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Piloting Public Health No. 2

odernizing the public health data infra-
M structure for the US federal govern-
ment and state and local health departments is
a foundational tool indispensable for piloting
public health.

In this issue, we continue our exploration of
the situation in the United States. As a reminder,
the December 2021 issue of AJPH reviewed the
state of the health monitoring system (https://
ajph.aphapublications.org/toc/ajph/111/12). The
set of reports showed that, collectively, federal,
state, and city surveillance and survey programs
had begun to remedy the defective structures
and improved collection, processing, and dis-
semination plans. The system, however, was still
not upgraded to provide accurate estimates of
incidence and fatality rates from SARS-CoV-2
and COVID-19 and comparisons of them across
time, people, and places.

The June 2022 issue of AIPH (https://ajph.
aphapublications.org/toc/ajph/112/6) reviewed the
current state of city dashboards, which have been
established to remediate or complement the gaps
in existing federal surveillance. These dashboards
remain works in progress, needing sustainable
funding and geographical integration.

The October 2022 issue (https://ajph.apha
publications.org/toc/ajph/112/10) documented
the gaps in the information collected by the moni-
toring systems that can reveal inequities in COVID-
19's impact and generate appropriate responses.

In this issue, we showcase two initiatives,
one in Spain (p. 525) and the other in the United
Kingdom (p. 545), that attempted to provide
population-based estimates of the progression
of the COVID-19 pandemic. These are, in Spain,
the Seroepidemiological Survey of SARS-CoV-2
Virus Infection (Encuesta Seroepidemiolégica de
la Infeccién por el Virus SARS-CoV-2 en Espana;
ENE-COVID) and, in the United Kingdom, the
REal-time Assessment of Community Transmis-
sion (REACT-1) of SARS-CoV-2.

The ENE-COVID survey was nationwide,
although it excluded care-home residents,

Editor's Choice  Morabia

hospitalized people, people in prisons, nuns and
friars in convents, and residents in other collec-
tive facilities. It used two-stage sampling to ran-
domly select households across Spanish pro-
vinces, cities, and municipalities. All residents in
the household were invited to participate. The fi-
nal sample included individuals of all ages. This
study relied on the Spanish National Health Sys-
tem. Serum specimens were collected from all
participants two to four weeks apart. It also pro-
vided an important observation: the prevalence
of asymptomatic seropositive participants. In a
companion article, Pérez-Gémez et al. (p. 533)
describe the severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) infection during the
first and second epidemic waves in Spain.

The REACT-1 study sampled individuals aged
Syears and older in random cross-sections of
the population of England, using the National
Health Service list of patients registered with a
general practitioner (near-universal coverage) as
a sampling frame. There were 19 rounds of data
collection from May 1, 2020, to March 31, 2022.
It has generated real-time data on SARS-CoV-2
prevalence over time, by area, and by sociode-
mographic variables; estimates of vaccine
effectiveness; and symptom profiles, and it has
detected emergence of new variants by viral
genome sequencing.

The Spanish and British surveys are both exem-
plary. As stressed by Natalie Dean, Eran Bendavid,
Paul Elliott, and Daniel Jernigan in related editorials
(p. 514 to 523), despite specificities of the national
health systems they were able to build upon, they
demonstrate that it is possible to develop moni-
toring systems that are granular enough to track
the progression of health outcomes in communi-
ties. In the absence of such population-based
health monitoring, we will keep on flying blind
through epidemics and pandemics. 4JPH

Alfredo Morabia, MD, PhD
AJPH Editor-in-Chief
@AlfredoMorabia

23 Years Ago

[l Data From State Cancer Registries

While the expanding population-based state can-
cer data hold great promise for cancer surveillance,
various considerations influence their validity and
usefulness ... difficulties arise in coding race/ethnicity,
because concepts, perceptions, methodologies, and
the populations themselves change over time. ... The
method adopted in the US census is self-identification.
... By contrast, race/ethnicity information in medical
records usually represents the perception of physi-
cians, nurses, or clerks. ... In the case of some groups,
codingis particularly susceptible to inaccuracy. For
example, American Indians are frequently classified
as White by health care workers. A recent report from
the California Cancer Registry showed that. .. 1478
American Indian cancer cases were identified, 844
(57.1%) of which had been previously misclassified as
non-American Indian cases. During its first 3 years of
statewide operation, 41% (1990), 26% (1991), and 22%
(1992) of reports to the North Carolina Central Cancer
Registry lacked information on “Hispanic origin,” which
is problematic, especially in analyses of trends.

From AJPH, May 2000, p. 696

33 Years Ago

[l Data From Intravenous Drug Users

Intravenous drug users (IVDUs) who share inject-
ing equipment play an important role in the transmis-
sion of [HIV-1], the causative agent of [AIDS]. There is
some evidence that IVDUs are not a homogeneous
group, and that sub-populations exist with different
risks of infection with HIV. . . . Continued monitoring
of IVDUs for HIV seroprevalence is important to
identify high-risk sub-populations, to appropriately
target prevention programs, and to evaluate the
effectiveness of those programs. Samples of IVDUs
entering drug treatment are often used for monitor-
ing HIV exposure, partly because of their accessibility,
and partly because the period before entering drug
treatment is said to be characterized by a relatively
high frequency of drug injection, and unsafe injection
practices. . .. Use of data from drug abuse treatment
programs for monitoring HIV exposure should not be
adopted without further critical examination of the
potential biases involved; data from drug users
enrolled at different sites should not be pooled
unless they have first been examined separately
by site.

From AJPH, September 1990, pp. 1062 and 1066
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but the echoes of its effects on
public health laws and vaccination cam-
paigns remain. From colonial laws dic-

S mallpox may no longer be with us,

tating rules on quarantine and isolation
to 1905's Jacobson v Massachusetts Su-
preme Court case that confirmed the
ability of states to mandate vaccination,
the virus and response to it by govern-
ment authorities and medical profes-
sionals shaped public health response
in the United States.

Wehrman'’s thesis is that in the midst
of the American Revolution, a second
revolution was occurring throughout
the nascent country: individuals cam-
paigning for access to the new smallpox
preventive, inoculation. Because inocu-
lation (scratching smallpox material
from an infected person into the skin)
was a safer way to contract the infec-
tion, many individuals clamored for the
procedure. But although inoculation
was safer on an individual level, it could
wreak havoc for a town, as illicit inocula-
tion did in Boston, Massachusetts, in
early 1764—potentially unleashing an
outbreak, as live material was used and
inoculated patients could spread the vi-
rus to others if not kept under strict iso-
lation. Consequently, many towns, such
as nearby Marblehead and Salem, Mas-
sachusetts, had strict rules to limit inoc-
ulation, generally employed when a

BOOKS & MEDIA AIDI—I

certain threshold of families in the juris-
diction had been infected with small-
pox. Boston had this restriction as well,
but there were not enough people to
police its larger population. For exam-
ple, Paul Revere, the silversmith and
patriot from Boston, was suspected of
using inoculation without permission.

As Revere's (alleged) behavior
demonstrates, those with means and
influence could break such rules. The
wealthy could afford to travel to towns
where inoculation was permitted, such
as areas of Pennsylvania where laws
were more lax, and stay in smallpox
hospitals or private residences during
their convalescence that were inacces-
sible to those without means. The poor
could neither flee nor get inoculated
and were more likely to suffer from
higher death rates during smallpox
epidemics.

Sourced from archival documents—
letters between founding fathers, news-
paper articles, and more—Wehrman's
book details how some of the stories
about the early days of smallpox
inoculation are misleading. Wehrman
includes a chapter called “George
Washington's About Face,” describing
his evolving views from skeptic of mili-
tary inoculation (any soldier undergoing
inoculation “must expect the severest
punishment”) to advocate. Washington
found that inoculation was genius mili-
tary strategy, and he was resigned to
the fact that incoming soldiers were
not going to stop inoculating. Further-
more, Washington was convinced in
part because of his acquisition of a
staunch proinoculation doctor as his
medical advisor in late 1776, although
he still wavered in January 1777 (chap-
ter 7). Likewise, Thomas Jefferson was
inoculated but believed health was a
private aim rather than a public duty

Books & Media
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and wrote nothing publicly to encour-
age Americans to adopt the practice.

The book shines in bringing nuance
and context to these history-making
decisions and demonstrates that much
of the push for inoculation in the late
18th century outside the army came
not from the top down via mandates
but from the bottom up by vulnerable
individuals clamoring for protection.
Unfortunately, public health initiatives
too often fizzled once the initial outcry
faded, lessening in urgency after mass
inoculation and even more during the
early days of vaccination as yellow fever
increased in incidence and miasma the-
ory increased in popularity. Focus
turned to individual diet and hygiene in-
stead of collective action, and an at-
tempt at a national vaccine institute
designed to provide vaccination for all
was underfunded and folded after just
nine years.

Organized chronologically, the book
is divided into 10 chapters, ranging
from the introduction of inoculation in
the colonies in 1721 to the replace-
ment of inoculation with the English
doctor Edward Jenner's vaccination
procedure in the early 1800s. For the
most part, chapters focus on a single
incident or locale and a fight over inoc-
ulation and then connect that to the
large picture of the smallpox revolution-
within-the-revolution. Wehrman's work
adds to the literature on colonial small-
pox, showing how central it was to the
Revolution and building on work done
by Elizabeth Fenn in Pox Americana
(2007).

Public health officials, and those with
an interest in public health law in par-
ticular, would benefit from Contagion of
Liberty. Over the past three years of the
COVID-19 pandemic, controversies
about preventive measures, govern-
ment versus individual control of

464 Books&Media Smith

health, medical racism and health
inequities, disease versus the economy,
and vaccine mandates have raged.
Wehrman shows that this is not new
ground we are treading, although per-
haps a minor flaw of the book is that
connections with the COVID-19 pan-
demic are suggested but not explicitly
discussed. Wehrman's work can help
current officials understand the under-
currents of resistance and the success-
ful (or failed) responses from centuries
past and potentially inform current
campaigns. AJPH
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> 8 See also Randazza et al., p. 559.

xtreme heat is a public health
E threat that extends beyond juris-
dictions and institutions and has urgent
short-term emergency and long-term
mitigation components. Managing this
issue can be problematic. Heat action
plans (HAPs) are one policy tool used
by public health and emergency man-
agement agencies to address the pub-
lic health impacts of an increasingly
warming environment. The article by
Randazza et al. in this issue of A/PH
(p. 559) examines the common content
of HAPs and identifies gaps in heat
preparedness.

RECOMMENDATIONS

The Centers for Disease Control and
Prevention (CDC) guidance for develop-
ing HAPs details their scope and poten-
tial components, including identifying
vulnerable populations, surveillance,
heat-health messaging, cooling centers,
and coordination among agencies.' Of
the 21 plans analyzed by Randazza
et al, the vast majority include ele-
ments recommended by the CDC and
illuminate a gap between identifying
vulnerable populations and outreach
specifically targeted to those most
at risk.

Exposure and risk levels of extreme
heat are as varied as the microclimates

where people reside, and solutions
should reflect the local context. The
effects of extreme heat are a localized
issue owing to factors such as urban
heat island effects, prevalence of air
conditioning, energy insecurity, climate
zone, development patterns, preexist-
ing health issues, and socioeconomic
factors. In the metropolitan Phoenix,
Arizona, area, for example, the majority
of cooling centers are open continuous-
ly from May through September, rather
than being activated by National Weath-
er Service forecasts, given the high aver-
age temperatures during that period.
The Maricopa County Department of
Public Health reported that two thirds
of heat-associated deaths occurred on
days when an excessive heat warning
was not issued (Figure 1)

Community engagement, especially
with the most heat vulnerable, should
be part of the heat action planning pro-
cess to ensure a local perspective in
strategies deployed. Although the CDC
guidance recommends targeting cer-
tain at-risk populations, its list is not
exhaustive. Understanding the local
setting can identify other at-risk groups.
For example, in Maricopa County, mo-
bile homes compose 4.9% of the hous-
ing stock yet account for 27.5% of the
indoor heat deaths.* Some communi-
ties are taking action to mitigate heat in

OPINIONS, IDEAS, & PRACTICE AIDI‘I

their community. Consideration should
be given to community-driven HAPs
that include community-vetted
solutions.”

HEAT GOVERNANCE

The majority of the plans (81%) analyzed
by Randazza et al. were led by the Office
of Emergency Management, and

28% of the plans listed public health
departments as having a leading role.
Randazza et al. excluded plans that fo-
cused on long-term planning without
addressing heat emergencies. Extreme
heat is an intersectional issue. To move
beyond emergency responses to ex-
treme heat management, structural
inequities and root causes need to be
identified and addressed. Shifting from
an emergency model to a traditional
public health governance structure
would promote long-term policies and
help public health care systems transi-
tion to building climate change

G ON ‘ELL |OA ‘€207 Ao HdIV

resilience.®

Long-term planning strategies were
absent in the HAPs the authors analy-
zed but may be beyond the scope of
emergency management or public
health entities. Heat mitigation strate-
gies, including increased use of green
infrastructure, shading of public path-
ways, cool roofs and pavements, and
energy assistance, may be better ad-
ministered by municipal or regional
governments. Coordination of HAPs
with municipal or regional climate ac-
tion plans can amplify efforts to in-
crease thermal comfort for residents
both in the short and long terms. An
increasing number of municipalities
are building heat response offices to
coordinate actions in their city, thus
breaking out of siloed decision-making
to deliver more effective services.” Pub-
lic health departments can develop

Editorial Guardaro 465
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similar heat response offices, which
would be headed by a public health ex-
treme heat officer with responsibility
for coordinating public health heat
issues.

EQUITY

Interestingly, Randazza et al. highlight
the gaps between identifying at-risk
populations and implementing target-
ing programs (see Figure 3 in Randazza
et al.). This is problematic, especially be-
cause general communications can
perpetuate the misunderstanding that
heat warnings are not meant for these
at-risk populations. The lack of heat risk
perception in adults aged 65 years and
older has been well documented and
has been a barrier in reaching this pop-
ulation effectively.® Understanding per-
sonal risk is the first step in seeking
heat-reducing programs and changing
behavior.

Centering equity and environmental
justice in HAPs addresses the differing
heat risk between communities in the

Guardaro

same city. Extreme heat is an equity is-
sue that reflects historical underinvest-
ment in infrastructure, discrimination,
and lack of access to cooling amenities.
HAPs can shift this dynamic by target-
ing historically underserved and over-
burdened people.’

SURVEILLANCE

Despite all plans calling for monitoring
and surveillance, few incorporate sur-
veillance data into the review process.
HAPs compile a range of data from
National Weather Service forecasts,
heat-health data such as heat-related
emergency department visits, monitor-
ing of at-risk populations such as those
experiencing homelessness, and infor-
mation on cooling center use, utility
infrastructure, and police and fire
department calls. Along with these mea-
sures for managing heat as an emer-
gency situation, other data should be
part of the decision-making process

to gauge changing demographics, insti-
tutional capabilities, funding, and

increased incidences of hazards, which
could guide a coordinated, collabora-
tive, comprehensive extreme heat
response.

CONCLUSIONS

HAPs present an opportunity to ad-
dress the growing public health crisis.
Caution should be taken when develop-
ing the HAPs to go beyond business as
usual to reflect the needs and context
of local communities. HAPs should be
examined holistically to measure the
effect of a coordinated response and
synergies with other heat policy tools,
such as climate action plans. Given
climate predictions, the HAPs are one
important path to improving public
health outcomes and increasing
climate resilience. 4JpH
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A4 knew about birth control be-

I cause | had been to see the great
Hannah Stone as a patient.” Those words
could have been spoken by any one of
thousands of New York City women be-
tween 1925 and 1941. As it happened,
they were spoken by Mary Steichen
Calderone, first medical director of the
Planned Parenthood Federation of
America (1953-1964) and cofounder in
1964 of the Sexuality Information and
Education Council of the United States
(SIECUS). Calderone added, “[Hannah
Stone] fitted me with a diaphragm, of
course."

As Robin E. Jensen describes in “The
First Publication on Contraception in a
US Medical Journal, 1928: Hannah Mayer
Stone's Case for Contraceptive Care Be-
fore the Pill" Hannah Stone was one of
the great pioneers of contraceptive
medicine in the 20th century. Today, in
the wake of the US Supreme Court's
2022 Dobbs decision, when access to re-
productive health care cannot be taken

Editorial More

for granted, Stone's example takes on
renewed importance.

Her contributions were often over-
shadowed by figures such as Margaret
Sanger, for whom she worked at the
Clinical Research Bureau of the American
Birth Control League in New York City,
and Robert Latou Dickinson, MD, an
advocate for birth control as part of
good medical practice and founder of
the Committee on Maternal Health. Yet,
at great legal and professional risk,
Stone laid the groundwork for medical-
ly sound contraceptive care. Her 1928
article was the first published account
demonstrating the effectiveness and
safety of contraceptive methods
antecedent to the birth control pill in
1960. Just as important, her work
was a model for individualized,
patient-centered care.

Disregarding the risks to her career—
not only was Stone one of a minority
of women among practitioners in the
United States in the interwar years

(4.4% in 1930),% she chose to work in
the professional hinterlands of contra-
ceptive medicine—Stone made a signal
contribution to the eventual acceptance
of birth control as part of public health
and private practice. She created a net-
work of likeminded practitioners who
would, she hoped, replicate her findings
and expand the availability of effective
birth control.

At the heart of Stone’s success was
a steadfast commitment to careful
recordkeeping and follow-up with her
patients, a precursor to clinical research.
She and her husband, Abraham Stone,
MD, published a highly regarded sex-
and-marriage manual based on counsel-
ing many hundreds of couples. In her
birth control practice, too, Stone listened
to her patients and modified her prac-
tices in response to their feedback.
Her patients rewarded her care with
high rates of adherence, providing her
with the data to make a “pioneer con-
tribution,” in Dickinson's words, to the
published literature on contraception.”

Stone’s achievements were significant
but preliminary. Widespread recogni-
tion of birth control as a part of good
medical practice became evident after
1959 when the American Public Health
Association endorsed it. The American
Medical Association followed suit in
1964 (two years after the pill became
available), but only after joint efforts by
Calderone, Janet Dingle, and others to
persuade its leaders to amend the
organization’s policy.°

As Jensen writes, Stone worked from
the principle that “effective provision
of contraceptive care always starts and
stops with attention to the experiences
and needs of individual patients."”®- 7%
Subsequent generations of birth con-
trol advocates, however, have learned
another lesson: that contraceptive
health care, indeed sexual health care



more generally, begins long before any-
one becomes a “patient.”

According to a recent survey, three
quarters of American youths 13 to
17 years of age have accessed pornog-
raphy online.® At least up to the onset
of the COVID-19 pandemic, more than
half of the students in that age group
participated in sexual activity in some
form.? Preserving their sexual health
requires engaging with students about
facts and values related to sexuality;
the conversation must begin long before
they visit a doctor’s office or a clinic. They
need access to scientifically sound, age-
appropriate, gender-inclusive, and com-
prehensive sex education. They are
more likely to receive it—if they do—in
schools than in their homes or religious
institutions.'®

Sex education has been at the heart
of some of the most divisive battles in
American school systems, particularly
since the early 1960s. Sex education
advocates such as SIECUS have
attempted to balance a focus on basic
anatomy lessons, pregnancy preven-
tion, and reductions in sexually trans-
mitted infections with topics such as
healthy attitudes, self-esteem, and
communication skills. That has been a
mostly losing battle, and not just be-
cause of the successes of social conser-
vatives in establishing “abstinence-only”
and “abstinence-plus” curricula. Ameri-
cans are simply uncomfortable talking
about sexuality as what Calderone
called a "health entity.”

The origins of “comprehensive” sex
education track closely with the grow-
ing concern over safe sexual practices
in response to the dangers of HIV/
AIDS."! Since 1989, architects of sex ed-
ucation have focused on curricular goals
that could be measured and compared
with abstinence-only sex education, es-
pecially a curriculum'’s effectiveness in

delaying the onset of sexual activity,
unwanted pregnancies, and sexually
transmitted infections." In today's world,
demands for reproductive justice can-
not be met unless all students can ac-
cess reliable information that enables
them to achieve the goal of sexual
health in an atmosphere that conveys
information without evoking shame or
fear of sexuality. Stone helped begin
this process, patient by patient. Today
we need to translate her patient-centric
values to the widest possible audience
of young people in both the classroom
and the clinic. 4JPH
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Artiﬂcial intelligence (Al) and tele-

medicine, individually and togeth-
er, are rapidly changing how patients
interact with the health care system. Al
coupled with health care delivery via
telemedicine can help promote shared
decision-making by bringing data-
informed predictions to patients and
their providers.” These technologies
have potential to improve meaningful
access to quality care by meeting
patients where they are and empower-
ing them, in collaboration with their
providers, to take steps toward pro-
moting their health.

Yet Al-powered health care also has
potential to exacerbate existing health
care disparities,2 cause harm to
patients, and fail to serve the health of
the publicif it is not designed and
deployed with attention to patients'
values, needs, and priorities. In doing
so, these technologies may not only
cause harm but also may undermine
public trust in Al in medicine. The re-
cent proliferation of Al-powered chat-
bots illustrates the simultaneous power
of Al and its potential threats to trust
in science and medicine. The journal
Nature, for example, recently issued

Editorial  Kroft

guidance for transparency around the
use of chatbots in producing scientific
work out of a recognition that their use
could signal a lack of scientific integrity
and trustworthiness.>

Al'in health care delivery similarly has
great potential to support clinical com-
munication and decision-making, but it
is easy to imagine how its use could
convey insincerity, provide inaccurate
or unhelpful information, or otherwise
undermine a therapeutic patient-
provider relationship. Indeed, trustworthy
Al in medicine requires attention not just
to considerations such as transparency
of the Al itself but also to how its use
affects patients’ experiences receiving
care, their ability to make autonomous
decisions, and health equity across
society more broadly. Trustworthy
medical Al must incorporate a nuanced
understanding of people’s health care
experiences—which previous qualita-
tive work has shown can be influenced
by multiple factors at both the interper-
sonal and organizational levels*—and
how Al may change them. A holistic ap-
proach that recognizes the interplay
among technology, policy, and interper-
sonal relationships is essential to

understand how Al affects patients’
experiences and ability to trust in the
care they are receiving.

BEGINNING WITH
RELIABILITY AND
RELATIONSHIPS

Centering the conversation around
trust, however, may not be enough. As
Kerasidou et al.® argue, focusing on
trust overlooks a critical systems-level
responsibility: reliability. That is, before
we can begin talking about earning
patients’ trust, Al in health care must be
scaffolded by robust regulatory and
ethical oversight and accountability. In
their article, Tiribelli et al. (p. 577) offer
an ethical framework for how to work
toward such reliability for Al-based tele-
medicine, a context in which there has
previously been little attention paid to
understanding the nuances of how to
ethically deploy Al. Telemedicine is a
key patient-facing technology—made
even more important throughout the
COVID-19 pandemic—in which the
technology mediates patients' interac-
tions with their health care providers,
alleviating some barriers to health care
while in some cases introducing others.
Recognizing that reliability is essential
for Al-based telemedicine, and yet
existing ethical frameworks have not
been tailored to its unique considera-
tions, Tiribelli et al. synthesize frame-
works from multiple disciplines to ex-
amine what reliable ethical oversight
should look like in this setting.

In discussing their framework, the
authors note the importance of recog-
nizing patients’ social situatedness and
using a relational autonomy lens to un-
derstand how people make health care
decisions. Even beyond autonomous
decision-making, relational ethics can
offer a broader appreciation of how to
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develop ethical guidelines that will max-
imize benefits and minimize harms that
are most impactful for patients. A rela-
tional lens reminds us that patients,
providers, technology developers, regu-
lators, and indeed all of us are in-
formed by the social context in which
we live and our relationships with one
another.® Technology is not values-
neutral; rather, it reflects the values of
those who create it, those who collect-
ed the data that it builds on, and the
sociopolitical context for which it is tai-
lored. In their article, Tiribelli et al. offer
an approach to break down some of
the values embedded within Al-based
telemedicine and illustrate that it raises
perpetual ethical questions of what the
impact of medical technology is on
patients and how it ought to be
designed and implemented to promote
ethical and equitable health care.

INTEGRATING DIVERSE
PATIENT VOICES

Key to addressing these questions is
the voice of the patient—or rather,
many voices of many patients. If medical
technology is meant to help patients
flourish, it needs to recognize and make
space for the diversity of ways in which
people flourish, as well as the things
that prevent people from flourishing.
Societal systems of oppression includ-
ing, but not limited to, racism, sexism,
and ableism have well-documented
impacts on people’s health as well as
their ability to engage safely and effec-
tively with the health care system; a ro-
bust appreciation of these systems and
their impacts is necessary if Al-based
telemedicine is to work toward disman-
tling them and advancing health equity.”
In applying their framework, Tiribelli
et al. rightly highlight the importance of
“equity in user representation with

specific attention to the inclusion of
marginalized/vulnerable groups” during
the process of technology design and
deployment. This work of understanding
patients’ lived experiences must be
foundational to the development of
medical technology and particularly
Al-based technologies that have poten-
tial to amplify and further embed
existing disparities. This will require a
commitment to patient- and community-
engaged research on the part of those
who develop, implement, and fund med-
ical Al. This work need not start from
scratch, but can build on the ground-
work, missteps, and lessons learned in
fields like genetics, which has navigated
ethical questions about accuracy, utility,
and social implications of predictive test-
ing for more than 30years. Key among
these lessons is that it is critical to en-
gage with a diverse range of patients
and communities, especially those who
have been marginalized and mistreated
in medicine, early and often throughout
the development process to identify pri-
orities, ensure usability, and minimize
harms.

Health care systems have long
failed their most marginalized patients,
and new technology gives us the
opportunity—and obligation—to do
better. Building Al with patient voices at
the center is essential to ensure it nei-
ther contributes to nor is indifferent to
the failures of the past and present, but
instead is working to advance inclusivity
and justice in health care. As we contin-
ue to learn about the impacts of Al on
patients and their communities, and as
technology and health care systems
evolve, ethical frameworks that allow us
to be responsive to these changing
needs will be best situated to promote
reliability and support medical Al that,
over time, can show itself to be worthy
of patients’ trust. 4JPH
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he business of selling flavored

Te-cigarettes to youths is built on
a foundation of loopholes. In this
issue, Azagba et al. (p. 568) discuss
their thorough review of state laws and
legal loopholes in the final step of the
distribution chain that begins with
e-cCigarette manufacture and ends with
delivery to vaping adolescents. This pub-
lic health problem was avoidable, but be-
cause of a combination of gaps, loop-
holes, and uneven enforcement, millions
of young people are now nicotine depen-
dent despite never smoking a cigarette.

The legal landscape of e-cigarettes in
the United States has been in disarray
ever since the introduction of the prod-
uct to the market in early 2007. At that
time, there were no state laws addres-
sing the sale or use of these novel nico-
tine delivery devices. In 2008, the US
Food and Drug Administration (FDA)
sought to halt e-cigarette importation
as a drug delivery device without ap-
proval and, in response, manufacturers
filed a legal challenge to the FDA. While
that lawsuit was pending, Congress
passed the Smoking Prevention and

Gottlieb

Tobacco Control Act of 2009, which
granted the FDA regulatory authority
over tobacco products. In 2010, an
appeals court ruled that the FDA should
regulate e-cigarettes as tobacco pro-
ducts rather than drug delivery devices.”

Under the act, to regulate anything
other than cigarettes or smokeless to-
bacco, the FDA first must engage in a
rule-making process to deem them
to be tobacco products. This took the
agency six years to complete while
e-cigarette sales grew sevenfold.” Dur-
ing this time, devices rapidly evolved
into sleek, flavored, and palatable high-
dose rapid nicotine delivery systems
that youths found socially and physio-
logically compelling.® Juul introduced
its product to the market in 2015 with
more than twice the nicotine concen-
tration of its competitors and quickly
gained 75% of the US e-cigarette mar-
ket By 2018, the US Surgeon General
characterized youth vaping as an
epidemic.

The overwhelming majority of vaping
adolescents were using e-cigarette pro-
ducts with flavors such as fruit, mango,

and mint.® The FDA announced in early
2020 that it would no longer permit
pod-based e-cigarette producers
such asJuul to sell their products with
flavors other than tobacco or menthol
varieties.” For reasons not well under-
stood, the FDA exempted single-use
flavored e-cigarette products known
as “disposables” from its enforcement
plan. Because of this loophole, high
school students’ use of flavored dispo-
sables quickly increased 10-fold in
2020.8 Puff Bar, a leading disposable
brand that sold all of the prohibited
Juul flavors and more, became the
top-selling e-cigarette brand among
youths.® Shortly thereafter, the FDA
issued warning letters to Puff Bar and
other sellers of disposable flavored
e-Cigarettes because, as it turns out,
none of those products were autho-
rized for sale by the FDA or otherwise
eligible to be legally sold.? Puff Bar
quickly discontinued online sales. This
closed a gaping loophole. Or did it?

In 2021, Puff Bar and other disposable
flavored e-cigarette makers found an-
other loophole to exploit and quickly
returned to the market with products
they claimed used nicotine that was
not derived from tobacco, which, they
argued, exempted them from the FDA's
regulatory authority over tobacco pro-
ducts."® These flavored e-cigarettes
were available both at retail and a
seemingly endless number of online
vendors. Congress, as part of the Con-
solidated Appropriations Act of 2022,
sought to close this loophole by grant-
ing the FDA explicit regulatory authority
over nicotine-containing tobacco pro-
ducts regardless of the nicotine’s source.
Although this law went into effect in April
2022, flavored disposable e-cigarettes
continue to be readily available online
and in stores. The FDA states that it
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received approximately one million
applications for nontobacco nicotine in
2022, and, as of February 2023, none
has received marketing authorizations
from the agency."" Although it appears
that these federal legal loopholes per-
mitting sales of flavored e-cigarettes
have been closed, a significant and per-
sistent enforcement operation is needed
to stop unauthorized product sales.
Although it is not legal to sell tobacco
products to persons younger than
21years, adolescents still get them,
often through online sales."? At the
federal level, Congress passed a law in
2020, the Preventing Online Sales of
E-Cigarettes to Children Act, which
resulted in the US Postal Service and
major parcel delivery companies ex-
cluding themselves from e-cigarette
delivery operations. But, as Azagba et al.
note, independently contracted drivers
have found a regulatory gap to contin-
ue e-cigarette deliveries from online
and telephone purchases. This gap the-
oretically can be closed at the state lev-
el, and the authors found that, indeed,
34 states have passed such laws, with
27 of them requiring age verification for
delivery, a critical provision to include.
Azagba et al. observe that inconsis-
tencies in state law provisions leave
unfortunate loopholes or, where en-
forcement of the law is lacking, the
potential to simply disregard such
laws. This points to a need for model
legislation to be established and widely
adopted to close loopholes and pro-
vide strong but practical enforcement
procedures and penalties. Although
enormous challenges remain upstream
as the FDA seeks to get a handle on
controlling unauthorized sales of fla-
vored e-cigarettes, the work of Azagba
et al. reminds us that there are con-
crete steps that can be taken at the
state level to reduce the volume of

e-cigarettes reaching youths. In addi-
tion to delivery laws, comprehensive
flavor bans such as those enacted in
California and Massachusetts provide a
way to reduce access to the products
that are most responsible for youth
initiation and dependence on tobacco
products. 4JPH
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n 2020, Peitzmeier et al." published
I a systematic review and meta-analysis
of the prevalence and correlates of
intimate partner violence (IPV) against
transgender people. Their article
garnered wide public engagement,
and Altmetric currently scores it as in
the top 5% of all research outputs. It
was groundbreaking in its methodo-
logical approach, presenting data that
were “publicly available for the first time
from more than 40% of included
studies and leverag[ing] data from
almost 50 000 transgender
respondents.”'Pe1?

Among the various central findings,
the authors report that transgender
individuals are more than twice as likely
as cisgender individuals to experience
physical and sexual IPV in their life-
times. For school-based samples (mid-
dle school, high school, and college),
they found that transgender students
and youths were up to 3.9 times more
likely to experience IPV than were their
cisgender peers.

| provide some context for why
these findings have been so widely
cited and shared, and for how the
article remains relevant to explaining
some of the sources of today's contin-
ued attacks on transgender people and
transgender rights.

Editorial Coston

THIS MOMENT IN
TRANSGENDER HISTORY

Although we would not have used the
same terms, and the individuals them-
selves would not have understood
gender the way we do today (because
gender itself is always culturally and his-
torically situated), we can definitively say
that transgender people have always
existed.?”® So why, then, are transgen-
der people only recently increasingly
the focus of politicians’ campaigns,
parents’ self-help Facebook groups,
pop cultures' commentary, gun-toting
extremists’ protests, and legislator's
public agendas?

The answer lies, in part, in what some
describe as the backlash theory of
politics, or

a particular form of political contes-
tation with a retrograde objective as
well as extraordinary goals or tactics
that has reached the threshold level
of entering mainstream public
discourse.”(P740)

We are seeing that as more transgen-
der people—particularly youths—
announce their presence to the world,
attempt to claim positions of political
power, and are represented in popular
culture (e.g., on TV shows, in fashion),

those who are fearful of gender fluidity
or ignorant about gender itself make
arguments for a return to “simpler” or
“more Christian” times. Embedded in
these arguments is the belief that trans-
gender people are harmful, lying, deceit-
ful, predatory (e.g., not Christian) others
and that transness itself is a contagion
to be culled.® These arguments harken
to a time (retrograde) when transgender
people certainly existed but were largely
and often purposely hidden from social
view. In reality, transgender people were
violently forced to be “deceitful” to ob-
tain care, and, in the process, have been
erased from history.”

Still, this rhetoric has terrifying
carceral-legal impacts. Each year since
the 2020 presidential election, when a
vehemently antitransgender president
lost reelection, the United States has
seen a record-breaking number of anti-
transgender laws, bills, and executive
orders introduced.”'® For a while, anti-
transgender legislation remained fairly
stable, approximately 20 bills each year
from 2015 t0 2019.%"" Then there were
60 in 2020, 131 in 2021, 183 in 2022, and
371 in the first two months of 2023.°
Although many of the bills have been
dead on arrival, we have seen the pas-
sage of legislation in 23 states across the
United States that restricts transgender
youths' access to equitable education
and extracurricular sports activities, pre-
vents transgender adults from changing
their identification documents and being
able to adopt children, and criminalizes
the health care workers and facilities
that provide gender-affirming care.’

SCORNED LOVERS AND
INTIMATE OTHERS

The belief that we are deceitful, violent,
and predatory, supported by legal



intervention, permeates every aspect of
the interpersonal, familial, and commu-
nal spheres. For 21 years, the National
Coalition of Anti-Violence Programs
found that bias-motivated murders
against transgender people, particularly
transgender women of color, were
increasing. In their most recent report,
more than half of all murders occurred
at the hands of a known offender

or dating partner (including first
meetups).'? For hate violence that did
not result in murder, 20% were com-
mitted by family members or relatives,
13% were committed by a friend, and
12% were committed by a current or
former lover or partner."" For violence
reported as intimate and from a part-
ner (i.e., not reported as a hate violence
incident), 33% involved antitransgender
bias in the offender’s tactics."’

For transgender people, hate
violence is often intimate, and intimate
violence is often imbued with hate. The
piece by Peitzmeier et al. confirms this,
finding that IPV victimization was asso-
ciated with bullying, family assault,
family harassment, general violence
victimization, repeated gender-related
victimization, and everyday discrimina-
tion. There have been a handful of
prominent headlines throughout the
years that bolster the claim that intimate
partner and hate violence are bound up
with one another. The Washington Post
also recently found that nearly half of
all transgender women killed between
2015 and 2020 died at the hands of an
intimate partner."®

Scorned exes and former intimate
partners of transgender people commit
all kinds of violence in the aftermath of
relationships, not just murder. One of
the most famous examples of such a
scorned ex is said to be Janice Raymond.
In 1979, Raymond—a 35-year-old self-
identified radical lesbian feminist and

assistant professor of women's studies
at the University of Massachusetts,
Amherst—published a book based on
her dissertation, titled The Transsexual
Empire: The Making of the She-Male. In it,
she argued that the existence of trans-
gender people (largely she writes only
about transgender women) reinforces
the patriarchal oppression of (cisgen-
der—although she does not use this
word) women and constitutes a symbolic
act of sexual violence against them.

The Transsexual Empire thrust Raymond
into the political milieu, and in 1980
she was asked to write a report for the
National Center for Health Care Tech-
nology that was funded by the US
government. In this report, which was
titled “Technology on the Social and
Ethical Aspects of Transsexual Surgery,”
she argued that medical intervention
for transsexual people is an ethical
issue that raises “questions of bodily
mutilation,” and she ultimately called for
“the elimination of transsexualism.”"*
Her report and conclusions were used
as the foundation for Medicare's
blanket exclusion of transgender
health care coverage—which was not
lifted until 2016.

Why is this story about Raymond im-
portant? Julia Serano recently wrote a
Twitter thread about how she discov-
ered, when doing research for her own
book Whipping Girl (2007), numerous
references that suggested Raymond
had either “been dumped by a trans
woman she was dating” or had been
left by her “cis female partner” “for a
trans woman" before finishing and pub-
lishing The Transsexual Empire. It would
seem that personal experiences with
transgender people are what fanned
the public, social, and political flames
of Raymond’s antitransgender bias.

Unfortunately, as Peitzmeier et al.
found, there is little work being done
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to identify and better understand the
characteristics, motivations, biases,
beliefs, cognitive processes of abusive
partners and the potential opportuni-
ties to prevent or intervene in their
violence. In fact, “no studies included
in the review explored the characteris-
tics of abusive partners for transgender
victims of IPV,” and no study has
“developed or tested the efficacy of
transgender-specific IPV primary
prevention interventions.” P10

QUELLING TRANSGENDER
ANTAGONISM

Transgender antagonism is everywhere
today."® This is also an important as-
pect of the findings of Peitzmeier et al.:
those who experience IPV are often
left isolated and without care in the
aftermath. Discrimination in IPV and
domestic violence shelters is common,
especially for transgender women,
those perceived by others as transgen-
der, disabled individuals, and indige-
nous, multiracial, and Latine survivors.
Service providers, ranging from shelter
staff to law enforcement officials, report
feeling uncomfortable serving trans-
gender clients, and nurses trained
specifically in sexual assault forensics
report being unprepared to work with
transgender patients. With the known
risks of engaging with the police, and
histories of familial rejection, transgen-
der people may have nowhere to turn
when faced with a violent partner.

This lack of knowledge, training, and
willingness to effectively serve trans-
gender survivors has wide-reaching
effects. The studies analyzed by
Peitzmeier et al. show that experienc-
ing IPV, in the confines of this transgen-
der antagonism, increases the risk of
reporting poorer physical, sexual, and
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mental health outcomes as well as
being more likely to report using
substances to cope. Given this, they
conclude:

Efforts are needed to develop
transgender-specific, transgender-
inclusive, and transgender-led
interventions for IPV prevention,
screening, reporting, and response
in transgender populations

worldwide.'®e?

COMMUNITY
INVOLVEMENT AND
CHANGE

A key takeaway from the work of
Peitzmeier et al. is that we (all) must
end the epidemic of antitransgender
violence and that we (transgender
people) cannot do it alone. It is far past
time for every scholar, activist, service
provider, health care worker, politician,
and community member to come
together to address this critical public
health and human rights concern.

For additional resources, information-
al guides and reports, organizations,
and service providers, and to learn how
to get involved nationally or in your local
area, start by visiting the National Sexu-
al Violence Resource Center's transgen-
der survivor support page.'® 4JpH
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or years in our modern era, a wide-

F ly accepted political truism was that
no one from either major political party
could win the White House without first
winning the New Hampshire presiden-
tial primary. When Bill Clinton won the
White House in 1992 after losing the
Granite State primary, the truism was
modified to apply only to Republican
candidates. After George W. Bush did
the same in 2000, well, never mind. “It's
tough to make predictions, especially
about the future,” noted Yogi Berra.'

Writing this commentary on a 20-
year-old article is a guilty pleasure. The
pleasure comes from revisiting the
ideas of Bruce Vladeck, a health policy
legend who ran the US Health Care
Financing Administration under Presi-
dent Bill Clinton. He is an indefatigable
advocate for disadvantaged groups
and for the US health care safety net.
His policy writing is always illuminating
and indispensable, including for this
commentary. The guilty part is identify-
ing mistaken predictions via the sweet,
powerful elixir of hindsight. It's just
too easy.

Vladeck's 2003 AJPH article, “Universal
Health Insurance in the United States:
Reflections on the Past, the Present, and

the Future,” offers historical-cultural and
structural-political explanations for the
United States' lack of universal health in-
surance.” Written in a period of Republi-
can “trifecta” control of the White House,
Senate, and House of Representatives,
the only viable national health policy as-
piration at that time was adding outpa-
tient prescription drug coverage to
Medicare, which happened that Decem-
ber in the form of Part D.

At that time, many health policy-
makers and advocates were still licking
their wounds from the 1993-1994 Clin-
ton health reform catastrophe and the
1997 Balanced Budget Act, which had
been financed largely by cuts to Medi-
care. No leading indicator of the future
Affordable Care Act, signed in 2010,
was visible on the nation'’s political ra-
dar screen. Buying outpatient drugs for
Medicare enrollees had been an explic-
it campaign promise from both 2000
presidential candidates, George W.
Bush and Al Gore. Expanding insurance
coverage for about 40 million unin-
sured Americans—universally or
incrementally—did not seem to matter
as much then.

Many of Vladecks historical-cultural
explanations for the laggard status of

OPINIONS, IDEAS, & PRACTICE AIDI‘I

US health insurance coverage are spot-
on relevant today. These include many
Americans' long-standing antipathy to-
ward government, well baked into our
political culture. The lack of working-
class solidarity, the absence of a nation-
al labor party, plus deep and persistent
racial divides, all have blocked social
progress, he aptly observed. Reinforcing
these trends in current time, US union
membership continues its decades-long
decline, from 20.1% in 1983 t0 12.9% in
2003, and to 10.1% in 2022.°

Likewise, VladecK's political-structural
explanations remain persuasive. Our
enduring Madisonian republic purpose-
fully inhibits “small-d” democratic
advances through the division of pow-
ers among three federal branches of
government and between the two
houses of Congress. Achieving substan-
tial social and economic advances is
more feasible in parliamentary systems
where legislative and executive powers
are joined.

G ON ‘ELL |OA ‘€207 Ao HdIV

As a result, our dispersed public pow-
ers and authorities have always been
unequal, still true today, although less
explicitly than when political power was
monopolized well into the 19th century
by property-owning White men. The
2011 Occupy Wall Street movement,
Thomas Piketty's ground-breaking 2014
book on historic and contemporary in-
come and wealth inequality, and the
2020 Minneapolis, Minnesota murder
of George Floyd are three thunderous
reminders of how much has not chan-
ged and needs action.”

Vladeck wrote seven years before the
US Supreme Court's 2010 Citizens Unit-
ed ruling, which unleashed torrents of
unlimited spending on political cam-
paigns by corporations and the
wealthy. Even in 2003, he observed
how “the power of money becomes
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even greater . .. political contributions
can often be evaluated in terms of sim-
ple return on investment. Groups with
significant economic resources have
long been opposed to universal health
insurance.”"” He—and we—had no
idea how much worse campaign fi-
nance would become by 2023.
Understandably, not all Vladeck's
conclusions hold today—and those
also are worth consideration. Vladeck
wrote in a period of outspoken despair
at endlessly poor prospects for mean-
ingful insurance coverage advances.
Yet just seven years later, a Democratic
trifecta under President Barack Obama
enjoyed a 60-vote filibuster-proof Sen-
ate majority for just seven magic
months (July 2009 to January 2010) and
used that to achieve major expansion
and reform via the Affordable Care Act
(ACA). Democrats accomplished this
with zero Republican support and thus
without policy concessions that would
have watered down the ACA beyond
recognition. Vladeck did not see this
coming, and no one else did either.
Context matters in ways not so obvi-
ous in 2003. Vladeck wrote in the middle
of the nation’s 40-year embrace of neo-
liberal and free-market fundamentalist
ideas then holding a tight grip on our
body politic. The startling 2008 econom-
ic collapse shook Americans’ conscious-
ness and delivered control of the White
House and Congressional majorities
barely sufficient to pass the ACA. Unlike
Medicare and Medicaid, created in 1965
by President Lyndon Johnson during the
New Deal era, the ACA needed to con-
form to neoliberal notions that private
health insurance was superior to the
public brand. Even creating a smallish
“public option” in ACA insurance market-
places was a political bridge too far.
Although neither the 2008-2010
financial collapse nor the ongoing

McDonough

COVID-19 pandemic fomented a full
counterrevolution, the ground is shifting
today. As Michael Tomasky documents
in his 2022 book, The Middle Out, wide-
spread public acceptance of tax cuts for
the wealthy and deregulation have both
lost steam.”®'3) Today, a new genera-
tion of progressive ideas on govern-
ment and social policy have taken hold
within the Biden Administration, among
Congressional Democrats and some
Republicans, and in American opinion.
Team Biden, especially those in the Fe-
deral Trade Commission and the Justice
Department, have reenergized aggres-
sive antitrust and antimonopoly en-
forcement, mostly dormant since the
1970s. Negotiating Medicare drug pric-
ing, 19years after Part D's creation, is
now law and in implementation. In-
creasing taxes on corporations and the
wealthy as well as reversing deregula-
tion are no longer anathema. Times
change, and the desultory realities of an
earlier era no longer carry the same
weight.

Another example worth mulling is
Vladeck's assertion that “as a practical
matter, you can reform the health care
delivery system or you can reform
health insurance, but you can't do both
at the same time."? The ACA became
law with provisions to expand and re-
form health insurance and to reorient
the medical care delivery system
through a value-based care policy
agenda. The latter includes creation of
vertically integrated “accountable care
organizations,” experiments with bun-
dled payment, electronic health
records, and much more.

In 2023, those coverage expansions
now stand as strong successes, bring-
ing the national uninsured rate down
to 8% in 2021, the lowest rate since the
United States started counting in the
1960s.° Meanwhile, the value-based

agenda moves forward, although failing
to show meaningful quality improve-
ments in the face of continuing cost
increases. Ten years ago, smart money
bet on the reverse outcomes—success
for value-based care and failure for cov-
erage. Either way, the ACA has demon-
strated that walking and chewing gum
at the same time can happen.

I end where Vladeck began, with his
note that South Africa in 2003 publicly
committed to achieving universal health
insurance and thus would soon part
company with the United States as one
of the two industrialized nations without
universal coverage. Twenty years on,
South Africa has made zero progress
toward universal or even greatly ex-
panded coverage. Although the United
States has not achieved universal cover-
age, it has delivered meaningful reform
and progress. With the passage of the
2021 American Rescue Plan Act and the
2022 Inflation Reduction Act, that sub-
stantial and real progress continues.

Although major challenges persist
ahead, including the explosion in medi-
cal debt, the increasing and dangerous
financialization and corporatization of
American medicine, as well as gaping
and enduring racial, ethnic, and other
health inequities, the commitment and
drive of Americans to system reform
remains unshakable. 4JpH
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3 & See also Porter et al., p. 500.

tructured vulnerabilities that

Sthreaten the health of meat- and
poultry-packing workers are driven by
a complex and complicated host of eco-
nomic, occupational, social, and health
care access-related factors. Recognition
of these complexities is a first step. More
challenging, yet critical to sustaining a
commitment to social justice for these
frontline workers, are public health prac-
tice initiatives rooted in health equity that
work toward eliminating health disparities.

In this issue of AJPH, Porter et al.
(p. 500) describe implementation of a
public health practice initiative aimed at
reducing COVID-19 vaccine hesitancy
and increasing vaccine uptake among
poultry industry workers. This editorial
seeks to contextualize this initiative as
one investment in a larger constellation
of investments that are needed to pro-
vide resources and services equally to
all members of our society.

Kapadia

STRUCTURED
VULNERABILITIES AND
ESSENTIAL WORKERS

Employees of the meat- and poultry-
packing industry are overwhelmingly ra-
cialized workers, immigrants, or refu-
gees and more likely to be living in
poverty. According to analyses by the
Economic Policy Institute, which used
2014-2018 American Community Sur-
vey data, animal slaughtering and pro-
cessing workers were more likely to
identify as Black (21.9%), Latinx (34.9%),
or Asian (6.8%); to be foreign-born
(37.5%); and to live below the poverty
line (8.8%) compared with all US workers.
By industry, women were more likely

to be employed by poultry processing
(40.1%) than meatpacking (32.2%) com-
panies (https://bit.ly/31x3mgC). And large-
ly resulting from historically stronger
union activity among meatpacking work-
ers in urban areas, the proportion of

poultry-processing workers living below
the poverty line is double that among
meatpacking workers (11.4% vs 5.6%).

These intersections of race and ethnic-
ity, immigration and citizenship status,
low socioeconomic status, and unfair
labor policies and practices has had pro-
found implications for the health status
of poultry- and meatpacking industry
employees. Even before the COVID-19
pandemic, the meat- and poultry-packing
industry was one of the most hazardous
industries to be employed in in the Unit-
ed States, and a recent report from
the National Employment Law Project
showed that reports of severe injury
were highest among poultry-processing
workers (https://bit.ly/3xsd5bH). On top
of these preexisting dangerous condi-
tions, the health and safety of meatpack-
ing and poultry-processing employees
and their families were further jeopar-
dized when federal mandates during
the COVID-19 pandemic were issued
rendering these employees as essential
workers.

Efforts to protect meat and poultry
industry workers during the early stages
of the pandemic were, at best, inconsis-
tently applied as protective measures
were deemed guidance rather than
mandatory requirements. Forced to
work under already dangerous condi-
tions, workers continued in unsafe and
unsanitary conditions without necessary
personal protective equipment, ability to
physically or socially distance, or granted
paid time off for sick leave. According to
data collected by the Food and Environ-
ment Reporting Network, between
March 1, 2020, and September 2, 2021,
1466 meatpacking and food-processing
plants reported confirmed COVID-19
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cases where more than 90 000 workers
had tested positive for COVID-19 and
466 workers died (https://bit.ly/3ILSJr0).
These numbers are still considered
underestimates as COVID-19 cases may
have been missed or untested, especial-
ly among undocumented workers who
are less likely to seek testing and care
for fear of deportation.

COVID-19 VACCINE
EQUITY FOR ESSENTIAL
WORKERS

According to the US Bureau of Labor
Statistics, Arkansas ranks just below
Georgia with the second-highest num-
ber of workers employed in the poultry-
processing industry. Recognizing that
targeting COVID-19 vaccination efforts
to an already vulnerable population
that comprises a substantial portion of
the population can reduce COVID-19
cases at the community level as well,
the Arkansas Department of Health
launched the Joining Forces for Better
Health initiative. The initiative included
vaccine education videos in Spanish
and Marshallese and vaccination pro-
grams implemented in collaboration
with poultry- and meat-packing compa-
nies in the state. Powers et al. provide
evidence that this effort, specifically
designed to increase accessibility to
COVID-19 vaccines at worksites for
employees as well as their family mem-
bers, allowed for vaccines to be deliv-
ered in these settings.

EQUITY IN PUBLIC
HEALTH PRACTICE

Echoing previous work," these findings
support the need for greater and con-
tinued investment in vaccination and
primary care programs that work with
community members to provide

culturally relevant and linguistically ap-
propriate information as an equity ap-
proach for workers engaged in high-
risk environments and occupations,
particularly those in rural settings. How-
ever, on their own, these programs are
insufficient to reduce disease risk and
improve population health outcomes.

First, recognizing that workers in
these industries are impacted by multi-
ple unjust labor practices including job
insecurity, inadequate health insurance,
low wages, and lack of paid sick-leave
calls for prioritizing fair and equitable
employment practices for these front-
line workers. Second, regulations that
improve workplace safety standards
and provide durable and high-quality
protective equipment to all workers will
certainly enhance worker safety.”>
Third, given that undocumented immi-
grants constitute a large proportion of
frontline workers in the meatpacking
and poultry-processing industries,
states and counties with large propor-
tions of undocumented immigrants
must enhance policies and practices
that protect as well as support this mar-
ginalized group.*® Finally, multisector
approaches to improving the social con-
ditions of workers by providing access
to affordable and safe housing to living
in substandard and crowded housing
conditions, having limited transporta-
tion options, and experiences of dis-
crimination and stigma because of race,
ethnicity, immigration status, and gen-
der shape population health outcomes.
Working across sectors and providing a
comprehensive, societal approach will
surely yield greater population health
impacts. AJPH
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ore than a decade after the
M Affordable Care Act (ACA) was
signed into law, its core promise—
guaranteeing health coverage for the

poorest Americans in all states—
remains to be realized.

MEDICAID EXPANSION
LANDSCAPE

The ACA intended to expand Medicaid
to the lowest-income individuals across
the country, but in 2012 the Supreme
Court ruled mandatory expansion un-
constitutional and instead left the deci-
sion to each individual state. This was a
straightforward choice for most states.
Medicaid expansion improves access
to care, offers financial security for fam-
ilies, and reduces mortality for some
conditions.” It also draws billions of
dollars in revenue to states because
the federal government subsidizes 90%
of the cost of expansion.

However, as of winter 2023, 11 states
continue to refuse Medicaid expansion.
In many of these states, traditional Med-
icaid eligibility standards are extremely
restrictive. In Alabama, for instance,
parents can only qualify for Medicaid if
household incomes are less than 18%
of the federal poverty level (less than

Editorial Kishoreetal.

$4145 annually for a family of three). In
10 states that have refused expansion,
working-age adults who are not parents
of minor children, not pregnant, and
not living with a major disability are
locked out of the program completely.

More than 2 million Americans cur-
rently live in this “coverage gap”: too
poor to qualify for subsidized private
health insurance but not poor enough
to qualify for Medicaid. Because nonex-
pansion states are disproportionately
located in the South, the burden of
this decision falls most heavily on peo-
ple of color; nearly 60% of those in
the coverage gap identify as Black or
Latino.”

The federal government has tried in-
cremental interventions. The American
Rescue Plan increased the ACA's
already-generous financial incentives to
support state expansion, but this fur-
ther sweetener produced no result.
While the House of Representatives
passed Build Back Better legislation
that extended the private health insur-
ance subsidy system to all people in
the coverage gap, this was ultimately
scrapped from the Inflation Reduction
Act over concerns of cost and reward-
ing states who chose not to expand
Medicaid.

STATUS OF STATE ACTION

Without a federal remedy, what are
the prospects for state action? Broadly,
change could come either from state
governments or ballot referendums.
Among state governments, there
appears to be legislative momentum

in North Carolina.

The two chambers of the North
Carolina legislature each passed sepa-
rate Medicaid expansion bills before
adjourning for the summer. A barrier
to reconciliation of these bills has been
the support of state hospitals; some
lawmakers had been calling for reform
to the certificate of need policies, which
determine which medical services can
be offered at certain facilities. Hospitals
have been opposed to reforms that
might increase competition and de-
crease revenue, but recently have
agreed to these reforms and to help
subsidize the state expenses associat-
ed with Medicaid expansion. It appears
a compromise bill is in sight, a surprising
reversal for the Republican-controlled
branch where leaders had adamantly
opposed expansion, seemingly spurred
by the stimulus of federal funds.

In Georgia, Medicaid expansion was a
key topic in the gubernatorial race, with
Democratic candidate Stacey Abrams
arguing that recent hospital closures
are attributable to the failure of incum-
bent Republican Governor Brian Kemp
to expand Medicaid, but legislative ac-
tion is not clear.

The addition of work requirements is
a complicating factor. North Carolina’s
legislation initially but no longer included
a compulsory work rule to be eligible
for Medicaid; the Centers for Medicare
and Medicaid Services (CMS) withdrew
previously granted waivers to states like
South Carolina and Georgia that allowed
work requirements within Medicaid.



This action signals that CMS is not will-
ing to allow states to tether Medicaid
expansion to a harmful policy, as dem-
onstrated by a landmark study that
showed that work requirements in
Arkansas's Medicaid program were as-
sociated with losses in health coverage
without any significant gains in employ-
ment, mostly because of confusion
about reporting requirements.® The
prospects for significant legislative pro-
gress on Medicaid expansion among
holdout states may be dependent on
the federal government'’s tolerance of
work requirements.

The majority of states that have
adopted Medicaid expansion after
2019 have done so by ballot referen-
dums; these include Idaho, Maine, Mis-
souri, Nebraska, and Oklahoma. Many
of these ballot measures include explic-
it language prohibiting the addition of
other restrictions on eligibility (such as
work requirements). South Dakota most
recently approved a constitutional
amendment guaranteeing Medicaid
expansion via ballot referendum in
November 2022 *

However, among the remaining hold-
out states, only Florida and Wyoming
have broad policies that allow voter ref-
erendums. The status of initiatives in
these states is unclear; in Florida, an
effort to put Medicaid expansion on
the ballot was held back by its organiz-
ing committee in 2020 after the state
legislature raised the number of signa-
tures needed for review. Organizers in
Mississippi did successfully petition for
a Medicaid expansion ballot initiative
that was approved by the Secretary of
State in 2021; however, the state Su-
preme Court later ruled that the state’s
ballot process was unworkable and
inoperative, thereby halting the effort.
Alabama, Georgia, Kansas, Tennessee,

Texas, and Wisconsin lack a voter-
driven ballot initiative process.”

The Affordable Care Act was designed
to expand access to care to the poorest
Americans. However, 12 years later,
the refusal to expand Medicaid remains
the most potent symbol of political re-
sistance to government's role in health
policy and the effort to promote health
equity. While there is some momentum
around expansion within state govern-
ments, this seems to be tied to eligibility
restrictions that will compromise access
to care. At the same time, many holdout
states lack a mechanism for voter-driven
referendums to guarantee expansion
without these burdens. While there are
important opportunities to make pro-
gress at the state level, it is likely that
congressional action will be necessary to
secure universal health coverage for the
poorest Americans. AJPH
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n designing drug reform laws, we

I must ensure that efforts to help
communities adversely affected by
criminalization do not inadvertently
inflict further harm on vulnerable popu-
lations, including youths and communi-
ties of color. Drug reform certainly
presents a crucial opportunity to end
the disproportionate damage that the
War on Drugs inflicted on people of col-
or and economically disadvantaged
communities (e.g., higher arrest and in-
carceration rates; barriers to employ-
ment, housing, education, and public
benefits; punitive child welfare system
involvement)." However, we have re-
peatedly seen how industries selling
addictive substances that are legal for
adult use (e.g., alcohol, cigarettes, vap-
ing products) target both youths and
disadvantaged communities through
their product design, marketing, and
locations of sale, largely ignoring the
outsized negative health and social
costs of commercialized addictive sub-
stances to these groups.”>

A recent study found that the largest
marijuana companies engage in
“corporate social responsibility” activi-
ties that mimic those the tobacco

Richter et al.

industry uses to influence politics and
regulation, encourage increased con-
sumption, and target marginalized
communities.* The companies claim
that their activities will mitigate the
harms of prohibition and promote
diversity. The study also reports that
marijuana companies assist social equi-
ty license applicants in exchange for
control of their proposed businesses.
These companies are using strategies
much like those tobacco companies
have used for decades to normalize the
use of the substance, recruit new and
loyal customers, encourage consump-
tion, expand markets, and deter regula-
tion. Although their stated purpose
might appear beneficial, the conse-
quences of their involvement can dis-
proportionately harm the communities
they claim to be helping.

The United States is at risk for repeat-
ing past mistakes by allowing the mari-
juana industry, which now includes
many of the same players as the alco-
hol and tobacco industries, to target
youths, low-income groups, and com-
munities of color, this time under the
guise of social and economic justice.*”
Contributing to this phenomenon,

several well-intentioned government
laws and proposals are creating initia-
tives and committing resources that
support the industry’s financial inter-
ests, potentially to the detriment of the
groups they are purporting to serve.

For example, New York State recently
announced $5 million for its public
community colleges to support courses
and credentialing programs aimed at
promoting employment in the emerg-
ing cannabis industry.® lllinois similarly
created its Community College Canna-
bis Vocational Pilot Program.” Although
an increasing number of private and
public colleges and universities now of-
fer cannabis training programs (focus-
ing on agriculture and horticulture,
cannabis-based medicine, and the busi-
ness of cannabis), these appear to be
the first instances of states directly au-
thorizing, funding, and promoting such
programs and doing so in schools that
primarily serve socioeconomically dis-
advantaged communities.

RISKS TO YOUTHS

Marijuana legalization, which in the
United States invariably takes the form
of commercialization, normalizes use
among youths, reduces perceptions of
harm, and is associated with higher
rates of use,® especially among young
adults for whom rates just reached his-
toric highs.? Contrary to the common
belief that marijuana’s adverse effects
primarily pertain to adolescents, re-
search shows significant risks to young
people well into early adulthood."®
Most college students are younger
than 21 years, the legal age to purchase
marijuana in every state that has legal-
ized adult use of the drug. State-
funded school programs encouraging
employment in the industry can further
normalize use and sale in a population



highly vulnerable to its harms. Under-
age youths who work in the industry
also have increased exposure and
access to the drug, increasing their
risk of frequent use and adverse
consequences.®

RISKS TO
DISADVANTAGED
COMMUNITIES

The tobacco and alcohol industries
have consistently concentrated their
retail outlets in low-income communi-
ties and communities of color,® much
to the detriment of those who live in
those areas. Marijuana retail has simi-
larly been concentrated in neighbor-
hoods with lower incomes and higher
proportions of racial/ethnic minority
populations.”" Further incentivizing
cannabis business development in
these communities threatens to target
neighborhoods in which the retail and
advertising presence of commercialized
addictive substances already far
exceeds that of less disadvantaged
communities.?

Federal and state attempts to build
employment opportunities for those
from historically underserved commu-
nities, although laudable, run counter
to efforts to address substance use
and addiction among at-risk popula-
tions. The federal Cannabis Administra-
tion and Opportunity Act proposed in
2022 to decriminalize, regulate, and tax
marijuana at the federal level, includes
provisions that would provide funding
to implement cannabis licensing pro-
grams that minimize barriers for indivi-
duals disproportionately and adversely
affected by criminalization, as well as
loans and technical assistance to small
businesses owned and controlled by
socially and economically disadvan-
taged individuals. Although the bill did

not advance in Congress, many states
have included similar provisions in their
legalization laws. lllinois's community
college program, for example, specifi-
cally prioritizes schools with student
populations that are more than 50%
low income.”

We have already seen how many
well-intentioned social equity programs
implemented by states as they legalize
marijuana have failed to meet their po-
tential,’” suggesting that alternative
tactics that go beyond promoting in-
volvement in the cannabis industry to
redress historical inequities are
needed.

Encouraging disadvantaged popula-
tions most harmed by inequitable drug
laws to engage with an industry pro-
moting a commercialized addictive
product through training programs for
public college students may run coun-
ter to the goals of achieving racial and
economic justice.

RECOMMENDATIONS TO
MINIMIZE HARM

To help communities that the criminali-
zation of marijuana possession and use
has undeniably targeted and harmed,
government resources should be allo-
cated to services that mitigate the con-
sequences of those injustices (e.g.,
through expungement, reentry ser-
vices, legal aid, job training, small busi-
ness grants) rather than to assisting a
profit-driven industry to sell its product
to those same communities.

It is difficult to determine the nature
and quality of the courses and pro-
grams springing up at hundreds of US
colleges across states with different
marijuana laws. Given the unique harm
that marijuana poses to youths and the
general lack of awareness of these ad-
verse effects, states that do authorize

OPINIONS, IDEAS, & PRACTICE

and fund college training programs for
the cannabis industry should at a mini-
mum ensure key safeguards, including
requiring (1) that students be 21 years
or older to participate, (2) a course in
the curriculum that educates students
about the adverse effects of marijuana,
(3) input from substance use experts
to ensure that the curriculum includes
information on protecting underage
youths and disadvantaged communi-
ties from unscrupulous sales and
marketing strategies, and (4) equal or
greater funding for marijuana use pre-
vention and mitigation efforts.

We know from experience with the
tobacco and alcohol industries that
when they are involved in school-based
programs, those programs frequently
do more to normalize and promote
substance use than to protect students
from those substances. Those indus-
tries’ lobbying efforts and purported
attempts to benefit society have been
proven to contradict their stated goals,
instead serving to boost their profits,
not public health. With these same in-
dustries increasingly involved in mari-
juana commercialization, protecting
public health should be government's
main focus.

One stated goal of the Cannabis Ad-
ministration and Opportunity Act is to
regulate marijuana with a framework
similar to that for alcohol and tobacco.
Governments have never explicitly pro-
moted alcohol and tobacco businesses,
nor should it encourage marijuana
commerce through college training
programs. The decriminalization of
marijuana use and possession is critical
and must be accompanied by smart
policies to remedy past and ongoing
inequities. Governments should fund
services and programs to promote em-
ployment and redress these injustices
without promoting the industry that is
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commercializing an addictive sub-
stance, inevitably to the harm of youths
and disadvantaged communities. 4JPH
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s of November 9, 2022, 37 states
Aand the District of Columbia have
authorized medical cannabis, 21 of
which also authorized recreational
cannabis.! The ongoing dismantling of
cannabis “prohibition” follows public
opinion expressed in polls and ballot
initiatives.? While it also reflects the fail-
ure of criminalization as a mechanism
to regulate cannabis, experience with
alcohol and tobacco shows that public
health law can and should play a pow-
erful role in minimizing harms to health
and civility.?

Of all the regulatory challenges posed
by a burgeoning industry, none has
greater moral weight than addressing
racial inequities caused by cannabis
regulation. Prohibition of cannabis had
more roots in racism than epidemiology.”
Despite roughly equal usage rates,
Blacks are 3.73 times more likely than
Whites to be arrested for cannabis pos-
session, suffering both the individual
and community harms of criminal jus-
tice involvement.® Even today, as the
cannabis industry transitions from
criminal enterprise to legal business,
inequities persist with more than 80%
of cannabis business owners being
White.® Society has an opportunity now

to ensure that a fair proportion of the
benefits of the new industry accrue to
individuals and communities harmed by
prohibition. Recent legalization efforts
try to address these disparities through
social and economic equity require-
ments; however, clear and reproducible
efficacy remains to be seen. This com-
mentary discusses three major govern-
mental approaches to accomplish this,
along with their problems and
potentials.

EXPUNGEMENT OF PAST
CONVICTIONS

A drug-related criminal record carries
life-long consequences, affecting the
convicted person’s employment opportu-
nities, eligibility for loans, rental options,
and child custody, for example. Most
states prohibit people with prior drug
felonies from becoming cannabis busi-
ness owners or serving in other leader-
ship roles, blocking their entry into the
industry.

In October 2022, President Biden is-
sued a blanket pardon of federal convic-
tions for simple cannabis possession.”
Twenty-one states have enacted legisla-
tion explicitly permitting or facilitating the

OPINIONS, IDEAS, & PRACTICE A]pl-l

process of having select cannabis convic-
tions expunged, vacated, or otherwise
sealed from public view.® While some
states (e.g, lllinois, Vermont, New York)
have local jurisdictions automatically per-
form the review and expungement pro-
cess, other states require that those with
past convictions actively petition their
officials for an expungement.®

These actions are helpful, but clear-
ing a criminal record for possession of
cannabis does not redress missed eco-
nomic, educational, and social opportu-
nities. It does nothing for people who
also have convictions for other minor
drug possession felonies or who were
also charged as dealers. Yet, the logic
of addressing the harms of criminaliza-
tion and overincarceration—and the
practicalities of removing the burdens
a record places on socioeconomic
reintegration—apply to these convic-
tions as well: a person whose record
included convictions for cocaine or illicit
opioid possession will still be subject
to the same legal disabilities, including
a ban from working in the cannabis
industry, no matter how long ago or
minor their crime was.

In a context of large-scale criminaliza-
tion of lower-income Black people, re-
moving one conviction will not have a
significant population effect. There are
at least two ways to better redress the
harms of failed drug policies and curtail
future harms. The first is to extend par-
dons and expungement to all crimes of
simple possession under controlled
substances law and to follow Oregon'’s
lead by eliminating future criminal pen-
alties for simple drug possession. Ore-
gon reclassified personal possession of
small amounts of drugs from a Class A
misdemeanor to no more than a viola-
tion; instead of arrest, possession
results in either a $100 fine or a health
assessment, including substance use
disorder screening.’
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The second is to systematically re-
move state and federal postconviction
socioeconomic limitations and disabilities;
this would allow currently law-abiding
people with past drug convictions to
enter the cannabis business and foster
their reintegration into their communi-
ties. These remedies provide critical
relief by eliminating the stigmatizing re-
cord and, as a result, greatly reduce the
collateral consequences associated
with previous unjust enforcement.

LICENSING AND
EMPLOYMENT
PREFERENCES

Several cannabis equity programs in-
clude a preferential licensure scheme
to benefit businesses with owners from
marginalized communities negatively
impacted by the War on Drugs. Oakland,
California, for example, sets aside half
of its cannabis business permits for eg-
uity applicants who are city residents
with an annual income of 80% or less
than the city's median and who were ei-
ther arrested or convicted for cannabis-
related crime in the city or lived 10 out
of the last 20years in historically over-
policed areas."® The scheme avoids
race as a criterion and any mention of
a “quota,” sidestepping strict limits on
affirmative action in racial matters set
by the Supreme Court."" By contrast,
two courts struck down Ohio’s 2016
licensing system specifying that 15% of
its licenses be granted to racial minori-
ties, stating that it violated the Equal
Protection Clause."?

States with these programs require
(or permit) applicants to include a di-
versity or social equity plan in their
applications. Once they receive these
plans, the states add additional applica-

I 1,

tion points to an applicant’s “score”

depending on qualifiers including an
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applicant's previous cannabis arrests,
convictions, or adjudications, as well as
their residency; income; racial, cultural,
or ethnic background; and if they are
female or a veteran. Some states con-
sider additional factors—for instance,
whether the majority of employees live
in designated disadvantaged areas or
the extent of the diverse business own-
ers’ ownership and control.

Equity initiatives also address staffing.
Oakland, for example, requires that at
least half of a dispensary’s staff be city
residents, half of whom must be from
lower-income sections of the city."?
Advocates argue that residency require-
ments are necessary to ensure that
residents reap the benefits of legaliza-
tion, but such requirements also face
legal challenges. In Detroit, Michigan,

a policy allocating 50% of licenses to
entrepreneurs who satisfied a residen-
cy requirement with social equity com-
ponents was struck down as a likely
violation of the Dormant Commerce
Clause, which forbids state laws that
interfere with interstate commerce.'?

Preferential licensing programs have
unfortunately not demonstrated signifi-
cant success. In New York State, half of
all cannabis licenses are designated for
social equity applicants, but in 2019,
only two social equity applicants were
approved.'* In Massachusetts, only 27
out of 122 applicants were given priori-
ty by regulators in 2018, and only eight
of those received licenses." This is not
surprising. By some estimates, starting
a cannabis business requires at least
$250000 in capital for fees, licensure,
and other requirements, combined with
atypical security and operating costs."®
Because cannabis remains federally ille-
gal, banks are unable to grant typical
business loans to start-ups, and equity
entrepreneurs must compete with
more established, well-resourced

players, potentially increasing predatory
business practices.'” Legal limitations
and the momentum of market develop-
ments severely restrict the capacity of
states and cities to influence the com-
position of the cannabis ownership
class, which is now dominated by White
business owners and larger cannabis
companies.

TAX REVENUE FOR
EQUITY

Some state and local programs require
governmental reinvestments of cannabis-
related tax revenue into disproportion-
ately impacted communities. This varies
significantly by program, but typically
includes directed grant programs. For
example, in New York State, 40% of
cannabis tax revenue funds education,
mental health services, substance
abuse treatment, and economic devel-
opment grants.'® In Portland, Oregon,
its 3% cannabis sales tax funds busi-
ness development and social justice
program grants.'® In California, cannabis
tax revenue funds grants to disadvan-
taged communities, with 50% dedicated
to local nonprofits.'® In lllinois, 25% of
cannabis tax revenue must fund grants
for violence prevention, reentry, youth
development, economic development,
or legal aid services.'®

Taxes can generate significant fund-
ing. In California, for example, grants
are expected to reach $50 million in
2023."? Moreover, long-term, consis-
tent funding for community programs
holds promise for addressing the
harms of both drugs and drug prohibi-
tion. A hypothetical analysis suggested
that earmarking a quarter of cannabis
tax revenue could improve structural
determinants of mental health among
Black and Hispanic communities.° In
Washington, for example, this would



add $117 million a year to the state's
mental health budget, increasing it by
an estimated 11%.%° However, grant
programs generally have high upkeep
costs and are limited in their potential
impact on the basis of the performance
of individual grantees and duration of
funding. In addition, there is always the
concern that dedicated funds will re-
place, rather than supplement, tradi-
tional appropriations.

CONCLUSION

Addressing past harms of the War on
Drugs relies on serious ongoing efforts,
informed by past and current experi-
ences as policies evolve. Currently,
state and local cannabis equity legisla-
tion lacks substance, in part because of
insufficient attention to—and research
about—how these policies are imple-
mented and evolving, and their limited
impact so far. While clearing criminal
records of cannabis possession convic-
tions benefits a few in terms of redres-
sing prohibition’s harms, a serious
attempt at undoing the harms of prohi-
bition would encompass all low-level
drug possession records. Affirmative
action in the licensing and operation of
cannabis businesses could be a power-
ful form of redress, but the current
Supreme Court majority has signaled
opposition to race-conscious policies.?’
Regardless, equity programs do not ad-
dress the economic challenges to en-
tering the industry. Dedicating cannabis
tax revenue to community reinvestment
in places historically harmed by prohibi-
tion is perhaps the most promising ap-
proach, but it depends on enough money
being sent to the right recipients for a
sufficient number of years. AJPH
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n many health care and social ser-
I vice fields, considerable attention
is paid to primary prevention (i.e., pre-
venting a condition before it occurs)
and secondary prevention (i.e., identify-
ing and treating a condition as soon as
possible after it occurs). However, ter-
tiary prevention—defined as managing
a condition after it has occurred or
preventing recurrence—is a crucial
component of long-term prevention,
particularly when it focuses on prevent-
ing recurrence of a condition.

In mental health and addiction treat-
ment, a client may manage their symp-
toms or maintain sobriety, but clinical
work is needed to focus on preventing
relapse. In the criminal justice system,
individuals convicted of a criminal of-
fense may reoffend—an occurrence
commonly referred to as “recidivism.”
In the field of homeless services, re-
search, and policy, researchers, advo-
cates, and other stakeholders have
long been interested in “recidivism,”
“relapse,” or “return” to homelessness,
but this phenomenon has not been
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explicitly addressed in past federal poli-
cy responses. This dynamic has shifted
in the United States in recent years. For
example, the US Interagency Council
on Homelessness—the federal entity
with primary responsibility for efforts to
address homelessness—has stated its
desire to make homelessness “a rare,
brief and one-time experience,” thus
implicitly articulating a goal of
preventing repeated episodes of
homelessness."

Moreover, the US Department of
Housing and Urban Development
(HUD) now requires communities to
track returns to homelessness as part
of HUD's System Performance Measure
no. 2 and considers performance on
this measure in decisions about how
federal homeless assistance dollars
are allocated.” Similarly, the Department
of Veterans Affairs (VA) has annually
reported on returns to homelessness
among veterans receiving services from
the Supportive Services for Veteran
Families program, its nationwide home-
lessness prevention and rapid

rehousing program.? In this article, we
focus on HUD and VA, which operate
the two largest US homeless service
systems, but we acknowledge that
the topic applies to other homeless
service systems domestically and
internationally.

The increasing focus on returns to
homelessness is a positive development
given that a considerable proportion of
individuals experiencing homelessness
who successfully move to permanent
housing experience homelessness again
after some time (so “permanent” hous-
ing is aspirational). This is important to
the field because repeated homeless-
ness can lead, by definition, to chronic
homelessness, which is associated with
an array of adverse health and social
consequences for individuals and
can necessitate resource-intensive
interventions.*

Yet, several key issues require greater
consideration to employ and operation-
alize the concept of returning to
homelessness for effective policy and
program efforts to prevent repeated
experiences of homelessness. Broadly
speaking, these issues fall under two
overarching questions: Over what time
horizon should returns to homeless-
ness be measured? What should
count as a return to homelessness?

In the remainder of this article, we
engage with each of these questions
with the ultimate aim of helping
ensure that returns to homelessness
are defined and measured in a way
that makes them useful for driving
improvements in the performance
of homeless assistance systems.
First, we draw on previous research
as well as recent data from HUD and
VA to provide context about the fre-
quency and dynamics of returns to
homelessness.



DATA ON RETURNS TO
HOMELESSNESS

Researchers have taken interest in the
phenomenon of returning to homeless-
ness for several decades.”’ Studies
conducted in the 1990s using adminis-
trative databases from emergency
shelter systems in New York City and
Philadelphia, Pennsylvania, found that
returns to emergency shelter were
common: more than 40% of men and
more than a third of women who exited
the single adult emergency shelter sys-
tem in both cities reentered shelters
within two years.® Related work found
lower rates of returns to shelters for
families.” A key finding from these stud-
ies was that risk of returns to home-
lessness was highest in the initial first
few months immediately following the
initial exit from a shelter, a finding cor-
roborated in more recent research
focused on rapid rehousing as well.®
More recent focus in the past two
decades on returns to homelessness
as measures of performance, such as
that of HUD and VA, considers only
those who exit the homeless service
system to permanent housing—a
group that earlier research found to
face a lower risk of returns to shelter
than those exiting to other destinations
(e.g, transitional housing).” The focus
solely on those who exit to permanent
housing may reflect an assumption that
those who leave the homeless service
system to destinations other than per-
manent housing cannot be presumed
to have definitively “exited” homeless-
ness. Alternatively, the focus on those
exiting to permanent housing may be
appropriate for separating tertiary pre-
vention cases from those who exit to
destinations such as carceral facilities
or hospitals. Moreover, many existing
performance measures examine not

just those exiting emergency shelter
but also those who exit other programs
to permanent housing, including those
who exit from street outreach services,
safe havens, and transitional housing
programs.”

Available data suggest that most who
exit one of these programs to perma-
nent housing do not return to homeless-
ness in the near term. For example, data
from HUD System Performance Measure
no. 2 track returns to homelessness at
six months, one year, and two years,9 In
2021, across 388 continuums of care
(i.e., regional bodies that coordinate
housing and services), the rate of return-
ing to homelessness after exiting the
homeless assistance system to a perma-
nent housing destination was 9% within
six months (range = 0%-35%), 13% with-
in one year (range = 0%-39%), and 18%
within two years (range = 0%-45%). In
2019 and 2020, the rates of returning to
homelessness were highly similar at all
follow-up periods.

The wide variability in return rates
across continuums of care could be a
function of a number of factors, including
capacity and types of services available,
the client populations served, documen-
tation practices, and availability of staff
and resources. VA data tell a similar sto-
ry. In our analysis conducted across all
VA homeless programs, we found that
among veterans who exited to perma-
nent housing destinations in fiscal year
2020, 5%, 9%, and 16% returned to
homelessness at 6, 12, and 24 months,
respectively. We defined a return as
when a veteran returning to VA homeless
programs was identified as experiencing
homelessness at assessment for VA
homeless services or upon entry into
VA's rapid rehousing program.

Not only do rates of return vary by ser-
vice area, but rates of return vary across
program types, which is important to
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consider in performance monitoring.
For example, HUD data indicate that
the overall return rates at 6, 12, and

24 months among those exiting emer-
gency shelters are 12%, 17%, and 22%,
respectively, compared with 5%, 8%,
and 12%, respectively, for those exiting
permanent housing programs. Variation
across program types may be attribut-
able to differences in the populations
served or the services provided by a
particular program type. Although we
value HUD's approach to tracking
returns and consider it practical and
useful, this variation underscores the
point that, from an applied perspective,
a refined approach to evaluating and
using this measure may enhance the
measure’s effectiveness in driving per-
formance improvement.

TIME HORIZON TO
CAPTURE RETURNS

How long must an individual who for-
merly experienced homelessness be
housed for the onset of a homeless
episode to be considered a return to
homelessness? At one extreme, if a
long time horizon is employed, a per-
son who experienced homelessness
as a younger child but not again until
decades later might be considered to
have returned to homelessness. At the
other extreme, if a short time horizon is
employed, one could argue that a per-
son who has an apartment leased in
their name and then enters an emer-
gency shelter after six months of stable
housing is not returning to homeless-
ness but experiencing a new, discrete
episode of homelessness. Neither ex-
treme approach is likely satisfactory.
HUD guidance on how to operation-
alize a return to homelessness uses a
two-year time frame: it requires continu-
ums of care to report on the proportion
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of individuals exiting homelessness to
permanent housing who return within a
period of up to 24 months from the
date of their exit and counts individuals
as "newly” experiencing homelessness if
they have no record of entry into the
homeless assistance system within the
previous 24 months. There is not a con-
crete rationale of which we are aware
for the use of this 24-month time frame,
although it is consistent with the time
frame used in early research examining
returns to homelessness.®” On the oth-
er hand, VA's Supportive Services for
Veteran Families program tracks returns
to homelessness for those who exit the
rapid rehousing component of its pro-
gram to permanent housing only for a
follow-up of up to 12 months.>

HUD guidance indicates that its
return to homelessness metric is
intended to be used in conjunction
with the number of persons newly
experiencing homelessness who enter
the system to assess the number of
people experiencing homelessness in
a given time frame. In this context, the
time frame used to assess what is a re-
turn to homelessness versus a new epi-
sode has no effect on the number of
people that a community identifies as
experiencing homelessness. However,
from the perspective of improving sys-
tems performance to reduce returns
to homelessness, a more data-driven
approach could yield more actionable
information. For example, HUD guid-
ance indicates that continuums of care
should set targets for return rates that
vary by program type.'®

A potential extension of this guidance
is to adjust follow-up times (e.g., three
months, six months) according to how
return rates vary by program type as
baseline benchmarks for performance
improvement. To be clear, HUD's guid-
ance that communities track returns at
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6-, 12-, and 24-month intervals is a
straightforward and practical approach
for setting targets. But an even more
detailed program-specific approach
could be useful. For example, if the
majority of persons exiting a particular
program who subsequently return

do so within 6 months, the 12- and
24-month time points are less useful,
and it may make sense to examine
returns for that program at one-, three-,
and six-month intervals instead. From a
clinical practice and program improve-
ment perspective, setting program-
specific return time benchmarks could
help inform critical periods after clients
exit these programs in which it is espe-
cially important to bolster prevention
efforts.

WHAT COUNTS AS
A RETURN TO
HOMELESSNESS

In considering measuring returns to
homelessness, there are important
data limitations to acknowledge and
questions to answer about the types

of homeless services that should be
included and the duration of homeless-
ness that qualifies as a return to
homelessness.

Limitations

Current measures of returns to home-
lessness that HUD and VA use rely on
administrative data from the homeless
assistance system. However, homeless
service systems will generally know a
client has begun experiencing home-
lessness again only if they use a home-
less service that is captured in the same
data collection system. Therefore, a re-
turn to homeless services is an inexact
proxy indicator for a return to home-
lessness because some individuals may

begin to experience homelessness and
not access homeless services. Depend-
ing on how broad of a definition of
homelessness is used, other forms of
housing instability (e.g., couch surfing)
may be missed. In addition, individuals
may begin to experience homelessness
and access alternative service systems
(e.g, residential substance use or men-
tal health treatment) or have other
touch points (e.g., domestic violence or
religious shelters) that are not captured
in centralized, linked data systems and
thus may not be identified as experienc-
ing homelessness.

If homeless service systems have the
opportunity to integrate data sources
from other service systems with their
local Homeless Management Informa-
tion System, it would likely yield a more
comprehensive accounting of all client
returns to homelessness. And to the
extent possible, structured interviews
and other corroborating data methods
should be considered to validate sam-
ples of the data to ensure that data sys-
tems are being inclusive and accurate
in capturing returns to homelessness.
Doing so may also have clinical value by
providing clients with a comprehensive
safety net.

It may also be worth noting that the
current performance measures cap-
ture returns to homelessness only after
placement in permanent housing.
Thus, they do not include individuals
who exit a homeless assistance pro-
gram before being placed in perma-
nent housing (i.e., premature negative
exits). Perhaps premature negative
exits should be considered in a differ-
ent category and tracked separately
from returns to homelessness, but it
may be important to recognize them
as potential intervention points in cli-
ents' journeys in permanently exiting
homelessness.



Types of Homeless Services
That Count

Length of Time
Experiencing Homelessness

Many communities offer a continuum
of homeless programs ranging from
brief housing assistance to permanent
supported housing services. Thus,
there is a question of whether a return
to homelessness should be defined as
a return to any homeless service or as
including returns to only some broader
or more narrow set of programs. For its
part, HUD has operationalized a return
to include only programs for which
homelessness (per the statutory defini-
tion HUD uses) is an eligibility
criterion.’

This is a reasonable approach, but in-
cluding additional programs or tracking
them separately may provide a more
complete picture of how individuals
who previously exited the homeless as-
sistance system in a given community
continue to use resources in that sys-
tem. For example, use of homelessness
prevention services does not typically
require a person to experience home-
lessness, so including such services in
a return measure would provide more
information about the extent to which
those who exit a system to permanent
housing continue to rely on services
provided by the system to remain sta-
bly housed. Similarly, including or sepa-
rately tracking returns among those
who complete intake for a community’s
coordinated entry system but are not
literally homeless would also provide
additional information about continued
contacts of those who exited to per-
manent housing with the homeless
assistance system. In both cases, such
information would be useful for helping
systems understand the scope of need
for continued support for persons who
have previously exited the system.

With some caveats, HUD guidance on
returns to homelessness suggests that
a person who spent one night in a shel-
ter after exiting to permanent housing
would be counted as having returned
to homelessness. Again, this is practical
to implement. But from a conceptual
standpoint, it is reasonable to question
the appropriateness of counting a per-
son with a history of homelessness who
spends only one night in a shelter as
having returned to homelessness. This
example may be extreme, but it does
point to the fact that there is variation
in what returning to homelessness
means in terms of the longer-term tra-
jectories of individuals' housing stability,
and these differences have implications
for interventions. Some may experience
a return that is just a brief “blip” on an
otherwise highly stable residential tra-
jectory; others may experience a return
episode of extended duration. From an
intervention perspective, there is a big
difference between these two types of
return: the former may require little or
no intervention, whereas the latter
might be an indication of an individual
in need of more intensive support.
Thus, at the systems level there may
be great value in treating a return not
simply as a yes or no indicator but by
differentiating between different types of
returns to determine the level of need in
a functioning safety net. Doing so would
provide more actionable information
about the extent of need for intervention
to assist those who have returned to
homelessness to regain stable housing.

CONCLUSIONS

Helping individuals who exit homeless-
ness remain stably housed and avoid

OPINIONS, IDEAS, & PRACTICE

repeated episodes of homelessness
should be an important component of
any strategic approach to end home-
lessness. Thus, understanding the ex-
tent to which this occurs has been of
longstanding interest and has recently
been incorporated into HUD and VA
efforts to use data to drive system-level
improvements. We agree with the logic
in tracking returns and see the overall
value of the approach HUD has adopted
in tracking returns. However, additional
considerations are needed of how this
is defined and measured to be most
useful to different homeless service
systems.

We have highlighted some key deci-
sion points for possible refinements to
this measure for programs and how
they might be instructive for monitoring
and improving system performance.
We acknowledge that tracking returns
to homelessness by different types
and durations and using multiple data
sources, as we suggest, will require data
management resources and expertise.
Having a metric that is too complicated
or having too many metrics may also
render them of limited utility. Nonethe-
less, we believe there is value in thinking
more strategically about attending to
returns to homelessness to support vul-
nerable populations, allocate resources,
and have a clear understanding of
causes of returns to homelessness. 4JPH
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Effectiveness of a Road Traffic Injury
Prevention Intervention in Reducing
Pedestrian Injuries, Barcelona,

Spain, 2002-2019

Katherine Pérez, PhD, MPH, Elena Santamarina-Rubio, PhD, MPH, josep Ferrando, MD, PhD, MPH,
Maria José Lépez, PhD, MPH, and Lloreng Badiella, MSC

This study aimed to evaluate the effectiveness of the Safe Routes to School (SRTS) intervention
in Barcelona, Spain, at reducing the number of road traffic collisions and injuries in the school
environment. It was a pre-post, quasi-experimental evaluation with a matched comparison group. Road

traffic injuries were significantly reduced in the intervention schools—especially among school-age

pedestrians—but not in the comparison schools. The SRTS program significantly improved road safety
among children. (Am J Public Health. 2023;113(5):495-499. https://doi.org/10.2105/AJPH.2022.307216)

any cities have promoted Safe
M Routes to School (SRTS) pro-
grams to make it easier for children to
walk or cycle to school safely. Most
studies have found that implementa-
tion of these programs increases active
travel to school' = and decreases road

traffic injuries,*™"°

although there is
controversy because of methodological

limitations.™”

INTERVENTION AND
IMPLEMENTATION

Barcelona's SRTS program, called

Cami escolar, espai amic (Safe route to
school, friendly space), began with the
aim of increasing children’s and adoles-
cents’ personal autonomy, responsibili-
ty, and quality of life on their way to
school or while walking around the
neighborhood. The program promotes
road safety education in schools
through an educational program

conducted within the school and the
community, and through changes in
the environment around the school.?
After initial piloting, full deployment of
SRTS began in 2006. Available data
allowed us to evaluate a real-life policy
with important public health implica-
tions. (For more details, see the Appen-
dix, available as a supplement to the
online version of this article at http://
www.ajph.org).

PLACE, TIME, AND
PERSONS

This is a pre-post, quasi-experimental
evaluation study, with a matched com-
parison group. The intervention group
was schools with the SRTS program,
and the comparison group comprised
schools without the SRTS program. The
study area was defined as a buffer
around the schools with a radius of
about 200 meters (656 feet).

The inclusion and exclusion criteria
were as follows: of the 152 schools with
SRTS, we selected schools whose SRTS
implementation year was after 2005
and whose inauguration year (street
works and program implemented) was
prior to 2016. All of the selected inter-
vention schools had a pre- and postin-
tervention period of at least four years
per period; therefore, injury data in-
clude the years 2002 to 2019.

Inclusion and exclusion criteria for traf-
fic collisions were as follows: we included
traffic collisions with casualties occurring
in the study area (buffer with a 200-m
radius around the schools) from Monday
to Friday from 7:00 am to 9:30 Am,

12:00 pm to 3:00 pm, and 4:00 pm to

6:00 pwv, from September 15 to June 23.
Collisions occurring during Christmas
and Easter holiday periods were exclud-
ed. (For more details, see the Appendix).

Outcome variables included the num-
ber of road traffic collisions involving
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casualties (total, children [defined as
aged 0-16years], and pedestrian chil-
dren) and number of people injured
(total, children, and pedestrian children).

Exposure variables included popula-
tion in the area, available family income,
and data on motor and active mobility
and structure streets (for more detail,
see Appendix).

To compare the results in the postin-
tervention period versus the preinter-
vention period, for each outcome
measure, we fitted a generalized linear
mixed model with Poisson distribution
using the logarithm as a link function
between expected values and explana-
tory variables. The explanatory variables
included in the model were the group,
the period (pre- vs postintervention),
the interaction between group and peri-
od, and the year. To obtain a more pre-
cise fit, the model was also adjusted by
the exposure variables.

PURPOSE

This study aimed to evaluate the effec-
tiveness of the SRTS program carried
out in Barcelona between 2006 and
2016 in reducing the number of road
traffic collisions and injuries in the
school environment.

EVALUATION AND
ADVERSE EFFECTS

The study included 64 schools with
SRTS programs implemented between
2006 and 2016, and 63 comparison
schools, reaching 49092 students in
2018 (intervention and comparison
schools). A total of 15.0% of the schools
were preschools (students aged
0-3years), 55.1% were primary schools
(students aged 4-11years), and 29.9%
were secondary schools (students aged
12-18years). The proportion of public

Pérezetal.

schools was higher in intervention than
in comparison schools (75% and 60.3%,
respectively), but there were no signifi-
cant differences in the mean number
of students per school: 367.8 (95%
confidence interval [Cl] = 306.7, 428.9)
and 405.6 (95% Cl =320.2, 491.0),
respectively.

The environmental characteristics of
the intervention and comparison
schools were similar. Differences were
only found in the mean neighborhood
income in 2017 and in the concentra-
tion of injured pedestrians in the
school neighborhood in 2018. Available
family income in the intervention
school neighborhoods was significa-
tively higher than in the comparison
school neighborhoods (relative
index =112.1 and 99.8, respectively).
The number of injured pedestrians per
100 meters of street was significatively
lower for intervention schools (7.8)
than for comparison schools (10.1).

In the intervention schools overall
(aggregated), the total number of peo-
ple injured was 2994 (annual mean =
272.2)in the preintervention period
and 2284 (annual mean = 228.4) in the
postintervention period. In the compar-
ison schools, this number was 4061
(annual mean =369.2) and 3196
(annual mean = 319.6), respectively
(Table 1).

Per school, in the preintervention pe-
riod, the annual mean number of injury
road traffic collisions involving children
and pedestrian children was significant-
ly higher in the comparison schools
than in the intervention schools. There
were no differences in the annual
school mean number of collisions in-
volving children and pedestrian chil-
dren (Table 1). In the postintervention
period, the pattern was the same,
although in general the annual school
means were lower than in the

preintervention period in both the in-
tervention and comparison schools.

When we compared the results of the
pre- and postintervention periods, the
final adjusted models showed a signifi-
cant reduction in the risk of collisions
and people injured in the intervention
schools, with a reduction of 11.7% in
the number of injury collisions, 41.1% in
the number of injury collisions involving
children, and 43.3% in the number of
injury collisions involving children
pedestrians. For people injured, there
was a reduction of 9.1% in the total in-
jured, 36.6% in the number of children
injured, and 39.9% in the number of
children pedestrians injured (Table 2).

Among the comparison schooals,
there were no significant changes in
outcomes between the pre- and post-
intervention periods (Table 2).

The significant difference in percent-
age change in the post- versus the prein-
tervention period between intervention
and comparison schools (significance of
the interaction between intervention
group and period) showed that the re-
duction in the intervention schools in
the number of injury collisions involving
children and pedestrian children could
be attributable to the implementation of
the SRTS program (Table 2).

SUSTAINABILITY

The SRTS program is currently beginning
a new phase, with a greater focus on in-
creasing safety in front of the school (pro-
tegim les escoles: we protect the schools).

PUBLIC HEALTH
SIGNIFICANCE

The SRTS program, carried out in
Barcelona between 2006 and 2016,
showed a significant reduction in inju-
ries in the intervention schools, which
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was not observed in the comparison
schools. There was a notable decrease
in the number of injured pedestrians,
especially school-age pedestrians,
which is the target population of the
SRTS.

These results are relevant for two
reasons. On the one hand, injuries were
significantly reduced in the intervention
schools but not in the comparison
group, in the context of increasing road
traffic injury rates in the city (although
with decreasing severity). On the other
hand, our results provide evidence of
the effectiveness of the SRTS program
in improving road safety and reducing
road crashes and injuries, particularly
among children, when there is contro-
versy in the scientific literature.®"" Our
study aimed to overcome the limitations
reported in previous studies by using a
quasi-experimental study, which con-
trolled for major confounding factors
through the study design and statistical
analysis.

This study evaluates the health
impacts of a policy developed outside
the health sector. It provides evidence
on how an infrastructure intervention
contributes to health benefits, imple-
menting health in all policies and re-
ducing social inequities. AJPH
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Engaging the Poultry Industry to
Vaccinate Vulnerable Populations,
Arkansas, 2021-2022

Austin Porter, DrPH, MPH, Pansy James, RN, and Cassie Cochran, MPH

3 & See also Kapadia, p. 480.

The poultry and meatpacking industry is one of the largest in Arkansas and was associated with several

COVID-19 outbreaks at the start of the pandemic. Marshallese and Hispanic workers account for
much of the poultry and meatpacking workforce and were disproportionately affected. The Arkansas
Department of Health held worksite vaccination clinics and administered 1794 doses. Of those doses,

1219 (67.9%) and 391 (21.8%) were administered to Hispanic and Marshallese workers, respectively.

Vaccination efforts must target populations that have been disproportionately affected by the pandemic.
(Am J Public Health. 2023;113(5):500-503. https://doi.org/10.2105/AJPH.2023.307226)

According to the Poultry Federa-
tion, the state of Arkansas ranks

third in the nation for poultry produc-
tion, with more than 7.4 billion pounds
of poultry produced in 2021." Poultry
production is the largest agriculture
commodity in the state; with revenue of
$5.1 billion, it accounts for approxi-
mately half of the state’s total agricul-
ture cash receipts.’? Approximately 19
poultry and meatpacking companies
are located in the state; employees are
disproportionately Marshallese and
Hispanic and may have limited access
to health care.®* Arkansas, with more
than 15000 Marshallese residents, has
one of the largest Marshallese popula-
tions in the United States.” Marshall
Islanders are free to migrate to the
United States under a Compact of
Free Association because the United
States detonated more than 60 nuclear
bombs that contaminated the Marshall
Islands with radioactive pollution.>®
During the Trump administration, an
executive order was issued during the
pandemic that declared the poultry

Porteretal.

and meatpacking industry to be critical
infrastructure, which exempted the
state from closing these plants.” In the
early phase of the COVID-19 pandemic,
employees of the poultry and meat-
packing industry were among the first
to experience notable outbreaks. With-
in six months of the pandemic, more
than 3400 poultry and meatpacking
employees in the state were infected
with COVID-19.% Through fear of losing
their jobs, poultry and meatpacking
workers would often come to work while
experiencing COVID-19-like symptoms,
thus increasing the risk of spreading the
virus to other workers and their family
members.? Surveillance data showed
that counties with poultry and meatpack-
ing plants had higher rates of COVID-19
than counties without these plants.®
Despite calls for a minimum two-week
shutdown, poultry and meatpacking
plants remained open in the state during
the pandemic. Several plants made
significant attempts to protect workers;
these included the creation of health
check-in stations and work station

dividers, testing, leave time, and shifting
of lines when necessary.

The Arkansas Department of Health
(ADH) had worked with the poultry and
meatpacking industry in previous years
to offer worksite influenza and hepatitis
Avaccines and tuberculosis tests for
employees. When the COVID-19 vaccine
became available, it was imperative to
collaborate with poultry plants to vacci-
nate poultry and meatpacking workers
at their workplace. The COVID-19 vac-
cine has been shown to significantly
reduce the risk for severe iliness that
could result in hospitalization or death.”

INTERVENTION AND
IMPLEMENTATION

To reach these workers, the ADH col-
laborated with any poultry and meat-
packing facilities that would allow
health department staff to come onsite
to perform worksite vaccination clinics.
The ADH established worksite vaccina-
tion clinics that provided not only the
COVID-19 vaccine to employees, but


https://doi.org/10.2105/AJPH.2023.307268
https://doi.org/10.2105/AJPH.2023.307226

also the influenza vaccine and educa-
tional material to those who were vac-
cine hesitant.

Vaccination providers were able to
capture the race, ethnicity, and gender
of those who were vaccinated at the
worksite vaccination clinics. Additional-
ly, the ADH employed Marshallese and
Hispanic disease intervention specia-
lists and community health workers
who provided tailored educational ma-
terial through pamphlets and visual
media, made available in Spanish and
Marshallese, to increase vaccination
rates.

PLACE, TIME, AND
PERSONS

Worksite vaccination efforts at poultry
and meatpacking plants were initiated
in the state starting in May 2021, short-
ly after the vaccine was available for
food manufacturer workers. Employees
would receive the vaccine while on
break to avoid any disruption in plant
productivity. Efforts to provide these
clinics are ongoing. The worksite vacci-
nation clinics were available to anyone,
including eligible family members of
employees. However, the target popu-
lation was employees of poultry and
meatpacking companies in the state.

PURPOSE

Worksite vaccination clinics were estab-
lished by the ADH to assist state efforts
in ensuring that employees of the poul-
try and meatpacking industry, who are
disproportionately members of minority
communities and hard-to-reach popula-
tions, had access to vaccinations, particu-
larly the COVID-19 vaccine. The purpose
of this evaluation was to describe these
efforts to vaccinate this population in
Arkansas.

EVALUATION AND
ADVERSE EFFECTS

From May 2021 through April 2022, the
ADH provided 30 worksite vaccination
clinics located at 10 different poultry
and meatpacking plant sites through-
out the state (Table 1). Through these
efforts, 1794 COVID-19 and 599
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influenza vaccine doses were adminis-
tered to industry employees and their
family members. Among those, 1219
(67.9%) were Hispanic and 391 (21.8%)
were Marshallese (Table 2). During Au-
gust 2021 there were nine clinics held,
at which nearly 750 doses of the COVID-
19 vaccine were administered—the
most in a one-month period. It was

TABLE 1— Number of COVID-19 and Influenza Vaccine Doses
Administered at Poultry and Meatpacking Plants, by Time and
Worksite Location: Arkansas, 2021-2022

No. of COVID-19 No. of Influenza
Time of Worksite Vaccine Doses Vaccine Doses
Vaccination Clinic Company and Site Administered Administered
May 2021 Company A—Site 1 31 0
May 2021 Company B—Site 1 20 0
July 2021 Company C—Site 1 189 0
July 2021 Company C—Site 2 147 0
July 2021 Company A—Site 2 112 0
August 2021 Company A—Site 1 168 0
August 2021 Company A—Site 1 42 0
August 2021 Company A—Site 1 29 0
August 2021 Company D—Site 1 66 0
August 2021 Company A—Site 2 121 0
August 2021 Company A—Site 1 19 0
August 2021 Company C—Site 2 186 0
August 2021 Company A—Site 3 76 0
August 2021 Company A—Site 3 39 0
September 2021 Company D—Site 1 105 0
September 2021 Company D—Site 1 13 0
September 2021 Company D—Site 1 24 0
October 2021 Company D—Site 1 33 0
October 2021 Company C—Site 2 6 148
October 2021 Company C—Site 1 11 183
October 2021 Company C—Site 3 2 190
October 2021 Company C—Site 4 0 78
November 2021 Company D—Site 1 22 0
December 2021 Company D—Site 1 91 0
December 2021 Company D—Site 1 103 0
December 2021 Company D—Site 1 36 0
January 2022 Company D—Site 1 41 0
February 2022 Company D—Site 1 26 0
April 2022 Company B—Site 1 6 0
April 2022 Company E—Site 1 8 0

Note. Each row represents a separate clinic; there are 30 in total.
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TABLE 2— Demographics of
Patients Receiving COVID-19
Vaccine Doses at Poultry
and Meatpacking Plants:
Arkansas, 2021-2022

No. (%) of Doses
Administered

Demographic (n=1794)
Race

Asian 143 (8.0)

Black 8(0.4)

Marshallese 391 (21.8)

White 1252 (69.8)
Ethnicity

Hispanic 1219 (67.9)

Non-Hispanic 575 (32.1)
Gender

Female 777 (43.3)

Male 1017 (56.7)

difficult to estimate the reach of the
intervention because demographic infor-
mation on the total workforce was not
provided to the program staff.

There were five companies that col-
laborated with the ADH in providing the
clinics, with three companies account-
ing for more than 98% of the COVID-19
vaccine administered to employees
and family members. There were 637
COVID-19 vaccine doses administered
at Company A, the largest number ad-
ministered among the five companies.
The companies were committed to this
effort and provided financial and other
incentives for vaccinated employees,
such as paid time off.

In addition to ADH staff on hand to
answer guestions, educational material
was distributed to employees in an ef-
fort to address vaccine hesitancy. The
ADH produced more than 30 promo-
tional videos for the COVID-19 vaccine
featuring trusted leaders and members
of the community, of which 11 were in
Spanish and two were in Marshallese.
The ADH partnered with the Arkansas

Porteretal.

Coalition of Marshallese, the Marshall-
ese Task Force, and the Marshallese
Consul General to create videos and
educational instruction. The ADH was
not made aware of any adverse events.

SUSTAINABILITY

The ADH is committed to working with
the poultry and meatpacking industry to
address current and future public health
issues by providing staff resources and
time to conduct more worksite clinics.
Given the success of this initiative, the
industry may be willing to commit
resources in the form of grants to
sustain and expand these efforts to ad-
dress other public health threats and
emergencies.

Additionally, there are federal grant
opportunities available to promote vac-
cination among vulnerable and hard-
to-reach populations. The ADH intends
to apply for these grants, and use
the funds to maintain a workforce of
16 employees who will be committed
to worksite clinics.

PUBLIC HEALTH
SIGNIFICANCE

This program highlights the efforts of
the ADH and the poultry and meat-
packing industry to ensure that the
COVID-19 and influenza vaccines were
made available to a critical workforce
that is largely Hispanic and Marshall-
ese. These populations were dispropor-
tionately affected by the COVID-19
pandemic, particularly early in the pan-
demic.? Having access to vaccines is
critically important to the Marshallese
population because many may not be
eligible for federal benefits such as
Medicare if work requirements are not
met.* A survey conducted by Hamel

et al. indicated that Hispanic

respondents may be reluctant to be
vaccinated through fear of having to
show government-issued identification
and documentation.'® To address

this barrier, the ADH did not require
recipients to provide any such
documentation.

In addition to making the vaccine
available, public health practitioners
should provide education to those who
may be vaccine hesitant. Many racial
and ethnic minority groups, particularly
Hispanics and African Americans, have
shown greater rates of vaccine hesitan-
cy than Whites."' The ADH employed a
multipronged approach to reach mi-
nority and vulnerable populations. For
example, to address COVID-19 vaccine
disparities among the state's Black pop-
ulation, the ADH deployed health equity
strike teams.'? State and local depart-
ments of health aiming to increase
vaccination rates among vulnerable
populations employed by certain indus-
tries may consider this approach. 4JPH
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Mpox Vaccine Interest Survey
Prioritization and Data Flow: Maricopa
County, Arizona, July-August 2022

Brandon J. Howard, MPH, Jennifer E. Collins, MPH, R. Nicholas Staab, MD, MSPH, Sonia Singh, Erika Lara,
Melissa Kretschmer, CVT, MA, Lori Rehder, RN, BSN, Anne Dellos, Jessica R. White, DrPH, MS, and Ariella P. Dale, PhD, MPH

With increasing mpox cases in Maricopa County, Arizona, the county’s health department launched a

survey on July 11, 2022, to gather eligibility and contact data and provide clinic information to those

interested in JYNNEOS as postexposure prophylaxis (PEP) or expanded postexposure prophylaxis
(PEP++). Survey data were matched to case and vaccination data. Overall, 343 of the 513 respondents
(66.9%) who reported close contact with an mpox case patient received PEP and 1712 of the

3379 respondents (50.7%) who were unsure of their contact status received PEP++. This outreach

intervention connected potential close contacts unknown to MCDPH with PEP or PEP++. (Am J Public
Health. 2023;113(5):504-508. https://doi.org/10.2105/AJPH.2023.307224)

he US mpox outbreak began on
Tl\/lay 17,2022, and was declared a
public health emergency on August
412 Response efforts broadened to
include testing, treatment, and vacci-
nation with JYNNEOS for postexposure
prophylaxis (PEP) and expanded post-
exposure prophylaxis (PEP++).2 The
Centers for Disease Control and Pre-
vention recommended prioritizing the
two-dose JYNNEOS mpox vaccine for
those with known exposure (PEP) or
those with presumed exposure
(PEP++) because of “certain risk fac-
tors and recent experiences that
might make them more likely to have
been recently exposed to mpox.”* For
our intervention, individuals at elevat-
ed risk of being exposed to mpox
were defined as those who identify as
men, nonbinary, or trans women and
who have had intimate or sexual con-
tact with men in a social or sexual ve-
nue, have had multiple or anonymous
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sexual partners of any gender identity,
or give or receive money or other
goods or services in exchange for sex
with individuals of any gender
identity.*

OnJune 9, 2022, a Maricopa County
resident was confirmed as having the
first case of mpox in Arizona.” Multiple
mpox case patients reported numer-
ous potential exposures, including
anonymous sexual encounters, at a pri-
vate event on July 2 with an estimated
attendance of more than 500. As a re-
sult of limited vaccine supplies, difficulty
reaching anonymous or unnamed indi-
viduals who had been exposed, and
the 14-day window for PEP or PEP++,
the Maricopa County Department of
Public Health (MCDPH) rapidly devel-
oped and launched a vaccine interest
survey on July 11 to assess PEP or
PEP++ eligibility among the communi-
ty at risk and disseminate vaccine
information.

INTERVENTION AND
IMPLEMENTATION

Permanent and temporary residents of
Maricopa County enrolled in the online
vaccine interest survey to receive
information about mpox vaccine avail-
ability. The brief survey (which included
eight questions) was distributed to
attendees of private events with
reported mpox exposures and named
close contacts of patients with con-
firmed or probable mpox cases,®
shared on the MCDPH Web site, and
disseminated through community part-
ners relevant to individuals at risk.
Community partners tailored outreach
and supported local vaccination events.
Each individual provided their name,
e-mail address, telephone number, and
home zip code; attested whether they
were an adult and currently residing or
temporarily living in Arizona; and indicated
whether they had had skin-to-skin
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contact or shared personal items with
a person diagnosed with mpox and
provided their most recent exposure
date (if relevant).

After survey completion, all respon-
dents immediately received an auto-
mated e-mail from MCDPH with
current information on vaccine eligibili-
ty and upcoming vaccine events.
Respondents then received weekly
e-mail or text updates from MCDPH.
Contact information for individuals
who indicated that they had had skin-
to-skin contact or shared personal
items with a person diagnosed with
mpox, regardless of the date of the
most recent exposure, was sent to the
MCDPH call center for PEP scheduling
within one business day. Individuals
attested to meeting PEP++ criteria at
vaccination events. As vaccine supplies
increased, the survey evolved from
gathering data on eligibility for and in-
terest in PEP to providing information
to individuals on vaccine availability
and events offering PEP++.

Survey responses were matched with
vaccination data from the Arizona State
Immunization Information System and
data on mpox cases and potentially ex-
posed individuals from the Arizona
Medical Electronic Disease Surveillance
Intelligence System. Vaccination fre-
guencies were calculated among those
who completed the vaccine interest
survey, stratified by self-reported expo-
sure type and whether individuals were
identified as close contacts during case
investigation. As vaccine supplies in-
creased, scheduling a second dose to
bolster protection became feasible.
Matched data combined numerous
sources of contact information, in-
creasing the likelihood of reaching
and scheduling those eligible for sec-
ond doses.

PLACE, TIME, AND
PERSONS

The intervention began after notifica-
tion to MCDPH of a large event involv-
ing multiple mpox cases and quickly
evolved to meet growing outbreak re-
sponse needs as JYNNEOS vaccine
availability increased. The intervention
prioritized JYNNEOS for individuals with
self-reported exposure to an mpox
case patient (regardless of date of most
recent exposure) who attested to resid-
ing in Maricopa County or the three
neighboring counties of Gila, La Paz,
and Pinal. Individuals provided informa-
tion based on their current exposure
status and were instructed to submit
an additional response if their expo-
sure status changed.

We shared the contact information of
nonresident survey respondents with
their home jurisdictions. We restricted
our analysis to temporary and perma-
nent residents of Maricopa County ow-
ing to the accessibility of close contact
and vaccination data.

PURPOSE

As a result of increasing JYNNEOS vac-
cine availability” and the increased
number of mpox cases, particularly
among individuals with unnamed or
anonymous contacts, there was an
acute need for coordinated outreach to
close contacts lacking contact informa-
tion and to high-risk individuals inter-
ested in PEP++. MCDPH proactively
collected contact information for indivi-
duals interested in PEP++ before
vaccine supplies increased while priori-
tizing those with known exposure for
prompt PEP scheduling. JYNNEOS
should be administered as close to the
exposure date as possible (within four
days to prevent the onset of clinical
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disease and within 14 days to attenuate
symptoms but potentially not prevent
clinical disease altogether).” As vaccine
availability allowed, JYNNEOS doses al-
located to Maricopa County that were
not needed for PEP were used as
PEP++ at community events for those
who self-reported meeting the high-risk
criteria.

EVALUATION AND
ADVERSE EFFECTS

From July 11 to August 31, 2022, 10226
responses were received for Maricopa
County residents representing 8708
unigue individuals who completed the
survey and regularly received sharable
updates on vaccine availability and
events (Table 1). As of September 1,
3819 (43.9%) respondents had received
at least one dose of JYNNEOS as PEP or
PEP++; 343 (9.0%) were prioritized for
immediate PEP scheduling owing to
reported exposure (Table 1). A sensitivity
analysis comparing individual responses
and unique respondents yielded similar
proportions. Respondents eligible for
PEP received their first dose of [YNNEOS
within a median of four days (interquar-
tile range [IQR] = 4) of survey submis-
sion and PEP++ within eight days

(IQR = 9); this was influenced by vaccine
supply and next available MCDPH vac-
cine event. We identified an additional
3116 vaccinated individuals using data
from the Arizona State Immunization In-
formation System who did not complete
the survey or were unmatched as a re-
sult of collection of limited demographic
information (Table 2).

Of the 6935 individuals vaccinated
with at least one dose of JYNNEOS as of
September 1, 3819 (55.1%) completed
the vaccine interest survey (Table 2).
Most individuals who received at least
one dose of JYNNEOS identified as
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TABLE 1— vaccine Received Among Vaccine Interest Survey Respondents, by Reported Exposure:
Maricopa County, AZ, July 11-August 31, 2022

No. (%)
Total Reporting Total Matched to
Total Unique Total Reporting Total Unsure of No Known Named Close Contacts”
Respondents® Exposure Exposure Status Exposure During Case
Vaccine Status (n=8708) (n=513) (n=3379) (n=4816) Investigation (n=75°)
Received vaccine 3819 (43.9) 343 (66.9) 1712 (50.7) 1764 (36.6) 45 (60.0)
Did not receive vaccine 4889 (56.1) 170 (33.1) 1667 (49.3) 3052 (63.4) 30 (40.0)

Note. Data include all submissions from July 11 to August 31, 2022, and vaccinations provided on or before September 1, 2022, to allow for individuals to
be scheduled for vaccination. The vaccination record data cutoff was October 31, 2022, to allow for data entry. Survey respondents were included in the
analysis if they provided at least one form of contact information (telephone or e-mail) and their first and last names for matching to vaccine records.

2The most recent submission was used for 1220 individuals who responded more than once.

PNamed close contacts were identified by people with mpox during standard case investigation per the Centers for Disease Control and Prevention definition.
Of the 75 close contacts identified during case investigation between July 11 and August 31, 2022, who were matched to a survey respondent, 24 (32%)
were referred for postexposure prophylaxis and 51 (68%) were eligible for expanded postexposure prophylaxis.

TABLE 2— pemographic Characteristics of Maricopa County, AZ, Residents Vaccinated With JYNNEOS
Mpox Vaccine by Participation in Vaccine Interest Survey, July 11-September 1, 2022

wn
c
=z
o Median (Min-Max) or No. (%)
g Vaccinated Individuals Who
g All Individuals Vaccinated Vaccinated Individuals Who Did Not Complete the
< With at Least One Dose Completed the Vaccine Vaccine Interest Survey
= Characteristic (n=6935) Interest Survey® (n=3819) (n=3116) PP
i Age,Sy 38 (14-99) 38 (14-99) 37 (15-84)
<
Age group >.99
<18 years 3(<0.1) 2(0.1) 1(<0.1)
218 years 6932 (>99.9) 3817 (99.9) 3115 (>99.9)
Raced <.01
American Indian or Alaska 277 (4.0) 132 (3.5) 145 (4.7)
Native®
Asian or Pacific Islander 296 (4.3) 161 (4.2) 135 (4.3)
Black or African American 377 (5.4) 217 (5.7) 160 (5.1)
White 4370 (63.0) 2535 (66.4) 1835 (58.9)
Other 801 (11.6) 415 (10.9) 386 (12.4)
Unknown 814 (11.7) 359 (9.4) 455 (14.6)
Hispanic or Latino ethnicity <.01
Hispanic or Latino 1611 (23.2) 892 (23.4) 719 (23.1)
Not Hispanic or Latino 3918 (56.5) 2278 (59.6) 1640 (52.6)
Unknown 1406 (20.3) 649 (17.0) 757 (24.3)

Note. Data include all submissions from July 11 to August 31, 2022, and vaccinations provided on or before September 1, 2022, to allow for individuals to
be scheduled for vaccination. The vaccination record data cutoff was October 31, 2022, to allow for data entry.

?Individuals who completed the vaccine interest survey more than once are represented only once.
PThe Fisher exact test was used to assess differences between age groups; the x? test was used for race and ethnicity.
“Age at administration of first dose of JYNNEOS.
dRace was self-reported according to the mutually exclusive categories listed.
®Vaccine records were geocoded to determine the appropriate jurisdiction. If a vaccine record was geocoded to a tribal jurisdiction, regardless of the
physical county of residence, the record would not be present in Maricopa County vaccine data.
fEthnicity was self-reported according to the mutually exclusive categories listed.
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White (63.0%), adults (more than
99.9%), and non-Hispanic or Latino
(56.5%; Table 2). Anecdotally, e-mail
and text updates from MCDPH were
reported by media outlets and were
shared with others through social me-
dia, social networks, and distribution
lists. We did not evaluate the extent of
distribution by MCDPH or community
partners or ask individuals receiving
the vaccine how they learned of vacci-
nation events.

Given sensitivities around this diag-
nosis, the affected community, and
modes of transmission, the survey was
designed to maintain privacy, not be
overly burdensome on respondents,
and collect only pertinent contact infor-
mation and data on eligibility criteria.
For example, age category was collect-
ed instead of date of birth. This limited
our ability to match survey respondents
to vaccine records. Numerous
responses were incomplete (e.g., miss-
ing name) and could not be matched to
vaccine or case/contact data but still re-
ceived updates to an entered phone
number or e-mail. MCDPH included the
call center telephone number on its
Web site, with support for non-English
speakers, and in all outreach communi-
cations to decrease sign-up barriers for
individuals with limited Internet access.

Of the 767 individuals identified as
close contacts during case investigation
between July 11 and August 31, 609
(79.4%) had information available for
matching; 75 (12.3%) were matched to
a survey response, of whom 45 (60.0%)
received at least one dose of [YNNEOS.
Of all close contacts reported, 632
(82.4%) were identified as health care
workers during standard case investi-
gation, highlighting the limited number
of social or household contacts provid-
ed. Named social and household con-
tacts were not evaluated outside of the

survey; however, potentially exposed
health care workers were first vetted by
public health personnel to determine
eligibility for PEP. Our process at-
tempted to connect anonymous or
unknown contacts and high-risk indivi-
duals with PEP or PEP+ + while subvert-
ing the stigma associated with being
named a close contact during a stan-
dard case investigation.

Potential adverse effects of the inter-
vention included the possibility of delays
in scheduling of mpox PEP if contact in-
formation was incorrect and unwanted
viewing by others of text and e-mail
communications mentioning mpox.

SUSTAINABILITY

As JYNNEOS becomes more available
through local community vaccinators,
this intervention will be adaptable and
flexible with respect to keeping indivi-
duals informed about vaccine availabili-
ty and events.

PUBLIC HEALTH
SIGNIFICANCE

Vaccination is one of the most effective
interventions to reduce the risk of con-
tracting and spreading mpox.® Rapid
outreach is critical to prevent the
spread of mpox but faces challenges
when potentially exposed individuals
are not named. By quickly conducting
outreach via a survey, MCDPH was able
to connect individuals to PEP and
PEP++ through regular communica-
tions regarding vaccination events that
were also shared with others who did
not directly engage with public health.
This adaptable intervention allows local
public health departments to use limit-
ed resources to effectively prioritize
vaccine distribution for interested
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individuals who are most at risk and
minimize stigma. AJPH
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Impact of a Large Healthy Start
Program on Perinatal Outcomes,

South Carolina, 2009-2019

Jihong Liu, ScD, Longgang Zhao, MS, MBBS, Xingpei Zhao, MS, MBBS, Eric Mishio Bawa, MPHIL, Kimberly Alston, MA,
Sabrina Karim, PhD, Anwar T. Merchant, PhD, DMD, Jun Tang, PhD, and Sara Wilcox, PhD

Using linked birth and death certificates for participants served by a Healthy Start program in South
Carolina and community controls, we found that the Healthy Start program contributed to significant

improvements in prenatal care, breastfeeding initiation, and participation in the Special Supplemental

Nutrition Program for Women, Infants, and Children and significant reductions in inadequate weight gain
and large-for-gestational-age births. However, Healthy Start participants were more likely to gain
excessive weight during pregnancy, and there were no significant differences in perinatal outcomes. (Am
J Public Health. 2023;113(5):509-513. https://doi.org/10.2105/AJPH.2023.307232)

he federal Healthy Start (HS) pro-
Tgram is one of the nation’s earliest
initiatives focusing on reducing infant
mortality in high-risk communities
where infant mortality rates are 1.5 to
2.5 times the national average." VYet,
this program has been categorized as
one of the 31 early childhood home vis-
it models that do not meet the criteria
for an evidence-based service delivery
model ?

Previous research has mostly evaluat-
ed the effects of the HS program on in-
fant outcomes. Few studies have
assessed its impact on health beha-
viors, public service use, and maternal
outcomes. Researchers in several stud-
ies have used propensity score match-
ing methods to make control and HS
groups comparable with respect to
sociodemographic and clinical risk fac-
tors.>”” However, these studies have
included only small numbers of HS par-
ticipants,*© raising concerns about
representativeness. Thus, there is an

urgent need to conduct a population-
based program evaluation involving
rigorous methods, more recent data,
larger sample sizes, and more outcome
domains.

INTERVENTION AND
IMPLEMENTATION

The Midlands Healthy Start (MHS) pro-
gram, a federally funded HS program,
has been serving residents in the Mid-
lands region of South Carolina since
1998. The goals of MHS are to eliminate
racial disparities in perinatal health by
mainly serving low-income African
American and Hispanic populations;
improving the health of high-risk wom-
en and their infants; addressing gaps in
screening, assessment, and referral for
depression and other social needs
among pregnant and postpartum wom-
en; increasing access to prenatal care;
and removing barriers to health care
access. MHS participants are enrolled

during pregnancy and followed up to
18 months after delivery. The core in-
tervention strategies include case man-
agement, outreach and recruitment,
health education, a local health system
action plan, and interconception care
for high-risk women and infants. The
case management intervention
includes risk assessment, referral, mon-
itoring, facilitation, and follow-up with
respect to use of needed services.

PLACE, TIME, AND
PERSONS

This retrospective cohort study includ-
ed all MHS participants (n = 7203) who
delivered a singleton live birth and lived
in the South Carolina counties of Rich-
land and Fairfield between June 2009
and August 2014 or Lexington and
Sumter between January 2011 and Jan-
uary 2019. The control group included
non-MHS women who delivered single-
ton live births in the respective counties
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during the study period (n = 48 826;
Figure A of the Appendix, available as a
supplement to the online version of this
article at http://www.ajph.org). Linked
birth and infant death certificate data
were used.

PURPOSE

In this study, we evaluated the impact
of the MHS program on prenatal care,
public service use, and maternal and in-
fant health outcomes.

EVALUATION AND
ADVERSE EFFECTS

Compared with non-MHS controls, MHS
participants were younger at childbirth
(24.8 vs 27.9 years) and had a higher
mean prepregnancy body mass index
(28.7 vs 27.5). A majority of MHS partici-
pants were non-Hispanic African Ameri-
can (74.5%), whereas a majority of
non-MHS controls were non-Hispanic
White (60.2%). MHS participants were
more likely to have a high school educa-
tion or less (53.4% vs 29.4%), to be re-
ceiving Medicaid (79.9% vs 40.3%), and
to have been obese before pregnancy
(36.4% vs 29.0%). The percentage of
women with adverse pregnancy histo-
ries was lower among those taking part
in the MHS program (23.5% vs 25.2%;
Table 1).

The incidence of adverse maternal
and infant health and behavioral out-
comes was significantly higher among
MHS participants (Table 2 and Appen-
dix Table A). As a result, we applied pro-
pensity score stratification to ensure
that the control group met the criterion
of baseline equivalency.® Generalized
linear mixed models stratified by pro-
pensity score quintiles” were used to
evaluate whether there were differ-
ences between MHS and non-MHS

Liuetal.

women in terms of the outcomes of
interest.

In the pooled sample, MHS partici-
pants had 19% lower odds of having
large-for-gestational-age babies than
non-MHS controls (adjusted odds ratio
[AOR] = 0.81; 95% confidence interval
[CI]=0.67,0.99). MHS participants had
higher odds of participating in the Spe-
cial Supplemental Nutrition Program
for Women, Infants, and Children (WIC;
AOR = 2.68; 95% Cl = 2.49, 2.89) and
having initiated breastfeeding in the
hospital (AOR = 1.14; 95% Cl = 1.03,
1.26). There were no significant differ-
ences between MHS and non-MHS
women with respect to other out-
comes, specifically composite adverse
birth outcomes, low birth weight, small-
for-gestational-age babies, preterm
births, infant death, smoking during
pregnancy, diabetes or hypertension
during pregnancy, and cesarean deliv-
eries (Table 2).

We conducted sensitivity analyses
using a propensity score adjustment
approach and multivariable adjusted
models (Table 2). The findings from
these two approaches were similar, but
other significant associations were
revealed. Compared with non-MHS
controls, MHS participants had 14%
lower odds of having inadequate pre-
natal care (AOR = 0.86; 95% Cl = 0.80,
0.92). Also, MHS participants had lower
odds of gaining weight below the Insti-
tute of Medicine's recommended total
weight gain during pregnancy (AOR =
0.90; 95% CI = 0.85, 0.96), but they had
higher odds of gaining weight above
the recommended gain (AOR=1.10;
95% Cl = 1.04, 1.16). County-specific
models showed lower odds of low birth
weight among MHS participants than
among non-MHS controls in Lexington
and Sumter counties and higher odds
of adverse birth outcomes and infant

mortality in Richland and Fairfield coun-
ties (Appendix Tables B and Q).

SUSTAINABILITY

HS programs are sustainable because
the federal HS initiative has been au-
thorized through the Public Health
Service Act and has been implemented
in the United States since 1991.

PUBLIC HEALTH
SIGNIFICANCE

The MHS program did not significantly
reduce the risk of adverse birth out-
comes such as low birth weight, pre-
term delivery, and infant mortality in a
high-risk and underserved population.
However, program participation was as-
sociated with significant reductions in
inadequate prenatal care, large-for-
gestational-age births, and inadequate
weight gain during pregnancy. The HS
program had a positive impact on parti-
cipants in terms of breastfeeding prac-
tices and participation in other public
service programs (e.g., WIC).

Life course theories emphasize the
importance of intervening before preg-
nancy if risk factors are present.'%"" A
large proportion of participants initiat-
ed HS services in the second or third
trimester, leaving little time for program
impact on maternal and infant health
outcomes among these high-risk wom-
en. Thus, strategies are needed on how
to serve high-risk women early in preg-
nancy or preconceptionally. It would
also be helpful to understand how use
of specific services and duration of pro-
gram involvement differentially relate
to outcomes.

Furthermore, the MHS doubled the
total number of women served in
Richland and Fairfield counties over a
five-year time window relative to the
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TABLE 2— Associations Between Healthy Start Program Participation and Health Outcomes in Four
South Carolina Counties (Pooled Sample): 2009-2019

AOR (95% ClI)

Propensity Propensity
Score Score Multivariable
Non-MHS, % MHS, % Stratification® Adjustment® Adjusted Model*

Composite adverse birth outcome? 18.9 25.9 1.07 (0.99, 1.15) 0.98 (0.92, 1.05) 1.00 (0.94, 1.07)
Low birth weight (<2500 g) 7.2 10.7 0.91 (0.78, 1.07) 0.96 (0.87, 1.05) 0.97 (0.89, 1.07)
Very low birth weight (<1500 g) 1.2 1.8 0.99 (0.91, 1.08) 0.93 (0.75, 1.15) 0.92 (0.75, 1.13)
Small-for-gestational-age birth® 111 16.2 1.09 (0.94, 1.26) 0.97 (0.89, 1.05) 0.99 (0.92, 1.07)
Large-for-gestational-age birthf 10.5 6.2 0.81 (0.67, 0.99) 0.96 (0.86, 1.07) 0.93 (0.84, 1.04)
Preterm birth (<37 weeks) 8.6 10.5 0.90 (0.69, 1.16) 0.96 (0.88, 1.06) 0.96 (0.88, 1.05)
Very preterm birth (<32 weeks) 1.3 1.8 0.92 (0.82, 1.04) 0.87 (0.71, 1.08) 0.88 (0.72, 1.08)
Infant death 0.4 0.7 1.36 (0.75, 2.49) 1.40 (0.97, 2.03) 1.33 (0.93, 1.90)
Inadequate prenatal care® 17.0 23.2 1.12 (0.90, 1.40) 0.86 (0.80, 0.92) 0.87 (0.82, 0.93)
Smoking during pregnancy 9.1 12.0 1.11 (0.94, 1.30) 1.02 (0.93, 1.11) 1.19 (1.03, 1.38)

Gestational weight gain"
Excessive 61.2 60.5 0.97 (0.84, 1.13) 1.10 (1.04, 1.16) 1.08 (1.02, 1.15)
" Adequate 12.8 11.3 0.97 (0.83, 1.14) 0.96 (0.88, 1.05) 0.96 (0.88, 1.04)
g Inadequate 21.6 26.3 1.06 (0.85, 1.33) 0.90 (0.85, 0.96) 0.93 (0.88, 0.99)
g WIC participation 38.8 80.5 2.68 (2.49, 2.89) 2.52 (2.34, 2.71) 3.05 (2.84, 3.28)
? Breastfeeding initiation at birth 75.1 64.3 1.14 (1.03, 1.26) 1.19 (1.12, 1.26) 1.13 (1.06, 1.20)
% Diabetes during current pregnancy 6.4 71 1.01 (0.81, 1.25) 1.10 (0.98, 1.22) 1.17 (1.05, 1.31)
§ Hypertension during current pregnancy 6.2 6.5 1.04 (0.92, 1.18) 1.00 (0.90, 1.12) 0.99 (0.88, 1.10)
- Primary cesarean section 19.4 20.7 1.09 (1.00, 1.18) 0.99 (0.92, 1.06) 1.00 (0.93, 1.07)
%‘ Low-risk cesarean section’ 10.8 12.5 1.05 (0.96, 1.16) 1.02 (0.93, 1.11) 1.02 (0.96, 1.09)
Cesarean section 334 31.8 1.00 (0.97, 1.03) 0.96 (0.91, 1.02) 0.95 (0.89, 1.02)

Note. AOR = adjusted odds ratio; Cl = confidence interval; MHS = Midlands Healthy Start; WIC = Special Supplemental Nutrition Program for Women,

Infants, and Children.

?Propensity scores were created on the basis of maternal age, maternal education, maternal race/ethnicity, Medicaid health insurance, nulliparous
status, prepregnancy body mass index category, smoking before pregnancy, composite disease history score, year of birth, and county of residence.
AORs and 95% Cls were for MHS vs non-MHS participation from generalized linear mixed models considering multiple pregnancies over the study
period and stratified by propensity score quintile.
PAORs and 95% Cls were for MHS vs non-MHS participation from generalized linear mixed models considering multiple pregnancies over the study

period and adjusted for propensity score.

“AORs and 95% Cls were for MHS vs non-MHS participation from generalized linear mixed models considering multiple pregnancies over the study

period and adjusted for all of the covariates listed in Table 1 along with year of birth and county of residence.

9Defined as having any of the following adverse birth outcomes: preterm birth, small-for-gestational-age birth, low birth weight, and perinatal mortality.
Birth weight below the 10th percentile of the reference population for same gestational age at delivery and gender.

fBirth weight at or above the 90th percentile of the reference population for same gestational age at delivery and gender.
&Defined as Kotelchuck index of prenatal care score of one.

"The weekly rate of weight gain in the second and third trimesters was calculated as the total gestational weight gain minus the estimated weight gain in

the first trimester (i.e., 4.4 pounds for underweight women, 2.2 pounds for normal-weight women, and 1.1 pounds for overweight/obese women)

divided by the duration of pregnancy in the second and third trimesters (gestational age at delivery in weeks minus 13 weeks). Institute of Medicine
recommended weight gain rates were used to classify women into the inadequate, adequate, and excessive categories.
Defined as babies delivered as singleton births, head first, and at >37 weeks for nulliparous mothers.

number of women served in Lexington
and Sumter counties during a nine-
year period, which may have contribut-
ed to enrollment of high-risk women

512 NotesFromtheField Liuetal.

into the program and possible high
levels of adverse outcomes. The null

findings might indicate that the intensi-

ty of services provided to this high-risk

recruitment levels.
There has been concern on the part
of HS programs about not achieving

population was low as a result of high



program goals in terms of breastfeed-
ing initiation.'? We found that HS wom-
en were more than likely than non-HS
women to have initiated breastfeeding
in the hospital. Our findings on the pos-
itive effects of HS participation on WIC
participation indicate the value of HS
services, which may have a lasting im-
pact on the health of mothers and
infants. Because HS programs serve
participants until 18 months after deliv-
ery, future studies should consider oth-
er innovative designs to examine the
long-term effects of HS program partici-
pation on mothers and infants.

An important finding in our study was
that HS women were more than likely
than non-HS women to exceed the In-
stitute of Medicine’'s recommendations
for weight gain during pregnancy, sug-
gesting the need for adding healthy
lifestyle consultations to existing HS
programming and incorporating
healthy weight gain in pregnancy as a
benchmark to assess program impact.

Overall, despite possible unmeasured
confounding and misclassification, our
findings have important implications
for care providers and health policy-
makers in terms of how to narrow racial
disparities in perinatal health by serving
high-risk populations via community
programs. AJPH
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“%38 See also Morabia, p. 462, Dean et al., p. 517, Jernigan et al., p. 520,
Bendavid, p. 523, Pastor-Barriuso et al., p. 525, Pérez-Gomez et al., p. 533,

and Elliott et al., p. 545.

s the COVID-19 pandemic took
Ahold in early 2020, most countries
were poorly equipped to deal with it.
Despite the entreaties of the World
Health Organization to “test, test, test,”
few countries had the infrastructure, test
equipment, laboratories, or resources
to implement wide-scale testing. With
the growing realization that severe
acute respiratory syndrome coronavi-
rus 2 (SARS-CoV-2) infection could be
transmitted by those with mild symp-
toms and genuinely asymptomatic indivi-
duals,? it became clear that relying on
testing only symptomatic people who
went to health services (and were able
to get a test) would fail to interrupt a
substantial proportion of transmission
and would give a biased view of the
pandemic.® Accurate data on the extent
of infection in the community and defin-
ing who was most at risk (and where)
were essential to plan for demands on
health services and to guide public health
action in the absence, at that time, of
vaccines and effective treatments.

Against this background, some coun-
tries invested early in community-wide

Elliott et al.

testing of random members of the pop-
ulation to identify people with current
infection. They used swabs and RT-PCR
(reverse transcription-polymerase
chain reaction) to determine current
infection or past infection by testing

for SARS-CoV-2 antibodies. The aims
were to monitor trends in SARS-CoV-2
infection at a population level; gain

new epidemiologic knowledge of who
was at risk, when, and where; and (later,
through viral sequencing of positive
swabs) provide early warning of new
variants appearing in the population.
Antibody prevalence could also inform
estimates of cumulative community in-
fection rates, particularly important in
early waves, when there was limited ca-
pacity for testing those with mild cases
or their contacts.

The Seroepidemiological Survey of
SARS-CoV-2 Virus Infection in Spain
(Estudio Nacional de Sero-Epidemiologfa
de la Infeccion por SARS-CoV-2 en
Espana; ENE-COVID; see Pastor-Barriuso
et al. [p. 525] in this issue of AIPH), con-
ducted from April 27 to June 22, 2020,
during lockdown, demonstrated regional

heterogeneity in prevalence, which was
higher in central regions of Spain. Even
in areas with a high burden from the first
wave of the pandemic, only around 10%
of participants had antibodies,” indicat-
ing that large numbers of people were
still vulnerable to infection.

A subsequent round of data collection
was added in November 2020 during
the second wave of infections. This high-
quality study addressed many of the
elements required to provide reliable
data on symptom reporting and anti-
body prevalence at a community level.
At the time, policymakers were largely in
the dark about the proportion of the
population that had been infected with
SARS-CoV-2 during the first and second
waves. Data on symptoms, comorbidities,
and other risk factors and antibody levels
were obtained from a stratified random
cross-section of the noninstitutionalized
population of Spain. The aim was to
provide reliable estimates of prevalence
by key demographics, including informa-
tion at the province level.

The first wave of the study included
68 287 participants (69.1% of eligible
people) who received a point-of-care
test (lateral flow immunoassay [LFIA]
device) for SARS-CoV-2 IgG (immuno-
globulin G) antibodies, with a more
accurate laboratory immunoassay also
being done. The investigators used
study weights to adjust for any bias
introduced by the sample design (in-
cluding oversampling in relatively less-
populated areas) and variable response
rates in different subsections of the pop-
ulation. Local primary health care teams
obtained data nationally using a com-
mon protocol to ensure comparability
across areas. Sampling was done by
household, with allowance made in the
statistical analysis for clustering at the
household level. Importantly, the very
high response rate ensured that the
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prevalence estimates provided an accu-
rate representation of the (cumulative)
community prevalence of infection.
Moreover, the large size and reach of
the study, both regionally and by age
(from infants to the elderly), meant that
relatively precise estimates of preva-
lence for different demographic groups
could be fed back to policymakers.
Meanwhile, in the United Kingdom,
two large-scale studies with complemen-
tary designs were initiated to measure
the prevalence of virus and of antibodies
in random samples of the population:
the REal-time Assessment of Community
Transmission (REACT) Study in England®
and the Office for National Statistics
(ONS) COVID-19 Infection Survey (CIS)
across the United Kingdom.® REACT
included REACT-1, which tested for the
virus by RT-PCR from self-administered
throat and nose swabs, and REACT-2,
which tested for antibodies using a self-
taken LFIA test. Both were designed to
be representative of the population of
England as a whole; had wide coverage
by age, sex, ethnicity, and small geo-
graphic area and region; used sample
weighting to produce population
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estimates of prevalence; and aimed to
provide rapid, unbiased, and authorita-
tive information to the government, the
scientific community, and the public.

The REACT-1 study ran for approxi-
mately two to three weeks every month
over 19 distinct rounds from May 1,
2020 to March 31, 2022, giving a detailed
and dynamic picture of the pandemic in
England as it unfolded (Figure 1).” Overal,
more than 2.5 million people aged 5years
and older took part. The REACT-2 study
included more than 900 000 adults over
six rounds from June 2020 to May
2021. The ongoing ONS-CIS survey
used a random household design and
tested both for virus through RT-PCR
and antibodies using a laboratory ELISA
(enzyme-linked immunosorbent assay)
test following a blood draw.®

These examples from Spain and the
United Kingdom were some of the ear-
liest (and largest) to use community-
based samples, but similar initiatives
were developed in other national, re-
gional, and local areas. In mid-2020,
Serotracker was established, collating
data on antibody prevalence to an in-
teractive dashboard that monitors and

il 1
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synthesizes data from studies across
the world.”

What have we learned from these
studies and what are the take home
messages for monitoring future out-
breaks of severe respiratory infections?

1. Antibody prevalence following the
first wave of the pandemic in the
United Kingdom'? and Spain® was
approximately 6% to 10%, so the
capacity for large subsequent
waves was high.

2. Patterns of infection in the com-
munity were substantially different
from patterns of cases or hospitali-
zations, and these differences
were important for policy (e.g.,
children were key to the pandemic
at certain times).

3. There were marked social inequal-
ities in risk of infection (and hence
hospitalizations and mortality) dur-
ing the first wave,®'® with important
implications for planning pandemic
response to minimize such inequal-
ities in the future.

4. Relying on the results of routine test-
ing of symptomatic people is biased
both by the unavailability of tests (at
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I FIGURE 1— Timeline and Weighted Prevalence of SARS-CoV-2 Infection: REACT-1 Study, England, May 1, 2020-March

31, 2022

Note. REACT-1 =REal-time Assessment of Community Transmission-1. The figure shows the weighted prevalence of infection (black dots) and 95% credible
intervals (vertical bars). P-spline model (black line) and 50% and 95% posterior credible intervals (dark and light gray shading) are fit to the data. Vertical
gray-shaded areas represent “twin peaks” of Omicron BA.1 and Omicron BA.2 infections January-March 2022.

Source. Adapted from Elliott et al.”
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least early in the pandemic) and by
varying test-seeking behaviors in the
community. Such data greatly un-
derestimate the true infection rates
because of the lack of comprehen-
sive testing (in most countries) and
the substantial numbers of asymp-
tomatic infections.

5. ENE-COVID and REACT could make
meaningful estimates of population
case fatality rates, as they were able
to include asymptomatic and mild
infections in the calculations.'®""

6. Viral transmission did not occur
equally everywhere but varied by
place (and demographic groups) at
different times,® with implications
for public health measures to con-
trol infections.

7. Perhaps most importantly, most
countries were massively ill prepared
for the pandemic, and population
testing and monitoring procedures
(e.g., in the United Kingdom and
Spain) had to be set up from
scratch on an emergency footing.

The REACT and ENE-COVID studies
showed that home-based self-sampling
and testing is an efficient and effective
way of carrying out mass testing at scale
even during a lockdown. We now have a
very clear picture of the requirements
for situational awareness during a respi-
ratory virus pandemic. Surely if we have
learned one lesson, it is that we must in-
vest, plan, and be much better pre-
pared for future similar events. 4JPH
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n this issue of AJPH, Pastor-Barriuso
I et al. (p. 525) describe the design
and implementation of the ENE-COVID
study—a nationally representative,
population-based, longitudinal survey
of severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) antibodies
in Spain. Throughout the pandemic, se-
rological surveys have been extraordi-
narily valuable for understanding COV-
ID's epidemiology. In spring 2020—
when ENE-COVID conducted its first
survey phase—diagnostic tests were
scarce, and there were important ques-
tions about the severity of SARS-CoV-2
and the extent of immunity after the
first wave. Although conveniently sam-
pled antibody studies from other coun-
tries provided rapid insights, these
were not always reliable or adequately
representative.” The ENE-COVID study
stands out for its size (> 68 000 partici-
pants in the first phase), breadth (first
serosurvey to capture the entire age
range, from babies to adults older than
90years), and rigor (stratified two-stage
probability sampling design).

The ENE-COVID study provided value
locally, nationally, and internationally.
The study was designed to provide suf-
ficiently precise estimates of cumulative
incidence of infection for each province
in the country. Region-specific

estimates enabled policymakers to
“delineat[e] different schedules for re-
covering activity across the country” (al-
though it turned out that all areas had
seroprevalence well below any herd im-
munity threshold). At the national level,
the study captured age-specific sero-
prevalence and risk factors for infec-
tion.? Seroprevalence was similar in
men and women, in contrast to nation-
al surveillance data depicting differing
burden. Globally, the study generated
results that were impactful as they con-
tributed to broader epidemiological un-
derstanding of the new pathogen. The
severity of SARS-CoV-2 was unknown
early in the pandemic, making it difficult
for policymakers to formulate a re-
sponse. ENE-COVID provided early, reli-
able insights on the proportion of infec-
tions that were asymptomatic.?

Itis a useful exercise to reflect back
on surveillance studies such as ENE-
COVID and define the elements that
added value. Which outputs of this and
similar studies were most impactful for
local, national, and international deci-
sion-making? What made these outputs
especially valuable—rigor, representa-
tiveness, timeliness? And how did the
value of these outputs evolve and the
studies adapt throughout the course of
the pandemic? Such a reflective

OPINIONS, IDEAS, & PRACTICE AIDI‘I

exercise is important for planning fu-
ture surveillance activities for SARS-
CoV-2 and other pathogens.

The concept of the “value of
information,” which draws from the
fields of economics® and decision sci-
ence, is a useful framework here. One
natural application in infectious disease
epidemiology is infectious disease
modeling. Surveillance data are piped
into models as parameters or data
streams for calibration, and these mod-
els are used for making projections or
for scenario modeling (i.e., comparing
the potential impact of different poli-
cies).* A logical question then is wheth-
er higher-resolution surveillance data
translate to better projections or sce-
nario comparisons. This question can
be examined by running the model
with different data inputs and looking
for qualitative changes in the conclu-
sions. Even more challenging to ad-
dress, though, is whether policymakers
demand a certain level of precision for
decision-making. During the pandemic,
modelers working within public health
agencies described incredibly rapid
turnaround times, too short for compu-
tationally complex models. Nimble
models can be better-suited in these
settings.

Importantly, the value of surveillance
data is not constant over time and
space. Data generation, like other
investments, can occasionally have
diminishing returns. At the beginning of
the COVID-19 pandemic, studies were
needed to establish basic epidemiologi-
cal quantities. Field work for ENE-
COVID started less than four weeks
after the survey was identified as a na-
tional priority in Spain, and the first
wave of data collection was completed
in two weeks.” In contrast to data that
are globally valuable, local data can be
impactful because of the anecdotal
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weight it carries (here are actual infec-
tions that have occurred within the
community), but it can also be redun-
dant. Does the same study need to
be replicated across all regions? For
ENE-COVID, were province-specific esti-
mates of seroprevalence needed, or
was the key estimand the underreport-
ing ratio, which could be measured in
fewer locations but then used to ex-
trapolate local burden from case
reports? Would extrapolated estimates
have been “good enough” for decision-
making? And would cutting down on
the complexity in one dimension (i.e.,
number of provinces) have enabled the
study to expand in another dimension
(i.e., number of rounds of sampling,
adding in polymerase chain reaction
[PCR] swabbing for active infection)?
Tracking cumulative incidence over
time is useful, but even better is to con-
sider: “What data should we collect
next to narrow down the decision
space?”’ The experiences of the COVID-
19 pandemic emphasize the impor-
tance of flexibility and adaptability in
studies. The key questions evolved over
time,® from establishing basic epidemi-
ological characteristics to assessing the
effectiveness of different policies, or
measuring the durability of antibodies
in previously infected individuals. The
end of one study serves as a starting
point for the next—it is a pool of sero-
negative participants for an incidence
cohort, or a pool of seropositive partici-
pants for an antibody waning cohort.
Although the ENE-COVID study did not
extend into the period when vaccines
were widely deployed, large studies like
the United Kingdom's Office for Nation-
al Statistics (ONS) COVID-19 Infection
Survey have addressed “vaccine-era”
questions. They characterized popula-
tion levels of immunity conferred by
previous infection, immunity via

Deanetal.

vaccination, and “hybrid immunity” in
vaccinated and infected individuals
(quantities that are difficult to disentan-
gle without serosurveys). When the om-
icron variant emerged, there was a
need to revisit basic epidemiological
questions (such as severity profile), but
reinfections made antibody surveys dif-
ficult to interpret.” PCR swabbing for
active infection made the ONS COVID-
19 Infection Survey a critical resource
to study the omicron variant—and the
ONS is piloting adding influenza and re-
spiratory syncytial virus testing to
COVID-19 testing.® This sort of adapta-
tion enables the study to maintain val-
ue while leveraging the extraordinary
effort put into its initial design.

In the United States, we look to Spain
and the United Kingdom in envy for
their capacity to conduct such large,
population-based studies. No such ser-
osurveys of that size or representative-
ness were conducted in the United
States, which we attribute to lack of in-
tegrated, national public health machin-
ery with a strong community presence.
Such levels of participation feel beyond
reach here. Repeated cross-sectional
studies of antibodies in US blood
donors were helpful in characterizing
changes in seroprevalence over time
and by region,” but were constrained
by their design—excluding children, for
example. The studies could also not
adapt to keep pace with evolving ques-
tions. One wonders what we lost by not
having the same high-quality, locally
generated insights.

Not all pathogens will be like SARS-
CoV-2, but in a sense, the pandemic is
the ultimate case study. We can put
ourselves back in time, starting in spring
2020, acknowledging the enormous un-
certainty about what the future would
hold. Now, as the acute phase of the
pandemic winds down, it's time to ask

questions about what studies ought to
be done in both “peacetime” and during
a pandemic. How does better-quality in-
formation translate into better policy? A
better-informed and trusting public?
Better interventions? And can we use
this information to design better surveil-
lance systems? A systematic assess-
ment of the serosurveillance studies
that ran during the pandemic may be
as good a place as any to unpack these
questions. Our view is that ambitious
and wide-ranging projects like ENE-
COVID were the right studies for the
moment at the beginning of the pan-
demic. But as the pandemic pro-
gressed, studies that evolved, such as
those conducted by the ONS in the
United Kingdom, were the most impact-
ful. As epidemiologists, we must
acknowledge that these discussions re-
quire policymakers, economists, mode-
lers, and information theorists. The
answers to these questions are large,
unwieldy, and sometimes humbling, but
the act of asking the questions can set
us on the right track. As with the 1918
pandemic, we will be working to learn
from the COVID-19 pandemic for a long
time. AJPH
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s the SARS-CoV-2 virus (the causa-
Ative agent of COVID-19) began
rapidly spreading around the globe in
the spring of 2020, existing surveillance
systems were not robust or compre-
hensive enough to meet the tremen-
dous need for real-time, representative
characterization of both pathogen and
disease. Confronted with these chal-
lenges in England, as described by Elliott
et al. in this issue of AIPH (p. 545), an al-
ternative, novel, and broadly applicable
surveillance platform was established—
the Real-time Assessment of Communi-
ty Transmission-1 (REACT-1) study. This
system was designed and purpose-built
through a collaboration of public health
officials, health care providers, academic
modelers, mathematicians, statisticians,
logisticians, and epidemiologists. The
methods and execution of REACT-1
proved successful in maintaining situ-
ational awareness as reported in more
than 15 publications and numerous
public health reports, leading to mean-
ingful policies and mitigations with sig-
nificant positive public health impact.

Editorial Jerniganetal.

Several design and methodological fac-
tors contributed to REACT-1's success
and serve as examples for improving
surveillance going forward.

e Bring It Home—During the nation-
wide lockdown in England, when
clinics were closing and health care
services were limited, REACT-1
brought the study to the people,
where they lived, rather than
attempting to implement at the
point of testing and care. This
helped to prevent collection bias
introduced through opportunistic
sampling among available patients
at available clinics.

e Self-Serve—The study used a novel
specimen accessioning approach
by sending swabbing kits to volun-
teering individuals and families for
self-collection, thus giving health
care providers time to focus on
patients in greatest need. Notably,
this effort provided a more repre-
sentative view of COVID-19, demon-
strating the spectrum of infection

among both symptomatic and
asymptomatic persons and estimat-
ing the prevalence of infection with
fewer biases from varying inclina-
tion or ability to be tested.

Go Long—REACT-1 established
repeated collections of specimens
and data, occurring in 19 rounds of
study, approximately every two to
three weeks for almost two years.
This sustained effort not only pro-
vided point-prevalence and cumula-
tive incidence of infection, but also
revealed broad trends of transmis-
sion and the emergence and growth
rates of new variants over time and
across the region.

Go Large—The study was ade-
quately powered for regular esti-
mates of disease impact and virus
evolution prevalence estimates at
regional and subregional levels in
England. To date, over 2.5 million
swabs have been collected from
over 14 million people invited to
participate. The size of the sample
allowed for a frequency of collec-
tion that was sufficient and timely
enough to inform public health lea-
ders to make evidence-driven deci-
sions on mitigation measures.
Level Playing Field—One important
component of REACT-1 was the
use of random sampling. The effort
benefited significantly from access
to patient records in the country’s
National Health Service (NHS), utiliz-
ing random cross-sectional sampling
down to the local level. REACT-1
achieved a response rate of around
18% and utilized linkages to the
NHS data. The representativeness
of the study's sample uncovered
important epidemiological trends in
disease by age, race/ethnicity, socio-
economic status, and other health
equity measures. These data
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supported identification of dispari-
ties in infection risk as a major driv-
er of racial/ethnic disparities in
COVID-19 mortality. The design, fre-
quency, and data completeness in
the sample provided reliable inputs
for modeling and forecasts of
COVID-19 in the United Kingdom, in
contrast to the use of case counts in
other countries, whose interpreta-
tion was far more variable in space
and time."

e Versatile Player—Given the breadth
and duration of the REACT-1 invest-
ment, its utility exceeded the prima-
ry intent for situational awareness
and allowed for measuring multiple
other public health outcomes. The
platform provided vaccine effective-
ness estimates specific for vaccine
formulation, number of doses, and
by predominant variant. Through
additional consent and long-term
record linkage, the platform also
provided a profile of COVID-19
symptoms over time and was able
to show evidence of reinfection
and the degree of protection from
natural infection and vaccination.

e Keeping Score—The results of each
round of REACT-1 revealed the
transparency of the program'’s pro-
cesses and findings. The data were
released quickly, publicly, and on a
known cadence, and were reported
in the media and used by senior
decision-makers to guide COVID
response policies. Routine and open
data release streamlined clearance
processes, managed expectations
on updates to near real-time situa-
tional awareness, and maximized
the benefit of the information to
decision-makers and the public.

The costs and complex coordination
of a platform like REACT-1 were

appropriate and proportionate to the
significant impact of COVID-19; howev-
er, it may be challenging to maintain
the effort when no emergency is pre-
sent, and it may be difficult to emulate
in resource-limited settings, even dur-
ing emergencies. The REACT-1 team im-
proved logistics and, notably, lowered
costs as the study progressed. Explor-
ing options to optimize processes and
further minimize costs for similar capa-
bilities will be important if the lessons
learned from REACT-1 are to be repli-
cated in other locations.

The emergence and circulation of the
SARS-CoV-2 virus revealed the founda-
tional need for robust virological sur-
veillance to detect, characterize, and
monitor virus variants. Systems such as
the SARS-CoV-2 Sequencing for Public
Health Emergency Response, Epidemi-
ology and Surveillance (SPHERES) in the
United States and expansion of other
global genomic sequencing networks
were critical for informing public health
interventions.”® Going forward, a plat-
form like REACT-1 could provide rich
information on virus evolution and im-
pact; at a minimum, however, specimen
collection with virus genomic character-
ization at capable sentinel laboratories
in strategic locations globally are need-
ed to provide the first defense.

Other alternative approaches have
been applied during the COVID-19
response for improving public health
surveillance using byproducts of the
data revolution and recent digital
health trends.* These capabilities may
allow resource-limited jurisdictions to
jump over traditional methods to use
newer data-only approaches for public
health surveillance, such as event-based
surveillance, social media monitoring,
smartphone-based crowdsourcing, ex-
posure notification, use of the Internet

OPINIONS, IDEAS, & PRACTICE

of Things, and wearable technology.
Nonetheless, without a grounding of
these efforts to the clinical and labora-
tory monitoring of emerging pathogens,
they may be limited as nonspecific sig-
nals and trends.

Recently, the World Health Organiza-
tion developed a Health Emergency
Preparedness, Response, and Resil-
ience (HEPR) framework, which seeks
to improve detection and public health
monitoring through “collaborative
surveillance.” This initiative focuses on
public health intelligence, surveillance
of threats, improved laboratory capaci-
ty for pathogen and genomic surveil-
lance, and better forecasting. Rather
than a single, purpose-built system like
REACT-1, collaborative surveillance
calls for better linkage and coordination
between existing epidemiological and
laboratory systems in human and
animal health to achieve a “mosaic” of
community surveillance. Additionally,
initiatives for data modernization are
being implemented to address gaps
that challenged the early COVID-19
response and improve data system
readiness and coordination.®

The REACT-1 platform was a major
accomplishment in collecting, analyzing,
and informing essential information
in a time of crisis. It provides major
lessons learned on how to improve
surveillance systems generally and
especially during a pandemic. A clear
question will be, how do we apply this
approach and the lessons learned from
REACT-1 into legacy surveillance sys-
tems during nonemergency situations?
And how can we quickly ramp up simi-
lar efforts when needed again? The
challenge will be to find ways of opti-
mizing similar approaches in other
locations within available resources.
Hopefully, collectively we can rise to
this challenge. 4AJPH
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he early days of the COVID-19 pan-

demic were a period of great con-
cern and urgent action. In short order,
the virus that spread in Wuhan, China
overwhelmed Bergamo, Italy’s hospital
system and was quickly making its way
across borders and continents. The
mobilization of the scientific and public
health communities was commensu-
rate with the challenge. Within weeks of
the initial reports, the genetic structure
of the virus was sequenced, opening
the door for diagnostics and vaccine
developments. Within a year, at least
four vaccines were deployed, and more
than 200 000 scientific articles focused
on COVID-19 were published.”

In the remarkable explosion of scien-
tific productivity, seroprevalence studies
stand out as notably underrepresented.
Not that seroprevalence studies were
not done. Some were done and re-
ported. However, the information
obtained from seroprevalence studies
was so critical for understanding the
evolution of the pandemic that the
existing studies seem notably sparse.

Why were seroprevalence studies so
critical? The headline reasons are famil-
iar: the reported number of cases were
grossly undercounting the total num-
ber of infections; because the cases
represented the ailing and those seek-
ing medical care, the visible pandemic
was not a trustworthy representation
of the true pandemic absent seroprev-
alence studies. Molecular diagnostics
were hard to come by in the early days
of the pandemic, and testing in hospi-
tals made the virus appear to be parti-
cularly lethal. Seroprevalence testing
was needed to understand the true
extent of infection spread in the popu-
lation. At a basic level, this was a central
piece of information for two fundamen-
tal measures: feasibility of herd immu-
nity, and the infection fatality rate. Herd
immunity is that theoretical threshold
at which there are enough circulating
members of the population immune to
the infection that further spread is ef-
fectively halted. The infection fatality
rate is the proportion of those infected
that die from the disease. Both of these
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measures require knowing the true ex-
tent of infection spread and cannot be
estimated from case numbers.

There are other fundamental reasons
for prioritizing seroprevalence studies,
beyond the feasibility of herd immunity
and the infection fatality rate. First, they
enable fundamental understanding of
infection dynamics in subgroups, such
as in different ages or by sex. Imagine
the importance for school reopening
decisions of clear knowledge about
transmission rates among primary
school-age children. Or having a clear
sense of the age gradient in infection
fatality rate. Such 1000-fold differences
in fatality rates between the young and
old should have been a real call to ac-
tion for prioritizing protective public
health measures. Finally, repeated se-
roprevalence studies open a unique
window on how transmission risk evolves
in the population and point to key drivers
of infection such as occupation.

Nothing can substitute for seropreva-
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lence studies. And no other study pro-
vides such foundational information for
understanding the epidemiology and
informing policy. For those reasons, the
40 or 50 seroprevalence studies con-
ducted in 20 to 30 countries early in
the pandemic were woefully scarce.?
Perhaps as many at 150 countries did
not have regional studies, let alone na-
tional seroprevalence studies.

In this issue of AJPH, Pastor-Barriuso
et al. (p. 525) provide a summary of the
ENE-COVID (Estudio Nacional de
Sero-Epidemiologfa de la Infeccién por
SARS-CoV-2) seroprevalence studies
conducted in Spain between April and
November 2020. With support from the
Ministry of Health, the ENE-COVID pro-
vided ongoing and nationally represen-
tative information in near-real time early
in the pandemic. The results of the early
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ENE-COVID studies were published for
the broader scientific community, and
the findings, with nearly three years of
hindsight, are published here.

The findings provide a unique lens
on the evolution of COVID-19 in Spain
during those early months of the pan-
demic. Itis a fascinating story. We see
how, in Spain, risk of infection shifted
from those with high socioeconomic
status in April to those with lower socio-
economic status by November. Prior
to April, it was the well-heeled globe-
trotting travelers that got infected.
Following the lockdowns, it was the clea-
ners and caregivers that got infected
and continued to fuel transmission. We
also see where infections happened: in-
side the home. Living with an infected
person was the greatest risk factor for
testing positive.

In some ways, this is the oldest story
in epidemiology. Those with greater
means take greater measures to pro-
tect themselves, leaving those with few-
er means who live in more crowded
households to bear the risk of staffing
grocery stores, delivering Amazon
packages, continuing essential con-
struction, and getting infected. This is
how health disparities come into exis-
tence. The ENE-COVID studies shed a
bright spotlight on this process.

Why were studies like ENE-COVID
rare? If the information they provide is
so central to understanding the epi-
demic and informing policy, why were
they not prioritized by every govern-
ment? The first national seroprevalence
study conducted in the United States
under the auspices of the Centers for
Disease Control and Prevention was not
done until September 2020.% Several
reasons are readily available. Measuring
seroprevalence at a national scale is
costly. Even during nonpandemic times,
a lot of coordination is required to test
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a nationally representative sample. The
backroom operations behind the ENE-
COVID study were undoubtedly massive.
And some early seroprevalence studies
generated backlash, which may have dis-
incentivized interested investigators.*

There is one more reason. If the story
in the ENE-COVID study is universal, then
the poor stood to gain the most from
scientific studies that made it hard to
ignore the fact that existing policies were
likely shifting the burden from those with
greater means to those with less. And
the scientific establishment—by and
large well-to-do and highly educated—
did not prioritize that evidence. Modeling
studies arguing for lockdown policies
were highlighted and prioritized for poli-
cy setting.” Those are easier to handle—
even when shown to be problematic.®’
It is harder to acknowledge that policies
that protect scientists and the wealthy
are also hurting the poor.

The importance of the ENE-COVID
study cannot be understated as public
health systems retool and develop
plans for future outbreaks. The conflu-
ence of scientific and government sup-
port for the study is inspiring. No study
is perfect, but ENE-COVID's sample—
large and largely representative—
techniques, and science-sharing ethic
are a playbook recipe for future plan-
ning. We all have much to learn from
their experience. AJPH
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38 See also Morabia, p. 462, Elliott et al., p. 514, Dean et al., p. 517, Jernigan et al., p. 520, Bendavid, p. 523,
Pérez-Gomez et al., p. 533, and Elliott et al., p. 545.

Data System. The Spanish National Seroepidemiological Survey of SARS-CoV-2 (or ENE-COVID; SARS-
CoV-2 [severe acute respiratory syndrome coronavirus 2] is the causative agent of COVID-19) was funded
by the Spanish Ministry of Health, the Instituto de Salud Carlos Ill, and the Spanish National Health System.

Data Collection/Processing. A stratified 2-stage probability sampling was used to select a
representative cohort of the noninstitutionalized population of Spain. ENE-COVID collected longitudinal
data from epidemiological questionnaires and 2 SARS-CoV-2 IgG antibody tests. From April 27 to June
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22,2020, 68287 participants (77.0% of contacted persons) received a point-of-care test and 61 095
(68.9%) also underwent a laboratory immunoassay. A second follow-up phase was conducted between
November 16 and 30, 2020.

Data Analysis/Dissemination. Analyses use weights to adjust for oversampling and nonresponse and

account for design effects of stratification and clustering. ENE-COVID data for research purposes will be

available upon request from the official study Web page.

Public Health Implications. ENE-COVID, a nationwide population-based study, allowed monitoring
seroprevalence of antibodies against SARS-CoV-2 at the national and regional levels, providing accurate

figures by gender, age (from babies to nonagenarians), and selected risk factors; characterizing

symptomatic and asymptomatic infections; and estimating the infection fatality risk during the first
pandemic wave. (Am J Public Health. 2023;113(5):525-532. https://doi.org/10.2105/AJPH.2022.307167)

he Spanish National Seroepidemio-

logical Survey of SARS-CoV-2 (Estu-
dio Nacional de Sero-Epidemiologia de la
Infeccién por SARS-CoV-2, or ENE-COVID;
SARS-CoV-2 [severe acute respiratory
syndrome coronavirus 2] is the causative
agent of COVID-19) is a nationwide
population-based cohort study to

quantify seropositivity for SARS-CoV-2 in
the noninstitutionalized population of
Spain.

DATA SYSTEM

Salud Carlos Il (ISCHII), in collaboration
with the health services of all the Spanish
regions (Autonomous Communities).

Purpose

ENE-COVID was conducted by the Span-
ish Ministry of Health and the Instituto de

The main aims of this longitudinal sero-
prevalence study were (1) to quantify
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the extent of SARS-CoV-2 circulation
throughout the country during the first
epidemic wave, (2) to monitor its evolu-
tion over time, and (3) to evaluate
which factors were associated with
greater risk of being infected by this vi-
rus. Because of the different patterns
of evolution of the pandemic among
Spanish regions, ENE-COVID's design
was intended to provide accurate and
representative estimates of the preva-
lence of infection at the province level.

Public Health Significance

ENE-COVID was carried out during the
first and very severe epidemic wave of
COVID-19 in a Spain under lockdown,
at a time when diagnostic tests were
scarce and the surveillance system was
not yet able to give reliable data on the
burden of SARS-CoV-2 infection. ENE-

COVID tried to answer the 2 main ques-

tions associated with a pandemic: how
many people were infected, and how
many of them died?" Its results showed
that, despite the high impact of COVID-19,
the prevalence figures of infection
were low, very far from what would be
needed to support control measures
relying on herd immunity. Also, having

information on the intensity of the pan-

demic in each region contributed to
delineating different schedules for re-
covering activity across the country. In
addition, ENE-COVID provided reliable
estimates of 2 basic public health indi-
cators needed to evaluate and control
the COVID-19 pandemic; namely, the
proportion of asymptomatic infections
and age-specific infection fatality risks.

DATA COLLECTION
AND PROCESSING

ENE-COVID collects data from a
sample representative of the overall

Peer Reviewed  Pastor-Barriuso et al.

noninstitutionalized population in
Spain, through personal interviews and
using 2 immunoassays (as explained in
this section). To gather information
about the evolution of the epidemic,

3 consecutive data collection rounds
were carried out during a first phase of
the study (April 27-June 22); a second
phase, consisting of a unique round,
took place in November 2020. Primary
care staff from each of the regional
health services carried out fieldwork
(recruitment, epidemiological question-
naires, and antibody testing) under a
common protocol developed by the
National Center for Epidemiology at
ISCII.

The training of all personnel was co-
ordinated via a Web platform estab-
lished at the National School of Public
Health at ISCIII. The National Statistics
Institute (INE) provided the name, age,
and phone numbers of all residents
registered in the selected households.
Regional call centers and health care
centers tried to contact each house-
hold by phone on different days and at
different times.

The first person answering the call
was informed about the general pur-
pose of the study. If they agreed to par-
ticipate, an initial phone questionnaire
collected and updated the information
on the current residents in the house
and on the characteristics of the house-
hold. All people living in each house-
hold were invited either to go to their
primary health care center or to allow a
home visit, during which they provided
written informed consent. At that visit,
primary care staff collected epidemio-
logical data through computer-assisted
personal interviews; these included a
history of symptoms compatible with
CQOVID-19 (fever, chills, severe tired-
ness, sore throat, cough, shortness of
breath, headache, anosmia or ageusia,

and nausea, vomiting, or diarrhea), con-
tact with confirmed or suspected cases,
and other risk factors. Participants also
had a point-of-care rapid test to detect
antibodies against SARS-CoV-2 and,
optionally, donated a blood sample to
assess the presence of IgG antibodies
in serum with a more precise
technique.

The Ministry of Health designed a se-
cure Web application specifically for
this study to save both questionnaire
and point-of-care test results. Blood
samples were centrifuged to obtain the
sera, labeled, stored refrigerated at the
primary health care centers, and sent
to the laboratory every 2 or 3 days.
Serum samples were analyzed either at
the National Center for Microbiology
(CNM-ISCII) orin 1 of 28 selected
regional microbiology laboratories
under CNM-ISCIII coordination.

The study used 2 immunoassays: (1)
a point-of-care test applied to finger-
prick blood to detect IgG antibodies
against the receptor-binding domain of
SARS-CoV-2 spike protein (Orient Gene
Biotech COVID-19 IgG/IgM Rapid Test
Cassette, Zhejiang, China; reference
GCCOV-402a), with a sensitivity of 82%
to 93% and a specificity of 99% to
100% in preliminary validation studies
at CNM-ISCIII and elsewhere?; and (2) a
chemiluminescent microparticle immu-
noassay (CMIA) requiring venipuncture
to detect IgG antibodies against SARS-
CoV-2 nucleoprotein (SARS-CoV-2 IgG
for use with ARCHITECT, Abbott Labora-
tories, Abbott Park, IL; reference
06R8620), with a sensitivity of 91% and
a specificity of 99% in a meta-analysis
of 23 diagnostic accuracy studies.>

Ethical Procedures

To allow the design and recruitment of
a nationwide representative sample, a



specific collaboration agreement was
established between the Ministry of
Health, the Instituto de Salud Carlos Ill,
and the INE that regulated the access
and use of personal data from the Mu-
nicipal Register of Inhabitants. The ISCIII
Committee for Ethical Research ap-
proved the study. The Spanish Agency
for Personal Data Protection was con-
sulted. All study participants provided
written informed consent, with specific
forms for adults, teenagers, parents of
participating children, and guardians of
mentally disabled participants. These
documents were available in the 4 offi-
cial languages of Spain. In addition, wit-
nesses assisted participants who were
not able to read any of them.

Population and
Geographic Coverage

Target population. The target popula-
tion was the entire noninstitutionalized
household population of Spain accord-
ing to the Spanish Municipal Register of
Inhabitants, updated in January 2020.
Residents registered in municipal rolls
but without a health card were also in-
cluded (public health care coverage is
universal in Spain, but immigrants with-
out residence permit are not regis-
tered). The study, however, excluded
nearly 1.0% of the Spanish population
residing in institutional settings, mainly
care homes for elderly and disabled
persons, health institutions, prisons,
and military and religious institutions.

Sampling design. We used a stratified
2-stage sampling to select baseline par-
ticipants in the ENE-COVID survey. Giv-
en the heterogeneous circulation of
SARS-CoV-2 by Spanish region, the first
level of stratification comprised the 50
Spanish provinces (47 mainland and 3
insular provinces in the Balearic and

Canary Islands) and the 2 autonomous
cities of Ceuta and Melilla. In addition,
because SARS-CoV-2 transmission may
be affected by population density, the
second level of stratification corre-
sponded to the municipality size,
grouped into municipalities with fewer
than 5000, 5000 to 20000, 20 000 to
100000, and 100000 or more inhabi-
tants. There were 185 nonempty popu-
lation strata formed by cross-classifying
provinces and municipality size groups.
Within each stratum, we selected cen-
sus tracts as first-stage sampling units
and households within census tracts as
second-stage sampling units. All resi-
dents in the household were invited to
participate in the study.

Sample size determination and alloca-
tion to strata. We determined a total
sample size of 90 000 people to obtain
reliable estimates of SARS-CoV-2 sero-
prevalence in all Spanish provinces, ac-
counting for design effect and potential
nonresponse. To achieve a minimum
sample size by province while preserv-
ing to some extent the population dis-
tribution, we assigned half of the total
sample uniformly to the 50 provinces
and 2 autonomous cities, and the other
half proportionally to their population
sizes. The sample allocated to each
province was distributed proportionally
to its population in the 4 municipality
size groups. As a result of this sample
allocation, persons from less populated
provinces were oversampled to in-
crease the precision of seroprevalence
estimates in these regions. Thus, we
calculated design weights as the in-
verse of the sampling fractions within
each province to restore the actual
population proportions when comput-
ing multiprovince estimates, either at
the national level or by Autonomous
Communities (first-level administrative
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division integrating 1 or several
provinces).

Within-stratum sampling. To facilitate
fieldwork and reduce sample disper-
sion, we selected participants within
each stratum in 2 sequential stages.
First, 1500 census tracts were random-
ly selected with probability proportional
to their size; their geographical distribu-
tion is displayed in Figure 1. Afterward,
we sampled 24 households within each
selected tract by simple random sam-
pling without replacement. All persons
residing in the household were invited
to participate in the survey (average
household size = 2.50 residents),*
yielding the target sample of 90 000
persons. All persons in any given popu-
lation stratum had the same probability
of being selected. The design effects,
which were induced by correlated clus-
ters of seropositivity among residents
in the same household and households
from the same census tract, inflate the
variance of SARS-CoV-2 seroprevalence
estimates, which were considered in
statistical analyses. Further details of
the ENE-COVID survey design are de-
scribed elsewhere.>®

Unit of Data Collection and
Sample Size

Analysis unit. The unit of data collection
and analysis was the participant. In the
ENE-COVID survey, participants who
completed the epidemiological ques-
tionnaire and received the point-of-care
test were included in the point-of-care
sample, and those who also donated a
blood sample and received the CMIA
constituted the CMIA sample.

Sample size. Of 98 886 eligible persons
residing in 35885 selected households,
10238 could not be contacted and
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FIGURE 1— npistribution of Selected Census Tracts by Province in the Seroepidemiological Survey of SARS-CoV-2 Virus
Infection in Spain (ENE-COVID): 2020

Note. Selected census tracts are represented by black areas. Census tracts selected in the largest municipalities (Madrid and Barcelona) are shown

separately.

14926 declined to participate (Figure 2).
The point-of-care sample included

68 287 participants who received the
point-of-care test in at least 1 of the 3
rounds during the first survey phase
conducted between April 27 and June
22,2020 (69.1% of eligible persons and
77.0% of contacted persons). Similarly,
the CMIA sample comprised 61095
participants who received this test in at
least 1 round of the first survey phase
(61.8% of eligible persons and 68.9% of
contacted persons).

Response rates. Based on the sociode-
mographic characteristics of all eligible
persons, response rates to the point-
of-care test were lower among persons
aged 25 to 29 years (59.3%) and older
than 80 years (54.5%), among middle-
aged men compared with middle-aged
women (66.6% vs 73.3%), and among
the lowest census tract income quartile
(66.1%). Response rates for the CMIA
evolved similarly to those for the point-
of-care test by sociodemographic

Pastor-Barriuso et al.

characteristics, except for a sharp de-
crease among those aged younger
than 15 years (Figure 3). We used non-
response weights to adjust for the dif-
ferent responses to the point-of-care
test and the CMIA by gender, age
group, and census tract relative in-
come category.

Frequency of Data
Collection

The first phase of ENE-COVID started

1 month after the peak of the first
COVID-19 pandemic wave in Spain and
included 3 successive follow-up rounds
of data collection and serological test-
ing between April 27 and June 22, 2020
(Figure 4). Each round was completed
in 2 weeks, with a 1-week break be-
tween rounds. Half of the cohort was
randomly assigned for data collection
to the first week of each round and the
other half to the second week, so that
point-of-care testing and serum

specimens were collected in all partici-
pants 2 to 4 weeks apart.

We conducted a second survey
phase after the second wave of the
COVID-19 pandemic, including a fourth
round of data collection between No-
vember 16 and 30, 2020. All selected
persons in the cohort were invited to
receive the point-of-care test, whereas,
in this round, the CMIA was only of-
fered to a random subcohort of 200
census tracts as well as to participants
with a positive result in previous
rounds. More details are available in
Spanish on the ENE-COVID Web site

Key Data Elements and
Data Quality and Editing

The widespread geographical coverage,
the large sample size of ENE-COVID,
and the health situation of the country
during the design, planning, and field-
work implied relevant challenges about
the feasibility, uniformity, and quality of
the study. However, the study had
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FIGURE 2— Flowchart of Participants in the First Phase of the
Seroepidemiological Survey of SARS-CoV-2 Virus Infection in Spain

(ENE-COVID): April 27-June 22, 2020

strong political support from health au-
thorities, both at the national and re-
gional level. Therefore, the leadership
of the coordination team, the common
protocol and Web-based training pro-
gram, and the work of the very proac-
tive and collaborative primary health
care regional teams, in permanent con-
tact with the central node to monitor
fieldwork and information systems, fa-
vored the homogeneity and quality of
the collected information. The epidemi-
ological questionnaire included infor-
mation on sociodemographic factors,
COVID-19 symptoms, history of

contacts, presence of chronic diseases,
and other risk factors. Primary care
staff collected this information before
performing any serological exam, to
avoid any influence of the test result on
the participants’ answers. Another key
element is the good performance of
the 2 tests used in ENE-COVID to mea-
sure SARS-CoV-2 1gG seroprevalence,
selected by professionals from the
CNM-ISCIII after performing specific val-
idation assays of several candidate
tests. Also, the use of a point-of-care
test facilitated participation, allowing
us to report the result to study
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participants immediately, whereas the
CMIA allowed a more precise estima-
tion, with a low risk of false positive
results.

The continuous process of cleaning
and curating the data registered during
the computer-assisted personal inter-
view started at the same time as the
fieldwork. The electronic platform
forced the study personnel to fill in all
the questions included, thereby gener-
ating no missing data. The first phase
of ENE-COVID included 3 contact occa-
sions with the participants within a
2-month period (April 27-June 22),
during which lockdown and restriction
measures changed very rapidly. There-
fore, the epidemiological questionnaire
in each round added specific questions
to explore risk of exposure, and again
collected data on those variables that
had quality problems. The information
was checked, data between rounds
were compared, and detected errors
were corrected. Those participants that
did not collaborate with ENE-COVID in
any of the rounds have missing infor-
mation for the round-specific data.

DATA ANALYSIS AND
DISSEMINATION

In the sections that follow, we review
elements of statistical analysis, inter-
pretation issues, linkage ability, data re-
lease and accessibility, and provide key
references.

Statistical Analysis

Sampling weights. Statistical analyses
assigned sampling weights to survey
participants to account for the different
selection probabilities by province

and the diverse response rates to the
point-of-care test and the CMIA by

Research Peer Reviewed

Pastor-Barriuso et al.

G ON ‘ELL |OA ‘€207 Ao HdIV

529



RESEARCH & ANALYSIS

AJPH  May 2023, Vol 113, No. 5

No. of Confirmed COVID-19 Cases per Day

Response to Point-of-Care Test, %

80 — P—
—
. S e
‘f’§' s - 3
/ \/ " \

60 N \

.§.
40 )
20

o= \WOomen
0 T T T T 1
0 20 40 60 80 100
Age, Years

100

b
80 —
—7 N,

O\O. e ./ /'/./ §:\-
> — yars \
A 60 N\ \
8 N \
o e \-
C o .\
E 40 4 e
o
" y
5 20-
o
o E
[a'

0 T T T T 1

0 20 40 60 80
Age, Years
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sociodemographic characteristics. De-
sign weights were first calculated as the
inverse of the selection probabilities
within each province and municipality
size stratum, which were then adjusted
for nonresponse by poststratifying the
sample by gender, 5 age groups, and 2
income categories, so that the weight-
ed sum of participants in each stratum
matched their population totals. Differ-
ent sampling weights were calculated
for the point-of-care and CMIA sam-
ples, and upper extreme weights

(0.2% and 0.5%, respectively) were
trimmed to prevent highly influential
observations.

Design effects. Because of the complex
survey design, the variance of SARS-
CoV-2 seroprevalence estimates should
consider stratification by province and
municipality size and the clustering of
seropositivity by household and census
tract. The intratract correlation coeffi-
cient was 0.05 to 0.06, which inflated
the variance of overall seroprevalence
estimates by a factor of 3.93 for the
point-of-care test and 3.90 for the
CMIA. Finite population corrections
could also be applied since the average
sampling fractions of census tracts per
stratum (6.6%) and households per
census tract (4.9%) were not negligible.

Interpretation Issues

ENE-COVID had high participation
rates, and the information available for
nonparticipants allowed us to consider
differences by age, gender, and census
tract socioeconomic level to provide a
reliable picture of the spread of the
pandemic among the noninstitutiona-
lized population in Spain. However,
ENE-COVID left out institutionalized
people, and the pandemic was particu-
larly dramatic in certain nursing homes.

No official register of this population
was available at that time, and the
study of these closed environments
would have required a different
approach.

As mentioned earlier under Frequency
of Data Collection, a fourth round of
ENE-COVID was conducted in the fall
2020 after the second pandemic wave
with a slightly different design. The char-
acteristics and results of this fourth
round are described in our companion
article in this issue of AIPH (p. 533)
and can be consulted at the study
Web page.®

Linkage Ability

ENE-COVID has individual data, where-
as its design is based on households in
selected census tracts, which have
around 2000 to 3000 residents. This
could allow researchers to perform
spatial analyses based on their location,
as well as to combine the data from
this survey with contextual information
from the Spanish census. In this sense,
we have already profited from the abili-
ty to classify households according to
the average personal income of the
corresponding census tract. Also, the
collaboration of the regional health ser-
vices offers the future possibility of
adding information from the clinical
records of consenting participants.

Data Release and
Accessibility

Very detailed national and regional
reports, as well as interactive maps
with the results for each phase of ENE-
COVID, are available on the official
study Web page, maintained by ISCIII
(https://portalcne.isciii.es/enecovid19).
This portal will also provide information
on the official procedure of accessing
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ENE-COVID basic data for research
purposes, which is being defined.
Requests, which must include a short
scientific protocol, will be assessed by
the interinstitutional Collaborative
Research Scientific Committee of ENE-
COVID, as well as by the ISCIII Commit-
tee for Ethical Research, if necessary, to
allow data use without compromising
due confidentiality.

Key References

e Polldnetal®

e Polldnetal®

e Pastor-Barriuso et al.>
o Pérez-Gémez et al.’

PUBLIC HEALTH
IMPLICATIONS

The first round of ENE-COVID served to
characterize the geographical distribu-
tion of the first COVID-19 pandemic
wave in Spain. It showed an important
heterogeneity, with provinces with ser-
oprevalences close to or greater than
10% mainly in the center of the coun-
try, contrasting with coastal regions
and the islands, where prevalences
were lower than 3%. Even in areas
highly affected by the new pandemic,
seroprevalence estimates were low,
showing the difficulty of achieving herd
immunity in the short term.

Contrary to what could be concluded
from the information provided by the
National Surveillance system,” sero-
prevalence was similar in men and
women,® with no great differences ob-
served by age group.”® ENE-COVID was
the first population-based study provid-
ing seroprevalence data from babies to
people aged older than 90 years.

It was also the first population-based
study estimating the proportion of
asymptomatic infections,” and their
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distribution according to socio-
demographic and epidemiological
characteristics.’

The information provided by ENE-
COVID and the number of deaths regis-
tered in our surveillance systems
allowed us to estimate the infection fa-
tality risk for SARS-CoV-2 in Spain. The
combination of serological and epide-
miological information served also to
monitor new infections during the 3
rounds of the first phase of the study,
and propose a symptomatic risk score
to predict COVID-19 among symptom-
atic people attended by primary health
doctors.” 4JpPH
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SARS-CoV-2 Infection During the First
and Second Pandemic Waves in Spain:
the ENE-COVID Study

Beatriz Pérez-Gémez, MD, Roberto Pastor-Barriuso, PhD, Nerea Ferndndez-de-Larrea, MD, Miguel A. Hernan, MD,

Mayte Pérez-Olmeda, PhD, Jess Oteo-iglesias, PhD, Pablo Fernandez-Navarro, PhD, Aurora Fernandez-Garcia, PhD,
Mariano Martin, MEng, Israel Cruz, PhD, José L. Sanmartin, MEng, José Leon-Paniagua, PhD, Juan F. Munoz-Montalvo, MEng,
Faustino Blanco, MD, Raquel Yotti, MD, and Marina Pollan, MD, on behalf of the ENE-COVID Study Group

> & See also Morabia, p. 462, Elliott et al., p. 514, Dean et al., p. 517, Jernigan et al., p. 520, Bendavid, p. 523,
Pastor-Barriuso et al., p. 525, and Elliott et al., p. 545.

Objectives. To describe participant characteristics associated with severe acute respiratory syndrome
coronavirus 2 infection in Spain's first 2 COVID-19 waves per the Spanish National Seroepidemiological
Survey of SARS-CoV-2 Infection (ENE-COVID).

Methods. A representative cohort of the noninstitutionalized Spanish population, selected through
stratified 2-stage sampling, answered a questionnaire and received point-of-care testing April to June
2020 (first wave: n = 68 287); previously seronegative participants repeated the questionnaire and test
November 2020 (second wave: n = 44 451). We estimated seropositivity by wave and participant

characteristics, accounting for sampling weights, nonresponse, and design effects.

Results. We found that 6.0% (95% confidence interval [Cl] = 5.7%, 6.4%) of Spain’s population was infected
by June and 3.8% (95% Cl = 3.5%, 4.1%) more by November 2020. Both genders were equally affected.
Seroprevalence decreased with age in adults 20 years and older in the second wave; socioeconomic
differences increased. Health care workers were affected at 11.1% (95% Cl = 9.0%, 13.6%) and 6.1% (95%
Cl = 4.4%, 8.5%) in the first and second waves, respectively. Living with an infected person increased infection
riskto 22.1% (95% Cl = 18.9%, 25.6%) in the first and 35.0% (95% Cl| = 30.8%, 39.4%) in the second wave.

Conclusions. ENE-COVID characterized the first 2 pandemic waves, when information from
surveillance systems was incomplete. (Am J Public Health. 2023;113(5):533-544. https://doi.org/10.2105/

AJPH.2023.307233)

hen the World Health Organiza-
Wtion declared the COVID-19
pandemic on March 11, 2020, Spain
was among the most affected countries
in Europe. On March 14, the Spanish
government declared a state of emer-
gency and a strict lockdown. Between
April 28 and June 21, restrictions were
progressively lifted, with different mea-
sures taken by each of the Spanish
regions (known as autonomous
communities).

Between January and April 2020, the
National Epidemiological Surveillance
System registered approximately
220000 COVID-19 cases,’ an underes-
timate because of limited availability of
diagnostic tests, which were reserved
for those with severe illness and symp-
tomatic health care workers. To more
accurately estimate the number of
infected people, the Spanish COVID-19
Task Force proposed a nationwide,
population-based seroepidemiological

study in late March, and this was
launched a few weeks later, in April
2020. A cohort of individuals was invit-
ed to participate in 4 rounds of the
study. The first 3 rounds, with the first
starting on April 27, took place during
the first pandemic wave. The fourth
round took place in November 2020,
after the peak of the second pandemic
wave at the end of October.

We used data from the nationwide
seroepidemiological study to describe
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participant characteristics associated
with severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) infection in
the first 2 pandemic waves in Spain.

METHODS

The Spanish National Seroepidemiologi-
cal Survey of SARS-CoV-2 Infection
(Estudio Nacional de Sero-Epidemiologia
de la Infeccion por SARS-CoV-2 en
Espana [ENE-COVID]) was a nationwide
population-based cohort study to quan-
tify the seropositivity for SARS-CoV-2 in
the community-dwelling population of
Spain.

Study Design and
Population

We describe the study design in detail
in our companion article (p. 525). Briefly,
we selected 1500 census tracts and up
to 24 households per tract through a
2-stage random sampling stratified by
province and municipality size. We invit-
ed all residents in the 35885 selected
households to participate in the study.
We collected serial data from epidemio-
logical questionnaires and 2 serology
tests (a point-of-care test and a labora-
tory immunoassay) from study partici-
pants in 2 survey phases. The first
phase started 1 month after the peak
incidence of the first COVID-19 pan-
demic wave in Spain and included

3 initial rounds of data collection at
3-week intervals between April 27 and
June 22, 2020.

We conducted the second survey
phase after the peak of the second pan-
demic wave and included a subsequent
fourth round of data collection between
November 16 and 30, 2020. Because of
the comparable performance but easier
implementation of the point-of-care test
compared with the laboratory

Peer Reviewed  Pérez-Goémezetal.

immunoassay during the first phase,”
the laboratory test was offered in the
second survey phase only to partici-
pants from a random subcohort of 200
census tracts stratified by autonomous
community (first-level territorial division
integrating 1 or several provinces;
Figure A of the Appendix, available as a
supplement to the online version of this
article at http://www.ajph.org).

To study SARS-CoV-2 seroprevalence
during the first pandemic wave, we
used the data of 68 287 participants
who received the point-of-care test and
61 095 who received the laboratory im-
munoassay in at least 1 of the 3 rounds
of the first survey phase (response rates
were 69.1% and 61.8% among all eligi-
ble persons, respectively). To investigate
new seropositive participants for SARS-
CoV-2 during the second pandemic
wave, we used the data of 44451 parti-
cipants who tested negative by all re-
ceived point-of-care tests during the
first phase and underwent such a test
in the single round of the second survey
phase (retention rate was 69.2% among
all seronegative participants in the first
phase by the point-of-care test). In addi-
tion, we analyzed new seropositivity by
laboratory immunoassay during the
second pandemic wave in 5045 partici-
pants of the random subcohort who
tested negative by the laboratory immu-
noassay in the first phase and received
that test in the second survey phase
(retention rate was 92.1% among sub-
cohort participants with negative immu-
noassays in the first phase).

Data Collection and
Serology Tests

Trained staff from the Spanish regional
health services collected data using a
common protocol developed by the
National Centre for Epidemiology of the

Instituto de Salud Carlos Il and the
Spanish Ministry of Health. At each sur-
vey round, residents in selected house-
holds were contacted by telephone
and invited to go to their primary health
care centers or to allow a home visit.
Residents who agreed to participate
answered an epidemiological question-
naire on sociodemographic character-
istics, risk factors, comorbidities,
disability, symptoms compatible with
having COVID-19, polymerase chain re-
action (PCR) status, and contact with
someone with confirmed or suspected
COVID-19. Participants also received a
rapid serology test and, optionally,
donated blood samples for further lab-
oratory analysis. The survey protocol is
detailed in the companion article (in
this issue of AIPH; p. 525) and is avail-
able in Spanish on the ENE-COVID Web
site® and in a public repository (http://
hdl.handle.net/20.500.12105/15247).

Briefly, the first serology test was a
point-of-care rapid test applied to finger
prick blood (COVID-19 1gG/IgM Rapid
Test Cassette; Orient Gene Biotech,
Zhejiang, China; reference GCCOV-
402a) to detect the presence of immu-
noglobulin G (IgG) antibodies against
SARS-CoV-2 spike protein; this showed
a sensitivity of 82% and a specificity of
100% in a preliminary validation study.”
The second test was a chemilumines-
cent microparticle immunoassay (CMIA)
using serum samples (SARS-CoV-2 IgG
for use with ARCHITECT; Abbott Labora-
tories, Chicago, IL; reference 06R8620)
to quantify IgG antibodies against the
SARS-CoV-2 nucleoprotein. Using a
threshold of 1.40 for the sample to cali-
brator chemiluminescent signal ratio,
the CMIA showed a sensitivity of 91%
and a specificity of 99% in a meta-
analysis of 23 diagnostic accuracy
studies.®


http://www.ajph.org
http://hdl.handle.net/20.500.12105/15247
http://hdl.handle.net/20.500.12105/15247

Statistical Analysis

We estimated seropositivity for SARS-
CoV-2 during the first pandemic wave
as the proportion of participants who
had detectable IgG antibodies against
SARS-CoV-2 in any round of the first sur-
vey phase by the point-of-care test. We
estimated new seropositivity during the
second pandemic wave as the propor-
tion of seronegative participants in the
first phase who had detectable 1gG anti-
bodies against SARS-CoV-2 in the single
round of the second survey phase by
the point-of-care test. We calculated
new seropositive participants by pan-
demic wave in a similar way for the labo-
ratory CMIA based on a seropositivity
threshold of 1.40; results are presented
as sensitivity analyses because of the
lower response rate to the CMIA and its
limited application to a subcohort in the
second survey phase. For each pan-
demic wave, we calculated seropositivity
ratios (SPRs) by participant characteris-
tics, taking the overall seropositivity of
that pandemic wave as the reference.

We performed further analyses com-
bining results from both tests to maxi-
mize either sensitivity or specificity. We
estimated seropositivity for SARS-CoV-2
during the first pandemic wave as the
proportion of participants who were
found positive by either test (most sen-
sitive approach) or by both tests (most
specific approach) in the first survey
phase. We estimated new seropositivity
status during the second pandemic
wave as the proportion of seronegative
participants as determined by both
tests in the first phase who were found
positive by either or both tests in the
second survey phase.

We assigned sampling weights to
survey participants to account for the
different selection probabilities by prov-
ince and autonomous community and
to adjust for the distinct response rates
to the point-of-care test and the CMIA
by gender, age group, and census tract
income category. We used different
sampling weights for the point-of-care
test and the CMIA in each pandemic
wave, and we trimmed upper extreme
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weights (0.2% to 0.5%) to prevent
influential observations. All statistical
analyses accounted for the effect of
stratification and clustering of seroposi-
tivity by household and census tract

on SE estimates. We calculated confi-
dence intervals (Cls) using logit-
transformed seropositivity estimates
and log-transformed ratios and back-
transformed Cls to the original scale for
reporting, with design-based degrees
of freedom equal to the number of
first-stage sampling units minus the
number of strata. We performed analy-
ses using survey commands in Stata,
version 16 (StataCorp LP, College
Station, TX).

RESULTS

Figure 1 shows the geographical distri-
bution of SARS-CoV-2 infection in the
first and second pandemic waves.
Table 1 presents seroprevalence
figures together with seroprevalence
ratios in each wave (Appendix Table A
shows these figures separately in men

% of seropositivity for SARS-CoV-2
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FIGURE 1— New Seropositive Participants for SARS-CoV-2 as Determined by the Point-of-Care Test in the (a) First and
(b) Second Pandemic Waves by Province: ENE-COVID, Spain, April 27-June 22 and November 16-30, 2020

Note. ENE-COVID = Spanish National Seroepidemiological Survey of SARS-CoV-2 Infection/Estudio Nacional de Sero-Epidemiologia de la Infecciéon por SARS-
CoV-2 en Espana; SARS-CoV-2 = severe acute respiratory syndrome coronavirus 2. The names of all Spanish provinces outlined on the maps are provided
in Appendix Figure A (available as a supplement to the online version of this article at http://www.ajph.org).
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TABLE 1— New Seropositive Participants for SARS-CoV-2 as Determined by the Point-of-Care Test in the
First and Second Pandemic Waves by General Characteristics: ENE-COVID, Spain, April 27-June 22 and

November 16-30, 2020

First Pandemic Wave

Second Pandemic Wave

No. of Seropositivity,” Seropositivity No. of Seropositivity,© Seropositivity
Characteristic Participants® % (95% CI) Ratio® (95% CI) Participants % (95% CI) Ratio® (95% CI)
Overall 68287 6.0 (5.7, 6.4) 44451 3.8 (3.5, 4.1)
Gender
Men 32742 5.9 (5.5, 6.4) 0.98 (0.95, 1.02) 20956 3.7 (3.3, 4.1) 0.98 (0.93, 1.04)
Women 35545 6.1 (5.8, 6.6) 1.02 (0.98, 1.05) 23495 3.8 (3.5, 4.3) 1.02 (0.97, 1.07)
Age, y
0-19 12581 4.0 (3.5, 4.5) 0.66 (0.59, 0.74) 7543 4.0 (3.3, 4.8) 1.06 (0.92, 1.21)
20-34 9552 5.1 (4.4, 5.8) 0.84 (0.75, 0.95) 5217 4.3 (3.6, 5.1) 1.14 (0.98, 1.32)
35-49 16051 6.4 (5.8, 7.0) 1.05 (0.98, 1.14) 10427 3.6 (3.1, 4.2) 0.96 (0.85, 1.07)
50-64 16799 7.2 (6.6, 7.8) 1.19 (1.11, 1.28) 11806 4.0 (3.5, 4.6) 1.05 (0.94, 1.18)
265 13304 7.3 (6.6, 8.0) 1.21 (1.12, 1.31) 9458 3.2 (2.7, 3.8) 0.86 (0.73, 1.00)
Nationality
Spanish 65173 6.0 (5.7, 6.4) 1.00 (0.98, 1.01) 43084 3.7 (34, 4.0 0.98 (0.96, 0.99)
Other 3066 6.6 (5.3, 8.2) 1.10 (0.89, 1.34) 1364 6.4 (4.7, 8.6) 1.69 (1.26, 2.26)
Education®
Less than 3680 6.4 (5.4, 7.6) 0.98 (0.83, 1.15) 2464 3.7 (2.6, 5.1) 0.98 (0.72, 1.34)
primary
Primary 7813 6.5 (5.8, 7.4) 0.99 (0.89, 1.11) 5429 3.5 (2.9, 4.4) 0.95 (0.79, 1.14)
Secondary 14247 5.8 (5.2, 6.4) 0.88 (0.81, 0.96) 9724 3.8 (3.3, 4.4) 1.02 (0.90, 1.14)
High school 11292 7.0 (6.3, 7.7) 1.06 (0.98, 1.15) 7338 4.4 (3.8, 5.2) 1.19 (1.05, 1.35)
Vocational 6369 5.9 (5.2, 6.7) 0.90 (0.79, 1.02) 4413 3.4 (2.8, 4.1) 0.90 (0.75, 1.09)
training
University 12593 7.4 (6.6, 8.2) 1.12 (1.03, 1.22) 8379 3.4 (2.9, 4.0) 0.91 (0.79, 1.05)
Occupation®
Active worker 28991 6.9 (6.5, 7.4) 1.07 (1.03, 1.11) 18186 4.0 (3.6, 4.5) 1.06 (0.99, 1.13)
Unemployed 4479 4.4 (3.6, 5.4) 0.68 (0.56, 0.82) 3623 4.1 (3.3,4.9) 1.07 (0.89, 1.30)
Student 4230 4.8 (4.0, 5.8) 0.75 (0.63, 0.88) 2243 4.5 (3.5, 5.8) 1.19 (0.94, 1.49)
Retired 13239 7.3 (6.6, 8.0) 1.12 (1.04, 1.21) 9859 3.1 (2.6, 3.7) 0.82 (0.71, 0.95)
Sick leave 1480 5.5 (4.0, 7.3) 0.84 (0.63, 1.13) 1163 2.9 (2.0, 4.3) 0.78 (0.54, 1.12)
Homemaker 3682 5.3 (44, 6.3) 0.81 (0.68, 0.96) 2464 3.9 (3.0, 5.2) 1.04 (0.79, 1.36)
Other 1017 4.7 (3.3, 6.5) 0.72 (0.52, 1.00) 586 4.4 (2.5,7.7) 1.16 (0.66, 2.04)
Occupation sector®
Telecommuting 13159 7.5 (6.9, 8.1) 1.08 (1.02, 1.13) 1504 3.8 (2.8, 5.3) 0.96 (0.71, 1.29)
Retail 1869 6.3 (4.9, 8.2) 0.91 (0.72, 1.16) 2462 3.8 (2.9, 4.9) 0.94 (0.74, 1.19)
Transport 890 6.5 (4.6, 9.1) 0.93 (0.67, 1.30) 744 3.6 (2.2, 5.8) 0.90 (0.57, 1.43)
Security 710 6.9 (4.8, 9.8) 0.99 (0.69, 1.41) 487 5.5 (3.4, 8.8) 1.38 (0.87, 2.19)
Cleaning 902 5.4 (3.7, 7.7) 0.77 (0.54, 1.10) 838 4.9 (3.2,7.5) 1.22 (0.81, 1.86)
Health care 1300 11.1 (9.0, 13.6) 1.60 (1.30, 1.95) 9290 6.1 (4.4, 8.5) 1.52 (1.10, 2.10)
Nursing home 1148 10.2 (8.0, 12.8) 1.46 (1.17, 1.82) 831 3.6 (2.2, 5.8) 0.90 (0.56, 1.43)
Home caregiver 454 7.3 (44,11.9) 1.04 (0.64, 1.71) 282 6.0 (3.4, 10.4) 1.50 (0.85, 2.63)
Other 8457 5.2 (4.6, 5.9) 0.75 (0.68, 0.84) 10043 3.8(3.3,4.3) 0.94 (0.86, 1.03)
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B TABLE 1— continued

First Pandemic Wave Second Pandemic Wave
No. of Seropositivity,” Seropositivity No. of Seropositivity,© Seropositivity
Characteristic Participants® % (95% CI) Ratio® (95% CI) Participants? % (95% CI) Ratio® (95% CI)
Smokerf
No 41881 7.2 (6.7, 7.6) 1.11 (1.08, 1.13) 27660 4.1 (3.7, 4.5) 1.08 (1.04, 1.12)
Yes 15885 4.7 (4.2, 5.2) 0.72 (0.66, 0.79) 10391 3.0 (2.5, 3.5) 0.78 (0.68, 0.98)
Body mass index"
<25 24935 6.1 (5.6, 6.6) 0.95 (0.90, 1.00) 15811 3.6 (3.2, 4.0) 0.94 (0.87, 1.02)
25-29 21786 6.7 (6.2, 7.2) 1.04 (0.99, 1.09) 14723 3.8 (34, 4.3) 1.01 (0.93, 1.09)
230 11164 6.8 (6.1, 7.6) 1.05 (0.96, 1.16) 7589 4.2 (3.6, 4.9) 1.11 (0.99, 1.25)
No. chronic conditions"
0 21054 6.9 (6.4, 7.4) 0.97 (0.93, 1.02) 14093 3.6 (3.2, 4.1) 1.02 (0.94, 1.10)
1 10338 6.7 (6.1, 7.5) 0.96 (0.88, 1.04) 7348 3.6 (3.0, 4.2) 1.00 (0.88, 1.15)
2 6060 8.2(7.3,9.2) 1.16 (1.04, 1.30) 4290 3.4 (2.7,4.1) 0.94 (0.78, 1.13)
>3 4318 7.1 (6.1, 8.2) 1.01 (0.88, 1.15) 3201 3.6 (2.7, 4.7) 0.99 (0.77, 1.28)
Chronic condition”
Diabetes 4846 6.7 (5.8, 7.8) 0.96 (0.84, 1.09) 3366 3.2 (25, 4.1) 0.90 (0.72, 1.14)
Hypertension 12145 7.6 (6.9, 8.3) 1.07 (1.00, 1.15) 8565 3.6 (3.0, 4.2) 1.00 (0.88, 1.13) >
CvD 6034 7.2 (6.3, 8.1) 1.02 (0.91, 1.14) 4198 3.2 (25, 4.1) 0.90 (0.72, 1.12) z
Cancer 1958 7.8 (6.4, 9.5) 1.11 (0.92, 1.34) 1344 2.6 (1.8, 3.9) 0.73 (0.50, 1.07) =
COPD 3378 7.1 (6.0, 8.2) 1.00 (0.86, 1.16) 2309 3.5 (2.6, 4.6) 0.97 (0.74, 1.27) E
Asthma 2907 7.7 (6.5, 9.0) 1.07 (0.91, 1.26) 2205 4.0 (3.0, 5.2) 1.11 (0.86, 1.43) E
Sleep apnea 2277 8.0 (6.6, 9.6) 1.12 (0.94, 1.34) 1790 4.2 (3.1, 5.6) 1.16 (0.89, 1.53) %
CKD 1352 8.1 (6.4, 10.2) 1.13 (0.90, 1.42) 1054 3.5(2.3,5.2) 0.97 (0.65, 1.44) g
IST 1208 7.5 (5.9, 9.6) 1.05 (0.83, 1.33) 952 3.9 (2.6, 6.0) 1.10 (0.74, 1.64) u
CLD 510 6.2 (4.0, 9.6) 0.86 (0.56, 1.31) 475 2.8 (1.5, 5.4) 0.80 (0.42, 1.49)
ACTD 1118 10.0 (7.8, 12.7) 1.37 (1.08, 1.73) 1031 3.7 (2.2, 5.9 1.02 (0.63, 1.65)
Disability, %
No 62631 6.1 (5.8, 6.5) 1.00 (0.99, 1.01) 41718 3.7 (34, 4.1) 1.00 (0.99, 1.02)
<33 583 5.4 (3.5, 8.1) 0.87 (0.57, 1.33) 416 3.0 (1.7, 5.2) 0.79 (0.45, 1.40)
33-65 1779 6.3 (5.0, 7.9) 1.03 (0.82, 1.28) 1250 3.8 (2.6, 5.5) 1.01 (0.70, 1.46)
266 946 5.9 (4.2, 8.2) 0.96 (0.69, 1.33) 650 3.9(21,7.3) 1.05 (0.57, 1.92)
Household size, no. residents
1 5542 6.4 (5.6, 7.3) 1.06 (0.94, 1.19) 2838 2.6 (2.0, 3.3) 0.68 (0.52, 0.88)
2 15794 6.9 (6.3, 7.6) 1.15 (1.06, 1.24) 11295 3.3(2.8,3.8) 0.87 (0.75, 1.00)
3-5 43180 5.8 (5.4, 6.2) 0.95 (0.92, 0.99) 28021 4.1 (3.7, 4.6) 1.09 (1.04, 1.15)
26 3771 4.9 (3.8, 6.3) 0.82 (0.64, 1.04) 2297 3.3(2.3,49) 0.88 (0.60, 1.28)
Census tract income, percentile
<5th 3267 5.8 (4.1, 8.2) 0.96 (0.69, 1.36) 1957 5.4 (3.9, 7.4) 1.43 (1.05, 1.95)
5th-24th 14915 6.1 (5.3, 7.0) 1.01 (0.88, 1.15) 9699 4.0 (3.2, 4.9) 1.05 (0.88, 1.27)
25th-49th 17 261 5.9 (5.2, 6.8) 0.98 (0.87, 1.12) 11173 3.7 (3.2, 4.4) 0.99 (0.85, 1.15)
50th-74th 15642 5.7 (5.0, 6.6) 0.95 (0.84, 1.08) 10280 3.93.3,47) 1.03 (0.89, 1.20)
75-94th 13587 6.2 (5.4,7.1) 1.02 (0.90, 1.17) 9146 3.5(2.8,4.2) 0.92 (0.77, 1.11)
>95th 3615 7.4 (5.8, 9.3) 1.22 (0.96, 1.54) 2196 2.4 (1.6, 3.6) 0.63 (0.42, 0.96)
Municipality size, no. inhabitants
<5000 12167 5.3 (4.6, 6.1) 0.87 (0.76, 1.00) 8373 4.6 (3.7, 5.8) 1.23 (0.99, 1.52)
5000-19999 14439 4.7 (4.1, 5.3) 0.77 (0.68, 0.87) 9565 3.4 (2.7,4.3) 0.90 (0.73, 1.11)
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B TABLE 1— continued

First Pandemic Wave

Second Pandemic Wave

No. of Seropositivity,” Seropositivity No. of Seropositivity,© Seropositivity

Characteristic Participants® % (95% Cl) Ratio® (95% CI) Participants’ % (95% Cl) Ratio® (95% CI)
20000-99999 20652 4.9 (4.4, 5.4) 0.81 (0.74, 0.89) 13189 3.4 (2.8, 4.0) 0.90 (0.77, 1.04)
>100000 21029 7.7 (7.1, 8.4) 1.28 (1.21, 1.35) 13324 4.0 (3.5, 4.6) 1.05 (0.95, 1.17)

Note. ACTD = autoimmune connective tissue disease; Cl = confidence interval; CKD = chronic kidney disease; CLD = chronic liver disease; COPD = chronic
obstructive pulmonary disease; CVD = cardiovascular disease; ENE-COVID = Spanish National Seroepidemiological Survey of SARS-CoV-2
Infection/Estudio Nacional de Sero-Epidemiologia de la Infecciéon por SARS-CoV-2 en Espana; IST = immunosuppressive therapy; SARS-CoV-2 = severe

acute respiratory syndrome coronavirus 2.

@Participants who received the point-of-care test in at least 1 of the 3 rounds of the first survey phase.
PProportion of participants who had detectable immunoglobulin G antibodies against SARS-CoV-2 in any round of the first survey phase by the point-of-

care test.

“Seropositivity ratio with respect to all combined categories of a given characteristic.
dParticipants who tested negative by all received point-of-care tests during the first phase and underwent the test in the single round of the second

survey phase.

®Proportion of seronegative participants in the first phase who had detectable immunoglobulin G antibodies against SARS-CoV-2 in the single round of

the second survey phase by the point-of-care test.

fAmong participants aged 17 y or older. Body mass index is defined as weight in kilograms divided by the square of height in meters.

Among active workers.

PAmong participants aged 40 y or older. Number of chronic conditions computed from those listed in the table.

and women). During the first pandemic
wave, 6.0% of the Spanish population
became infected. There were striking
geographical differences (Figure 1), with
seroprevalences greater than 10% con-
centrated in the middle of the country,
whereas most of the coastal provinces
had values lower than 4%. Table 1
shows seroprevalence figures and se-
roprevalence ratios according to differ-
ent sociodemographic characteristics.
Global prevalence figures were similar
in both genders.

Seropositivity increased with age, be-
ing lower among those younger than
20years (4%) and higher in those
50years and older (7%). This pattern
was observed in both males and
females (Figure 2), although seropreva-
lence peaked at approximately 75 years
in women only. As seen in Table 1, prev-
alence of infection was higher in people
with a bachelor's degree or higher
(SPR=1.12; 95% Cl = 1.03, 1.22), parti-
cularly among men (Table A), those liv-
ing in census tracts with higher income

Peer Reviewed  Pérez-Goémezetal.

(SPR=1.22; 95% Cl = 0.96, 1.54), and
those living in cities (SPR = 1.28; 95%
Cl=1.21,1.35). Health care and nursing
home workers were more affected than
were workers in other occupational sec-
tors with activity during the lockdown
(SPR=1.60; 95% Cl = 1.30, 1.95 and
SPR=1.46;95% Cl=1.17,1.82, re-
spectively). Smokers had lower sero-
prevalence than did nonsmokers (4.7%
Vs 7.2%).

During the second wave, 3.8% of par-
ticipants were newly seropositive. The
geographical distribution was more
diffuse (Figure 1). Highest de novo sero-
prevalences were observed in northeast
Spain, whereas the middle of the coun-
try was still more affected. Again, no dif-
ferences were observed by gender, but
the age distribution was different in
men and women (Figure 2). The highest
seroprevalence was observed in those
aged 20 to 29years and in men, with a
clear downward trend after aged
75years. This trend was not as clear in
females, who had a constant

percentage of new seropositive partici-
pants from children aged 5 to 9 years to
adults aged 80 to 84 years. In this pan-
demic wave, Spanish participants were
less affected than were those from oth-
er countries (3.7 vs 6.4%; Table 1), with
no differences between men and wom-
en (Table A).

Those who worked in the security
(SPR=1.38;95% Cl = 0.87, 2.19), clean-
ing (SPR=1.22;95% Cl = 0.81, 1.86),
health care (SPR=1.52; 95% Cl=1.10,
2.10), and home care (SPR = 1.50; 95%
Cl=0.85, 2.63) sectors had higher se-
ropositivity, whereas nursing home
workers were not among those more
affected (SPR = 0.90; 95% Cl = 0.56,
1.43). The analysis by gender showed
high risk in security workers among
men, cleaners and nursing home work-
ers among women, and health care
workers among both genders (Table A).
Unlike what was observed in the first
wave, the most affected areas were
low-income census tracts (SPR=1.43;
95% Cl =1.05, 1.95) and smaller towns
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FIGURE 2— nNew Seropositive Participants for SARS-CoV-2 as Determined by the Point-of-Care Test in the First and
Second Pandemic Waves by Age Among (a) Men and (b) Women: ENE-COVID, Spain, April 27-June 22 and November

16-30, 2020

Note. ENE-COVID = Spanish National Seroepidemiological Survey of SARS-CoV-2 Infection/Estudio Nacional de Sero-Epidemiologfa de la Infeccion por SARS-
CoV-2 en Espana; SARS-CoV-2 = severe acute respiratory syndrome coronavirus 2. Vertical lines represent 95% confidence intervals.

(SPR=1.23;95% Cl = 0.99, 1.52). Finally,
de novo seropositivity was also lower
among smokers than those who did not
smoke (3.0% vs 4.1%).

Table 2 presents the same figures
according to COVID-19-related factors.
As expected, in both waves symptoms
and antecedents of a positive PCR re-
sult were strongly associated with a
positive serological result (SPR> 2).
Every type of contact with those with
confirmed or suspected COVID-19 in-
creased the risk, but estimates were
highest if the contact was with house-
hold members, especially in the second
pandemic wave (SPR=3.65 and 9.25
during the first and second waves, re-
spectively, for cohabitant with con-
firmed COVID-19; SPR = 2.46 and 6.97
for cohabitant suspected to have
COVID-19 in the corresponding wave).
Analyses by gender did not show re-
markable differences in the influence of
these factors (Appendix Table B).

Seropositivity determined by the CMIA
decreased to 4.9% and 3.3% during the
first and second pandemic waves, re-
spectively. Results were like those for
the point-of-care test, although esti-
mates were less precise because the
CMIA was offered to only a random sub-
cohort in the second wave (Appendix
Tables C and D). In sensitivity analyses
combining both tests, seropositivity ran-
ged from 3.9% (95% Cl = 3.6%, 4.2%
when both tests were positive) to 7.3%
(95% Cl = 6.9%, 7.7% when either test
was positive) in the first wave and from
2.6% (95% Cl = 1.9%, 3.4%) to 4.3%
(95% Cl = 3.5%, 5.3%) in the second
wave. Second to first wave seropositivity
ratios were 0.65 (95% Cl = 0.48, 0.89)
for both tests positive and 0.58 (95%
Cl=0.47,0.72) for either test positive,
which were like ratios obtained for each
test separately: 0.63 (95% Cl = 0.56,
0.70) for the point-of-care test and 0.68
(95% Cl = 0.52, 0.89) for the CMIA.

DISCUSSION

According to ENE-COVID, between 5%
and 6% of the noninstitutionalized pop-
ulation had been infected by SARS-CoV-
2 by June 2020 in Spain, during the first
pandemic wave, which suggests 2.3 to
2.8 million people were infected. To
these figures, we should add those oc-
curring in nursing homes, not included
in the ENE-COVID design, which were
heavily affected.” Our results suggest
that, at that moment, fewer than 1 in
10 infections were diagnosed and reg-
istered in the RENAVE (the National Epi-
demiological Surveillance System).°
There was a severe shortage of PCR
tests, which were reserved for hospital-
ized patients and for symptomatic es-
sential workers, mainly health care
professionals—a sector with a clear
predominance of women (74%).” This
created a distorted picture of the situa-
tion, with more than 40% of notified
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TABLE 2— New Seropositive Participants for SARS-CoV-2 as Determined by the Point-of-Care Test in
the First and Second Pandemic Waves by COVID-19-Related Characteristics: ENE-COVID, Spain,
April 27-June 22 and November 16-30, 2020

First Pandemic Wave

Second Pandemic Wave

No. of Seropositivity,© | Seropositivity No. of Seropositivity,f Seropositivity
Characteristic® Participants® % (95% CI) Ratio? (95% CI) | Participants® % (95% CI) Ratio (95% CI)
Symptoms compatible with COVID-198
Asymptomatic 42275 3.7 (34, 3.9 0.61 (0.57, 0.64) 35674 1.8(1.6, 2.1) 0.48 (0.44, 0.53)
Paucisymptomatic 15663 5.1 (4.6, 5.6) 0.84 (0.77, 0.91) 5715 5.1 (4.3, 6.0) 1.34 (1.17, 1.53)
Symptomatic 10346 16.5 (15.3, 17.8) 2.73 (2.59, 2.87) 3062 22.3(20.0, 24.7) 5.90 (5.45, 6.38)
Time since symptom onset, d
<14 362 15.2 (10.9, 20.8) 2.51 (1.83, 3.46) 420 8.3 (5.5, 12.5) 2.21 (1.46, 3.33)
> 14" 9984 16.5 (15.3, 17.8) 2.73 (2.60, 2.88) 2642 24.6 (221, 27.4) 6.53 (6.01, 7.08)
PCR status
Never tested 62198 5.9 (5.5, 6.2) 0.97 (0.96, 0.99) 34365 1.8 (1.6, 2.0) 0.47 (0.42, 0.51)
Negative 5538 3.4 (2.8, 4.1) 0.56 (0.47, 0.67) 8749 3.0 (2.5, 3.6) 0.80 (0.68, 0.94)
Positive <14 d 33 58.5 (34.0, 79.4) 9.68 (6.38, 14.7) 100 47.1 (34.7, 59.9) 12.47 (9.49, 16.4)
Positive > 14 d" 353 66.4 (58.6, 73.4) 10.99 (9.82, 12.3) 1192 64.1 (59.9, 68.0) 16.96 (15.6, 18.4)
" Awaiting result 161 9.3 (4.6, 17.8) 1.53 (0.78, 3.03) 44 0.9 (0.2, 4.4) 0.25 (0.05, 1.19)
2 Contact with confirmed case
g No contact 60591 5.0 (4.7, 5.3) 0.83 (0.80, 0.85) 36519 19(1.7, 2.2) 0.51 (0.47, 0.56)
i Household member 1897 22.1 (18.9, 25.6) 3.65 (3.15, 4.24) 1424 35.0 (30.8, 39.4) 9.25 (8.30, 10.3)
§ Noncohabitating family/friend 2518 10.6 (9.1, 12.4) 1.76 (1.52, 2.03) 3145 11.1 (9.3, 13.2) 2.94 (2.55, 3.38)
§ Co-worker 2169 10.9 (9.1, 13.0) 1.80 (1.52, 2.13) 1916 5.3 (4.2, 6.7) 1.41 (1.14, 1.75)
z Cleaning person/caregiver 127 11.7 (6.4, 20.6) 1.94 (1.07, 3.52) 102 11.6 (4.9, 25.1) 3.07 (1.35, 7.02)
< Patient/client 1437 10.8 (8.8, 13.1) 1.78 (1.47, 2.16) 755 6.5 (4.5, 9.3) 1.72 (1.19, 2.48)
Classmate N/A N/A N/A 1033 4.8 (3.3, 6.9) 1.27 (0.90, 1.80)
Contact with symptomatic person
No contact 55507 4.3 (4.0, 4.6) 0.71 (0.68, 0.74) 40182 2.8 (2.5, 3.1) 0.74 (0.70, 0.78)
Household member 5465 14.9 (13.3, 16.6) 2.46 (2.24, 2.70) 1083 26.3 (22.3, 30.8) 6.97 (5.96, 8.15)
Noncohabitating family/friend 3215 11.7 (10.1, 13.5) 1.93 (1.70, 2.20) 1377 12.4 (9.9, 15.5) 3.29 (2.69, 4.04)
Co-worker 2991 11.0 (9.5, 12.7) 1.82 (1.59, 2.08) 945 6.7 (4.9, 8.9) 1.76 (1.33, 2.34)
Cleaning person/caregiver 167 6.6 (3.4, 12.2) 1.09 (0.57, 2.07) 36 5.4 (1.7, 16.2) 1.44 (0.46, 4.55)
Patient/client 1499 10.1 (8.2, 12.4) 1.67 (1.37, 2.05) 544 8.2 (5.4, 12.4) 2.18 (1.44, 3.29)
Classmate N/A N/A N/A 470 4.7 (2.9, 7.8) 1.26 (0.76, 2.07)

Note. Cl = confidence interval; ENE-COVID = Spanish National Seroepidemiological Survey of SARS-CoV-2 Infection/Estudio Nacional de Sero-
Epidemiologia de la Infeccién por SARS-CoV-2 en Espana; N/A = not available; PCR = polymerase chain reaction; SARS-CoV-2 = severe acute respiratory
syndrome coronavirus 2.

For the first pandemic wave, information up to the last round of participation of the first survey phase or the first round with positive result as
determined by the point-of-care test; for the second pandemic wave, information after the end of the first wave (July 1, 2020).
bparticipants who received the point-of-care test in at least 1 of the 3 rounds of the first survey phase.
“Proportion of participants who had detectable immunoglobulin G antibodies against SARS-CoV-2 in any round of the first survey phase as determined
by the point-of-care test.
dSeropositivity ratio with respect to all combined categories of a given characteristic.
Participants who tested negative by all received point-of-care tests during the first phase and underwent the test in the single round of the second survey phase.
Proportion of seronegative participants in the first phase who had detectable immunoglobulin G antibodies against SARS-CoV-2 in the single round of

the second survey phase as determined by the point-of-care test.
EAsymptomatic (no symptoms), paucisymptomatic (1-2 symptoms without anosmia/ageusia), and symptomatic (anosmia/ageusia or at least 3 symptoms
among fever, chills, severe tiredness, sore throat, cough, shortness of breath, headache, and nausea/vomiting/diarrhea).
PFor the first pandemic wave > 14 d before any round of participation of the first survey phase or before the first round with positive result as
determined by the point-of-care test.
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infected individuals among people
70years and older and a predomi-
nance of women over men.’

By contrast, the first 3 rounds of
ENE-COVID showed similar seropreva-
lences in males and females, whereas
the differences by age were much at-
tenuated. Regarding the geographical
distribution, ENE-COVID confirmed the
higher prevalence in Madrid, Castilla-La
Mancha, and Castilla y Ledn (the center
of the country) and Barcelona (in the
northeast). Navarre and La Rioja were
hotspots according to the RENAVE
data,’ but they did not have very high
seroprevalence figures. This discor-
dance suggests differences in the
availability of diagnostic tests across
Spanish autonomous communities.

The first pandemic wave in Spain was
dominated by 2 early clades closely re-
lated to Asian SARS-CoV-2 variants.®?
The outbreak overwhelmed the health
care system in several Spanish regions.'®
Health care workers were overstressed
and insufficiently protected""? and,
according to our results, 1 in 10 was
infected during this period. The national
lockdown, enforced at the peak of the
pandemic, included school closure,
workplace closure, and mobility restric-
tions and served to reverse the trend
and contain the viral transmission.”'? At
the end of June 2020, the country slowly
recovered mobility and economic activi-
ty, although some restrictions were
maintained, including the mandatory
use of face masks. A new variant, B.1.177
(initially named 20E.EU1), with increased
transmissibility was identified early that
summer in the country and later became
dominant in Europe.'

The second pandemic wave started
to escalate in July to August 2020, and
the Spanish government declared a
second state of emergency at the peak
of the second wave, October 25, but

did not impose a national lockdown. In
this case, autonomous communities
implemented different public health
interventions over time. By the middle
of November, when the last round of
ENE-COVID started, there were more
than 1 million new cases reported to
the RENAVE, many of them asymptom-
atic.® However, according to ENE-
COVID estimates, between 3.3% and
3.8% of house-dwelling people were
newly infected by SARS-CoV-2, that is,
approximately 1.5 to 1.6 million people.
The highest de novo seropositivity was
observed in the northeast of the
country.

Again, men and women were equally
affected, but the age distribution was
different during the second wave.
Among previously uninfected men, the
highest seroprevalence occurred at age
20 to 29years, and the oldest age
groups had the lowest risk. In women,
the distribution was somehow more
homogeneous, but lowest rates were
also observed among older women.
These disparities correlate well with the
reported differences in risk perception
toward COVID-19 by age and gender in
Spain,'® suggesting that older people,
particularly men, stayed at home more
often and tended to avoid social con-
tact,* reducing their infection risk."® In
women, differences were less obvious,
and although they have been reported
to be more cautious,'” their role at
home and as caregivers may have pre-
sented more opportunities to become
infected."’

Big cities, with greater international
exchange and greater population
density, had a higher seroprevalence
during the first wave. However, the
pandemic moved from the cities to the
rural areas during the summer, with
smaller municipalities having the high-
est seroprevalence in the second wave.

RESEARCH & ANALYSIS

Restrictions on traveling outside Spain,
together with increased concern about
becoming infected abroad, made peo-
ple spend their summer holidays inside
the country, choosing less populated
places.

The ENE-COVID study was not
designed to explore socioeconomic dif-
ferences in detail, but some individual
and ecological information allowed us
to explore this aspect. Highly educated
men and people living in wealthier cen-
sus tracts were more frequently
infected at the beginning of the pan-
demic, possibly because of their great-
er international mobility.? The first
pandemic wave took everybody by sur-
prise, and even though some reports
found stronger effects in areas with low-
er socioeconomic status within big cities,
such as Barcelona,'® the national lock-
down seemed to attenuate them. Later,
as the virus was widely disseminated,
disadvantaged socioeconomic groups
were at higher risk of infection. During
the second pandemic wave, participants
living in lower income census tracts and
non-Spanish people were more affected.
These socioeconomic differences have
been observed in other countries,'®2>
and a combination of factors, related to
work and home conditions, may explain
them.?*?° In fact, the first big outbreaks
that summer occurred in occupational
settings,?® and, as ENE-COVID shows, es-
sential low-wage occupations, such as
cleaners and home caregivers, were at
higher risk for infection.

Living with someone who was con-
firmed or suspected to be infected
was the strongest risk factor for being
seropositive, especially in the second
wave, reflecting the difficulty of isolating
those infected with SARS-CoV-2 at
home. Even though some autonomous
communities provided specific places
to isolate infected people if needed
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(e.g., hotels), these resources were not
generally available. Also, in the second
wave, risk of infection was higher after
contact with friends or noncohabiting
relatives who were confirmed or sus-
pected to be infected than after contact
at work, suggesting lower success of
public health measures in informal
settings.

Of note, in both waves, smokers had
lower seroprevalence values. It is un-
likely that this result is attributable to
selection bias, and our data support
studies that suggest smokers have a
reduced risk of infection.?’

Strengths and Limitations

This study updates the epidemiological
information on the first pandemic wave
in Spain. It considered 3 consecutive
survey rounds and describes for the
first time, to our knowledge, the charac-
teristics of the second pandemic wave.
With a population-based design and
high percentages of participation,
ENE-COVID provided an accurate rep-
resentation of the situation of SARS-
CoV-2 infection in the whole country. In
this sense, our random selection sam-
pling design, as well as our use of post-
stratification sampling weights, which
served to correct regional income, age,
and gender differences in participation,
are 2 of the strongest points of ENE-
COVID. The National Centre for Micro-
biology of the Instituto de Salud Carlos
Il selected the serological tests after
carefully screening those available.
ENE-COVID also has several limita-
tions. It did not study the situation of in-
stitutionalized people, as they required
a different approach. Although only 6%
of participants older than 75 years re-
side in nursing homes,® they suffered
many outbreaks with very high mortali-
ty.4/5 Also, the information relies on

Peer Reviewed  Pérez-Goémezetal.

detection of anti-SARS-CoV-2 1gG anti-
bodies, which appear 1 to 3 weeks after
infection.?? Apart from the false posi-
tive and negative results associated
with the characteristics of the test, a
low proportion of infected people, par-
ticularly those who are asymptomatic,

2930 \whereas those

do not seroconvert,
who become positive may test negative
after several months.?? Seroreversion,
however, is not an issue here, because
ENE-COVID started at the end of April,
just a month after the peak of the first
pandemic wave.

Finally, the second pandemic wave
was still trending downward when the
study took place, leading us to under-
estimate new seroprevalence figures.
Also, this last round of the survey had
lower participation, possibly because of
a loss of interest in being tested given
the greater availability of diagnostic and
serological tools. Still, almost 7 of 10
participants who were previously sero-
negative agreed to participate. Results
for this wave are based mainly on the
point-of-care test, because venipunc-
ture was offered only to a subsample of
seronegative participants to facilitate
the fieldwork in primary health centers,
which were still severely overloaded be-
cause of the pandemic.'

Conclusions

ENE-COVID served to characterize the
first 2 pandemic waves of SARS-CoV-2
and provided useful information when
data on COVID-19 cases and new infec-
tions were insufficient. People living in
the center of Spain, those living in cities,
and those with higher education were
more affected during the first wave.
However, the virus spread across the
country, particularly toward the north-
east, and more disadvantaged groups
were at higher risk for infection after

lifting the national lockdown. Health
workers and individuals in other occu-
pations who take care of vulnerable
people suffered higher rates of
infection. In both waves, living with
someone who had COVID-19 strongly
influenced the probability of being
infected.

Public Health Implications

From a public health surveillance stand-
point, ENE-COVID has provided health
authorities key and timely information
on the COVID-19 pandemic as follows:

e Seroprevalence studies are useful
for providing information when
there is incomplete case ascertain-
ment and there may be a substan-
tial proportion of asymptomatic
infections.

e Contrary to the picture drawn by
the National Epidemiological Sur-
veillance System, we learned that
the virus infected men and women
equally and that all age groups
were at risk.

e According to seroprevalence
figures, the proportion of people
infected during these 2 pandemic
waves was insufficient to guarantee
herd immunity.

e Health care workers suffered the
brunt of the new pandemic, with
seroprevalence figures that were al-
most double those found in the
overall population.

e Living with an infected person was
the strongest avoidable risk factor;
public health strategies should give
households more attention.

e Older people, who were at higher
risk of death, had a lower relative
infection rate in the second wave.

e Socioeconomic differences
appeared during the second wave.



In situations like this, specific mea-
sures are needed to protect disad-
vantaged groups.

Itis important to highlight the added
value of the longitudinal design of
ENE-COVID, which allowed us to ex-
plore changes in the epidemiological
characteristics of the pandemic over
time. 4JPH
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> & See also Morabia, p. 462, Elliott et al., p. 514, Dean et al., p. 517, Jernigan et al., p. 520, Bendavid, p. 523,
Pastor-Barriuso et al., p. 525, and Pérez-Gomez et al., p. 533.

Data System. The REal-time Assessment of Community Transmission-1 (REACT-1) Study was funded by

the Department of Health and Social Care in England to provide reliable and timely estimates of prevalence

of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection over time, by person and place.

Data Collection/Processing. The study team (researchers from Imperial College London and its
logistics partner Ipsos) wrote to named individuals aged 5 years and older in random cross-sections of
the population of England, using the National Health Service list of patients registered with a general
practitioner (near-universal coverage) as a sampling frame. We collected data over 2 to 3 weeks

approximately every month across 19 rounds of data collection from May 1, 2020, to March 31, 2022.

Data Analysis/Dissemination. We have disseminated the data and study materials widely via the
study Web site, preprints, publications in peer-reviewed journals, and the media. We make available data

tabulations, suitably anonymized to protect participant confidentiality, on request to the study's data

access committee.

Public Health Implications. The study provided inter alia real-time data on SARS-CoV-2 prevalence

over time, by area, and by sociodemographic variables; estimates of vaccine effectiveness; and symptom

profiles, and detected emergence of new variants based on viral genome sequencing. (Am J Public Health.

2023;113(5):545-554. https://doi.org/10.2105/AJPH.2023.307230)

he REal-time Assessment of Commu-

T nity Transmission-1 (REACT-1) Study
sought to provide reliable and timely esti-
mates of severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) infec-
tion prevalence and data on associated
symptoms and covariates from random
samples of the population of England.

DATA SYSTEM

This study involved 19 distinct rounds
of data collection, from May 1, 2020, to
March 31, 2022 (Figure 1).

Name and Sponsor of
the Program

The REACT-1 Study is funded by the
Department of Health and Social Care
in England.

Purpose

of prevalence of SARS-CoV-2 infection
over time, by person and place, REACT-
1 gave estimates of vaccine effective-
ness against infection and identified
new variants as they emerged in the
population.

Public Health Significance

The aim of REACT-1 was to rapidly
detect changes in SARS-CoV-2 trans-
mission in England and to give early
warning of any upturn in infections.
As well as providing reliable estimates

When REACT-1 was established during
the first lockdown in England, little was
known about the spread of SARS-CoV-2
in the population, who was most at
risk, when infection rates were rising or
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From round 8, swabs

were sequenced to deter-
mine SARS-CoV-2 lineage

2020 2021
T T T T T T T T T T
> 1 wm T | [ o " Jal s "ol 7 N T o [[JT [ F] M " A
Round 2 Round 4 Round 6 Round 8 Round 10
Jun 19-Jul 7, 2020 Aug 20-Sep 8, 2020 Oct 16-Nov 2, 2020 Jan 6-Jan 22, 2021 Mar 11-Mar 30, 2021
1: 600000 1:710000 1:725158 1:761007 1: 760000
R:219633 R:211291 R:211438 R:213746 R: 180106
S$:159199 S:154325 $:160175 S:167 642 S:140844
RR: 26.5% RR:21.7% RR: 22.1% RR: 22.0% RR: 18.5%
P:123 P:137 P:1732 P:2282 P:227
NS: 1088 NS:73

Round 1 Round 3 Round 5 Round 7 Round 9 Round 11
May 1-Jun 1,2020 Jul 24-Aug 11,2020 | | Sep 18-Oct 5, 2020 Nov 13-Dec 3, 2020 Feb 4-Feb 23,2021 Apr 15-May 3, 2021
1: 395020 1: 710000 1: 727312 I: 750 140 I: 760 000 1: 823812
R: 161497 R: 225615 R:232158 R:213192 R: 210046 R: 170503
$:120620 $:162821 5:174949 5:168181 S: 165456 S:127408
RR: 30.5% RR: 22.9% RR: 24.1% RR: 22.4% RR: 21.8% RR: 15.5%
P:159 P:54 P:824 P: 1299 P: 689 P:115
NS: 236 NS: 26
~——

From round 14, wet
(saline) swabs were
used, rather than

Incentives were
introduced in rounds

dry. These were sent From round 15, 18 and 19 to increase
Sampling strategy to laboratory either swabs were sent to From round 16, swabs response rates in
changed for round 12 by courier or priority laboratory by priority were also tested for previously under-
and subsequent rounds post post only influenza represented groups
2021
2 M 7T ol "7y " oA s J7 o TI N[ o ] [ A
Round 12 Round 14 Round 16 Round 18
May 20-Jun 7, 2021 Sep 9-Sep 27, 2021 Nov 23-Dec 14, 2021 Eeb 8-Mar 1, 2022
1:814633 1:822176 1: 803 864 1: 635000
R: 161037 R: 146 140 R: 129534 R:133118
$:108911 $:100527 $:97089 $:94950
RR: 13.4% RR: 12.2% RR:12.1% RR:15.0%
P:135 P:764 P:1192 P:2731
NS: 46 NS: 412 NS: 770 NS: 1195
! Y
Round 13 Round 15 Round 17 Round 19
Jun 24-Jul 12, 2021 Oct 19-Nov 5, 2021 Jan 5-Jan 20, 2022 Mar 8-Mar 31, 2022
1:841227 1:859184 1: 840519 1: 697 055
R: 146 084 R: 141892 R: 138925 R: 147 640
$:98233 $:100112 $:102174 $:109181
RR:11.7% RR: 11.7% RR:12.2% RR:15.7%
P:527 P:1399 P:4073 P:6902
NS: 92 NS: 126 NS: 2393 NS: 4445
~— J

FIGURE 1— REACT-1Study Timeline Over 19 Rounds of Data Collection: England, May 1, 2020-March 31, 2022

Note. REACT-1 = REal-time Assessment of Community Transmission-1; SARS-CoV-2 = severe acute respiratory syndrome coronavirus 2. For each round, we
report the number of invitations sent (1), the number of participants registered (R), the number of valid swabs received (S), and response rate (RR), as defined
by the number of valid swabs over the number of invitations sent and the total number of SARS-CoV-2-positive swabs (P) these yielded. From round 8 on-
ward (from January 6, 2021), viral sequencing was also available, and we report the number of SARS-CoV-2 (sub)-lineages determined per round (NS).
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falling, and where—for example, at na-
tional, regional, or subregional levels.
REACT-1 was designed to provide rapid
information on the time course of the in-
fection, geographic spread (at high spatial
resolution), and estimates of the repro-
duction number R."? These data were
given directly to the government as they
were obtained to inform the public
health response and enable timely imple-
mentation of public health interventions.

DATA COLLECTION/
PROCESSING

The study tested self-obtained throat
and nose swabs from random samples
of the population of England for pres-
ence of SARS-CoV-2, using reverse-
transcriptase polymerase chain reaction
(rt-PCR). Participants also completed a
self-administered questionnaire, either
online or by telephone. In later rounds,
we carried out viral genome sequencing
to obtain information on circulating
variants.

Data Sources and
Collection Mode

Source population. The study team
(researchers from Imperial College Lon-
don and its logistics partner Ipsos) invit-
ed random cross-sectional samples of
individuals aged 5 years and older in En-
gland by mail to participate in REACT-1.

Registration. We invited named indivi-
duals on the National Health Service
(NHS) list of patients to register for the
study either online or by telephone.
For participants, we obtained from the
NHS register their name, sex, general
practitioner practice code, address
and residential postcode, mobile (cell)
telephone number, e-mail address (for
early rounds only), date of birth (to

round 7, November 13 to December 3,
2020) or month and year of birth (sub-
sequent rounds), and NHS number.

Questionnaires. Participants completed
a brief questionnaire at registration ei-
ther online or by telephone and a fur-
ther, more detailed questionnaire for
those who provided a swab. These in-
cluded information on household com-
position; key worker status; social beha-
viors (e.g., mask wearing, commuting);
contact with a person known or sus-
pected to have COVID-19; whether, at
time of survey, participants had experi-
enced 1 or more of a list of symptoms
and timing of the symptoms (partici-
pants not reporting symptoms may
have developed symptoms later, but
these were not captured); symptoms
lasting more than 4 weeks; self-reported
long COVID; and self-reported height
and weight, smoking, vaccination history,
and attitudes toward vaccination. Partici-
pants were asked for consent for recon-
tact and for longer-term follow-up
through linkage to their NHS records in-
cluding data from the national immuni-
zation program. The questionnaires are
available on the study Web site.?

Swabs. Individuals who registered for the
study received a swab kit by mail, with
both written and video instructions pro-
vided for collecting a self-obtained throat
and nose swab (by parent or guardian
for children aged 5-12 years). During the
first round of data collection (May 1 to
June 1, 2020), swabs were initially collect-
ed in viral transport medium and sent to
1 of 4 Public Health England laboratories
for processing (n = 8595 swabs with
reported result). All subsequent collec-
tions during round 1 to round 13 (June
24 to July 12, 2021) were obtained by us-
ing dry swabs. Participants were asked to
obtain and refrigerate the sample and
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request a courier pick-up (same or next
day) for sample collection. To maintain
sample integrity, samples were then
transported to a central hub before daily
shipping to a commercial laboratory, all
within a cold chain (4° to 8°C) for testing
for presence of SARS-CoV-2.

For round 14 (September 9-27, 2021),
we modified the way swab samples were
handled, switching to wet swabs in saline
solution. We randomized on a 1-to-1 ba-
sis whether samples were sent to the lab-
oratory by priority mail or were picked up
by courier without the cold chain (al-
though samples were refrigerated on
arrival at the depot before onward trans-
portation to the laboratory). There was a
slightly higher return rate for samples
handled by mail, although prevalence
estimates were slightly higher and cycle
threshold (Ct) values among positives
slightly lower (indicating slightly better
preservation) in the samples sent by cou-
rier compared with samples shipped by
mail.* In subsequent rounds from round
15 (October 19 to November 5, 2021), we
switched to shipment by priority mail in
saline solution only for all swabs.

Ethical Procedures

Ethics. We obtained ethics approval from
the South Central-Berkshire B Research
Ethics Committee (IRAS ID: 283787). Parti-
cipants gave individual consent to take
part, either online or by telephone (par-
ent or guardian for children aged 5-12
years and for those aged 13-17 years
where parent or guardian completed
registration on behalf of the child).

Public involvement. A public advisory
panel provides input into the design,
conduct, and dissemination of the
REACT research program. We have

a data access committee with lay
representation.
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Population and
Geographic Coverage

Population coverage. The target popu-
lation was the population of England
aged 5 years and older. We designed
the study to provide robust estimates
of prevalence at regional and subre-
gional level, including estimates at
lower-tier local authority (LTLA) level.
We included data for 316 of the 317
LTLAs in England excluding the Isles of
Scilly (after the first round), and by com-
bining data for the City of London with
Westminster, we report results across
315 LTLAs overall. At each round, we
provided national and regional esti-
mates of epidemic growth, and preva-
lence estimates for key demographic
subgroups including by age, ethnicity,
household size, occupation, and socio-
economic status. Smoothed estimates
of weighted prevalence over the 19
rounds of the study (May 1, 2020, to
March 31, 2022) by age and region, as
well as overall, are shown in Figure 2.

Sampling frame. We used the list of
patients aged 5 years and older regis-
tered in the NHS with a general prac-
titioner in England (near-universal
population coverage). We obtained a
new random sample at each round
from data on the NHS register held
centrally by NHS Digital.

Sampling strategy. For rounds 1 to 11
(between May 1, 2020, and May 3, 2021),
we aimed to obtain LTLA-stratified ran-
dom samples with approximately equal
numbers of participants in each of the
315 LTLAs to enable local estimates of
prevalence across England. From round
12 onward, we adjusted the sampling
procedure to select the sample random-
ly in proportion to population at the
LTLA level, because urban and inner-city

Peer Reviewed  Elliottetal.

areas (which tended to have higher
infection rates) were relatively under-
represented in comparison with more
sparsely populated rural areas.

Unit of Data Collection and
Sample Size

Unit of data collection. Data collection
was at the individual level. Named, ran-
domly selected individuals were invited
to take part; the invitation was non-
transferable to other members of the
family or household.

Sample size and response rates. Over
the 19 rounds of the study, a total of
2512797 valid swabs were included
from among 14036 117 invitations, giv-
ing an overall response rate (number of
valid swabs/number of invitations sent
out) of 17.9%. Sample size by round var-
ied from 94950 in round 18 (February 8
to March 1, 2022, when prevalence rates
were very high; Figure 2) to 168 181 in
round 7 (November 13 to December 3,
2020). Response rates also varied by
round, ranging from 11.7% in rounds 13
(June 24 to July 12,2021) and 15 (Octo-
ber 19 to November 5, 2021) to 30.5% in
round 1 (May 1 to June 1, 2020, during
the first lockdown in England).

To maximize response rates, with our
logistics partner Ipsos, we implemented
a series of reminders to improve both
registration rates and swab and survey
return rates among those registering to
take part. For registration, we included
up to 4 reminders by letter, text, or (in 2
rounds) mobile phone contact. Among
people who had requested a swab kit
but not returned the swab or symptom
survey, from round 3 (July 24 to August
11, 2020) Ipsos used a series of up to 3
reminders by either e-mail or text (or
letter where an e-mail address or mobi-
le phone number were not provided).

A reminder by phone call was added
from round 12 onward (May 20 to June
7,2021) where a mobile phone number
was provided at registration. Overall, a
substantial proportion of those register-
ing and those returning a swab did so
following one of these reminders.

In addition, following a successful pi-
lot in which different incentives (£10
to £30) were offered (in a randomized
evaluation) to a subsample of people
taking part in round 15, we added an in-
centive in rounds 18 (February 8 to
March 1, 2022) and 19 (March 8-31,
2022) to increase response rates among
underrepresented groups. For returning
their completed test, those aged 13 to
17 and 35 to 44 years were offered a gift
voucher worth £10 while those aged
18 to 34 years were offered a voucher
worth £20. This had the effect of increas-
ing the response rate in these groups,
with the overall response rate in rounds
18 and 19 rising to 15.0% and 15.7%,
respectively (Figure 1).

Completeness. We obtained sufficient
data by round to be able to estimate
prevalence by age, sex, region, and
other key demographic groups includ-
ing ethnicity, occupation, household
size, and socioeconomic status (as
determined by an area-level depriva-
tion score).

Generalizability. We weighted the

data at each round (see subsequent
“Prevalence estimates and random iter-
ative method weighting” section) to be
representative of England as a whole
and to provide unbiased estimates of
prevalence that were comparable
across rounds, including with the
change in sampling strategy to be in
proportion to population size. The ratio
of weighted to unweighted prevalence
gives an indication as to the potential
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FIGURE 2— smoothed Weighted SARS-CoV-2 Swab-Positivity Prevalence From All Rounds of the REACT-1 Study by (a)
Overall Prevalence, (b) Age Groups, and (c) Region: England, May 1, 2020-March 31, 2022

Note. REACT-1 = REal-time Assessment of Community Transmission-1; SARS-CoV-2 = severe acute respiratory syndrome coronavirus 2. We used the ran-
dom iterative method (RIM) weighting approach to correct for possible nonresponse bias and ensure that our prevalence estimates were representative of
the population of England as a whole. Using a Bayesian penalized-spline model fit to the daily swab-positivity data, we estimated the median (plain line) and
95% credible intervals (shaded regions) of weighted prevalence throughout the study period. Results are shown for the full population of England (A) with
model fit on rounds 1-7, 8-13, and 14-19, separately, and for 4 broad age groups (B): 5-17y, 18-34y, 35-54 y, and 55 y and older, and by region (C), with
model fit throughout the duration of the study. Ranking of weighted prevalence by age and region changed over the course of the epidemic in England. For
example, there was particularly high prevalence in those aged 5 to 17 y in October 2021 and January 2022.

bias introduced by nonresponse in dif-
ferent demographic groups. This ratio
was consistently above 1 for rounds 1

to 17 (i.e., unweighted prevalence was

consistently below the expected rates
for England). However, the variability
around the ratio tended to decrease
following the change in sampling

strategy implemented in round 12, and

the ratio itself fell to 1 (i.e., no bias on
average) in both rounds 18 and 19,
reflecting the use of incentives in those
Elliottetal.
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FIGURE 3— Per-Round Ratio of Weighted Over Unweighted Prevalence of SARS-CoV-2 Swab Positivity in REACT-1 Over
19 Rounds: England, May 1, 2020-March 31, 2022

Note. SARS-CoV-2 = severe acute respiratory syndrome coronavirus 2. We report the mean and 95% confidence intervals (Cls) for the ratio.

rounds among harder-to-reach youn-
ger people (Figure 3).

Surveillance Design and
Data Collection Frequency

Key Data Elements and
Data Quality/Editing

We designed the study to recruit a se-
ries of representative cross-sectional
samples of the population of England
aged 5years and older. As noted, we
carried out data collection over a
23-month period from May 1, 2020,

to March 31, 2022, through a series of
distinct rounds that took place over a
2- to 3-week period approximately
monthly—exceptions were gaps be-
tween rounds 7 and 8 over Christmas
2020 and between rounds 13 and 14
during summer 2021 (Figure 2). The
data were collected prospectively and
reported in near-real-time. Where pos-
sible, we aimed to obtain independent
samples at each round (i.e., sampling
without replacement); however, given
the scale of the sampling efforts
(around one quarter of the population
of England was invited) this could not
always be achieved, and around 3% of
the study population took part more
than once.

Peer Reviewed  Elliottetal.

Prevalence estimates and random itera-
tive method weighting. We used ran-
dom iterative method (RIM) weighting”
to correct for bias in (unweighted) prev-
alence estimates introduced by varying
nonresponse in different demographic
groups, taking account of age-sex cate-
gories, deciles of an area-level index of
multiple deprivation,® LTLA population
counts, and ethnicity. We obtained age,
sex, and LTLA counts from the Office
for National Statistics midyear popula-
tion estimates,” counts by ethnic group
from the Labour Force Survey,® and
index of multiple deprivation deciles
from linkage to residential postcodes
using the NHS digital sampling frame.
We based the RIM weighting on pro-
portions rather than population totals,
with age grouped into 9 categories:
5-12;13-17; 18-24; 25-34; 35-44;
45-54; 55-64; 65-74; and 75 years or
older, giving 18 age-sex categories. Self-
reported ethnicity was grouped into 9
categories: White, mixed/multiple ethnic
groups, Indian, Pakistani, Bangladeshi,
Chinese, any other Asian background,

Black African/Caribbean/other, and any
other ethnic group or missing.

For the RIM weighting (first stage) we
weighted each sample to LTLA counts
and age-sex categories only, with adjust-
ment to ensure that the final weighted
estimates were as close as possible to
the source population. Then, using the
first stage weights as starting weights,
we adjusted the RIM weighting for all
4 weighting variables, trimming the ad-
justment factor between the first and
second stage weights at the first and
99th percentiles to dampen the extreme
weights. We calculated the final weights
as the first stage weights multiplied by
the trimmed adjustment factor for the
second stage, with credible intervals for
weighted prevalence estimates calculat-
ed using the “survey” package in R

Time trends and smoothed prevalence.
To analyze time trends in swab positivi-
ty, we used an exponential model of
growth or decay assuming that the dai-
ly weighted number of positive samples
(out of the daily weighted total number
of samples) arose from a binomial dis-
tribution. The model is of the form

Itt) = lo.€", where /(1) is the swab positivi-
ty attime ¢, /o is swab positivity at the



beginning of data collection per round,
and ris the growth rate. On a given
day, the binomial likelihood for P (out
of N) positive tests is then P ~ BN, /p.e™)
based on day of swabbing or, if unavail-
able, day of sample collection. We used
a bivariate No-U-Turn sampler to esti-
mate posterior credible intervals as-
suming uniform prior distributions on
lpand r."°

To fit a smoothed trend (Figure 2), we
used a Bayesian penalized-spline mod-
el to the daily data using a No-U-Turn
Sampler in logit space, splitting the
data into segments of approximately
5days by regularly spaced knots, with
further knots included beyond the peri-
od of the study to remove edge effects.
We defined a system of 4th-order
basis-splines (b-splines) over the knots,
with a model comprising a linear com-
bination of these b-splines. We guard-
ed against overfitting through inclusion
of a second-order random-walk prior
distribution on the coefficients of the
b-splines. This prior distribution takes
the form b; = 2b;,_1—b;_, +u;, where b,
is the ith b-spline coefficient and u; is
normally distributed with u; ~/\/(O,p2).
The prior distribution assumes a con-
stant first derivative and therefore
penalizes against changes in growth
rate unless supported by the data.
The penalization of changes in growth
rate is controlled by the parameter p,
assigned an inverse vy prior distribution,
p~I1G(0.001, 0.001). We assumed a uni-
form prior distribution on the first 2 b-
spline coefficients.

Laboratory procedures. Swabs were
sent by courier (earlier rounds) or

by priority mail (later rounds) to a
depot for onward transport to a single
commercial laboratory for analysis

by rt-PCR. The laboratory analyzed
extracted nucleic acid for SARS-CoV-2

with the ViroBOAR 1-0 RT-qPCR kit
(EuroFins Genomics, GmbH, Ebersberg,
Germany) and on the Roche Lightcycler
480 Il (Roche Diagnostics, Almere, The
Netherlands) to detect in parallel 2
gene targets: N gene and E gene. The
assay has a specificity close to 100%
with limit of detection of 10 copies per
microliter. In addition, the laboratory de-
veloped a multiplex for influenza A and
B, which was added in November 2021
(Figure 1). Performance of the multiplex
was tested against an established assay
(Luminex NXTAG Respiratory Pathogen
Panel, Luminex Corporation, Austin, Tex-
as, USA) in an independent commercial
laboratory, as well against sequencing of
selected samples in the UK Health Secu-
rity Agency laboratories.

Cycle threshold and laboratory calibra-
tion experiments. We used Ct values as
a proxy for viral load for the 2 SARS-
CoV-2 gene targets (N gene and E gene).
The rt-PCR was considered positive if
both gene targets were detected or if
N gene was detected with Ct value less
than 37. This Ct threshold was deter-
mined following 3 separate calibration
experiments. In the first, we sent RNA ex-
traction plates (n = 10) from the com-
mercial laboratory to 2 UK Accreditation
Service-accredited laboratories for
blinded reanalysis. We found concordant
results for 919 negative samples and all
40 controls. We detected viral RNA in
11 of the 19 samples with a Ct value
reported positive by the commercial lab-
oratory (N gene Ct value ranging from
16.5t0 40.7); in 10 of these 11 samples,
N gene Ct value was less than 37.
Second, in a serial dilution experi-
ment of synthetic SARS-CoV-2 RNA, the
commercial laboratory detected 2.5
copies at Ct 38; also, while following se-
rial dilution of known positive samples
with low viral load, the commercial
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laboratory identified an N gene signal
at Ct greater than 37 in most instances.

Third, a Public Health England refer-
ence laboratory reanalyzed a further 40
unblinded positive samples with N gene
Ct values greater than 35 (range =
35.7-46.8) and without a signal for E
gene, detecting SARS-CoV-2 RNAin 15 of
40 (38%) samples (2 of 4 with N gene Ct
value <37). We then consolidated the
results of all 3 calibration experiments to
set the positivity criteria noted previously,
which we used throughout each round
of REACT-1.

Viral genome sequencing. We under-
took viral genome sequencing to provide
information on specific variants from
round 8 (January 6-22, 2021) onward.
The Quadram Institute, in Norwich, UK,
carried out the sequencing for samples
that tested positive on rt-PCR with Ct val-
ue of (variously) 34 or below, or 32 or be-
low, in either the N or E gene, and with
sufficient volume of sample available.
The Quadram Institute used the ARTIC
protocol' for viral RNA amplification,
CoronaHiT for preparation of sequenc-
ing libraries,’® and the ARTIC bioinfor-
matics pipeline,' and assigned lineages
by using PangoLEARN."® Transitions of
each of the variants during the course of
the epidemic in the United Kingdom and
their detection in England in the REACT-
1 study are shown in Figure 4.

Managing disclosure risks. To protect
confidentiality, individual data are not
released, and tabular data are sup-
pressed if there are fewer than 5
entries in a cell where 1 or moreis a
positive for SARS-CoV-2.

DATA ANALYSIS/
DISSEMINATION

The data collected in REACT-1 were
analyzed and reported in real-time to
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FIGURE 4— Proportion of Wild Type, Alpha, and Delta Lineages and Omicron BA.1 and Omicron BA.2 Sublineages:
GISAID, United Kingdom, April 1, 2022

Note. GISAID = Global Initiative on Sharing Avian Influenza Data; R = round; REACT-1 = REal-time Assessment of Community Transmission-1. For Delta line-
age and Omicron BA.1 and Omicron BA.2 sublineages, we report the date of first detection in REACT-1 samples with determined lineage, the date at which
REACT-1 reported a possible variant replacement, and the corresponding estimated date of replacement as defined by the date at which the estimated me-
dian proportion of the given variant was greater than 95%.

government and widely disseminated
in timely fashion to the scientific com-
munity and the public.

Interpretation Issues

Over the course of the study, we ob-
served a gradual decline in response
rates, from a high of 30.5% in round 1
(May 1 to June 1, 2020), carried out dur-
ing the first lockdown in England when
it was very difficult to get a diagnostic
test through other means. We were
able to offset some of the decline in
response by including a modest mone-
tary incentive (via gift voucher) to people
aged 13 to 44 years who are harder to
reach in surveys. Moreover, our reported
response rates are conservative esti-
mates as we based them on numbers of
swabs with a valid rt-PCR result
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compared with the numbers of invitation
letters sent out, some of which may not
have reached (or been opened by) the
recipient. We used RIM weighting to cor-
rect the sample to be representative of
the population of England as a whole.
Nonetheless, to the extent that this relied
on weighting factors, some bias may
have been introduced into our estimates
of prevalence, particularly when examin-
ing effects in specific groups (e.g., by oc-
cupation, ethnicity, or deprivation).
Changes in the way the swab samples
were collected, transported, and tested
may have introduced small differences
across rounds, although these should
not have affected within-round trends in
prevalence. The switch from dry to wet
(saline) swabs and from collection of
samples with to without a cold chain
might have affected diagnostic sensitivity.

Because of financial and logistical con-
straints, we were not able to directly
compare dry swab transported by couri-
er on a cold chain, as was used before
round 14, with wet swab sent by priority
mail, which was used from round 15 on
(Figure 1). However, we were reassured
by the small differences between the
samples collected by mail and courier in
our randomized comparison during
round 14.

More than 2 million people con-
sented to data linkage to their NHS
records, but for the remainder, we are
unable to obtain hospitalizations or
mortality data, or accurate vaccination
data from the national COVID-19 im-
munization program. Although we do
have self-report data on vaccination
history, for those without linked data,
dates of vaccination and vaccine type



may be missing or less reliable than in
the linked data, which may introduce
bias. Furthermore, those who do and
do not consent to data linkage might
differ in important ways, such as social
mixing patterns.

Linkage Ability

Participants were asked whether they
consented to linkage to their health
records. For participants with consent,
data linkage (based on their unique
NHS number) includes vaccine history
(vaccine type and date) and outcome
data (hospitalizations, deaths).

Data Release/Accessibility

Access to REACT-1 individual-level data
are restricted to protect participants’
anonymity. Summary statistics, descrip-
tive tables, and code from REACT-1 are
available at https://github.com/mrc-ide/
reactidd. REACT-1 study materials are
available for each round at https://
www.imperial.ac.uk/medicine/research-
and-impact/groups/react-study/for-
researchers/react-1-study-materials.

Key References/Other
Information

We have published our protocol'® and
on our findings during the 23 months of
fieldwork, including methodological work
on estimation of growth rates and repro-
duction number, on transitions between
variants, and on the duration of swab-
positivity after infection.”*'72> We also
published preprints giving results for
each round. Links to all our publications
are given on our Web site at https://www.
imperial.ac.uk/medicine/research-and-
impact/groups/react-study/real-time-
assessment-of-community-transmission-
findings.

PUBLIC HEALTH
IMPLICATIONS

REACT-1 provided reliable and robust
estimates of the prevalence of SARS-
CoV-2 infection and of epidemic growth
of COVID-19 in England. We provided
prevalence estimates (and odds ratios)
for different sociodemographic groups—
for example, by age, sex, ethnicity,
occupation, household size, and
deprivation—and estimates of vaccine
effectiveness against infection. The gov-
ernment used these data to inform the
public health response across nearly

2 years of the epidemic in England.

Impact

Unlike the routine testing data, results
from REACT-1 were not dependent on
the availability of tests, which affected
prevalence estimates in the routine
surveillance data,?” nor were they bi-
ased by test-seeking behaviors, and im-
portantly included asymptomatic as
well as symptomatic infections, which is
critical in understanding the infection
dynamics.?® The results of REACT-1
were reported at least weekly to the
government to provide situational
awareness and inform policy and public
health interventions. Thus, REACT-1
informed the timing of the second na-
tional lockdown in England, reinforced
the need for the “rule of 6" (i.e., no
more than 6 people allowed at social
gatherings), provided key data under-
pinning school closure policy, and
contributed to recommendations to
protect those living in large house-
holds. REACT-1 was one of the first
studies to detect the rapid rise of infec-
tions in southeast London, Kent, and
Essex in September 202177 as the
Alpha variant began to take hold and
reported the rapid replacement of the
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Alpha variant by Delta in May 2021,%*
Delta by Omicron BA.1 in December
2021,%° and Omicron BA.1 by Omicron
BA.2 in February to March 2022"°
(Figure 4).

In addition to our role in providing sit-
uational awareness to government, we
placed REACT-1 data into the public do-
main in near-real-time (through both
preprints and press releases and the
media), thus informing both the inter-
national scientific community and the
public as to the current state of the
epidemic in England. 4JPH
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Wildfire Threat to Inpatient Health
Care Facilities in California, 2022

Neil Singh Bedi, BA, Caleb Dresser, MD, MPH, Akash Yadav, MSc, Andrew Schroeder, PhD, MPP, and Satchit Balsari, MD, MPH

Objectives. To assess wildfire risks to California inpatient health care facilities in 2022.

Methods. Locations of inpatient facilities and associated inpatient bed capacities were mapped in

relation to California Department of Forestry and Fire Protection fire threat zones (FTZs), which combine

expected fire frequency with potential fire behavior. We computed the distances of each facility to the
nearest high, very high, and extreme FTZs.

Results. Half (107 290 beds) of California’s total inpatient capacity is within 0.87 miles of a high FTZ and
95% (203 665 beds) is within 3.7 miles of a high FTZ. Half of the total inpatient capacity is within 3.3 miles
of a very high FTZ and 15.5 miles of an extreme FTZ.

Conclusions. Wildfires threaten a large number of inpatient health care facilities in California. In many

counties, all health care facilities may be at risk.

Public Health Implications. Wildfires in California are rapid-onset disasters with short preimpact
phases. Policies should address facility-level preparedness including smoke mitigation, sheltering
measures, evacuation procedures, and resource allocation. Regional evacuation needs, including access
to emergency medical services and patient transportation, must also be considered. (Am J Public Health.
2023;113(5):555-558. https://doi.org/10.2105/AJPH.2023.307236)

alifornia is experiencing an intensi-
nying wildfire crisis. Of the 20 larg-
est wildfires in the state’s history, all but
3 took place in the past 2 decades,
with 7 occurring in 2020 and 2021
Wildfires pose a threat to the structural
integrity, operations, and accessibility
of health care facilities, accounting for
18.4% of hospital evacuations in the
United States during the 21st century.”
Recent examples in California include
evacuations from hospitals in Sonoma
County, sometimes twice within the
same fire season. Inpatient facility
evacuations are a complex process
and often require coordination across
health systems and jurisdictions. They
can pose a danger to patients and staff,
even when advance warning is avail-
able.** In this article, we use publicly

available data to assess the burden of
wildfire risk to inpatient health care fa-
cilities in California and identify regions
at high risk.

METHODS

The California Department of Health
and Human Services provides location
and capacity information for all 15684
licensed and certified health care facili-
ties in California. In this study, we ana-
lyzed data updated as of October 2022
for licensed inpatient facilities, which
treat patients for longer than 24 hours
and may have complex evacuation
needs.

The California Department of Forest-
ry and Fire Protection (CAL FIRE) Fire
and Resource Assessment Program

G ON ‘ELL |OA ‘€207 Ao HdIV

classifies the state into 6 ordinal fire
threat zone (FTZ) categories: not
mapped, low, moderate, high, very
high, and extreme. The threat zones
“combine expected fire frequency with
potential fire behavior,” representing
“the relative likelihood of damaging or
difficult to control wildfires occurring
for a given area.”® As defined by CAL
FIRE, the zones “can be used to assess
the potential for impacts on various
assets and values susceptible to fire[,
and] impacts are more likely to occur
and/or be of increased severity for the
higher threat classes.”

Digital rasters representing fire threat
obtained from CAL FIRE were converted
to polygons at a 270-meter resolution,
and nearest neighbor analyses were
used to compute the distance from
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each fadility to the nearest high, very
high, or extreme FTZ.” Facilities within
FTZs were assigned a distance of zero.
The bed capacity for each facility was
used to compute the distance of inpa-
tient beds from each FTZ level.

We used Excel (Microsoft Corpora-
tion, Redmond, WA), QGIS version
3.16.7 (Open Source Geospatial Foun-
dation, Beaverton, OR), and Python ver-
sion 3.8 (Python Software Foundation,
Wilmington, DE) in our analyses. All
codes and underlying data are provid-
ed in Appendixes A through D (available
as supplements to the online version of
this article at http://www.ajph.org).

RESULTS

We included a total capacity of 214358
inpatient beds (across 3087 inpatient
facilities) in our analyses: 74 041 gener-
al and acute care beds at 429 facilities,
8961 beds at 135 behavioral health
facilities, and 131 356 long-term care

beds at 2523 facilities. Our results
showed that 4 facilities are within a very
high FTZ and 22 are within a high FTZ;
50% of total inpatient capacity (107 290
beds) is within 0.87 miles of a high FTZ
(Figure 1), and 95% of capacity (203 665
beds) is within 3.7 miles of a high FTZ. In
addition, half of the total inpatient bed
capacity is within 3.3 miles of a very high
FTZ and 15.5 miles of an extreme FTZ.

Median distance to an FTZ varies by
county. The state's northern counties
are disproportionately affected: there is
lower overall capacity in these counties,
and the median distances to high, very
high, and extreme FTZs are substantial-
ly shorter. In the southern half of the
state, San Luis Obispo County has the
most inpatient facilities that are near
FTZs (Appendixes B and C).

DISCUSSION

Wildfires in California can be rapid-
onset disasters with a short preimpact

100 ~
|

High — Very high

— Extreme

~N
]
1

Proportion of Inpatient Capacity, %
N w
w o

50% of total inpatient
capacity is within 0.87 miles
of a high fire threat zone

or warning phase. This has left health
care facility leadership and emergency
preparedness specialists the option of
either preparing hospitals for rapid
evacuations or investing in adaptations
that will allow hospital staff and patients
to shelter in place until the wildfire no
longer poses a threat.

Even if a facility is not under immediate
threat of structural damage, smoke ex-
posure, road closures, and infrastructure
damage from nearby wildfires can have
a longitudinal impact on health care sys-
tem functioning and access to care®

We found that a high percentage of
inpatient health care facilities in Califor-
nia are at risk for potential operational
disruption or evacuation from wildfires.
Facilities near wildfires may face risks
from windblown embers, transporta-
tion interruptions, and conversion of
wildland fires to structure fires, which
can affect the safety, operability, or ac-
cessibility of facilities or increase the
risk of fire at facility sites.

2 3 4

Distance to Nearest Fire Threat Zone, Miles

FIGURE 1— npistance of Inpatient Facilities From Fire Threat Zones: California, 2022

Note. The vertical axis represents the total inpatient capacity across the 3087 study facilities. The horizontal axis represents the distance from each facility to
the nearest fire threat zone. Further methodological details are available in the Appendixes, available as a supplement to the online version of this article at

http://www.ajph.org.
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In northern counties—where 2 of
California’s largest fires burned more
than 1 million acres over the past
2 years—health care accessibility is a
significant concern because of high
levels of hazard exposure and limited
numbers of beds and facilities.

The large number of facilities at risk
(despite representing a small propor-
tion of total facilities) creates the possi-
bility of complex evacuation needs as a
result of the many potential sending
and receiving facilities in a major fire
scenario.

Limitations

The information on fire risk exposure
reported here is based on CAL FIRE
data and as such reflects current risk
estimates.® Future fire risk in various
climate change scenarios was not
assessed and is expected to exceed
current risk levels in many locations.
Fire occurrence, propagation, and
overall risk is a complex issue involving
numerous dynamic variables. CAL FIRE
FTZs are believed to be the best available
source on which to base an analysis of
such factors.

We did not attempt to assess or
compare structural characteristics that
could improve fire resistance or the
degree of fire protection afforded by
small-scale geographic features such as
impervious surfaces and nonvegetated
areas in health facilities' immediate
environment, nor did we consider
features that contribute to facility-level
resilience such as backup generators
and on-site fire suppression capabili-
ties. Caution should be exercised when
interpreting negative results; although
a facility may not be near an FTZ or an
active fire, facility operations may none-
theless be affected.

Public Health Implications

Our findings demonstrate widespread
wildfire risk to inpatient health care
facilities, including threats to much of
the inpatient bed capacity in California.
General hospitals are of particular con-
cern because of difficulties associated
with evacuation of hospitalized patients,
limited numbers of alternate facilities to
which patients can be evacuated, and
the potential for loss of access to
emergency care that accompanies
even temporary closure of facilities.”
The long-term care facility patient popu-
lation is at high risk during evacuation;
previous research demonstrates in-
creased mortality during and after nurs-
ing home evacuations.'® Involuntarily
hospitalized patients in behavioral health
facilities have special security needs dur-
ing wildfire contingencies, making evacu-
ation a complex undertaking.

We urge health facility leaders to
assess the vulnerability of facilities to
wildfire hazards and to prepare for
both sheltering-in-place and evacuation
scenarios. If sheltering patients and
community evacuees is necessary, facil-
ities must be prepared to optimize and
allocate resources and have measures
in place to mitigate the risk of wildfire
smoke exposure. Health care facilities
also should prepare for evacuation
scenarios in which emergency medical
services and patient transport resource
availability may be scarce and access
routes may be affected."’

The interinstitutional, transjurisdictional
coordination and cooperation that will
be required to minimize health care
interruptions will necessitate investments
in data architecture, community aware-
ness, and infrastructure resilience."? Pri-
orities may vary from region to region,
reflecting differing regional risk profiles.

RESEARCH & ANALYSIS

As the climate crisis continues to raise
wildfire risk, it is vital to protect inpatient
health care facilities so that they can
meet the needs of their communities.
AJPH
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Planning to Reduce the Health
Impacts of Extreme Heat: A Content
Analysis of Heat Action Plans in Local
United States Jurisdictions

Juliette M. Randazza, MPH, MPA, Jeremy J. Hess, MD, MPH, Ann Bostrom, PhD, MBA, Cat Hartwell, MPH, Quinn H. Adams, MS,
Amruta Nori-Sarma, PhD, MPH, Keith R. Spangler, PhD, ScM, Yuantong Sun, MS, Kate R. Weinberger, PhD, MA,
Gregory A. Wellenius, ScD, MSc, and Nicole A. Errett, PhD, MSPH

> & See also Guardaro, p. 465.

Objectives. To examine commonalities and gaps in the content of local US heat action plans (HAPs)
designed to decrease the adverse health effects of extreme heat.

Methods. We used content analysis to identify common strategies and gaps in extreme heat

preparedness among written HAPs in the United States from jurisdictions that serve municipalities with Z
more than 200 000 residents. We reviewed, coded, and analyzed plans to assess the prevalence of key *
components and strategies. %
Results. All 21 plans evaluated incorporated data on activation triggers, heat health messaging and risk %
communication, cooling centers, surveillance activities, and agency coordination, and 95% incorporated Og
information on outreach to at-risk populations. Gaps existed in the specific applications of these broad g
strategies. >
Conclusions. Practice-based recommendations as well as future areas of research should focus on
increasing targeted strategies for at-risk individuals and expanding the use of surveillance data outside
of situational awareness. (Am J Public Health. 2023;113(5):559-567. https://doi.org/10.2105/
AJPH.2022.307217)
s many regions in the United From May to September each vear, Studies involving other methods of

AStates experience increases in an average of 65000 US residents visit estimation have produced mortality

average temperatures attributable to emergency departments for heat ex- results much higher than CDC esti-

climate change, extreme heat events haustion and heat stroke.® The Centers ~ mates.'""? For example, Shindell et al.

have increased in frequency and dura-  for Disease Control and Prevention estimated 12 000 heat-related deaths

tion."? Heat is a hazard that can com- (CDCQ) estimates that from 2004 to 2018  annually (95% confidence interval

bine with other environmental factors there were 10527 deaths attributable [CI]= 7400, 16 500), and Weinberger

such as ozone and humidity to have cat-  to heat, approximately 702 deaths et al. estimated 5608 deaths annually

astrophic public health consequences.®*  annually.® Heat-related iliness, emer-  (95% Cl = 4748, 6291) in the contigu-

Exposure to high heat is associated with  gency department visits, and deaths ous United States."""?

increased emergency department visits,  are likely underestimated, with data High heat has differing population

hospital admissions, and mortality rates ~ missing on cases in which health con-  and location effects. For example, 1 US

and is tied to exacerbations of chronic ditions exacerbated by heat are attribut-  study showed that heat-related deaths

conditions such as heart disease, stroke,  ed to another cause (e.g, cardiovascular ~ were highest among males, older

diabetes, and acute renal failure.””’ disease)®10-12 adults, non-Hispanic Blacks, American
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Indians/Alaska Natives, and those living
in large metropolitan counties where
the urban heat island effect (in which
Cities experience higher temperatures
than surrounding rural areas as a result
of building materials, air pollution, traf-
fic, and decreased vegetation) is stron-
gest.?'® Others most at risk include
young children and people who are
socially isolated, unhoused, working
outdoors, or experiencing mental, cog-
nitive, or other chronic illnesses ®

Heat action plans (HAPs) are written
documents that help manage actions
across multiple organizations to reduce
adverse health effects from extreme
heat. HAPs broadly contain strategies
such as performing surveillance, pro-
viding risk communication, supporting
social and health care, establishing
cooling centers, distributing water bot-
tles and fans, and creating energy assis-
tance programs.'®'* The geographic
scope, timing, content, and participat-
ing organizations vary and depend on
factors such as the partners involved in
creation and implementation, capacity
and resources available to lead agen-
cies, and the populations within service
areas. HAPs may decrease heat-related
mortality to varying extents,
although further research on evalua-
tion and implementation is need-
ed."”*""7 Often a component of HAPs,
heatwave early warning systems pro-
vide alerts on heat risk and preventive
actions and are activated by forecasted
temperatures or other weather
conditions.'*"819

To our knowledge, there has not
been a systematic assessment of the
content of local US HAPs since 2004,
including response strategies and their
alignment with evidence-informed
practice.?® In response, we assessed
the content of HAPs in large US cities
and counties.

Peer Reviewed  Randazzaetal.

METHODS

Leveraging previous extreme heat
response research and CDC-released
guidance on core components of HAPs
(specifically a report that combined
findings from the literature and case
studies on extreme heat response), we
adapted legal assessment techniques
to explore the content of US local
HAPs.'° Specific components recom-
mended by the CDC include activation
threshold, health data use, identification
of vulnerable populations, monitoring
and evaluation, and plan updates."®
Potential interventions include surveil-
lance, messaging and communications,
social care and front-line health, cooling
centers, water bottle distribution, fan
distribution, energy assistance, changes
to the built environment, and workplace
heat alert programs.'®

Study Population

We included municipalities with more
than 200 000 residents according to
the US Census Bureau's 2019 Annual
Estimates of the Resident Population
for Incorporated Places.?' To obtain
HAPs, we conducted a Web search,
targeted outreach to local health
departments and offices of emergency
management (OEMs), and used plans
previously obtained by journalists for
their own research.? In total, 117 mu-
nicipalities with an estimated popula-
tion of 68 million people (20% of the US
population) were included.?’ We identi-
fied 99 unique jurisdictions for inclu-
sion as a result of instances in which
county-level OEMs and public health
agencies serve multiple jurisdictions.
Our focus was informed by previous
research identifying larger municipali-
ties as more likely to have developed

HAPs as a result of their size and avail-
able resources.”®

Heat Action Plan Collection

An initial sample of HAPs from a jour-
nalistic source was supplemented with
plans obtained directly from agencies.?”
We conducted Web searches for HAPs
in jurisdictions with more than 200 000
residents using keywords such as
“extreme heat,” "heatwave,” "heat ac-
tion plan,” “heat early warning system,”
“heat adaptation,” and “public health
heatwave management” in addition to
local health department, OEM, jurisdic-
tion, county, or city name. Also, we
conducted searches for documents
posted on agency Web sites by using
the sites’ search functions and the key-
words just described. We then searched
linked Web pages for downloadable
plans. This strategy did not produce any
downloadable plans but did inform the
initial sampling frame for surveying
agencies about their HAPs.

We conducted outreach as part of a
national electronic survey that was ac-
tive from September 2021 to January
2022. Surveys were sent to e-mail
addresses of representatives (including
emergency management directors,
health directors or officers, and envi-
ronmental health or public health pre-
paredness coordinators) at local health
departments and OEMs obtained from
agency Web sites or from follow-up
telephone calls to agencies. Although
multiple representatives for each jurisdic-
tion were contacted, they were asked to
coordinate responses. In total, we sent
4 reminder e-mails beyond the initial
contact e-mail and extended the active
survey window to incorporate further
responses.

We collected survey data using the on-
line electronic data collection software



REDCap (Research Electronic Data Cap-
ture). As part of the survey, jurisdictions
were asked whether they had a written
HAP, policy, or procedure and were
asked to upload their most recently
updated document (or documents).

Inclusion and Exclusion

Inclusion criteria for documents were
as follows: standalone HAPs, standard
operating procedures, checklists, pro-
tocols, or annexes to emergency or
hazard mitigation plans used for ex-
treme heat emergencies. Also, HAPs
had to have been created or updated
since 2016. HAPs were excluded if they
were (1) emergency or hazard mitiga-
tion plans that did not include specific
actions to address extreme heat pre-
paredness and response during heat
emergencies or (2) plans that did not
address response to acute heat emer-
gencies but instead focused on long-
term planning.

Analysis

We adapted legal assessment and qual-
itative content analysis techniques and
systematically applied categorical clas-
sification by coding the plan text and
using the coded text to answer specific

questions.?* Codebook development
proceeded through a combination of
methods. Components of HAPs identi-
fied by the CDC and previous research
on county-level heat preparedness and
response were used to develop the
analytical framework and preliminary set
of codes through deductive methods.'%%
After review of a sample of plans, we
inductively developed additional codes
to identify parts of plans that deductive
codes were not able to capture (e.g.,
whether cooling center locations are
predetermined or established ad hoc
during emergencies), as well as corre-
sponding coding questions.?>?®

Codes included definitions and direc-
tions for use (Appendix A, available as
a supplement to the online version of
this article at http://www.ajph.org). We
developed coding questions in binary
or categorical formats and linked them to
specific codes (Figure 1 and Appendix B,
available as a supplement to the online
version of this article at http://www.ajph.
org). We documented revisions to
codes and used NVivo for PC software
(QSR International, Burlington, MA) to
code HAPs. When there was ambiguity
or nuance, records of the coder’s
decisions were logged. Ten percent of
HAPs were co-coded by 2 investigators
(.M.R. and a non-author collaborator)

Code

Question

Categories

EMS calls

/ ED visits
What sources of health

Health data monitoring ———

data were used to
perform surveillance?

—— Deaths

§ Hospital admissions
\ Animal deaths

Other

FIGURE 1— codes, Corresponding Coding Questions, and Categories of
Data Obtained From Coding Questions for Analysis of US Heat Action Plans

Note. ED = emergency department; EMS = emergency medical service.
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independently, and results were com-
pared and evaluated for discrepancies
to refine code definitions and provide
examples of application.?® J. M. R. coded
the remainder of plans. We recorded
answers to coding questions in a Micro-
soft Excel database and synthesized
code content to illustrate common
strategies and gaps in plans.?”

RESULTS

We obtained and analyzed 21 plans, 9
(42.9%) from previous journalistic re-
search and 12 (57.1%) from our survey
responses. The jurisdictional popula-
tions covered by these plans ranged
from 321793 to 8467 000, with a medi-
an of 967 640 people. We did not iden-
tify additional plans after conducting
Web searches. Of the analyzed plans,
14 (66.7%) were standalone or sepa-
rate from larger all-hazards plans, and
17 (81.0%) listed an OEM as lead or
co-lead of plan administration. Although
public health agencies had a role in
the implementation of all plans, only 6
(28.6%) plans listed them as the lead or
co-lead.

Seven of the 10 US Department of
Health and Human Services administra-
tive regions were represented in our
analysis (Figure 2). Table 1 displays an
overview of the different types of strate-
gies and the numbers and percentages
of plans that addressed the strategies.

Plan Activation, Scaling, and
Termination

Twenty plans (95.2%) used National
Weather Service (NWS) advisories as
triggers for plan activation, with 7 of
these plans (35.0%) using NWS alerts
as the sole trigger. Other plans com-
bined alerts with triggers such as epi-
demiological surveillance thresholds

Research Peer Reviewed
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FIGURE 2— Geographical Distribution of Analyzed Heat Action Plans
by US Department of Health and Human Services Region: United States,

2016-2021

linked to deaths or heat illness, the heat
index independent of NWS alerts, ongo-
ing infrastructure effects such as rolling
blackouts, stakeholder requests, and
abnormal livestock mortality rates. Sev-
enteen plans (81.0%) also included defi-
nitions relevant to heat waves such as
heat index, extreme heat, heat advisory,
excessive heat warning or watch, exces-
sive heat outlook, and heat-related mor-
tality. The NWS was the source of most
definitions (71.4%).

Seventeen plans (81.0%) incorporat-
ed scaled responses in which different
levels of agency response were trig-
gered seasonally or according to heat
event severity. For example, date-based
triggers were used to commence early
season risk communication strategies
and epidemiological surveillance. Ex-
treme high heat indexes were used
in triggering activation of emergency
operations centers to coordinate intera-
gency responses, whereas lower heat

indexes were in some instances used in
triggering smaller-scale situational
awareness activities between agencies.
Eight plans (38.1%) described re-
sponse deescalation through either
specific thresholds (e.g., expiration or
cancellation of heat advisories or warn-
ings from the NWS) or deactivation
activities such as termination alerts to
participating organizations and agencies.

Risk Communication

All plans included strategies for com-
municating risks associated with ex-
treme heat to the public. Recipients of
information on specific communication
strategies included at-risk populations
(71.4%), community-based organiza-
tions (33.3%), government agency staff
members (33.3%), social and case
workers (14.3%), schools and day-care
centers (14.3%), health care providers
(14.3%), and first responders (9.5%).
Message content included alerts and
warnings, heat safety tips, encourage-
ment to “check in with your neighbor,”
reminders to conserve power, and

I TABLE 1— Heat Action Plans That Included Heat Action Strategies: United States, 2016-2021

DHHS Regions With Strategy
Strategy % (No.) Performed
Risk communication 100.0 (21) All regions represented in study
Surveillance and monitoring 100.0 (21) All regions represented in study
Interagency and interorganizational coordination 100.0 (21) All regions represented in study
Cooling centers 100.0 (21) All regions represented in study
Targeted outreach to at-risk populations 95.2 (20) All regions represented in study
Scaled response 81.0 (17) All regions represented in study
Social care interventions 66.7 (14) All regions represented in study
Update and review 66.7 (14) 3,4,5 6,9, 10
Cooling shelters 48.0 (10) 3,4,56,9
Health interventions 43.0 (9) 3,4,5 6,10
Plan termination 38.1 (8) 3,4,6,9 10

Note. DHHS = Department of Health and Human Services. See Figure 2 for region numbers.
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information on service provisions such
as the locations of cooling centers.

Eighteen plans (85.7%) listed the
intended communication platforms
for message dissemination. The most
common forms of communication were
traditional media sources such as radio
and television, call centers, government
agency Web sites, emergency alert sys-
tems, and social media.

Seven plans (33.3%) included strate-
gies promoting language accessibility
in communication materials. Common
strategies included creating outreach
materials in Spanish or multiple lan-
guages, providing closed captioning or
sign language for press releases, and
releasing alerts in plain language or
accessible formats according to agency
guidelines.

Surveillance and Monitoring

All plans detailed surveillance or moni-
toring. In the case of 2 plans, however,
this was restricted to monitoring
weather forecasts and NWS notifica-
tions rather than collecting in-house
data. Eighteen plans (85.7%) detailed
health data collection, the most com-
mon forms of which were emergency
department visits, deaths, hospital
admissions, and emergency medical
service calls. Sixteen plans (76.2%) ex-
plicitly described monitoring weather
and other environmental data such as
air quality and humidity through NWS
or other forecasts. Ten plans (47.6%)
included monitoring at-risk populations
such as people using shelters or those
experiencing houselessness, residents
of skilled nursing and assisted living
facilities, and people reliant on medical
equipment. Plans also described col-
lecting information on cooling center
use, fire and police call volumes, and
utility infrastructure conditions.

Surveillance and monitoring data
were most often used for situational
awareness (e.g., resource needs, event
cancellations and modifications, energy
infrastructure status, and demand on
the health care system) during heat
events. Data were used less frequently
after heat events (e.g., in end-of-summer
reporting, heat response reviews, and
damage assessments) or to track health
trends over time.

Agency Coordination

All plans described coordination be-
tween lead agencies and supporting
government agencies (at the city, county,
state, and federal levels) and between
lead agencies and nongovernmental
and private organizations. To manage
coordination between agencies and jur-
isdictions, 16 plans (76.2%) incorporated
incident response structures (e.g., the
National Incident Management System)
or activation of an emergency opera-
tions center. Coordination strategies
included developing situation reports
and hosting briefings, organizing task
forces, preestablishing points of con-
tact, holding annual preseason stake-
holder meetings, and using WebEOC or
other emergency management soft-
ware to share information. Coordina-
tion strategies created opportunities for
situational awareness, provision of
agency-specific data and identification
of concerns, organization of planning
efforts for response and recovery, and
management of resource and mutual aid
requests between different organizations,
agencies, and levels of government.
Descriptions of coordination between
agencies and nongovernmental, private,
and faith-based organizations involved
multidirectional information exchange.
Plans indicated that agencies would pro-
vide alerts and updates at the beginning

RESEARCH & ANALYSIS

of and during heat emergencies, whereas
nongovernmental organizations were of-
ten described as sources of information
for monitoring at-risk populations. Non-
governmental organizations were also
described as providing services such as
staffing cooling centers and conducting
well-being checks. These activities re-
quired communicating resource needs
and updates to emergency and public
health agencies. Plans described other
opportunities for coordination as well,
such as development of organizational
response plans, inclusion of organiza-
tional representatives in task forces and
planning activities, and amplification of
communication efforts.

Cooling Centers and
Shelters

All plans included descriptions of cool-
ing center or shelter implementation.
Cooling shelters, meant for overnight
stays and most often intended for peo-
ple experiencing houselessness, were
described separately from cooling cen-
ters, with some plans providing specific
definitions for each. Ten (47.6%) plans
referenced cooling shelter strategies
such as predetermined locations and
transportation to sites.

Implementation considerations for
cooling centers included resources
such as water, seating, and first aid as
well as operational considerations such
as staffing and finding locations accessi-
ble for people with access or functional
needs. Two thirds (66.7%) of plans in-
corporated strategies to provide access
to transportation to cooling centers or
shelters. These strategies included waiv-
ing transit fees to cooling centers and
providing transportation to specific
populations such as those experiencing
houselessness, older adults, and people
with access or functional needs.
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Plans described predetermined loca-
tions (42.9%), ad hoc locations (42.9%),
or a combination of both (9.5%) or did
not specify locations (4.7%) for cooling
centers or shelters. Common locations
included senior centers, recreation and
community centers, buses, libraries,
jurisdictional facilities, faith-based or
nonprofit-operated facilities, shopping
malls, movie theaters, restaurants, and
park facilities such as pools and spray
parks.

Health and Social Care

Ten plans (47.6%) described health
system-related interventions such as
creating mobile hospitals and clinics,
providing first aid and triage at cooling
centers and cooling buses, stocking
appropriate medical supplies for field
personnel, providing spiritual and

emotional care, requesting additional
emergency medical service system ca-
pacity, and communicating risks to health
care personnel and first responders.
Fourteen plans (66.7%) included strate-
gies for well-being and in-home checks
from community-based organizations,
social workers, and other providers.

Targeted Outreach

All plans identified specific populations
most at risk for effects of extreme heat.
Twenty plans (95.2%) detailed specific
outreach and communication strate-
gies for people at risk, with 16 (76.2%)
including 1 or more general outreach
strategies to “at-risk populations” with-
out specifying populations or indivi-
duals and 15 (71.4%) including 1 or
more outreach strategies to specific
populations or individuals (Figure 3).
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FIGURE 3— Percentage of Populations Identified as At-Risk in Heat
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Through Specific HAP Outreach Strategies: United States, 2016-2021

Note. AC = air conditioning.
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General strategies included partner-
ships with organizations for communicat-
ing risks, identifying at-risk populations,
conducting well-being checks, and
providing transportation or evacua-
tion to cooling centers and shelters.
Specific strategies included water dis-
tribution, financial assistance, building
inspections, modification of athletic
events, and coordination with school
districts.

Although 5 plans (23.8%) explicitly
identified low-income residents as at
risk for heat effects, only 1 incorporat-
ed financial assistance programs. Seven
plans did not identify low-income resi-
dents as at risk but included financial
assistance programs such as utility
moratoriums, utility assistance, and fan
or air conditioner distribution.

Update and Review

Fourteen plans (66.7%) described pro-
cesses for update and review such as
conducting updates (61.9%), providing
staff or responder training (28.6%),
and conducting postevent reviews
(28.6%). One plan incorporated all
these processes and 9 incorporated 2
of the processes. Timing varied among
the plans that included update proce-
dures, with about half occurring annu-
ally (53.8%) and others occurring every
2years (7.7%), every 3years (7.7%),
after an event (23.0%), or at an unspeci-
fied point (30.8%). In 3 plans (23.0%),
updates were performed after both a
specific number of years and an event.
Postevent reviews occurred as after-
action discussions (e.g., hot washes),
reports, and improvement plans. Four
of the plans (66.7%) that did include
postevent reviews specified incorpora-
tion of surveillance data into review
processes.



DISCUSSION

As heat waves threaten the health and
well-being of residents in many regions
of the United States, HAPs at the local
level can bridge gaps between research
and practice by incorporating evidence-
informed strategies and play a key

role in guiding multiorganizational
responses during extreme heat emer-
gencies. The HAPs reviewed in this
study included many recommendations
from previous research on heat response
as well as CDC guidance.

Most, if not all, plans identified a lead
agency, provided activation triggers,
and described strategies for heat
health messaging and risk communica-
tion, cooling centers, surveillance activi-
ties, at-risk population outreach, and
agency coordination. Although plans in-
corporated most major categories of
strategies, applications and inclusion of
implementation and evaluation compo-
nents varied. All plans identified specific
at-risk populations, the most common
of whom were older adults, people liv-
ing with acute or chronic illness, infants
and children, and people experiencing
houselessness. Strategies that included
specific at-risk populations were most
often aimed at older adults or those
experiencing houselessness.

As demonstrated in Figure 3, gaps
exist between populations considered
at risk by the plans and specific out-
reach to these populations. In addition,
given that other populations are also
at risk for extreme heat, opportunities
exist for increased outreach and dis-
semination of communications to these
populations. For example, only 2 plans
described communication to health
care providers, who can act as trusted
sources of information for patients and
may provide targeted outreach to oth-
erwise historically underserved people

who have certain illnesses or use cer-
tain medications.?® Although many
plans incorporated varied platforms for
risk communication, only 33% included
language accessibility in their communi-
cation strategies and only 9.5% identified
people with limited English proficiency as
at risk for extreme heat, despite previous
research indicating limited English profi-
ciency as a risk factor for poor outcomes
during disasters.??

Although all plans included strategies
for surveillance and monitoring, few de-
scribed use of the information derived
from these activities to inform imple-
mentation or evaluation activities. The
CDC recommends that epidemiological
surveillance be used to determine peo-
ple, places, and times of greatest risk."°
Epidemiological data have also been
used by academic institutions and juris-
dictions in collaboration with the NWS
to revise heat advisory levels2>3? These
uses of surveillance data occur outside
active emergency situations, yet current
applications focus on immediate use for
situational awareness. Use of surveillance
data in planning and recovery efforts pre-
sents an opportunity to increase and bol-
ster plan monitoring and evaluation, a
neglected component of HAPs.

Notably absent in the analyzed HAPs
were long-term planning strategies
such as green roofs, parks, and green
space and vegetation, which are recom-
mended by the CDC and are linked to
cooler city microclimates.'® This may
be a result of the emergency response
focus of the analyzed plans and the
exclusion of plans focused on longer-
term mitigation.>® Partnerships at the
local level between OEMs and city plan-
ning and sustainability divisions, howev-
er, are an important component of
long-term heat planning and should be
prioritized. Additional research is nec-
essary to explore integration of such

RESEARCH & ANALYSIS

longer-term strategies in hazard mitiga-
tion and climate adaptation plans.

Limitations

Our study included only plans available
online or shared by jurisdictions. The
COVID-19 pandemic likely limited the
capacity of local health departments to
respond to our survey and provide their
HAPs. This convenience sampling ap-
proach limits the generalizability of our
results in addition to precluding assess-
ment of geographic differences in heat
preparedness and response, which is
an important area for future research.
Notably, key strategies and gaps identi-
fied in our analysis were from plans
of large, well-resourced jurisdictions
expected to be furthest in plan develop-
ment. Furthermore, cities that provided
plans may have been more advanced in
their planning than those that did not.
Also, the plans included in our study
may not be the most recent or inclusive
of all heat adaptation activities within a
given jurisdiction. In addition, we were
unable to determine the extent to
which plans were implemented. Plan
implementation and population health
effects are areas for future research.
Finally, plans that were not specific to
heat, such as comprehensive emergen-
cy management plans, were excluded.
Strategies outlined in comprehensive
emergency management plans, such
as mass care, may have application in
heat emergencies but were excluded
because the conditions and extent
to which these strategies would be
employed during a heat emergency
were not apparent.

Public Health Implications

HAPs are policy tools that engage
multiple stakeholders in extreme heat
planning and can help guide responses

Research Peer Reviewed

Randazzaetal.

G ON ‘ELL |OA ‘€207 Ao HdIV

565



RESEARCH & ANALYSIS

during heat emergencies, potentially
reducing the morbidity and mortality
associated with these events. This study
provides insight into current strategies
and gaps in jurisdictional extreme heat
planning in the United States. Although
many plans incorporate components
identified by research and government
guidance, opportunities exist to increase
language accessibility, implement strate-
gies targeted to specific at-risk groups,
and incorporate surveillance into plan-
ning. Responsive plan updates can be
supported through agency and organi-
zational partnerships, development of
new guidance and templates, and tech-
nical assistance. 4JPH
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Objectives. To comprehensively catalog and review state e-cigarette delivery sales laws as well as
capture their scope and dimensions.

Methods. \We conducted an in-depth review to determine whether states had at least 1 form of
e-cigarette delivery sales law. We coded laws for 5 key policy domains: (1) delivery terminology used in

laws, (2) age verification requirements, (3) packaging label requirements, (4) permit or registration

requirements, and (5) fines and penalties for violations.

Results. Overall, 34 states had e-cigarette delivery sales laws with varying scopes and dimensions. In

27 states, these laws required at least 1 form of age verification requirements. We identified mandatory

packaging labels in 12 states, and 7 states where permits were required. There were considerable

differences among states on the scale of fines and penalties for violations.

Conclusions. Our findings reveal extensive heterogeneity in e-cigarette delivery sales laws among

states, particularly regarding the scope and dimensions of these laws.

Public Health Implications. The mapping of e-cigarette delivery sales policies showed several
potential loopholes that may diminish their effectiveness. (Am J Public Health. 2023;113(5):568-576.
https://doi.org/10.2105/AJPH.2023.307228)

or more than 2 decades, the Inter-
F net has created numerous chal-
lenges to governing the remote sale of
tobacco products effectively." One cru-
cial issue for policymakers has been
how to protect adolescents and youths
from the harms of smoking, considering
how few restrictions exist on online
purchase and delivery.? In the absence
of binding federal law, many states
enacted delivery laws in the early 1990 s
to mid-2000s to restrict youth access
to cigarettes.* However, since 2014,
electronic cigarettes (e-cigarettes) have
become the most used tobacco prod-
uct by young people.® E-cigarettes now
make up a multibillion-dollar industry,
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with high e-cigarette use rates among
young people, including an estimated
2.55 million middle school and high
school students as current users.®
E-cigarette aerosol contains volatile or-
ganic compounds, ultrafine particles,
heavy metals such as nickel and lead,
and carcinogens, all potentially harmful
to users.”® E-cigarettes almost invari-
ably contain nicotine, which can impair
adolescent and young adult brain
development and lead to long-term
use. 7910

E-cigarette brands have targeted
youths online, and app-based delivery
services have made e-cigarettes more
accessible to youths. E-cigarette

product promotion is widespread
among Internet vendors, and
e-commerce sales make up a signifi-
cant but hard-to-track marketplace for
e-cigarettes.” '3 An estimated 32% of
adolescents reported ever purchasing
a vape device online in 2016,"* and 8%,
or nearly 20 000 youths, reported usu-
ally purchasing e-cigarettes online."®
Additionally, exploiting the limited
in-person interaction caused by the
COVID-19 pandemic, e-cigarette mar-
keters aggressively encouraged custo-
mers to order e-cigarettes online and
have the products delivered to their
homes.'® Despite the prevalence of
e-cigarette e-commerce and its focused
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allure for youths,'” many US states still
do not have laws regulating or restrict-
ing e-cigarette sales delivery.

At the federal level, the Jenkins Act of
1949 and the Preventing All Cigarette
Trafficking (PACT) Act of 2009 were
amended by Congress in December
2020 through the enactment of the
Preventing Online Sales of E-Cigarettes
to Children Act. The Jenkins Act initially
established tax-reporting requirements
for vendors who shipped cigarettes
across state lines, and the PACT Act re-
quired remote sellers of tobacco pro-
ducts to pay all applicable federal, state,
and local taxes and comply with all ap-
plicable state and local laws. The new
legislation amended the definition of
“cigarette” to include “e-cigarette,” de-
fined as “any electronic device that,
through an aerosolized solution, deli-
vers nicotine, flavor, or any other sub-
stance to the user inhaling from the
device.'® Further, the 2020 act prohi-
bits delivery vendors from using the
US Postal Service to ship e-cigarettes,
which applies to all interstate com-
merce shipments. Several other major
carriers (e.g., United Parcel Service,
FedEx, and DHL) have voluntarily fol-
lowed suit to ban e-cigarette delivery
through their services.'® However,
remote sellers of e-cigarettes have
turned to alternative means of delivery,
such as contracted drivers, to continue
reaching this market segment.? The
PACT Act also requires tobacco vendors
to verify age and identity at purchase,
to use a method of mailing or shipping
that checks identification, and to label
shipping packages as containing
tobacco. However, prior studies have
shown limited compliance with these
practices.'>?'

At the state level, various laws have
been implemented to further regulate
in-state e-cigarette sales and use.?”

A prominent concern for state policy-
makers is limiting youth access.?

State delivery sales laws offer a promis-
ing opportunity to further diminish
youth access to e-cigarettes, yet very
little is known about the scope and
dimensions of such laws. This study
aimed to comprehensively catalog state
e-cigarette delivery sales laws as well as
capture their scope and dimensions.
We reviewed and coded state laws in
2022 to shed light on this timely issue
and provide a novel comprehensive re-
view that could help inform effective
decision-making in e-cigarette delivery
sales laws.

METHODS

We drew baseline data from the Public
Health Law Center (PHLC) e-cigarette
regulation database.”* The PHLC is a law
school-based research institute that
documents tobacco statutes and regula-
tions that specify various key elements
of these laws. We further assessed initial
laws using Casetext and Westlaw, 2 on-
line legal reference databases. We con-
ducted an in-depth review of delivery
sales statutes, along with more general
state laws that were relevant. Anywhere
primary statutes overtly referenced relat-
ed statutes, we reviewed them to estab-
lish their significance and collected them
if relevant to our study. Independently,
at least 2 reviewers assessed, compiled,
and analyzed state laws explicitly regulat-
ing e-cigarette delivery sales; discrepan-
cies in coding or analysis were resolved
through consensus. All laws were
accessed, reviewed, and coded between
July 1,2022, and December 2, 2022. Spe-
cifically, we coded 5 key policy domains:

1. delivery terminology used in laws,
2. age verification requirements,
3. packaging label requirements,

RESEARCH & ANALYSIS

4. permit or registration require-
ments, and
5. fines and penalties for violations.

Delivery Terminology Used
in Laws

We coded the explicit delivery terminol-
ogy used in the laws, focusing on the
most regularly used terms: delivery,
remote, Internet, mail, phone, voice,
and fax (facsimile). Additionally, we cap-
tured terms commonly used in broader
categories. For example, “Internet”

also includes “electronic network,”
“computer network,” and “online.”

Age Verification
Requirements

Reviewers captured whether laws re-
quired a form of age verification upon
purchase or delivery of e-cigarette
products. For age verification at pur-
chase, we identified whether states re-
quired proof via a category we labeled
“database.” This category involved veri-
fying a customer’s identity and age by
comparing their provided information
with public records, a third-party data-
base, or aggregate databases. The
coded set “payment” identified states
requiring payment only through a
credit or debit card or a check written
in the purchaser’s name. The group
“certification” recognized states requir-
ing a form of certification in which the
potential purchaser attests that they
are of the legal age to make the pur-
chase. We coded “Gov ID (P)" to indicate
whether a valid form of government
identification was required for delivery
purchase and “Gov ID (D)" to indicate
the same requirement for the release
of the product at delivery. Lastly, we
coded states requiring a signature by

Research Peer Reviewed

Azagba etal.

G ON ‘ELL |OA ‘€207 Ao HdIV

569



RESEARCH & ANALYSIS

AJPH  May 2023, Vol 113, No. 5

570 Research

either an adult of legal e-cigarette pur-
chasing age or by the specific purchas-
er of the e-cigarette product for release
of the product at delivery.

Packaging Label
Requirement

Coders indicated whether a specific
delivery label was required on the
e-cigarette product and included a writ-
ten description of the delivery label re-
quirement. The purpose of delivery
labels is to distinguish the contents of
the package (e.g., “contains a vapor
product”) or provide notice of the illegal-
ity of sales to minors (e.g., “prohibition
on shipping to individuals under 21"). In
some states, delivery packaging labels
are mandatory in addition to the prod-
uct packaging warning required by the
Food and Drug Administration?” that
details the addictive nature of nicotine,
or state warnings listing the potentially
negative health risks or harmful ingredi-
ents in e-cigarettes, such as toxic metals
(e.g., NY Pub Health L §1701).

Permit or Registration
Requirement

We identified states that required
distinct permits or registrations of
e-cigarette sales delivery or remote
sales vendors. This is different from,
yet could be in addition to, general to-
bacco retail licensing, as relatively few
states require permits or registrations
for delivery and remote sales, com-
pared with the many states requiring
general tobacco retail licensing.?°

Fines and Penalties
for Violations

Coding included fines and penalties for
violations of delivery sales laws. Fines

Peer Reviewed  Azagbaetal.

involved monetary amounts according
to a set amount, limit, or cost equiva-
lence with retail sales value. Penalties
involved license suspension for a fixed
period or number of days imprisoned.
All fines and penalties apply to sellers
or distributors who violated provisions
in state delivery sales laws rather than
to buyers.

RESULTS

In total, 34 states had e-cigarette deliv-
ery sales laws, and the delivery termi-
nology used in these laws is shown in
Table A (available as a supplement to
the online version of this article at
http://www.ajph.org). The most com-
mon words used were “delivery,”
“Internet,” and “mail.” Of states with
coded laws, 29 used “delivery,” and
the majority explicitly mentioned
“Internet,” including identifying the

"

terms “electronic network,” “computer
network,” and “online.” States also
used varying terminology regarding

the method of purchase.

Age Verification
Requirements

Table 1 shows the heterogeneity in
states' age verification requirements at
purchase and delivery, with 27 states
having at least 1 form of requirement.
Regarding age verification at purchase,
many states required verification via a
database; other means of verification
included specific payment types, certifi-
cation, and proof of government identi-
fication. Certain states stipulated age
verification upon delivery, with 15 re-
quiring the signature of an adultand 7
needing government identification for
the release of the product at delivery.
Of the 27 states having requirements,
4 did not explicitly require any form of

age verification for purchase, and 11
had no requirements for any age verifi-
cation upon delivery.

Packaging Label
Requirements

Several states required a packaging label
for e-cigarette delivery sales (Table 2),
with some imposing more stringent la-
beling requirements. For example, a few
statutes specified that the label must dis-
play that a “vapor product” is contained
inside. Examples of required packaging
wording included “electronic nicotine de-
livery system” (Connecticut), “electronic
smoking device” (Idaho), “tobacco sub-
stitute” (Delaware), “e-cigarette” (lllinois),
and “e-liquids” (Indiana). Certain states
specifically required that packaging dis-
play a statement that the law prohibited
shipping to individuals aged younger
than 21 years; in 4 other states, packag-
ing had to display that proof of age was
required for delivery.

Permit or Registration
Requirements

Table 3 shows states with e-cigarette
delivery sales permit or registration
requirements, with 7 applying to per-
sons who may engage in the delivery
sales of e-cigarettes and 1 statute ap-
plying exclusively to out-of-state sellers.
Sources for obtaining permits and
registrations, such as through alcohol
or tobacco control boards, the comp-
troller, and the Department of Revenue
or Finance, also differed by state.

Fines and Penalties
for Violations

Table 4 shows the fines and penalties
for violations of e-cigarette delivery
sales laws. There were considerable
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I TABLE 1— Age Verification Requirements for E-Cigarette Delivery Sales: United States, 2022

Database Payment Certify Gov ID Sign Gov ID

Laws Effective Dates Purchase Purchase Purchase Purchase Delivery Delivery
Ala Code §13A-12-3.8 August 1, 2019 X X
Cal Bus & Prof Code §22963 June 9, 2016 X X X X X
Colo Rev Stat §844-7-104.7 July 14, 2020 X
Conn Gen Stat §21a-418 October 1, 2019 X X
Del Code Ann tit 30 885363, 5365 July 16, 2019 X X
Fla Stat 8569.45 October 1, 2021 X X X
Ga Code Ann §848-11-4.2 January 1, 2021 X X
Haw Rev Stat §245-17 July 1, 2018 X X X X
Idaho Code §39-5715 July 1, 2020 X
720 Ill Comp Stats 678/5, 7 January 1, 2022 X X X X
Ind Code §87.1-7-6-6, 5.5-3 April 27, 2017 X
lowa Code §8453A.47B July 1, 2017 X
940 Mass Code Regs 21.04 September 25, 2015 X
Mich Comp Laws §722.641 September 2, 2019 X
Miss Code Ann §97-32-51 July 1, 2013 X
Nev Rev Stat §202.24935 May 27, 2021 X
NM Stat Ann 861-37-14 January 1, 2021 X
NC Gen Stat §14-313 August 1, 2013 X
ND Cent Code §51-32-01 August 1, 2015 X X X X
Or Rev Stat Ann §323.709 January 1, 2022 X X
11 Rl Gen Laws §11-9-13.11 July 7, 2021
SC Code Ann §16-17-500 June 7, 2013 X
Tenn Code Ann §39-17-1504 July 1, 2015
Tex Health & Safety Code Ann October 1, 2015 X X X X

§161.453
Va Code Ann §18.2-371.2 July 1, 2014 X
Wash Rev Code §70.345.090 June 28, 2016 X X
Wyo Stat Ann §14-3-309 July 1, 2020 X

Note. “Database Purchase” refers to states requiring age verification for purchase by comparing a customer’s provided identity and age with information
with public records, a third-party database, or aggregate databases. “Payment Purchase” refers to states requiring payment for purchase through a
credit or debit card or a check written in the purchaser’'s name. “Certify Purchase” refers to states requiring a form of certification for purchase in which
the potential purchaser attests that they are of the legal age to make the purchase. “Gov ID Purchase” means that a valid form of government identification
was required for delivery purchase and “Gov ID Delivery” means the same requirement, but for the release of the product at delivery. “Sign Delivery” refers
to states requiring a signature either by an adult of legal e-cigarette purchasing age or by the specific purchaser of the e-cigarette product for release of the

product at delivery.

differences among states having
e-cigarette delivery sales laws on how
they addressed fines and penalties,

and some states also had nonmonetary

knowing violation by an adult. Penalties

penalties. No explicit penalties or fines

for e-cigarette delivery sales were iden-
tified for 5 states. Fines ranged from
$10 for a first-time violation by a minor

DISCUSSION

also varied, from a 30-day suspension
of authorization to deliver vapor pro-
ducts to imprisonment up to 5years.

United States, including tobacco retail
licensing laws,*® aerosol-free indoor
laws,?” e-cigarette taxes,?® tobacco pro-
ducts definitions,*® e-cigarette youth

access,* child-resistant packaging,®
and others.?® To our knowledge, no re-

Previous studies have addressed di-

search has comprehensively reviewed

e-cigarette delivery sales laws across the

to several thousand dollars for a

verse e-cigarette regulations in the

United States. Our study fills this gap in
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TABLE 2— Packaging Label Requirements for E-Cigarette Delivery Sales: United States, 2022

Laws Effective Dates

Cal Bus & Prof Code §22963

Conn Gen Stat §21a-418

Del Code Ann tit 30 §5365

Fla Stat §569.45
Idaho Code §39-5717

720 11l Comp Stats 678/7

January 1, 2020

October 1, 2019

July 16, 2019

October 1, 2021
July 1, 2020

January 1, 2022

delivery.”

21 or older required for delivery.”

Packaging Label Requirement

“Contains tobacco products: Signature of person 21 years of age or older required for

“Contains an electronic nicotine delivery system or vapor product—signature of a person

“Any Tobacco Product or Tobacco Substitute: Delaware Law Prohibits Shipping to Individuals

Under 21, and Requires the Payment of all Applicable Taxes.”

“Nicotine Products: Florida law prohibits shipping to individuals under 21 years of age.”

“Tobacco products or electronic smoking devices: Idaho law prohibits shipping to individuals

under the age of twenty-one (21) years and requires the payment of taxes pursuant to
chapter 25, title 63, Idaho Code. Persons violating this law may be civilly and criminally

liable.”

“Cigarettes or electronic cigarettes: Illinois Law Prohibits Shipping to Individuals Under

21 and Requires the Payment of All Applicable Taxes.”

“E-liquids: Indiana law prohibits the sale of this product to a person who is less than

Packaging or wrapping of items when they are shipped to be clearly marked with the words

“tobacco products,” “vapor products” or “nicotine products,” as applicable.

Ind Code §7.1-7-5.5-5 April 27, 2017

21 years of age.”
Nev Rev Stat §202.24935 May 27, 2021
NY Pub Health Law §1399-LL July 1, 2020

Or Rev Stat Ann. §323.715

Tex Health & Safety Code Ann
§161.454

Wash Rev Code §70.345.090

the extant literature. Moreover, this
study contributes to a growing body of
literature focused on e-cigarette laws by
cataloging the US e-cigarette delivery
sales laws, which scholars and policy-
makers will find useful for discerning
these policies' impact and informing ef-
fective future regulatory decisions.

Our findings reveal extensive variabil-
ity in e-cigarette delivery sales laws
among states. We found considerable
heterogeneity in states' e-cigarette de-
livery sales laws, particularly regarding
the scope and dimensions of the laws.
Some states specified a comprehensive
list of restricted purchase methods

Peer Reviewed  Azagbaetal.

January 1, 2022

October 1, 2015

June 28, 2016

Any shipping of vapor products other than in manufacturer’s original container or wrapping,

the container or wrapping must be plainly and visibly marked with the words “vapor

products.”

Notice including prominent and clearly legible statement that: 1) “tobacco sales to persons

under [the legal minimum purchase age] 21 years of age are illegal;” 2) “sales of tobacco
are restricted to those individuals who provide verifiable proof of age in accordance with
ORS 323.709;" and 3) “sales of other tobacco products are subject to tax under ORS
323.500 to 323.645, and an explanation of how the applicable tax has been paid or is to

be paid.”

Delivery sale must include prominent and clearly legible statement that: “(1) e-cigarette

sales to individuals younger than the age prescribed by Section 161.082 are illegal under
state law; and (2) e-cigarette sales are restricted to individuals who provide verifiable
proof of age in accordance with Section 161.453.”

A delivery sale licensee must include on shipping documents a clear and conspicuous

statement which includes, at a minimum, that the package contains vapor products,
Washington law prohibits sales to those under the minimum age established by the
chapter, and violations may result in sanctions to both the licensee and the purchaser.

(e.g., Internet, mail, phone, voice, and
fax), whereas others were narrower in
scope or had no relevant laws. Like-
wise, certain states required an array of
age verification procedures, whereas
others only required 1 form of age
verification, either at the point of pur-
chase or at delivery. Among the few
states mandating packaging labels on
e-cigarette delivery, some mandated lan-
guage regarding contents (e.g., e-liquid,
tobacco product, vapor product, elec-
tronic nicotine delivery system), age
restrictions (e.g., underage prohibitions
VS signature requirements), or tax pay-
ments. Similarly, there was inconsistency

in the type of permits or registration
needed for e-cigarette delivery. States
varied widely in fines and severity of pen-
alties for violations of e-cigarette delivery
laws, ranging from several hundred dol-
lars in fines to treatment of violations as
small misdemeanors or felonies.
Although most state laws that we ex-
amined extend beyond the federal
requirements, mapping this range of
regulatory approaches reveals poten-
tial loopholes that may diminish these
laws’ effectiveness. First, major mail car-
riers (e.g., United Parcel Service, DHL,
FedEx) in 2021 voluntarily stopped de-
liveries of all e-cigarette products in
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TABLE 3— Permit or Registration Requirements for E-Cigarette Delivery Sales: United States, 2022

Laws Effective Dates

Ala Code §13A-12-3.8

August 1, 2019

Permit and Registration Requirements

“No person may conduct a delivery sale of electronic nicotine delivery systems or alternative

nicotine products unless the seller has obtained a valid permit to conduct delivery sales
of electronic nicotine delivery systems or alternative nicotine products issued by the

board pursuant to Section 28-11-4."

Ark Code Ann §26-57-214 July 22, 2015 “A person shall not deal with, deliver or cause to be delivered to a retailer or consumer, or
otherwise do business in tobacco products, vapor products, alternative nicotine products,
or e-liquid products in this state without first registering with the Director of Arkansas
Tobacco Control and obtaining a permit for that purpose.”

Del Code Ann tit 30 §5366 July 16, 2019 “Prior to making delivery sales or mailing, shipping or otherwise delivering any tobacco

Minn Stat §297F.031
Or Rev Stat Ann §323.712

Tex Health & Safety Code Ann
§161.456

Wash Rev Code §70.345.090

light of the federal Preventing Online
Sales of E-Cigarettes to Children Act.
However, many e-cigarette businesses
continue to make arrangements with
private transportation and logistics
companies,?® or otherwise find and uti-
lize various legal ambiguities to sustain
delivery sales.®" For example, 1
Internet-based brand uses its employ-
ees or independent contractors to
drive household items directly to con-
sumers,' offering over a hundred vape
and vaping products for delivery on de-
mand.?2 This arrangement raises con-
cern over the proverbial fox guarding
the henhouse. Second, as with any law,
ambiguities can be exploited if legal ter-
minology is not explicit.*® For instance,

a state that restricts delivery sales
through Internet purchases but does
not include purchases made through
phone communication will be vulnerable

January 1, 2022

January 1, 2022

October 1, 2015

June 28, 2016

product, as defined under 8 5301 of this title, in connection with any such sales, every
person shall file with the Department a statement setting forth such person’s name,
trade name and the address of such person’s principal place of business and any other

place of business.”

“Prior to making delivery sales, an out-of-state retailer must file with the Department of

Revenue a statement setting forth the out-of-state retailer's name, trade name, address,
principal place of business, and any other place of business.”

“A person may not engage in delivery sales of tobacco in this state without first obtaining

the applicable distributor's license under ORS 323.105 or 323.530 and any applicable
retailer's license required by a jurisdiction into which a delivery sale of tobacco is made.”

“A person may not make a delivery sale or ship cigarettes or e-cigarettes in connection with

a delivery sale unless the person first files with the comptroller a statement that
includes: (1) the person's name and trade name; and (2) the address of the person's
principal place of business and any other place of business, and the person's telephone

number and e-mail address.”

“No person may conduct a delivery sale or otherwise ship or transport, or cause to be

shipped or transported, any vapor product ordered or purchased by mail or through the
internet to any person unless such seller has a valid delivery sale license as required

under this chapter.”

to unregulated youth access. Likewise, a
state that requires age verification for
purchase but not delivery is susceptible
to e-cigarettes potentially getting into
the hands of minors. Third, compliance
and enforcement present real-world
implementation challenges. Significant
resources would be needed to exten-
sively surveil online e-cigarette busi-
nesses for compliance. Additionally, the
vast number of e-cigarette brands, pro-
ducts, and accessories®***
enforcement difficult.

makes online

Limitations

Several limitations to this study are
noteworthy. E-cigarette delivery sales
laws were not always easy to locate.
For instance, relevant statutes were
located under diverse titles, including

"

“health and safety,” “criminal codes,” or

“taxation,” or mentioned as an isolated
subsection within a broader chapter
concerned with safeguarding public
morals or protecting minors from to-
bacco. In some states, however,
e-cigarette delivery statutes are dis-
crete sections within chapters titled
“Delivery Sales,” “Tobacco Delivery
Sales,” or other straightforward labels.
Because of the inconsistency in how
states framed the law, our data collec-
tion may have missed some relevant
laws. Furthermore, the e-cigarette regu-
latory environment evolves rapidly, and
the review provided here represents

a snapshot of current laws. Lastly, this
study focused solely on cataloging
e-cigarette delivery laws; it did not seek
to document the extent or effectiveness
of state enforcement of these laws. Fu-
ture studies could examine how these
laws are enforced, including capturing
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I TABLE 4— Fines and Penalties for Violations for E-Cigarette Delivery Sales: United States, 2022

Laws

Effective Dates

Fines

Penalties

Ala Code §13A-12-3.8

August 1, 2019

First: $100-500
Subsequent: $500-1500

Ark Code Ann §85-4-201, 5-4-401 July 22, 2015 Not more than $2500 Not to exceed 1y in prison
Cal Bus & Prof Code §22963 June 9, 2016 First violation: $1 000-2 000
Second: $2500-3 500
Third (within 5 y): $4000-5000
Fourth (within 5 y): $5500-6 500
Fifth (within 5 y): $10000
Colo Rev Stat §44-7-106 July 14, 2020 First: $1 000 If more than 3 violations within 24 mo,
Second (within 24 mo): $2 000 order given prohibiting retailer from
Third (within 24 mo): $3000 selling tobacco or nicotine products.
Retailer then ineligible to apply for state
licensure for 3y
Del Code Ann tit 30 85368 July 16, 2019 First: $1 000 or 5 times the retail value of Knowingly violates provisions: B) imprisoned

product (whichever is greater)
Second or subsequent: $5000 or 5 times the
retail value (whichever is greater)
Knowingly violates provisions: A) $10000 or
5 times the retail value

less than 5y, or C) both A and B

Fla Stat §8775.082, 775.083

October 1, 2021

Knowing violation: misdemeanor second
degree: $500

Knowing violation: misdemeanor second
degree: less than 60 d prison

Ga Code Ann 848-11-4.2

January 1, 2021

Up to $500 for each

Up to 30-d suspension for each violation

Haw Rev Sta. §245-17

July 1, 2018

First (21 y): $500

Subsequent (=21 y): $500-2000
First (<21y): $10

Subsequent (<21 y): $50

Subsequent (<21 y): 48-72 h community
service

720 1l Comp. Stats 678/10

January 1, 2022

Not more than $5000

First: class A misdemeanor
Subsequent: class 4 felony

Ind Code 835-50-3-4

April 27, 2017

Not more than $500

Class C misdemeanor up to 60 d imprisoned

AJPH  May 2023, Vol 113, No. 5

lowa Code §8453A.50

July 1, 2017

First: $200
Second (within 3 y): $500
Third or subsequent (within 3 y): $1000

Me Rev Stat An. tit 22 §1555-F

November 1, 2017

Not less than $1000 and not more than
$5000 for each violation

Mich Comp Laws §722.641

September 2, 2019

First: not more than $100
Second: not more than $500
Third or subsequent: not more than $2500

Miss Code Ann §97-32-51 July 1, 2013 First: $250
Second: $500
Third or subsequent: $1000
Nev Rev Stat §202.24935 May 27, 2021 Not more than $1000 per violation Suspension or revocation of license by
Department of Taxation if licensed
NY Pub Health Law §1399-LL July 1, 2020 Not more than $5000 per violation and $100 | First: class A misdemeanor

per each vapor product shipped

Second or subsequent: class E felony

NC Gen Stat §105-113.4F

October 1, 2019

First: $1000
Subsequent: not to exceed $5000

ND Cent Code § 51-32-07

August 1, 2015

First: not more than $1000
Second or subsequent: $1 000-$5 000

Knowingly violates: class C felony

Or Rev Stat Ann §323.727

January 1, 2022

First: $1 000 or 5 times the retail value of
product (whichever is greater)

Second or subsequent: $5000 or 5 times the
retail value of product (whichever is
greater)

Knowing violation: A) $10000 or 5 times the
retail value of product (whichever is
greater)

Knowing violation: B) imprisoned less
than5y
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B TABLE 4— continued

Laws Effective Dates Fines Penalties
11 RI Gen Laws §11-9-13.11 July 7, 2021 Minimum $1000 for each delivery to anyone
younger than 21y
SC Code Ann §16-17-500 June 7, 2013 First: $200-300 Second and subsequent: B) 30 d imprisoned
Second and subsequent: A) $400-500
SD Cod Laws §10-50-101 July 1, 2019 First: $1000 or 5 times the retail value of
product

Subsequent: $5000 or 5 times the retail
value of product

Tenn Code Ann § 39-17-1509 July 1, 2015 First: warning letter

Second: not more than $500 (within 5 y)
Third: not more than $1000 (within 5 y)
Fourth: not more than $1500 (within 5 y)

Tex Pen Codes 8812.22, 12.23 October 1, 2015 First: not to exceed $500 First: class C misdemeanor
Subsequent: A) not to exceed $2000 Subsequent: B) 180 d in jail or C) both
Aand B
Utah Code Ann §59-14-808 July 1, 2020 Not to exceed $5000 for each knowing
violation
Vt Stat Ann tit 7 §1010 July 1, 2019 Not to exceed $5000 for each
Va Code Ann §18.2-371.2 July 1, 2014 First: not to exceed $100

Second: not to exceed $200
Third or subsequent: $500

Wash Rev Code §70.345.090 June 28, 2016 Up to $5000 for each Class C felony ';_:‘;
Wyo Stat Ann §14-3-302 July 1, 2020 First (within 24 mo): $250 Injunction prohibiting selling for up to 180 d =
Second (within 24 mo): $500 ‘;
Third or subsequent (within 24 mo): $750 E
s
variation in communities. Notwithstand-  proper regulatory safeguards involving  States could more explicitly convey that s
ing these limitations, this study offers a e-cigarette prevention and control, e-cigarette delivery and sale to underage o
comprehensive mapping of state such underage access continues to persons is a severe violation with appro-
e-cigarette delivery sales laws. threaten future generations’ public priate consequences, and a summary of
health. Furthermore, if retail store ac- penalties on the shipment's packaging
Public Health Implications cess laws are more restrictive than could be an effective education tool.
e-commerce laws, motivated youths Finally, fines and penalties could be
Underage e-cigarette use is an ongoing  will be incentivized to exploit the lax enhanced to prevent the selling of pro-
public health concern. In September nonretail access. ducts to underage consumers. 4JPH
2022, a popular e-cigarette brand set- Even though there is no one-size-fits-
tled out of court and agreed to pay all approach, stringent policy regimes ABOUT THE AUTHORS
over $400 million to 34 states and terri-  with fewer loopholes will likely be more  Sunday Azagba, Todd Ebling, and Olayemi
tories investigating its marketing effective at enforcing youth access pre- Li;:ztgl/?edgikgeNiii:;hptehnenfjjz:igdsé i;o‘
efforts, including social media cam- vention. For example, states could use University, University Park. Mark Hall is with the
paigns, for specifically targeting young ~ more precise terminology to prohibit VDV";T(Z”FT;E chigf)\a;ﬁﬁéﬁdewHifiEZEZEA,
people.® Many tobacco product access  all forms of delivery sales. Similarly, NC. Jessica King Jensen is with the Department of
laws have been in effect for nearly ade-  many states could include more age ['aefe'tgfy”d Kinesiology, University of Utah, Salt
cade in some states, addressing prohi-  verification requirements to cover
bitions on flavoring and on sales and both the point of purchase and delivery CORRESPONDENCE
marketing to minors, mandates of of e-cigarette products. Permit and reg- Correspondence should be sent to Sunday
health warnings and child-proof pack- istration requirements would allow Azagba, College of Nursing, University Park, PA
aging, vape-free policies, and venue states to monitor delivery efficiently and ;ggfrzdéf’erga;{ l:’ftf)ifii(?vg?:ﬁgg E;S;Lﬁ;gige
and location regulations.?® Without guard against unscrupulous activities. “Reprints” link.
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Ethics Principles for Artificial
Intelligence-Based Telemedicine for
Public Health

Simona Tiribelli, PhD, Annabelle Monnot, MSc, Syed F. H. Shah, BA, MB BChir, Anmol Arora, MB BChir, Ping J. Toong, and

Sokanha Kong, MPhil

> 3 See also Kraft, p. 470.

The use of artificial intelligence (Al) in the field of telemedicine has grown exponentially over the past

decade, along with the adoption of Al-based telemedicine to support public health systems.

Although Al-based telemedicine can open up novel opportunities for the delivery of clinical health and care

and become a strong aid to public health systems worldwide, it also comes with ethical risks that should be
detected, prevented, or mitigated for the responsible use of Al-based telemedicine in and for public health.
However, despite the current proliferation of Al ethics frameworks, thus far, none have been developed for the

design of Al-based telemedicine, especially for the adoption of Al-based telemedicine in and for public health.

We aimed to fill this gap by mapping the most relevant Al ethics principles for Al-based telemedicine for
public health and by showing the need to revise them via major ethical themes emerging from bioethics,
medical ethics, and public health ethics toward the definition of a unified set of 6 Al ethics principles

for the implementation of Al-based telemedicine. (Am J Public Health. 2023;113(5):577-584. https://

doi.org/10.2105/AJPH.2023.307225)

The increasingly widespread avail-
ability of digital devices has facili-

tated the growth of telehealth and
telemedicine over the past few de-
cades, which is broadly described by
the US Centers for Disease Control and
Prevention (CDC) as “the use of elec-
tronic information and telecommunica-
tion technologies to support and
promote long-distance clinical health
care, patient and professional health-
related education, public health, and
health administration.”" In particular,
the development and adoption of tele-
health and telemedicine were expo-
nentially accelerated by the COVID-19
pandemic, with the CDC reporting a
50% and 154% increase in teleconsul-
tations in January 2020 and March
2020, respectively, compared with the

same periods in 2019. This was argu-
ably the most substantial and large-
scale proof of the value of telehealth
and telemedicine in ensuring preven-
tion and other health services for di-
verse communities worldwide—
especially in times of global health
crises?—and proof of their potential
benefit for global public health.

In parallel, the field of artificial intelli-
gence (Al) and its applications to the
health and medical domains have been
expanding rapidly because of improve-
ments in the hardware capabilities of
modern computer systems, the perva-
sive applications of information and
communication technologies (ICTs),
and the consequent digitalization of
health data and records. “Al" is an um-
brella term conventionally used to refer

G ON ‘ELL |OA ‘€207 Ao HdIV

to the ability of computer systems to
perform tasks that are usually thought
to require human skills, including rea-
soning and self-correction.*

Al and, specifically, probabilistic ma-
chine learning (ML) algorithms—
models that learn novel correlations
and patterns from the collection and
mining of huge streams of data to exe-
Ccute tasks, decisions, and predictions—
are now being developed in nearly all
domains of public health and medical
practice.” These include, but are not
limited to, diagnostic support, remote
monitoring, prediction and detection,
robot-assisted treatments, and bio-
medical research.® In all these diverse
applications, ML presents a huge op-
portunity to supplement or enhance re-
mote health services via telehealth
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devices and telemedicine solutions,
which we particularly address in this ar-
ticle. Indeed, although telemedicine
and telehealth overlap greatly and
many prefer to use such terms inter-
changeably, there is an often underva-
lued but key distinction between the 2
domains, which experts in the field and
public health bodies such as the World
Health Organization (WHO) also
advocate.®’

TAXONOMY

“Telehealth” is used in reference to the
broad delivery of health care services via
ICTs, including devices for health care
self-management (i.e., with clinicians or
health care providers [HCPs] out of the
loop), whereas “telemedicine” is a subset
of telehealth and refers to more clinical-
oriented health care delivery via ICTs
that include the intervention of a clinician
in a synchronous way (e.g., teleconsulta-
tion) or in an asynchronous modality
(e.g. store and forward telemedicine).”
Indeed, “telehealth” also includes noncli-
nical services, such as virtual education,
HCP and clinician training, and health
self-management (e.g,, fitness trackers).
“Telemedicine” refers more specifically to
ICTs used for delivering clinical-oriented
services for medicine and health care at
a distance, and it always requires inter-
facing between clinicians and patients
(or patients’ data) for clinical decision-
making, which is based on evidence
resulting from information obtained via
patients’ data or clinician-patient conver-
sation (i.e., teleconsultation).®”

ARTIFICIAL INTELLIGENCE,
TELEMEDICINE, AND
PUBLIC HEALTH

In the field of telemedicine, Al opens up
great opportunities that can go beyond

Tiribelli et al.

those of traditional (i.e., non-Al) tele-
medicine,® such as reducing public
health facilities' clinical overload and
breaking down barriers that prevent
readily accessing public health facilities
from a socioeconomic (e.g., in develop-
ing areas of the world), health (e.g.,
patients with severe or chronic ill-
nesses), or geographical (e.g., medical
deserts) standpoint.”

Indeed, the large amount of health
data on individuals (i.e., patient-level data)
and populations (i.e., aggregated data)
that can be collected by remote moni-
toring Al-based devices, as well as dur-
ing Al-empowered teleconsultations,
can be used to discover valuable knowl-
edge (e.g, correlations and patterns)
that is difficult or expensive to obtain by
human manual programming.’® This
knowledge can be harnessed to build
preventive and predictive models for
personalized health and health care, at
both the individual level (i.e., precision
clinical treatments)'" and the popula-
tion level, enabling public health
interventions targeting only certain
segments of populations or societies
(i.e., precision public health)."? From
this perspective, Al-based telemedicine
might become very useful in clinical
care and public health systems

worldwide.">14

THE ROLE OF ARTIFICIAL
INTELLIGENCE ETHICS

However, alongside the rapid growth of
interest in the use of Al and ML specifi-
cally for telemedicine, there is an
emerging awareness that they come
with ethical risks. Such risks range from
exacerbating discrimination and health
inequity because of flawed or biased
data sets used to feed and train ML
models'>"® to infringing on patients’
autonomy as a result of the misuse of

people's health data for third-party eco-
nomic interests."” Although the early lit-
erature has suggested specific ethical
risks raised by the use of Al broadly
and in health care specifically, there is a
paucity of ethical research discussing
the risks in the specific context of
Al-based telemedicine used in and for
public health. If such risks remain un-
addressed, the huge potential for
Al-based telemedicine systems to truly
become forces for public health will be
deeply compromised. In this regard,
public health organizations and practi-
tioners, as well as scholars from a wide
range of fields affected by Al, agree on
the value of ethics or Al ethics princi-
ples on which policy and legal regula-
tion can rely to help detect, prevent,
and mitigate Al's risks to people and re-
sponsibly orient the design and adop-
tion of Al-based systems for social
good and health."” =2 However, thus
far, no ethical framework has been de-
veloped for Al-based telemedicine or
for Al-based telemedicine for public
health.

We sought to fill this gap by highlight-
ing the first, to our knowledge, unified
framework of ethical principles to con-
sider, revise or expand, and operation-
alize to responsibly develop and deploy
Al-based telemedicine for public health.
To this aim, we first discuss the synergy
between Al and telemedicine.

Second, we show the results of map-
ping and analyzing the main ethical
frameworks and related principles (or
themes) underpinning the diverse fields
brought into play by Al-based telemedi-
cine for public health. By showing both
overlaps and differences between prin-
ciples, and in particular the different
ethical connotations and requirements
that ethical principles entail in the di-
verse fields considered, we identify
and describe an overarching set of 6



agreed-upon Al ethics principles that
emerge as relevant for the design and
use of Al-based telemedicine for public
health.

Third, we selectively use some of the
proposed principles to analyze a real-
world Al-based telemedicine application
and show how such principles allow us
to highlight context-sensitive considera-
tions and risks. This analysis also shows
that the principles identified for the de-
sign and implementation of Al-based
telemedicine for public health require
further exploration and refinement in a
timely way to be truly effective.

ARTIFICIAL INTELLIGENCE
IN TELEMEDICINE

The opportunities that Al-based tele-
medicine systems can offer in terms of
processing large amounts of data, im-
proving efficiency, supporting clinical
decisions and patients’ management,
and improving health equity”' are in-
creasingly acknowledged in the fields of

h.2? How-

telemedicine and public healt
ever, because of the rapid advances in
Al, only a few comprehensive and up-
to-date overviews of Al-empowered
telemedicine applications exist in the
literature.'® These applications can be
grouped into 3 categories according to
their specific clinical-oriented health

and health care function.

Remote Diagnosis

Remote diagnosis support tools are in-
creasingly being used to make recom-
mendations for disease screening,
diagnosis, treatment, or prevention
without requiring as much in-person
contact with clinicians or other HCPs as
previously. These recommendations are
based on large amounts of patient data,
ranging from personal or family medical

history to imaging that can be acquired
remotely. Thus, such tools can advance
health equity by promoting access to
public health facilities and clinical treat-
ments, especially for those living in un-
derserved communities or affected by
severe illness.* Patients can use some
of these tools directly without the syn-
chronous presence of clinicians or
HCPs; for example, they can hold con-
versations with chatbots that use
natural language processing to gain in-
formation about their conditions for
transmission to HCPs.

An example of such tools in public
health include SGDormBot (Bot MD,
Singapore), an Al-based telemedicine
tool used during the COVID-19 pan-
demic that used a WhatsApp chatline
for real-time symptom-based mass
screening of migrant workers' health
in Singapore for prompt clinical inter-
vention.?* For other tools, the end
users are clinicians, as in teleophthal-
mology, wherein clinicians receive
patients' data, which was gathered in
home environments, and evaluate
them as diagnostic support.”® To sup-
port clinicians' diagnoses, other
Al-based tools, such as health recom-
mender systems, may be used to gen-
erate treatment recommendations
according to models built on the data
of different interventions for patients
with distinct characteristics and their
associated outcomes.

Virtual Consultations

The infrastructure underlying telemedi-
cine is becoming increasingly sophisticat-
ed, with an increase in teleconsultation
platforms and digitalization of medical
records. Teleconsultations have been
widely perceived to increase patient con-
venience by reducing travel and wait
time. Teleconsultations are increasingly
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based on Al-powered online platforms
with features that aid physicians in their
work and improve the experience of vir-
tual medical consultation. One such fea-
ture is automated speech recognition
and recording based on ML, which can
process speech and translate it into clini-
cal documentation. Such platforms,
when based on natural language proces-
sing, can even extract the sentiment of
recorded dialogue, helping with docu-
menting medical notes, patient history,
and medical data. Today, such tools of-
ten embed facial recognition algorithms
for emotion recognition that enable clini-
cians to test patients’ emotional status
and their understanding of health

issues.

Babylon Health (Babylon Health,
London, UK) is a prime example of an
Al-based telemedicine tool embedding
such features adopted to support the
UK National Health Service. Electronic
health records also have the potential to
be augmented via Al, with ML techni-
ques, such as collaborative filtering, that
can detect new trends and predict
health outcomes at the individual and
collective levels. Finally, algorithms may
help optimize triaging of patients to the
most relevant HCPs, thereby reducing
hospital overload while boosting

patients’ health and care management.”®

Remote Monitoring
and Management

Remote monitoring and management
usually consists of a system that can
gather, process, and transmit data be-
tween an outpatient and their HCPs.?’
Data acquisition by implanted or worn
devices or smartphone apps is paired
with ML-powered analytic capabilities
that integrate data streams into clinical
workflows for HCPs to make proactive
adjustments and predictions and give
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personalized feedback. Remote moni-
toring systems are especially useful for
monitoring conditions such as diabe-
tes, heart failure, and Parkinson'’s dis-
ease and, in postsurgical rehabilitation,
for empowering those living in oppres-
sive health conditions.

An example of such a system with rel-
evance to public health is the human
activity recognition system, which con-
sists of sensors set up in patients’
rooms to allow remote monitoring of
residents in assisted living facilities or
care homes.?® The Al-powered sensors
can note the different functional states
of residents and present recommenda-
tions to HCPs to avoid falls and heart
attacks and to make adjustments to
medication regimes, overcoming socio-
relational limits imposed by geographi-
cal distance.

KEY ETHICAL PRINCIPLES

Although Al-powered telemedicine
applications are varied and have the
potential to radically improve health eg-
uity, clinical care, and public health sys-
tems broadly, they might have ethical
risks; therefore, the development and
adoption of ethical frameworks is fun-
damental to detect and tackle such
risks. Although more than 84 Al ethics
frameworks have been developed
worldwide,?? none have been devel-
oped specifically for Al-based telemedi-
cine for public health, despite the
increasingly acknowledged importance
of the topic both in telemedicine and
public health,"9-2130-33

To fill this gap, we analyzed different
ethical frameworks developed in
Al ethics,"”1929 bioethics and medical
ethics (telehealth and telemedicine
included),®*3® and public health
ethics®”2® and tried to find intersections
that might help in the development of a
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specific ethical framework for Al-based
telemedicine for public health. Our
analysis showed that all the frameworks
rely on the 4 ethical pillars rooted in
bioethics: (1) beneficence, (2) nonma-
leficence, (3) autonomy, and (4) justice.
Our analysis also showed that the main
ethical principles and themes discussed
in the before-mentioned fields can con-
verge under the macrocategories or
high-level principles provided by the
WHO in 2021 in its document “Ethics
and Governance of Artificial Intelligence
for Health.""?

In Box 1 (see also Table A, available
as a supplement to the online version
of this article at http://www.ajph.org),
we list the WHO's 6 high-level ethical
principles and revise them by matching
them with the relevant fields in Al-
based telemedicine for public health.
We also consider what actors are called
into action to respect and implement
each principle. We provide a brief de-
scription of what each principle might
prescribe in the context of Al-based
telemedicine for public health.

Beneficence and
Nonmaleficence

Beneficence and nonmaleficence relate
to the doctrines of delivering patient
care and aiming to do good and not do
harm. Although beneficence is a natu-
ral aspect of any proposed medical and
public health intervention, nonmalefi-
cence can raise questions in the con-
text of Al-based telemedicine. In fact,
some solutions might exhibit a certain
degree of maleficence toward vulnera-
ble groups despite being driven by be-
nevolent intentions, for example, when
minority groups or those without ac-
cess to the required technology are
excluded from the benefits of digital in-
novation. To detect potential harms,

nonmaleficence ought to be thought of
and implemented along with clinical
safety, efficacy, and digital inclusion.

Autonomy

Autonomy describes the principle by
which individuals should be able to
make informed decisions about their
own care and requires asking for in-
formed consent and privacy. In this
context, Al and public health principles
may conflict on the issue of data shar-
ing. Al is a data-driven technology that
must be trained on large data sets
from diverse populations to work effi-
ciently and avoid biased ML. However,
there is often a reluctance to share
data because of lack of trust in (health)
institutions, especially in certain demo-
graphic groups. From a public health
perspective, many argue that data shar-
ing for ML training should be made
compulsory when these algorithms
are to be used at a population level.
However, this might contradict the tra-
ditional principle of autonomy as self-
determination.

In the context of Al-based telemedi-
cine for public health, autonomy ought
to be rethought via a relational ap-
proach whereby individual autonomy
can be promoted while acknowledging
dependence on and responsibility of
clinicians, public health experts, and
legislators to drive patients' care. This
would require enhancing patient trust
and willingness to share data through
public and patient engagement in re-
search, instead of imposing legal
obligations.

Justice and Fairness

Justice and fairness are commonly de-
scribed in Al ethics as related to bias


http://www.ajph.org

RESEARCH & ANALYSIS

BOX 1— Ethical Principles and Their Matched Themes for Artificial Intelligence (Al)-based Telemedicine

for Public Health

Meaningful Ethical Principles
for Al-Based Telemedicine for
Public Health

Benevolence and nonmaleficence

Autonomy: “Respect people’s
decision-making”

Justice and Fairness: “Treat people

fairly”

Explicability

Responsibility and Accountability

Sustainability and Responsiveness

Themes From Al Ethics
Literature'’-19-2°

Ensure Al safety, accuracy, and
efficacy

Empower human beings

Prevent or minimize Al's mental or
physical harm to individuals and
groups

Ensure meaningful human
oversight

Protect privacy and confidentiality

Avoid manipulation and
experimentation without
informed consent

Ensure inclusiveness, absence of
bias, and equity in Al systems’
access, use, design, data, and
outcomes

For technology robustness, ensure
Al transparency, resilience,
security, accuracy, reliability,
and reproducibility

Ensure Al intelligibility

Ensure human warranty and third-
party regulatory bodies’
approval

Implement harm redress
mechanisms

Ensure responsibility and liability

Ensure Al promotes health and
environmental and work
sustainability

Ensure health protection and
promotion

Themes From Bioethics,
Medical Ethics, Telehealth, and
Telemedicine Literature33-3¢

Benefit patient welfare

Improve access to quality and
interruption-free health care

Do not cause pain or suffering

Respect human self-determination
and decision-making at
individual and relational
(communal attachments) levels

Provide good professional-patient
relationship (clinicians’
confidentiality) and fidelity

Treat persons fairly, equitably, and
appropriately: employ
distributive justice and
sociorelational justice

Provide fair and balanced access

Tell the truth

Themes From Public Health
Ethics®7-38

Gear effectiveness and efficiency
toward reducing morbidity and
mortality

Create least infringement and least
necessity of public justification

Use noncoerciveness

Ensure connectedness and
solidarity, liberty, and self-
determination

Ensure participation of public and
the affected parties: procedural
justice

Distribute burdens and benefits
fairly

Disclose information and speak
truthfully: transparency
Avoid paternalism

Ensure communal responsibility
and community cohesiveness
Be responsible to minimize burden

on populations

Ensure sustainability of the global
environment and human
systems: precautionary principle

Ensure cost effectiveness and
usefulness

Note. The box presents a summary mapping of ethical themes from Al ethics, bioethics, medical ethics (telemedicine and telehealth), and public health
ethics toward a unified set of revised Al ethics principles for Al-based telemedicine.

and discrimination in ML. Indeed, be-

Explicability

Responsibility and

yond risks caused by the digital health
divide and literacy, there are risks of
systematic iatrogenic harm to increase
health injustice when algorithms are
not trained on data that is representa-
tive of the population that they are
intended to serve. In Al-based telemed-
icine for public health, the design of
these systems ought to be centered on
the most vulnerable and marginalized
and be deployed with adequate consid-
eration of such populations’ needs and
their ability to access and use them.*?

Public health interventions require
consent of the population to be effec-
tive. To obtain consent, they must be
intelligible to the public. Al-based
telemedicine poses a challenge in
public health considering that ML is
often a black box. Al systems ought
to meet the principle of explicability,
which is not only a key safety mecha-
nism but also an important public
health principle to encourage wide-
spread adoption.

Accountability

In the context of Al-based telemedicine,
there are concerns about the need for
responsibility and accountability once
technologies are implemented. Existing
regulatory systems are not designed to
manage Al systems, which require con-
tinuous regulation during their life cycle
and may consist of ever-changing algo-
rithms. Furthermore, the problem of
accountability is emphasized when Al is
compared with other public health
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interventions, which often have close
human oversight. Different teams may
Create, regulate, license, and operate Al
solutions, which can make it ambiguous
where liability lies. Thus, clear and un-
derstandable guidelines for responsibil-
ity distribution and harm redress
mechanisms ought to be put in place.

Sustainability and
Responsiveness

To be effective in the long term,
Al-based telemedicine ought to be
designed to evolve over time (i.e., to be
sustainable) and adapt to the needs of
a changing population (i.e., to be re-
sponsive). Data shifts over time present
a challenge to Al, because changes in
population characteristics may result in
the algorithms being later operationa-
lized for a population different from the
one they were trained on. Also, to en-
courage adoption and trigger positive
public response, there needs to be
public trust in Al, which requires evi-
dence of effectiveness, efficiency, and
proportionality.

AN AI-BASED TELEMEDI-
CINE APPLICATION

AiCure (AiCure, New York, NY) is a re-
mote patient monitoring and manage-
ment telemedicine tool. It consists of a
mobile telephone application that uses
facial analytics to aid medication adher-
ence. To this aim, AiCure uses ML to
analyze patients’ videos to detect com-
plete swallowing and the correct pill.
AiCure might be described as compli-
ant with the principle of benevolence
insofar as it has been shown to benefit
people in terms of accuracy and effec-
tiveness. Indeed, in 2017, AiCure was
demonstrated to be 25% better at en-
suring drug adherence in schizophrenic
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patients than was a drug concentration
measurement-based system.*?

Although medication adherence
appears to be on the surface a benefi-
cent goal, this must be balanced with
the consideration of patient autonomy.
AiCure relies on automatic alerts sent
to users, their relatives, friends, and
physicians and HCPs to promote medi-
cation adherence. Hence, it could be
argued that AiCure adopts a paternal-
istic approach to health care wherein
repeated electronic notifications and
users' fear of negative repercussions
from third parties being notified of non-
compliance nudge them into taking
medication. Paternalistic approaches
fail to consider users’ personal circum-
stances and fluid preferences. For in-
stance, patients may choose to forego
medication for various rational reasons,
including concerns about side effects
and competing priorities with other
aspects of life. From a public health
perspective, the issue can be reframed
based on the principle of proportionali-
ty: is the medication being monitored
of sufficient importance to justify in-
fringing patient autonomy??’

Such proportionality should factor in
the medication’s impact on patients
(e.g., whether the medication is lifesav-
ing) and on wider society. For instance,
antibiotic medication may not be per-
ceived as necessary for life, but nonad-
herence may cause society to suffer from
the spread of infection. Consequently,
respect for autonomy might need to
be reconsidered via a relational lens,
as acknowledged in bioethics, medical
ethics, and public health ethics, in which
the promotion of individual autonomy
cannot prescind from the protection of
the community and in which autonomy
more than self-determination requires
solidarity.

Privacy and confidentiality are widely
considered in the ethical frameworks
as 2 key requirements for the respect
for autonomy. Health-monitoring
devices collect vast amounts of users'
personal information. AiCure gathers
images and videos used for assessing
medication adherence, including users’
biometric, voice recording, and Internet
traffic data.?” This raises the question
of whether patients retain the legal
right to control these data. Maintaining
patients' trust and respect requires at
least providing them with intelligible in-
formation on what is being done with
their data and who can access it (i.e.,
explicability), the possibility to grant or
rescind permission to specific bodies,
and the means to withdraw any collect-
ed data (i.e., meaningful control and
oversight). In addition, whether patients
remain owners of personal health data
that have been de-identified depends
on the jurisdiction in which the data
were collected and the local data gover-
nance laws. In the case of AiCure, the
use of facial analytics raises the con-
cern that even anonymized patient
data could be de-anonymized without
much difficulty. Hence, a careful balanc-
ing of patients’ rights and technological
advancement for health optimization is
needed with regard to data ownership.

Data confidentiality poses another
ethical consideration. An important fea-
ture of AiCure is the ability to share pa-
tient data with clinicians, friends, and
family members. Although clinicians are
governed by strict confidentiality regu-
lations, friends and family typically are
not. Thus, some have questioned
whether such individuals should be re-
quired to undertake duties of patient
confidentiality akin to clinicians. In this
case, for example, revising the ethical
principle of autonomy via a relational
approach might entail considering how



to extend ethical duties of confidentiali-
ty to patients’ core social relations.

From the perspective of justice and
fairness, although AiCure can promote
justice by providing a service for hard-
to-reach groups, access is restricted
to those who possess and are suffi-
ciently competent with smartphones
that have camera capability. Also,
AiCure's efficacy is restricted to people
that have friends, relatives, and HCPs
with the means to receive remote
electronic notifications and the knowl-
edge to act on the information provid-
ed. This raises concerns about equal
access to opportunities for certain
groups, including those who are more
isolated, socially deprived, and less
technologically or health literate.
Moreover, the exclusion of certain
groups in the design and use of Al
technologies can introduce bias into
data sets and lead ML to produce er-
roneous health outputs for users be-
longing to excluded groups. From a
public health perspective, this could
negatively influence public trust and
willingness to engage with not only
the application directly involved in
such errors but also similar technolo-
gies, which can contribute to the con-
tinued exclusion of certain groups.
Therefore, it is crucial to ensure equity
in user representation with specific
attention to the inclusion of marginal-
ized and vulnerable groups in deploy-
ing designs and tests and using
Al-assisted telemedicine tools.

The analysis of a real-world Al-based
telemedicine application through a few
of the lenses of our ethical framework
shows the value of such principles in
highlighting a range of complex ethical
considerations and risks that would
otherwise be difficult to detect. Such
risks, if unaddressed, can lead to adopt-
ing tools that, rather than promoting,

can undermine individuals' rights and
public health. The considerations
highlighted also show the need to fur-
ther work and refine, via the analyses
of case studies, the ethical principles
we propose to render them adequate
in accounting for trade-off scenarios
and provide more actionable guidelines
on how to overcome them.

CONCLUSIONS

We have argued that Al-based telemed-
icine has the potential to be a strong
aid to public health ecosystems world-
wide by enabling better clinical health
and care, from health monitoring to
disease prevention and management,
at both the individual and population
levels. However, Al-based telemedicine
can also present specific ethical risks
that can harm individuals and counter-
act public health goals, such as the pro-
motion of better health care and health
equity. The absence of a context-
sensitive ethical framework to assess
such technology hampers the detection
of ethical risks, jeopardizing the poten-
tial of Al-based telemedicine for public
health. Indeed, some of the risks we
have highlighted, such as improper
data sharing and discrimination, might
undermine people’s trust in Al-based
telemedicine and make public health
actors reluctant to adopt such tools,
leading to a potential opportunity loss.

We have tried to demonstrate the
importance of mapping and revising
current Al ethics principles for Al-based
telemedicine for public health. To do
so, we have considered prominent ethi-
cal frameworks underpinning the main
domains such technology intersects to
revise general ethics frameworks devel-
oped for the use of Al broadly and for
health specifically. Without pretending
to be exhaustive, we hope that our
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framework can offer an ethical com-
pass for those who design and imple-
ment such systems in and for public
health. Furthermore, we hope that our
effort in highlighting relevant ethical
principles for Al-based telemedicine will
spur further conceptual and technical
research to better refine and operat-
ionalize such principles to render
Al-based telemedicine a true force for
public health. 4JPH
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ERRATA A]pl-l

 Erratum In: “Living Alone and Suicide
Risk in the United States, 2008-2019"

In: Olfson M, Cosgrove CM, Altekruse SF, Wall MM, Blanco C. Living alone and suicide risk in the United States,
2008-2019. Am J Public Health. 2022;112(12):1774-1782.

When originally published, a result was incorrectly reported. On p. 1776, column 2, the second sentence of the first
paragraph of the “Results” section should read: "As compared with people who lived with others, those who lived alone
were significantly older and were more likely to be female, to have White or Black race/ethnicity, to have a low income,
to reside in more urban rather than the most rural areas, to own rather than rent their residence, and to have a func-
tional disability.”

This change does not affect the article’s conclusions. 4JPH
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AIDI—I ERRATA

Erratum In: “SARS-CoV-2 Infection,
Hospitalization, and Death in
Vaccinated and Infected Individuals
by Age Groups in Indiana, 2021-2022"

In: Tu W, Zhang P, Roberts A, et al. SARS-CoV-2 infection, hospitalization, and death in vaccinated and infected indivi-
duals by age groups in Indiana, 2021-2022. Am J Public Health. 2023;113(1):96-104.

When originally published, censoring was reported incorrectly in the article. On p. 98, column 2, the first full sentence
should read: “Matched pairs were censored when an infected participant received a vaccination.”

This change does not affect the article’s conclusions. 4JPH

https://doi.org/10.2105/AJPH.2022.307112e
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ERRATA AIpl-l

Erratum In: American Journal of Public
Health, Volume 113, Issue 2

In: Am J Public Health. 2023;113(2):129-240
A cover line on a recent cover was incorrect. On the cover of the February 2023 issue, the fifth cover line should read:

Also in this issue:

PEACE AND PUBLIC HEALTH
When Peace Is Threatened,
So Is Public Health,

pp. 132 and 146-159
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