersed
throughout Kentucky and were associated
with differential hepatitis A case rates (PC1:
RR=1.21 [95% CI= 0.99, 1.48]; PC2:
RR=0.77 [95% CI= 0.59, 1.00]; PC3:
RR=1.15 [95% CI= 0.94, 1.41]). As ex-
pected, extremely disadvantaged counties
with high poverty, high income inequal-
ity, high disability, low education, high
single-family homes, and high grandparent

TABLE 2—Principal Component (PC) Loadings Showing the Correlations Between the
PC Scores and the 12 County-Level Social and Economic Variables and Percentage of
the Variance Explained and Eigenvalues for Each PC: Kentucky 2017–2018 Outbreak

PC1 PC2 PC3

Eigenvalues 5.30 2.85 0.89

Proportion of variability explained 0.442 0.237 0.074

Cumulative proportion of variability explained 0.442 0.679 0.753

% of all people with income below poverty level 0.921 0.263 0.103

% educational attainment in population aged ‡ 25 y < ninth grade 0.791 0.480 –0.039

% civilian noninstitutionalized population with a disability 0.729 0.510 0.025

% of families that are single-female head of household 0.721 –0.471 –0.076

County-level Gini index of income inequality 0.658 0.066 0.249

% of grandparents responsible for grandchildren 0.537 0.120 0.465

% of families that are single-male head of household 0.487 –0.346 –0.513

% with different residence 1 y ago –0.122 –0.724 0.476

% of women who are now married, except separated –0.520 0.706 0.022

% of men who are now married, except separated –0.552 0.601 –0.177

% of families that are married householders –0.774 0.517 0.265

% high-school graduate or higher –0.792 –0.526 0.017
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responsibility had higher hepatitis A rates
(PC1: RR=1.21; 95% CI= 0.99, 1.48) and
were predominately in the eastern Kentucky
region. But even counties not correlated with
poverty had similarly higher hepatitis A rates
(PC3: RR=1.15; 95% CI= 0.94, 1.41).
Interestingly, counties that were character-
ized by poverty but had certain social and

familial structures and residential stability had
lower hepatitis A rates (PC2:RR=0.77; 95%
CI= 0.59, 1.00). From this study, more
comes to light on potential county-level risk
factors beyond the well-established risk factor
of poverty (e.g., residential instability and
single males who do not appear to be living
in single-male heads of households), and

potential county-level protective predictors
are elucidated (e.g., residential stability, more
married adults, lack of income inequality, and
lack of single-female heads of households).
These additional risk and protective factors
could explain the differences in the hepatitis A
epidemic severity observed across the state
during the 2017–2018 outbreak.

Case rates per 100 000

No cases

Q1 (2.1–27.0)

Q2 (27.5–57.5)

Q3 (57.8–149.8)

Q4 (153.4–474.3)

a

PikeOhio

Clay

Hart

Hardin

Bell

Trigg

Pulaski

Lewis

Logan
Christian

Adair

Todd

Graves

Knox

Warren Barren

Butler

Floyd

Laurel

Casey

Harlan

Allen
Wayne

Leslie

Hopkins

Carter

Knott
Perry

Bath

Union

Owen

Nelson

Daviess

Grayson

Whitley

Breathitt

Shelby

Scott

Lee

Bullitt

Estill

Lyon

Madison

Morgan

Marion

Henry

Clark

Grant

Meade

Lincoln

Breckinridge

Taylor

Green

Larue

Fleming

Letcher

Jefferson

Calloway

Lawrence
Elliott

McCreary

Henderson

Monroe

Jackson

Rowan

Greenup

Boone

Caldwell

Webster

Muhlenberg

Marshall

Wolfe

Ballard

Fayette

Russell

Mason

Harrison

MartinMercer

Magoffin

Crittenden

Bourbon

Metcalfe

Boyle

Boyd

McLean

Fulton

Johnson

Clinton

Rockcastle

Edmonson

Hickman

Powell

Franklin

Owsley

Simpson

Bracken

Menifee

Carlisle

Washington

Oldham

McCracken

Spencer
Anderson

Carroll

Livingston

Garrard

Pendleton

Cumberland

Kenton

Nicholas

Hancock

Trimble

Woodford

Campbell

Jessamine

Montgomery

Gallatin

Robertson

Fulton

PC 1

Quintile 1

Quintile 2

Quintile 3

Quintile 4

Quintile 5

b

Note. Q = quartile. Dots in part a indicate counties in which case rates were calculated from < 10 cases. PC2 and PC3 score maps are included in Figure B (available as a
supplement to the online version of this article at http://www.ajph.org). Counties in white had no reported cases during 2017 to 2018.

FIGURE 1—Kentucky Map Showing (a) Incidence of Outbreak-Associated Hepatitis A Cases per 100000 by County, August 1, 2017, to
December 31, 2018, and (b) Spatial Distribution of Quintiles of Principal Component 1 (PC1) Scores in 97 of the 120 Counties
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By comparing the 3 socioeconomic pro-
files, we observed that more than a single
marker of poverty was at play in the hepatitis
A epidemic in Kentucky. Specifically, when
we compared the profiles of counties with
high PC3 and PC1 scores that both had
similar associations with higher HAV infec-
tion rates, we observed unique factors to PC3
that may be contributing to the higher ob-
served rates of hepatitis A, such as greater
residential instability (correlation between
PC3 score and residential instability: r=
0.476 vs correlation between PC1 score
and residential instability: r= –0.122; Table
2) and having single males who do not appear
to be living in single-male heads of house-
holds (PC3: r= –0.513 vs PC1: r=0.487;
Table 2). We also observed in counties with
high PC2 scores that they experienced high
poverty, high disability, and low education
(PC2: r=0.263; r=0.510; r=0.480, re-
spectively; Table 2); yet, despite these set-
backs, PC2 counties had lower rates of
hepatitis A.Upon further evaluation of factors
unique to PC2 counties, a few unique pro-
tective factors may explain their advantage,
such as the lack of residential instability (PC2:
r= –0.724 vs PC3: r=0.476 and PC1:
r= –0.122; Table 2), lack of income in-
equality (PC2: r=0.066 vs PC3: r=0.249
and PC1: r=0.658; Table 2), having more

married men andwomen (PC2: r=0.601 for
men and r=0.706 for women vs PC3:
r= –0.177 for men and r=0.022 for women
and PC1: r= –0.552 for men and r= –0.52
for women; Table 2), and lack of families with
a single-female head of household (PC2:
r= –0.471 vs PC3: r= –0.076 and PC1:
r=0.721; Table 2). This suggests that, despite
high poverty, protective county-level factors
include residential stability, lack of income
inequality, being married, and lack of
single-female heads of households.

Previous literature corroborates that
markers of income inequality and residential
instability are associated with hepatitis C and
HIV,10,14,16,19–21 but less literature is available
on hepatitis A.8 Higher income inequality
was associated with higher HIV prevalence
among persons who inject drugs20 and higher
likelihood of an HIV outbreak.21 Residential
instability and homelessness have been im-
plicated in opioid use,7,10,32 risky behaviors,
spread of infection, and barriers to medical
care10 that are tied with the hepatitis A epi-
demic. While these individual markers have
been widely used in the literature, there is
limited research on the complex interplay
among these socioeconomic markers in re-
lation to infectious disease outbreaks, par-
ticularly in the context of the opioid epidemic
or in relation to hepatitis A. One study

observed that relocation to a more eco-
nomically advantaged area with its inherent
interplay of socioeconomic qualities was
associated with disrupting an individual’s
network to substance-using individuals,16

though the role of relocation on infectious
disease incidence was not assessed.

The role of counties’ industrial composi-
tion on hepatitis A incidence was minimal for
manufacturing (RR=0.97; 95% CI= 0.94,
1.00). The inverse association between the
percentage of the county in manufacturing
and hepatitis A case rates suggests that eco-
nomic development may play a role in the
epidemic, though it may be relatively minor
compared with the risk associated with the
socioeconomic profiles.

Limitations
This was an ecologic study of county-level

data subject to ecologic fallacies because the
socioeconomic profiles of the individual
hepatitis A cases are unknown. A limited
amount of data is collected from individual
hepatitis A cases that does not capture their
social and economic context or their living
conditions or their neighborhoods. This study
suggests that improving data surveillance to
gather additional information on contextual
neighborhood social, economic, and housing
factors may be an important avenue for

TABLE 3—Mutually Adjusted Relative Risk (RR) Estimates (95% Confidence Intervals [CIs]) of Hepatitis A During the Kentucky 2017–2018
Outbreak for 3 Principal Components (PCs) and County-Level Adjustment Factors

Model 1, RR (95% CI) Model 2,a RR (95% CI) Model 3,b RR (95% CI) Model 4,c RR (95% CI)

PC1 1.44 (1.19, 1.74) 1.31 (1.09, 1.59) 1.21 (0.99, 1.48) 1.27 (1.04, 1.57)

PC2 0.95 (0.75, 1.21) 0.80 (0.61, 1.04) 0.77 (0.59, 1.00) 0.90 (0.66, 1.23)

PC3 1.02 (0.93, 1.25) 1.16 (0.95, 1.43) 1.15 (0.94, 1.41) 1.20 (0.96, 1.48)

% in county who were White . . . 1.14 (1.08, 1.20) 1.13 (1.07, 1.19) 1.11 (1.05, 1.18)

County median age . . . 0.99 (0.91, 1.08) 0.98 (0.91, 1.07) 0.98 (0.91, 1.07)

% of the county in the manufacturing industry . . . . . . 0.97 (0.94, 1.00) 0.96 (0.93, 1.00)

% of the county in the arts, entertainment, recreation,

accommodation, and food services industries

. . . . . . . . . 1.00 (0.90, 1.12)

% of the county in the agricultural, forestry, fishing and hunting,

and mining industries

. . . . . . . . . 0.93 (0.85, 1.00)

% of the county in the construction industry . . . . . . . . . 0.93 (0.84, 1.04)

Note. Allmodels present an estimate for a 1-standard-deviation increase in a PC score and are adjusted for population size and a square term for population size.
aModel 2 included the PCs, population size, percentage of the population that was White, and county median age.
bModel 3 included the PCs, population size, percentage of the population that was White, county median age, and percentage of the population in the
manufacturing industry.
cModel 4 included model 3 covariates and additionally included 3 other industries of interest.
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understanding outbreaks associated with drug
use for which little is known about the exact
person-to-person transmission route. This
ecologic design, while limited, aligns with
ecosocial theory that macro-level contexts
can shape individual behavior and population
health.33 Public health practitioners can use
these ecologic results and the approach to
comprehensively describe the multiple so-
cioeconomic profiles within their catchment
area and identify the socioeconomic profiles
most affected by the epidemic.

From this study, public health practitioners
may gain insight into expanding vaccinations
to high-risk communities based on neigh-
borhood socioeconomic profiles that are not
currently considered in the current Advisory
Committee on Immunization Practices rec-
ommendations.34 Specifically, public health
practitioners in Kentucky may consider
expanding HAV vaccination programs to
higher-risk communities that follow the PC1
and PC3 patterns and those with greater in-
come inequality, more residential instability,
more single-family homes, and fewer married
adults.

An additional limitation of our study was
that the ACS data are from a sampled pop-
ulation, their categorization of data may not
fully capture socioeconomic attributes, and
the ACS data can have highermargins of error
for rural areas than urban areas. However, we
included 5-year ACS estimates to improve
population coverage and long-term repre-
sentation of the population, and to have lower
margins for error. The error in the county-
level socioeconomic data in a predominately
rural state is likely to be nondifferential in
terms of the outcome status of HAV infection
rates; hence, the exposure measurement error
would bias the results toward the null making
it harder to detect an association.

As with any PCA, the profiles in Ken-
tucky may not be generalizable to other
states; however, the socioeconomic county
profiles may be useful to local health de-
partments in Kentucky and to the public to
appreciate the heterogeneous and complex
socioeconomic profiles that are differentially
affected by infectious diseases associated with
the opioid epidemic. This study of contex-
tual factors related to hepatitis A takes a
comprehensive approach to examine mul-
tiple social, economic, and housing factors’
associations with hepatitis A and to gain a

greater appreciation of the complexities of
socioeconomic patterns on health in Ken-
tucky, instead of focusing on single predic-
tors that ignore complex correlations among
socioeconomic factors. Furthermore, the
current study addressed an understudied
infectious disease associated with the opioid
epidemic for which the behaviors and en-
vironments leading to hepatitis A outbreaks
and transmission were less clear.

Public Health Implications
In conclusion, socioeconomic county

profiles were modestly associated with hep-
atitis A incidence rates in Kentucky. This
approach went beyond observing poverty as
a risk factor and shed light on additional
county-level risk factors (e.g., residential in-
stability and singlemaleswho donot appear to
be living in single-male heads of households)
and protective factors (e.g., residential sta-
bility, lack of income inequality, more mar-
ried adults, and lack of single-female heads of
households). This may be useful to public
health practitioners looking to expand im-
munization programs to higher-risk com-
munities not currently included in the
recommendations, such as communities with
more income inequality, residential instabil-
ity, and single-family homes, and fewer
married adults. Even with the expansion
of HAV vaccination programs, this study
supports the notion that there are sev-
eral community-level socioeconomic
profiles associated with severity of hepati-
tis A outbreaks that should be explored
with other opioid epidemic–related out-
comes. These findings may also support
public health practitioners in augmenting
hepatitis A data surveillance by capturing
personal- and community-level social,
economic, and housing characteristics that
are not routinely collected, if resources
allow.
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