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Abstract

Spatially concentrated, vaccine-hesitant populations represent an ongoing challenge
to public health policies that emphasize mass vaccination as a means to eradicat-
ing certain infectious diseases. Previous research suggests that Amish populations,
which are spatially clustered and rapidly growing, may be undervaccinated. How-
ever, existing evidence is limited to local case studies in pre-COVID-19 contexts.
Using a series of negative binomial regression models, we evaluated the association
between county-level vaccination rates and the percentage of Amish in 356 Amish-
populated counties in the United States from February 1, 2021 through October 31,
2022 while controlling for a set of covariates known to impact vaccination rates. Our
findings suggest that, after adjusting for county-level characteristics, Amish-popu-
lated counties had approximately 1.6% (95% CI: 1.1%-2.0%; p <0.001) lower rates
of getting COVID-19 vaccines. Our findings underscore the failure of public health
outreach efforts to convince Amish to accept COVID-19 vaccines. Prevailing pub-
lic representations of the Amish—as an unproblematic people removed from public
affairs and largely unaware of the “outside world”—may have helped Amish avoid
societal pressure to vaccinate. Furthermore, because Amish are not as much “hard
to reach” as “hard to vaccinate,” we suggest service providers and policy-makers
avoid top-down approaches that target the Amish—including cultural competency
strategies that work to reduce perceived boundaries—and instead give Amish space
to either initiate bottom-up partnerships with health services or accept responsibility
for undervaccination in public life.
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Introduction

In developed countries such as the United States, mass vaccination campaigns
have nearly eliminated rubella, measles, pertussis, and other infectious dis-
eases. However, in an interview on National Public Radio (December 7, 2021),
then-director of the National Institutes of Health, Francis Collins, expressed his
surprise that 60 million Americans have not received COVID-19 vaccinations.
Collins argued that a better understanding of individual health behavior and deci-
sion-making is needed for public health measures to have a full effect. To bet-
ter understand an individual’s decision-making, researchers and service provid-
ers must account not only for individual decision-making calculus but also for
the contexts in which individuals are embedded. Social contexts and population
categories—such as ethnicity, religion, social class, neighborhood, race, or politi-
cal affiliation—provide individuals with ideologies, repertoires of social actions,
opportunities and constraints, and scripts for rationalization. Accordingly, atten-
tion to particular populations will help explain why clusters of people resist
vaccination.

Vaccine hesitancy—an attitude—is the primary reason undervaccination exists
in contexts where vaccines are readily available. When vaccine hesitancy arises
from a population’s shared culture and that population is spatially concentrated,
disease may spread rapidly through contagion. As such, vaccine-hesitant, spa-
tially concentrated populations present an ongoing challenge both to the total
elimination of vaccine-preventable contagious diseases and to medical training
and infrastructure, which must remain responsive to increasingly unfamiliar yet
age-old diseases. Public efforts to disseminate COVID-19 vaccinations provide an
opportunity to identify the vaccine-hesitant populations and thus prepare medical
infrastructure and outreach efforts for the possibility of place-specific outbreaks.

This present study introduces North America’s Amish as a spatially concen-
trated, rapidly growing population that may be undervaccinated due to vaccine
hesitancy. To test our hypothesis, we conduct a regression analysis with county-
level data about Amish populations and COVID-19 vaccination—among other
social data—in the ten most Amish-populous states. Among existing assessments
of Amish undervaccination, both our method and scale of population analysis are
new. We find that the presence of Amish populations predicts low COVID-19
vaccination rates, net of other factors. Given the concentration of Amish in rural
places and their rapid population growth, we conclude this article by discussing
implications for public policy and service.

Prior Research
This study focuses on the Amish population in the ten most Amish-populated

US states. The Amish are an ethnic religion concentrated primarily in rural areas
in the US’s mid-Atlantic, Midwest, and upper South, and in southern Ontario,
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Canada. From the early 1700s to mid-1800s, Amish populations migrated to
North America from the regions bordering contemporary Switzerland, Germany,
and France. Families settled near each other in spatial clusters as they followed
the frontier westward, from Pennsylvania through Ohio and Indiana and into the
Great Plains. While some Amish settlements eventually disbanded or assimilated
into the American mainstream, many exist today (Crowley, 1978; Hopple, 1981;
Luthy, 1986; Reschly, 2000); see Anderson and Bacon (2023) for profiles of indi-
vidual settlements, including those referenced throughout this article.

Though the Amish are a tiny fraction of North America’s population—approach-
ing 400,000 people—they have long sustained a near-exponential growth rate
(Cross, 1976; Donnermeyer et al., 2013; Landing, 1970; Rountzounis et al., 1968).
This population growth is explained by high birth rates and low attrition rates,
although rates vary across Amish churches, denominations, and settlements (Choy,
2020; Meyers, 1994; Wasao et al., 2021). The Amish maintain a strong sense of
ethno-religious identity that supports maintenance of a minority language (‘“Penn-
sylvania German” or simply “Amish”), nearly universal endogamy, heritage-focused
literature and religious worship forms, and other in-group practices (Byfield, 2019;
Enninger, 1986; Enninger & Raith, 1982; Rumsey, 2016; §kender, 2020).

Given that the Amish are largely concentrated in rural areas, an outbreak of a
contagious disease among them could strain an already limited health infrastructure
(Gastafnaduy et al., 2016). By late spring 2021, as COVID-19 vaccinations became
widely available, news coverage began identifying areas with low vaccination rates,
finding that some counties in rural areas had sizable Amish populations.' The news
articles, taken together, suggested a broader pattern of Amish vaccination hesitancy.
In academic literature, four bodies of research lead us to expect that the Amish pop-
ulation would, indeed, be hesitant to accept the COVID-19 vaccine.

Community-Level Studies of Undervaccination

Before COVID-19, community studies repeatedly documented undervaccination
in Amish-dense regions, including Arthur, Illinois (Yoder & Dworkin, 2006), Hol-
mes County, Ohio (Scott et al., 2021; Wenger et al., 2011), and Ashtabula County,
Ohio (Kettunen et al., 2017). Further, Amish-focused case studies about outbreaks
of rubella in Ethridge, Tennessee (Briss et al., 1992) and Holmes County, Ohio
(Jackson et al., 1993); measles in Knox/Holmes Counties, Ohio (Gastafiaduy et al.,
2016); and pertussis in and around Arthur, Illinois (Medina-Marino et al., 2013)
suggest undervaccination. Cumulatively, these cases point to undervaccination as a

! Including LaGrange, Indiana (“Amish face barriers to COVID vaccines,” Elkhart Truth, April 3, 2021);
Holmes, Ohio (“‘Not surprised’: Holmes County reporting lowest COVID-19 vaccination numbers in
Ohio,” Fox 8, July 28, 2021); Osceola, Michigan (“Osceola County vaccination rate among the area’s
lowest,” Cadillac News, June 5, 2021); Clark, Wisconsin (“Vaccine hesitancy runs deep in rural Clark
County, but efforts underway to reach out,” WPR, May 25, 2021); Todd, Minnesota (“Welcome to Todd
County, where just 34% of people are vaccinated,” Minnesota Reformer, July 14, 2021); and the Kalona
area of Iowa (“Shunning vaccines, lowa Amish deal with COVID-19 as a community,” The Gazette, May
17, 2021).
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population-wide pattern (Anderson & Potts, 2022) and suggest that Amish popula-
tions will have low COVID-19 vaccination rates. However, we cannot conclude that,
because the Amish are hesitant to accept other vaccines, Amish will be hesitant to
accept COVID-19 vaccinations. The COVID-19 outbreak represents a new scenario
at a new time, namely, during a pandemic, the like of which has not been known
in North America for around a century. Further, public health efforts encouraging
adoption of COVID-19 vaccinations have been extensive. Existing research sug-
gests, in some cases, Amish may be responsive to such public vaccination efforts
(Fullenkamp, 2021; Gastafiaduy et al., 2016; Glover, 2015).

Insular Components of Amish Culture

Cultural and value orientations including social—political conservatism, low confi-
dence in science, and low educational attainment often predict a lower likelihood of
a population receiving COVID-19 vaccinations (Viswanath et al., 2021). The most
common reasons for individuals’ rejection of COVID-19 vaccinations include the
vaccine’s safety, side effects, actual effectiveness, and a personal suspicion about
conspiracy and the politicking around the vaccine effort (Roy et al., 2022). These
findings together suggest a profile of someone who hesitates to trust anonymous yet
credentialed knowledge-validating authorities and who maintains some cultural/cog-
nitive distance from institutionalized, mainstream, and esteemed Western processes.
The Amish share many of these cultural orientations and rationales for rejecting
modern medicine, including vaccinations. Their attitude toward the scientific health
establishment is selective and somewhat critical (Anderson & Potts, 2022).

However, few empirical studies demonstrate why and how Amish cultural pat-
terns might influence health behavior such as vaccine acceptance—perhaps because
few collaborative bridges exist between physical health research and deep cultural
research (Anderson & Potts, 2021; Jolly, 2017). For now, we can at least infer from
cultural research that societal preconditions exist for Amish vaccine hesitancy.
Researchers and service providers have made compelling arguments about how
the Amish cultural schema is inwardly oriented, intensely sectarian, and insular
(Anderson, 2017; Reschly, 2000). Amish cultural insularity is rooted in a concept
of religious specialness, the significance of which is reaffirmed through quotidian
social actions (Enninger, 1988b; Freudenburg et al., 2020; Petrovich, 2013, 2022a;
Rumsey, 2010), a social structure that is kinship-oriented (Enninger, 1986; §kender,
2020), an in-group communication system—namely, language and dress—that cre-
ates “our” social spaces and triggers identity awareness (Byfield, 2019; Enninger,
1984; Enninger & Wandt, 1979), and an individual sense of ease navigating familiar
in-group social contexts (Rumsey, 2016), among other social dynamics. Given the
dense social networks of the Amish, much pressure exists to conform to cultural/
religious ideals even if elements of one’s actual lifestyle deviate (Ems, 2022; Friesen
& Friesen, 1996, Ch. 7; Kidder & Hostetler, 1990; Welk-Joerger, 2021).

The Amish sense of religious specialness means that individuals are likely to
interpret life experiences—including health experiences—spiritually (Petrovich,
2022b; Sharpnack et al., 2010). Consequently, when seeking help for illness, Amish
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people usually turn to co-members, who are sensitive to religious and social needs
(Hess, 2018; Sauder, 2020). They prefer health treatments confirmed as “our peo-
ple’s”—from the herbs “we” use to clinics and doctors “we” like (Anderson & Potts,
2020). The health treatments most accessible to the Amish—who rarely go beyond
eighth grade—are not scientific medicines but lay-accessible alternative and com-
plementary health practices—which are often understood in spiritual terms (Welk-
Joerger, 2019); these treatments hold a privileged place in health advice. Thus, one
consideration for Amish individuals when deciding whether to accept vaccination
will be their sense of how much this particular scientifically developed, institutional-
ized medical practice—that is, a practice disembodied from their familiar, integrated
contexts—is something “we” accept.

Amish individuals also have a sense of assurance that the group can mediate or
buffer outside problems and that, ultimately, some of “their” problems are not “our”
problems (Hartman, 2001; Kidder & Hostetler, 1990; Longhofer, 1994). Amish peo-
ple might recognize that COVID-19 is, scientifically, a real disease that can threaten
life, but at the same time, they might be disinclined to view the threat as really
impacting “our people.” It follows that, inasmuch as COVID-19 is viewed as “their”
disease, vaccination, too, might not be for “our kind of people.” Indeed, some
genetic and environmental evidence exists that plain people might not be as sus-
ceptible to some health problems (Anderson & Potts, 2022), such as asthma (Stein
et al., 2016), certain cancers (Westman et al., 2010), and prolonged birthing (Jolly,
2014a). Some Amish might also have strong immune systems as a result of exposure
to farm dust (Dhakal et al., 2019). Interpreted in the context of the social construc-
tion of illness paradigm (Conrad & Barker, 2010), these studies suggest that, in fact,
Amish people can and do experience illnesses in ways distinctive to their culture.

Given the way Amish ethno-religious configurations intersect with Amish health
practices and beliefs, we expect that Amish individuals would view with suspicion
the COVID-19 vaccine, a scientifically complex and invasive medical treatment (that
is, a personally unverifiable health product injected into one’s physical body) devel-
oped and promoted by unfamiliar institutions outside their cultural setting. Within
this insular system, we further expect that opinions against the COVID-19 vaccine
will be reinforced and solidified across time as talk circulates, so that rejecting the
vaccine will be perceived as “our” decision, even though no peoplehood council, per
se, such as church leaders, decided against it (Ems, 2022; Graybill, 2022).

Influence of Non-Amish Neighbors on the Amish

Amish insularity should not be conflated with being isolated or closed off; non-
Amish and Amish network bridges are many, and influence flows both ways across
these ties. The non-Amish people in areas Amish are present tend to be populations
with characteristics also associated with overall vaccine hesitancy, including low-
income, rural location, politically conservative/Republican, and low educational
attainment (Anderson & Kenda, 2015; Hudson & Montelpare, 2021; Mann et al.,
2022; Mollalo & Tatar, 2021; Viswanath et al., 2021).
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Amish individuals typically manage diverse bridges to non-adherents, some of
whom they might trust more than they trust other adherents (Jeong, 2013; Jolly,
2014b; Lutz, 2017; Martin, 2021). These “bridges” frequently begin as commercial
or pragmatic relationships with local residents who work as taxi drivers, store clerks,
laborers in trades economically related to common Amish occupations (Ems, 2022;
Hawley & Hamilton, 1996; Jeong, 2013; Park, 2018), and service providers who
have built trust (Hess, 2017; Miller-Fellows et al., 2018; Quinn, et al., 2021; Thal-
heimer, 2021). Such relationships, however, do not begin with assumptions of trust,
as do co-adherent relationships (Farrar et al., 2018). Indeed, Amish people seem rel-
atively quick to distrust the broader economic—industrial-governmental complex and
its practitioners (Garrett-Wright et al., 2016; Long, 2022), which scientific medicine
is part of. In particular, the institutionalization, bureaucratization, and governmental
nature of public services can work against trust-building (Enninger, 1988a; Olshan,
1990; Reiling & Nusbaumer, 1997; Schlegel, 1997). Nevertheless, pervasive bridg-
ing does suggest Amish individuals might be variously impacted by non-adherent
social systems and cultures, both those favoring and those cautioning COVID-19
vaccination. Given that ties of trust are more likely formed with local residents who
are associated with population categories hesitant to accept the COVID-19 vaccine
and that ties of trust with health service providers and others favoring vaccination
are less common, we expect that the external ties of Amish people will reinforce
aspects of Amish culture inclined toward vaccine hesitancy.

Amish Hesitancy to Adopt Measures Slowing the Spread of COVID-19

At the pandemic’s onset and prior to COVID-19 vaccination availability, a con-
venience sample of Amish adherents demonstrated hesitancy—though not total
opposition—toward adopting public health measures, such as social distancing
and masking, to slow the spread of COVID-19. This hesitancy likely extended to
COVID-19 vaccinations. In two studies co-authored by the Centers for Disease
Control and Prevention (CDC) and local health department partners, researchers
interviewed approximately 10 Amish people, each from two of the three largest
Amish settlements: Wayne County, Ohio, part of the greater Holmes County set-
tlement (Ali et al., 2020), and Elkhart County, Indiana, part of the greater Elkhart-
LaGrange Counties settlement (Duran et al., 2020). The goals were to assess Amish
attitudes and practices regarding COVID-19 public health measures. Both studies
documented rumors and misinformation among the Amish about COVID-19 and
health measures (theme 2 from the Wayne County study/theme 3 from Elkhart),
cultural and logistical barriers to practicing health measures and testing (respec-
tively, themes 3, 5, 6/theme 1), social cohesion and the rapid spread of opinions
about health across Amish social networks (themes 4, 7/theme 6), and emphasis on
adherents selflessly helping each other with needs (themes 8, 10/topic “Community
Facilitators”). The Elkhart study independently noted Amish people’s general dis-
trust of the government, health care system, and media (theme 2); minimal concern
about COVID-19’s impacts (4); and belief that prevention efforts were ineffective
or overstated (5). If these small convenience samples are at all representative of the
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larger Amish population, we expect that Amish individuals have also disseminated
misinformation about the COVID-19 vaccination, encountered cultural and logisti-
cal barriers to receiving vaccinations, spread health-based opinions about vaccina-
tions in their networks, generally distrusted the institutions promoting vaccination
efforts, and maintained skepticism about COVID-19’s impacts and the effectiveness
of prevention efforts.

Research Questions and Hypothesis

Though existing studies document general Amish vaccine hesitancy in several local
communities, no population-wide evidence of Amish vaccine hesitancy exists, let
alone for the recent COVID-19 vaccines. Our study’s goal is to address a gap in
current knowledge of population-wide vaccine hesitancy and hesitancy about the
COVID-19 vaccine in particular. In this study, we ask “Do we find lower COVID-19
vaccine adoption rates in counties where a higher percentage of the population is
Amish? That is, are the Amish vaccine hesitant, as evidenced by low county-level
vaccination rates?” For the four reasons above—hesitancy toward vaccines in gen-
eral, an insular ethnic context rooted in a sense of religious exceptionalism, social
connections with vaccine-hesitant rural neighbors, and hesitancy to accept other
COVID-19 public health measures—we hypothesize that the presence of Amish
populations will be negatively associated with COVID-19 vaccination rates.

Data, Variables, and Methods

Because no individual data were collected at the time of vaccination that specifi-
cally identified Amish individuals, we use data from the 2020 US Religion Census,
which provides the most recent county-level Amish population number that is peer
reviewed and publicly available. This study focuses on the 10 states with the largest
Amish populations: Ohio, Pennsylvania, Indiana, Wisconsin, New York, Michigan,
Missouri, Kentucky, Iowa, and Illinois. Amish population numbers in other states
are less than half that of the state with the tenth largest Amish population—hence,
this cut-off was used.

The county-level vaccination rate was obtained from the CDC Data Tracker,” a
website that records county-level vaccination rates from December 13, 2020, to the
present. It also includes each county’s metropolitan status based on the National
Center for Health Statistics (NCHS) urban—rural classification scheme and divides
counties into metro/non-metro. Although the CDC Advisory Committee on Immu-
nization Practices recommended the Pfizer or Moderna vaccinations in Decem-
ber 2020 (CDC, 2022), the CDC tracker shows that in the counties from the states
selected for our study, people did not begin to receive vaccinations until late January

2 https://covid.cdc.gov/covid-data-tracker/#county-view.
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Fig. 1 Distribution of the county-level monthly vaccination rate from February 1, 2021, to October 31,
2022, in the 356 Amish counties

2021. Before that, residents were almost entirely unvaccinated. Accordingly, we
selected February 1, 2021, as our start date and October 31, 2022, as our end date.?

The CDC tracker presents vaccination rates as cumulative and, therefore, mono-
tonically increasing with time. We determined the daily vaccination rate by subtract-
ing the vaccinated population from that of the prior day, then divided by the county
population. The vaccinated population was sourced from the CDC tracker’s series_
complete_yes variable, which represents the number of people who have completed
the primary vaccination series, i.e., the second dose of a two-dose vaccine or one
dose of a single-dose vaccine. The county population was sourced from the 2020
census data.

The daily vaccination rate has some outliers because the daily vaccinated popula-
tion can vary substantially. For example, more people might be vaccinated on week-
ends than weekdays. To smooth out the outliers, we averaged the daily vaccination
rate to a monthly vaccination rate weighted by the county population. In total, we
obtained 7476 observations consisting of 21 months of data from 356 Amish coun-
ties. Figure 1 shows the distribution of the county-level monthly vaccination rate,
demonstrating that the monthly vaccination rates are right-skewed with most obser-
vations below 0.1%.

3 Although we selected October 31, 2022, as the end date of this study, the actual date that reported
COVID-19 vaccination before October 31, 2022, was October 26, 2022.
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Since the monthly vaccination rate is heavily right-tailed, we performed the
Spearman rank correlation coefficient (r,), which provides higher variability than
Pearson’s correlation coefficient for heavy-tailed data (De Winter et al., 2016). We
then conducted a regression analysis of the vaccination rate of Amish-populated
counties on the percentage of Amish in the overall population. Our regression analy-
sis controlled for population characteristics that might also predict vaccine hesitancy
in the larger, non-Amish population:

e County-level median household income, with data from the 2019 American
Community Survey (ACS), as a measure of household wealth (Khubchandani
et al., 2021);

e County metro/non-metro status, with data from the 2020 US Census, as a meas-
ure of rurality (Albrecht, 2021; Mueller et al., 2020);

e Percentage voting Republican in the 2020 presidential election, using data from
the MIT Election Lab,* as a measure of socio-political attitudes (Agarwal et al.,
2021);

e Percentage of evangelical Protestants, using data from the 2020 US Religion
Census—as aggregated by the Association of Religion Data Archives (ARDA).>
Evangelicalism is a religious family proximate to the Amish and experiences a
degree of tension with “mainstream culture” (Smith & Emerson, 1998). While
adherents of evangelicalism may be less likely to accept vaccination (Nagar &
Ashaye, 2022), it is possible that specific beliefs within evangelicalism that can-
not be isolated with our data might better explain undervaccination (Corcoran
et al., 2021).

We initially included the percentage of college graduates in the model, assuming
that educational attainment will influence vaccination rates (Paul et al., 2021). How-
ever, educational attainment is highly correlated with household income (r=0.55,
p <0.05) and the percentage voting Republican (r=— 0.72, p <0.05), causing mul-
ticollinearity. In response, we dropped the percentage of college graduates in the
model.

As shown in Fig. 1, the dependent variable—county-level monthly vaccination
rate—is non-negative and right-skewed. Consequently, we employed negative bino-
mial regression because it is well suited for modeling non-negative, right-skewed
data (Coxe et al., 2009; Liu et al., 2005). Data analyses were conducted using Stata
16.1. For modeling, we used xtnbreg, a Stata command that fits negative binomial
regressions for panel data. Because this study is not an experimental design, statisti-
cal relationships are correlative, not causal.

4 https://electionlab.mit.edu/.

5 ARDA’s classification is guided by the RELTRAD scheme (that is, “Religious Traditions”) which
aggregates religious denominations into broader religious families, including evangelical Protestant
(Woodberry, Park, Kellstedt, Regnerus, & Steensland, 2012). Because RELTRAD places Amish into the
evangelical Protestant tradition, for our calculations, we subtracted the Amish population from the total
population of this category. Edmonson County, KY, was dropped from analysis as it impossibly reported
128.72% of the population as evangelical.
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Table 1 Descriptive statistics

N Mean SD Min Max
Monthly vaccination rate 7476 0.09 0.11 0 1.07
% Amish population 7476 2.14 4.17 0 44.76
% Evangelical Protestant (non-Amish) 7476 19.72 13.72 0.65 79.94
% Voting for Republican in 2020 7476 67.94 10.29 27.68 89.20
Median household income (in $1000 s) 7476 53.09 8.54 29.84 104.16
Metro county 7476 0.26 0.44 0 1

The observation (N) is county-month, derived by multiplying 356 counties by 21 months. The mean,
standard deviation, minimum, and maximum values were derived from the county-month data

Because our research employed publicly available, aggregated, secondary data
and did not engage human subjects, this study was not subject to IRB review.

Results

Descriptive statistics are provided in Table 1. On average, the county-level
monthly vaccination rate across all 2020 Amish-populated counties was about
0.1%. The average percentages of the Amish population and evangelical Protes-
tants were, respectively, 2.1% and 19.7%.The percentage voting Republican in the
2020 presidential election was about 68.0%, and the average median household
income was $53,090. A metropolitan designation applies to 26.0% of selected
counties.

The Spearman correlations between the Amish population and vaccination rate
are statistically significant and negative (r,=— 0.067, p<0.05; N=7476). The
correlation is stronger for the top quartile of the Amish counties (r,=— 0.051,
p<0.05; N=1869) compared to the bottom quartile (r,=0.004; p>0.05;
N =1869), although the correlation is not statistically significant for the bottom
quartile of the Amish counties.

Note that the Spearman correlation is based on rank-transformed information
from the data; the negative Spearman correlations between the Amish population
and vaccination rate for the whole sample and the top quartile of the Amish coun-
ties suggests that the higher the counties rank in Amish population size, the lower
they rank in the vaccination rate, and vice versa. Although the Spearman cor-
relations are small, they do convey the message that the percentage of the Amish
population would likely predict the vaccination rate at the county level. However,
the Spearman correlations do not account for other covariates that could affect
the vaccination rate. We performed negative binomial regression on the longi-
tudinal data and included the aforementioned county-level socioeconomic and
demographic characteristics. Table 2 shows the results for all Amish-populated
counties and counties with an Amish population of more than 1%. We reported
both the coefficients (f;) and the incidencerate ratios (e?, or IRRs), an indicator
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representing the risk of exposure that enables easy comparison between two
groups. The mean variance inflation factors (VIFs), an indicator of multicollin-
earity, are all below 1.5, suggesting no severe multicollinearity issues in the mod-
els. Using the overdisp (Favero et al., 2020) command, we also tested for overdis-
persion, an assumption in negative binomial regression which refers to a situation
where the variance of the response variable is greater than the mean (Cameron &
Trivedi, 2013; Hinde & Demétrio, 1998). The results suggest that we could reject
the hypothesis of no overdispersion in the data, making negative binomial regres-
sion an appropriate modeling approach.

The results suggest that higher percentages of Amish in a county significantly
decrease the county-level vaccination rate while controlling for other covariates
we would expect to also predict lower vaccination rates, such as political ideology,
rural/non-rural status, household income, and evangelical Protestant affiliation. Spe-
cifically, on average, while holding all other variables constant in the model, we
would expect a decrease of about 0.02% in COVID-19 vaccination rates as the per-
centage of Amish increase by 1 percent, a considerable drop when considering the
average monthly vaccination rate was less than 0.1% in the selected counties. The
regression results support our hypothesis that Amish affiliation independently pre-
dicts vaccine hesitancy.

To check for robustness, we ran a separate model, dropping counties with an
Amish population below 1%. The direction and significance of the results were
largely the same. We also conducted two sensitivity analyses to assess the robust-
ness of previous models. First, we used the daily and weekly vaccination rates as
the dependent variables and reran the negative binomial regression models, and the
results were consistent across those models with daily, weekly, and monthly vac-
cination rates being the dependent variables (see Table 3 in Appendix A). Second,
to overcome the possibility of overly complicating the study using panel data and
various aggregation approaches, we took a simple and straightforward approach by
selecting data from January 19, 2022, and performed a cross-sectional analysis. We
selected this specific day as opposed to the most recent date because, for one, since
October 20, 2022, the CDC started collecting weekly instead of daily vaccination
data (Tin, 2022). For another, January 19, 2022, marks the day when there were
the most COVID-19 cases since the outbreak of the pandemic. The results from the
cross-sectional data analysis supported our main argument that the percentage of the
Amish population tended to decrease the vaccination rate (see Table 4 in Appendix
A).

Furthermore, in earlier analyses (available on request), we ran our models using
2010 Amish population data from the US Religion Census, effectively dropping the
10-and-under population from the 2020 analysis. Because Amish represent a high
birth population, age distribution is skewed toward younger cohorts, who are less
likely or unqualified to be vaccinated. The strength of 2010 and 2020 results were
consistent, suggesting that the high percentage of Amish children is not misrepre-
senting the Amish as a whole.

Finally, a given county’s Amish population is almost always less than the coun-
ty’s vaccinated population, and thus, it is possible most or all Amish are vaccinated.
For example, if 50% of a county’s population is vaccinated and 10% of the county’s
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population is Amish, all Amish could be vaccinated. However, in two counties, the
percentage of the county’s population that is Amish is higher than percentage of the
population that is vaccinated. In 2020, Holmes County, Ohio’s population (44,004)
was 44.76% Amish (19,696) but only 18.5% (8141) of its population were vacci-
nated as of October 26, 2022. In LaGrange County, Indiana, 43.43% of the popula-
tion (40,119) was Amish (17,424) but only 23.2% (9308) were vaccinated. Even if
the entire population of vaccinated in Holmes and LaGrange Counties was Amish,
58.67% (11,556) and 47.73% (8316) of the counties’ Amish populations, respec-
tively, would still be unvaccinated, thus demonstrating that many Amish in these
counties must be unvaccinated. This leads us to believe that Amish populations else-
where are similarly undervaccinated.

Conclusions and Discussion

Using publicly available data and controlling for other variables, we have demon-
strated that counties with sizable percentages of an Amish population tend to have
disproportionately lower COVID-19 vaccination rates, suggesting that Amish peo-
ple themselves have disproportionately lower COVID-19 vaccination rates. This
finding supports our hypothesis that Amish are undervaccinated for COVID-19. As
such, this study provides compelling evidence of Amish vaccine hesitancy toward
COVID-19, adding evidence of Amish vaccine hesitancy more broadly. Among our
control variables, voting Republican in the 2020 election and household income
were significant in the expected directions: negatively and positively predicting vac-
cination rates, respectively. We were surprised that metro/non-metro status was not
a significant predictor of vaccination rate. Evangelical affiliation was also not sig-
nificant, though existing research is inconclusive about how and when evangelical
affiliation predicts undervaccination.

This study’s findings support prior evidence that specific enclaves of Amish
people are undervaccinated, in this case for COVID-19. Moving beyond localized
studies in the literature, the findings here provide the first geographically broad and
population-wide evidence that the Amish are undervaccinated for any particular
vaccine. Though we believe it is a robust analysis, we realize our study has several
limitations. First, our analysis of aggregated data is subject to the ecological fallacy,
where conclusions and interpretations from a higher-level unit of analysis, such as
the county level, do not apply to the individual level. Second, we have only empiri-
cally demonstrated that places with Amish populations have low COVID-19 vac-
cination rates; we have not demonstrated that the Amish people themselves are vac-
cine hesitant, though we have good reason to argue that position based on existing
cultural research and ready availability of COVID-19 vaccines. Third, because there
are relatively few large Amish settlements, our method reaches some limits, as we
only find two cases where the Amish population is greater than the vaccination rate,
meaning some Amish must be unvaccinated. Nevertheless, as the Amish population
continues to grow and more places have sizeable Amish populations, we expect that
the same relationship will be seen.
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Public Perceptions of the Amish and Health Decision-Making

How have the Amish managed to collectively bypass COVID-19 vaccination?
One strong possibility is in how they are perceived. Popular representations of
the Amish have been largely positive (Boyer, 2008; Cong, 1994; Neuberger &
Taman, 2014), even as critical representations do exist (Jolly, 2020; Volz, 2017).
The preponderance of positive representations of the Amish—a people living in
noble non-conformity—affords them some relief from pressure to conform to new
norms, such as mass vaccination campaigns. In a particularly insightful study of
health-related news coverage of an Ohio Amish measles outbreak, Fullenkamp
(2021) demonstrated with two cases how “experts” not only socially construct
“knowledge” but also “ignorance.” She showed how researchers, public health
officials, and medical practitioners socially constructed the Amish as “unwill-
ingly ignorant” about vaccination—“ignorant about their ignorance” because
their “ignorance” was part and parcel of what media consumers interpreted as the
separated lifestyle of the Amish; they were unaware of what they should know. As
such, the Amish were not culpable for the measles outbreak, and health institu-
tions felt responsible for providing education. Once health service providers edu-
cated the Amish, they were (purportedly) willing to comply; their “ignorance”
about what they should know was overcome through public outreach. Fullenkamp
compared this case to a simultaneous measles outbreak among “anti-vaxxer’” par-
ents visiting Disneyland. Media framed the parents as willfully “ignorant” and
therefore irresponsible; the moral burden of the outbreak fell on parents, not
health workers. In assigning culpability, health experts overlay moral dimensions
on each population’s ignorance.

The Amish population has its share of heavy news consumers, and cohesive
social networks serve to disseminate national and global news from these con-
sumers. Based on this information, adherents rationalize their decision-making
(Olshan, 1981), articulating diverse opinions (Kopecky & Hoiberg, 1994; Welk-
Joerger, 2019) and internally managing both consensuses and prolonged disagree-
ments (Anderson, 2019; Anderson & Potts, In press; Petrovich, 2017). With similar
agency, they capably interact—whether as individuals or through group coordina-
tion—with non-Amish. Amish people’s involvement in North America’s participa-
tory governments generally does not extend to office-holding, organized lobbying,
campaigning, and other conspicuous forms of engaging the government—in fact,
the absence of such direct involvement certainly bolsters the image of Amish as
politically unproblematic (Rosenberg, 2020). However, they represent a powerful
and relatively unified interest group capable of steering local and national policy
(Olshan, 1990; Regehr, 1995), notably evidenced in a congressionally approved reli-
gious exemption from paying Social Security taxes (Glenn, 2001; McDevitt, 2010),
a Supreme Court—sanctioned right to withhold their children from attending school
beyond eighth grade (Bontrager, 2022; Peters, 2003), and the ability in some large
Amish settlements to convince public school boards to create Amish-tailored but
publicly funded programming (Howley et al., 2008; McConnell & Hurst, 2006;
Thalheimer, 2021). At a local scale, Amish opinion leaders can effectively mobi-
lize co-adherents’ sympathies for or against people—such as service providers and
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change agents—and severely enhance or curtail their ability to influence group
thought and behavior (Bryan, 2016; Jolly, 2014b; Reiling & Nusbaumer, 1997). This
evidence suggests that Amish people—though widely perceived as unproblematic
and naive, as intriguing and harmless—are engaging with national policy and poli-
tics through rationalized decisions to individually and collectively conform or resist
and to strategically align with key stakeholders, even if in ways contrary to their own
formal values (Kidder & Hostetler, 1990).

While service providers and policy-makers need not “balance out” the way
Amish are positively represented with negative framing, they should reconfigure
their perceptions of Amish people, as needed, from an innocently detached people
to a people capable of rationalized decision-making who are engaging and steer-
ing public policy, even if indirectly. In this way, experts should approach the Amish
population as they would any other ethnic, religious, or identity group: noting pat-
terns and adjusting policy according to behavior. In the 2014 measles outbreak, the
Amish likely accepted mass vaccination in part because press coverage—which did
single out the Amish—suggested the Amish were not doing their part, and that they,
in particular, were the focal point of this outbreak. The Amish experienced the pub-
lic shame of being singled out as a people for causing a public health crisis.

Service and Policy Considerations

How, then, should public health providers and policy-makers promote healthcare
innovations such as vaccinations to insular ethnic religious groups such as the
Amish? Most of the published, peer-reviewed reports and research addressing effec-
tiveness in professional healthcare work with the Amish offer micro-level advice
through the multiculturalist-oriented cultural competency framework (Anderson &
Potts, 2020). Cultural competency emphasizes personal knowledge of the population
as the key to reducing barriers to service, which then unlocks effective service deliv-
ery. Indeed, personal knowledge of the population can help improve interactions—
for example, clarifying communication, not offending, and better understanding
considerations for decision-making. However, the seemingly endless lists of cultur-
ally competent interaction strategies and factoids can leave policy-makers and others
with the impression that the group in question is a fragile and easily alienated popu-
lation that struggles to interact outside of their own vacuum-sealed culture (Ander-
son & Potts, 2020). As such, cultural competency research seems to suggest—again,
following Fullenkamp (2021)—that the Amish are ignorant about their ignorance,
that Amish decision-making is unproblematic for society, and that, ultimately, cul-
turally sensitive interactions initiated by service providers will improve coopera-
tion. Regarding our present case, the cultural competency literature seems to suggest
that Amish undervaccination is due to the population being “hard to reach” (Ozawa
et al., 2019)—that is, cultural or tangible barriers can be reduced through cultural
competency.

The effectiveness of cultural competency as a construct seems overstated. Amish
people are as uncomfortable in unfamiliar social contexts—such as healthcare insti-
tutions—as anyone else. Additionally, many of the cultural competency-oriented
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recommendations for healthcare provider behavior sound a lot like what anyone
would want: clarity in communications, trustworthiness, face-to-face time, and
interactions in a warm and non-bureaucratic context (Anderson & Potts, 2020).
Finally, cultural competency speaks only to micro-interactions and does not address
macro-dynamics.

The cultural competency perspective might seem to promote community
empowerment vis-a-vis the emphasis on sympathy and understanding, but it is
a top-down strategy for diffusion and focuses on removing barriers to innovation
adoption. Culturally sensitive efforts to increase vaccine availability and educa-
tion might yield few results when Amish people do not feel like they “own” the
innovation and decision. Because few Amish are credentialed health practition-
ers (a result of church proscriptions on secondary and post-secondary education),
disparities can easily arise between the Amish population’s networks of knowl-
edge (“our” knowledge) and healthcare establishments (“their” knowledge). Such
disparities can be exacerbated when healthcare agents promote health resources
to reduce perceived cultural barriers. Amish people might suspect ulterior, undis-
closed motives—especially moves toward greater control and profit—hidden
within programs from the government and large corporations (Anderson & Potts,
2020).

When a population is “hard to reach” (Ozawa et al., 2019), top-down approaches
such as cultural competency might be preferred. However, given the ready avail-
ability of COVID-19 vaccines and the ways Amish people have rationalized non-
adoption, we feel as if their undervaccination is likely due to Amish being “hard to
vaccinate” (Ozawa et al., 2019)—that is, attitudinal and cultural reasons for under-
vaccination, as explained in point two in the background section of this paper. As
such, service providers and policy-makers should consider bottom-up approaches
to change, along with a view of the Amish population that places responsibil-
ity for their actions on them, not on health providers and policy-makers. With that
approach, any barriers and boundaries effectively reduced are those that Amish peo-
ple opt to reduce—they decide to approach policy-makers and service providers and
ask for assistance solving a problem or else accept responsibility for undervaccina-
tion. That is to say, general policies and outreach efforts not specifically targeting
the Amish but nevertheless changing their calculations might be more effective for
society-wide vaccination efforts than targeting the Amish specifically, which might
incite resistance. They must conclude on their own: “‘our’ ways, specifically, are
causing ‘them’ injury.”

But can there be any real public harm to a failed top-down diffusion effort tar-
geting the Amish? While public health policy-makers and service providers might
consider any vaccination outreach effort as only resulting in vaccine uptake—even
if just a sliver of a percentage increase—urgent, emergency efforts aimed at pop-
ulation-wide health practice adoption can have unintended backlash. In the panel
discussion “The Plain People and COVID-19: Responses and Public Policy” at the
July 2021 conference of the Amish & Plain Anabaptist Studies Association, pediat-
ric geneticist Ethan Scott, who had just published a study of Holmes County, OH-
area pre-COVID-19 Amish vaccination practices (Scott et al., 2021), suggested that
the strong, politically polarized push for Americans to accept COVID-19 vaccines
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might be reducing Amish acceptance of other vaccines. We will reiterate his obser-
vation. Negative consequences of poorly received and population-targeted health
messaging can reach further than just non-adoption of the new practice and extend
to discontinuation of health practices already adopted. Policy makers and service
providers should weigh out the risks of any top-down, targeted outreach strategies.

Variation in Vaccine Adoption

Even as our study suggests that Amish populations likely have lower COVID-19
vaccination rates, we caution service providers and policy-makers against assum-
ing all Amish individuals are under- or unvaccinated. Though Amish people tend
to develop dominant consensus on matters of interest, Amish culture is not homo-
geneous; varying health practices and outcomes are one sign of this diversity (Flo-
ersch et al., 1997). Even within very similar cultural settings, individuals might have
intense opinions that differ one from another (e.g., Petrovich, 2017; Reiling, 2002;
Thalheimer, 2021; Welk-Joerger, 2019). Additionally, the Amish do differ (increas-
ingly) in class and material expenditures (Anderson & Autry, 2011; Choy, 2020;
Moledina et al., 2014), and income/social class has been associated with COVID-19
vaccine acceptance in other populations (Hudson & Montelpare, 2021; Mollalo &
Tatar, 2021). We thus emphasize that Amish identity should be considered an initial
basis from which to probe vaccination attitudes and that Amish identity does not
always mean vaccination hesitancy.

Future Directions

Populations with high undervaccination levels, such as the Amish, will continue to
be of interest as practitioners respond to population-specific outbreaks. Ongoing
inquiry is needed to understand how Amish peoplehood—including its religious,
ethnic, and other components—provides a meaningful script for attitudes toward
vaccination as well as why and how variation in Amish vaccination adoption occurs.
This suggests a need for comprehensive, qualitative studies utilizing robust theories
of health and health culture.

Appendix A

See Tables 3 and 4
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Table 4 Negative binomial regression of county-level daily COVID-19 vaccination rate, january 19th,
2022

Daily vaccination rate

% Amish population — 0.053*
[— 0.099, -0.007]
% Evangelical Protestant 0.012
[—-0.001, 0.024]
% Voting Republican in 2020 presidential election —0.002
[- 0.032, 0.028]
Median household income (in $1000 s) —0.008
[-0.027,0.011]
Non-metro county (ref. =Metro county) —0.235
[-0.705, 0.236]
Constant —-1.137
[—3.758, 1.483]
Observations 347
Number of counties 347
Pseudo R? 0.009
Mean VIF 1.433
Overdispersion test 1.319

95% confidence intervals are in brackets. Incidence-rate ratios are not shown in the table.
Coef coefficient, VIF variance inflation factor
##%p < 0.001, **p < 0.01, *p < 0.05
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