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COVER: Person holding pieces of fentanyl. Use of this powerful synthetic
opioid, which is cheap to produce and is often sold as is or laced in other
drugs, has exploded. Because it is 50 times more potent than heroin,
even a small dose can be fatal. It has quickly become the deadliest drug
in the nation, according to the US Drug Enforcement Administration.
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We Can’t Arrest Our Way Out

of Overdose: The Drug
Bust ParadoXx

n speaking with police about preventing overdose, the

officers’ common refrain is “We aren't going to arrest
our way out of this" (https://bit.ly/303d4Vc). And among
public health practitioners, there is weariness that our best
efforts have not yet stemmed the tide of overdose deaths.
In this context, an article in this issue of A/PH lends cre-
dence to law enforcement’s mantra and provides health
policymakers with evidence to take bolder action.

In this issue of A/PH, Ray et al. (p. 750) explored whether
overdose increased or decreased in proximity to drug
arrests in Indianapolis, Indiana. They found that within a
six-minute walk (500 m) of each drug arrest, opioid over-
dose deaths doubled. Elevated fatal and nonfatal opioid
overdoses were sustained over one, two, and three weeks.

What could explain this remarkable finding? In an edito-
rial in this issue of AJPH, Dietze (p. 745), drawing on experi-
ence from Australia, explores possible causal mechanisms
related to interrupted opioid tolerance, which leaves peo-
ple at higher risk for overdose when the same quantity is
used after a period of abstinence. Correspondingly, Ray
et al. did not find the same association with stimulants,
which are not subject to the same discontinuation immedi-
ate overdose risk. Conceptualizing stimulants as a control
group, and employing a counterfactual modeling strategy,
provides a counterpoint to criticism that increasing drug
arrests are only a parallel association with increasing
overdoses.

Alternatively, interruption of supply drives people to new
drug suppliers, who may have levels of active ingredient to
which the individual is unaccustomed. Further investiga-
tions are needed to evaluate these ecological findings in
causal inference frameworks.

Because of the importance of the findings and special-
ized methods, A/PH put the article through an extensive
peer review process, with eight independent reviewers,
who included legal scholars, epidemiologists, and geospa-
tial statisticians, as well as internal statistical and methodo-
logical reviews by editors. The supplementary material
includes additional data that were requested during review,
including quantities of drugs seized.

We also invited the leadership of the Indianapolis Metro-
politan Police Department (IMPD) to comment because
they provided the data. Unfortunately, their duties could
not accommaodate our publication schedule. We welcome
letters from the IMPD and other law enforcement agencies.
We commend the IMPD for participating in this scientific in-
quiry because the policy questions have weighty impor-
tance. This study demonstrates that law enforcement data
have applications in answering difficult public health
questions.

Other forms of police data remain siloed. Currently, we
find out what is in street drugs only when it is too late:
crime labs after arrest or autopsy after overdose. Recently
the Los Angeles Times revealed that law enforcement in Los
Angeles, California, may have failed to inform public health

Editor's Choice  Dasgupta

authorities about an emerging dangerous fentanyl adulter-
ant (xylazine) for four years (https://bit.ly/3VYYlak). The adul-
terant has been implicated in increased overdoses and the
emergence of disfiguring skin ulcers. Those four years
could have been used to develop education, prevention,
and treatment.

These examples call into question whether US policing,
as it currently stands, is a reliable agent of drug harm pre-
vention. There is growing scientific evidence to support
what many on the street already know: the narrow mission
of law enforcement may exacerbate drug harms. Over the
past decade, there has been a gradual ideological shift in
law enforcement training, away from military-style
“enforcers” and toward “guardians” of communities focused
on crisis intervention and greater attention to social inter-
actions (https://bit.ly/42LttSb).

Back in Los Angeles, in response to the earlier criticism,
the sheriffs department agreed to track xylazine in seized
drugs and left open the door to update their detection
methods if the information is helpful. With proper evidence
and public health impetus, it is possible for some law en-
forcement agencies to change course (https://bit.ly/
3nQl1Cn).

Ray et al. also provide useful metrics of law enforce-
ment's expected reach. In a city with a population of one
million, there were seven drug seizures per day. By com-
parison, there were 17.2 nonfatal overdoses recorded by
emergency medical services and 1.6 fatal overdoses. There
are almost three times more overdoses than there are po-
lice interventions to seize drugs. Even with a predominantly
law enforcement approach, interdiction is grossly out-
matched. This lends credence to the refrain that we aren't
going to arrest our way out of this.

On the maps of Indianapolis, no one can be surprised
that drug arrests are overrepresented in neighborhoods
with lower financial resources and those with more racial-
ized minority residents. Considering the finding that drug
arrests may exacerbate overdose mortality, disproportion-
ate policing of Black neighborhoods deserves renewed in-
vestigation, as overdose death rates in this demographic
are now the highest (https://bit.ly/3BffcS5).

As a nation, our drug policies are collectively not work-
ing. Fleming et al. have noted the public health funding par-
adox, whereby taxpayers are simultaneously subsidizing
separate government policies that prevent and exacerbate
the same problem (https://bit.ly/3I14WnEJ). In an editorial in
this issue of A/PH, Stahler et al. (p. 747) contextualize the
findings in evidence-based interventions. To address the
very real concerns from both law enforcement and public
health practitioners, it is time to find new solutions. A]DI.I

Nabarun Dasgupta, PhD, MPH
AJPH Associate Editor

DOI: https.//doi.org/10.2105/AIPH.2023.307329

54 Years Ago

Concerning Heroin Use and Official
Records

“The present paper . . . takes exception to the view
that all addicts ultimately come to police attention.
It presents in support of its position several case
histories of individuals in street drug use who main-
lined heroin in heavy dosages over long periods of
time. These subjects conceived of themselves as
addicts . .. but remained, according to their personal
testimony and our search of the records, unknown to
either law enforcement or hospital authorities as being
involved with drugs. . .. [W]e found our subjects with
little difficulty, and . . . they maintained that they were
aware of others of their kind. By no means would we
suggest that their numbers are sizable. But we feel it
important to document their existence because epide-
miological information, upon which public health
policies regarding drug use may be founded, should
take into account the existence of undetected heroin
addiction, as well as the polemic corollary of this fact
which maintains that, absent criminal and civil commit-
ment statutes, individuals may well be able to perform
adequately while using opiates, particularly if the drugs
are cheap and accessible.”

From AJPH, October 1969, p. 1888

1 09 Years Ago

Drug Addictions, A Public Health
Problem

[It may seem a strong statement to make that over
50 per cent of drug users owe their habit to the medi-
cal profession, and yet | am convinced that my figures
are not far wrong. . .. In many instances these first
doses were not give at the bedside to allay severe
pain, but handed out to office patients with apparently
as little concern as a dose of calomel. Codeine, mor-
phine, heroin and laudanum are all thus passed over
to the temporary sufferer; the neurotic woman with
obscure symptoms, the young mechanic with a broken
arm, the over-tired businessman; to young and old, it
matters not, who chance to stray into the wrong office
and who pay the price of their evil choice years after
their faces are forgotten and their fees spent by the
“expert” who so readily relieved their symptoms. Not
only are these drugs carelessly prescribed but we find
many repeated orders to “refill the prescription and
then let me hear from you,” the patient in entire igno-
rance, not infrequently learning for the first time from
another physician or a conscientious druggist the na-
ture of the “remedy” in which they have been placing
their hope of cure.”

From AJPH, January 1914, pp. 32-33
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A Revolution Betrayed:
A History of Tobacco
Smoking and Public
Health in the USSR

Alfredo Morabia, MD, PhD

ABOUT THE AUTHOR
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CIGARETTES

AND SOVIETS

SMOKING IN THE USSR

TRICIA STARKS

Cigarettes and Soviets: Smoking in the

USSR (NIU Series in Slavic, East European,
and Eurasian Studies)

By Tricia Starks

DeKalb, IL: Northern lllinois University Press; 2022
Hardcover: 324 pp.; $44.95

ISBN-13: 978-1501765483

his new book by Tricia Starks

T makes two important and original
contributions to the existing public
health literature: it recounts an episode
of the history of tobacco different from
the much more studied one in the West,
and it is the liveliest history | know of the
evolution of public health in the USSR.

The book’s nine chapters, between
the introduction (“The Revolutionary
Soviet Smoker”) and the epilogue (“The
Post-Soviet Smoker”), have titles (in
quotes in this paragraph) that charac-
terize the evolving relation of tobacco
to Soviet society across the century:
tobacco production and consumption
was “Attacked” immediately after the
October Revolution of 1917 by Com-
missar Semashko, who aimed for to-
bacco prohibition; it was “Resurrected”
after 1917 when factories were nation-
alized and revitalized; and it was “Sold”
thanks to revolutionary advertising that
boosted communist consumption. Still,
tobacco addiction was “Treated” in spe-
cialized dispensaries, with 40% to 50%
success in 1928 (p. 93). The antitobacco
revolutionary goals were “Unfulfilled” un-
der Stalin. Tobacco was “Mobilized” dur-
ing World War Il. After 1945, tobacco
was “Recovered” from war's destruction,
produced by women, and consumed by

BOOKS & MEDIA
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men. It later was “Partnered” with West-
ern tobacco companies in the 1950s
and 1960s and, finally, “Pressured” by
public health in the 1980s and after.

BOLSHEVIK PUBLIC
HEALTH

Starks is a professor of history at the
Fulbright College of Arts and Sciences
at the University of Arkansas. Her previ-
ous books already focused on the inter-
section of culture and public health in
the Russian and Soviet contexts. The
Body Soviet: Propaganda, Hygiene, and
the Revolutionary State (The University of
Wisconsin Press, 2009) was about the
concept of hygiene and health devel-
oped by the Bolsheviks. Smoking Under
the Tsars: A History of Tobacco in Imperial
Russia (Cornell University Press, 2018)
covers, as the title clearly states, the
history of tobacco before the Russian
Revolution." Cigarettes and Soviets
begins with the 1917 Bolshevik Revolu-
tion, which took place in a population
already heavily addicted to a form of
rolled cigarette with high nicotine con-
tent called papyrosa.

The Bolsheviks promoted reasons
and ways to oppose tobacco that dif-
fered from those to come in the West.
Smoking was tied to capitalism, and it
was expected that the social and cultur-
al revolution would defeat tobacco.

The tool was public health:

The Bolshevik seizure of power creat-
ed opportunities for the maintenance
of public health . . . animosity to to-
bacco stemmed from the mass impo-
sition of its smell and an opinion
among some revolutionary-era doc-
tors that nicotine was a poison that
attacked the nervous system. (p. 5)

Vladimir I. Lenin, one of the two main
leaders of the Bolshevik party, and the

Books & Media
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Health Commissar, equivalent to a
minister of health, Nikolai Semashko,
attempted to curtail the production and
the imports of tobacco. They failed. The
income from state taxes on tobacco
sales was too important. On the other
hand, they launched an ambitious pub-
lic health campaign to discourage new
smokers and encourage smokers to
stop smoking:

Semashko waged a war against
tobacco unprecedented for its
intended scope and exceptional in
range, making the Soviets the first
country in the world, in 1920, to en-
tertain a national health program to
curtail tobacco production, sales,
imports, exports, and use with the
goal of eventually stamping out to-
bacco. (p. 2)

An important aspect of this campaign
when compared with other early 20th
century antitobacco attitudes is that it
was real, objectified by the numbers of
clinics, posters, and articles available:

Pamphlets, posters, slogans, and lec-
tures flooded the population with
information on how to live, work,
and rest. Museums, banners, and
sandwich boards surrounded urban
dwellers while trains, boats, and trav-
eling displays toured the country-
side. Workers' clubs staged lectures,
films, slide shows, and agitation
plays with new lifestyle messages.
(p.17)

The Commissariat for Public Health
(Narkomzdrav) developed a massive,
creative propaganda campaign aimed
to promote a new Soviet man, woman,
and child, free of tobacco addiction
(p. 31). Semashko did not achieve his
full ideal, but the USSR established the
earliest national antitobacco campaigns
and funded public cessation clinics.

Morabia

STALINIST PUBLIC
HEALTH

This prevention campaign was inter-
rupted when Stalin and his followers,
in the years following Lenin’s death in
1924, dominated the party and the
Soviet state. Cigarettes became a com-
ponent of the support and awards for
increased productivity of industrial and
rural workers. Leon Trotsky described
Stalinism as a betrayal of the socialist
goals of the October Revolution of
1917.% He did not mention public
health, but in the sphere of tobacco
consumption, Stalinism corresponded
to a betrayal of the public health
Semashko had attempted to develop.
In 1931, Anastas Ivanovich Mikoian,
from the People’s Commissariat of the
food industry, praised tobacco workers
for fueling the Stalinist industrialization
drive, boasting that the Soviet tobacco
industry had been successfully Stali-
nized and that its production volume
would “occupy the second place in the
world behind the United States” (p. 119).
As Starks puts it, “cessation had been
sacrificed on the altar of steel” (p. 135).
During World War II, tobacco and
Cigarettes became an essential staple
for the armies, on both the Nazi and
Soviet sides. Entire cigarette factories
were moved away from the front to
maintain production. Tobacco fields be-
came coveted targets of the Nazi con-
quest or of the Soviet resistance.

CIGARETTES AND
SPUTNIKS

The USSR emerged from World War |l
with dire tobacco addiction levels.
Moreover, the country had lost an esti-
mated 28 million citizens and soldiers.
The men-to-women ratio had dropped.
The public health impact of tobacco

was observable, but the wave of antito-
bacco policies in Western societies of
the 1960s and after did not reach East-
ern Europe. Cigarettes were advertised
by the state and linked to the space
conquest (Figure 1). American and
British tobacco corporations seized the
opportunity to penetrate and control
the Soviet market, using coproduction
of Soviet brands or selling their own
brands (e.g., Marlboro).

Finally, in the 1980s, the public health
reaction to tobacco began in the USSR,
paradoxically returning to the original
intentions of Lenin and Semashko. To-
day, the smell of tobacco that used to
characterize the Russian and Soviet
societies seems to have largely disap-
peared. Smoking is restricted to delim-
ited spaces, as Lenin used to do when
he forced smokers to apply for their
turn to go and smoke in the restrooms
during the meetings of the party.

A BEAUTIFUL BOOK

Starks has written a literally beautiful
book, full of illustrations of tobacco
packs and advertisement posters over
a century. | read the book once as a pdf
without the images, then as a pdf with
images, and finally was able to read
with delight the hardcover version. The
illustrations are esthetically compelling,
and Starks excels in describing their
content, hidden meaning, and even
taste and feel for the smoker. Here is,
for example, Starks's comment about
Figure 1 (which | chose because Starks
owns the copyright):

The optimism of the painting shines
through in the joyous coloring and
lovingly detailed spacecraft. The ten
packs arrayed flat within the carton
display a blue sphere on a white
background against which the dock-
ing crafts are framed [Figure 1].



I FIGURE 1— Photo: Pack of Apollo-Soyuz, 1975.

Source. Tricia Starks's collection. Printed with permission.

In block, sans serif lettering Soiuz-
Apollon or Apollo-Soyuz adorned the
top of the pack in red and blue with
Russian on one side and English

the other. The cigarette itself had
American-made cellulose acetate
filters with cork tipping and blue let-
tering on brilliant white cigarette pa-
per. The feel of the packaging was as
pleasing and modern as the look.
Silver foil lined the inside of the box.
A six-millimeter red tape could re-
move the covering cellophane while

also popping out the first smoke.
Compared to American products,
the cigarettes were a bit heavier with
lower nicotine (1.2 mg), higher sugar,
and twenty mg of tar. (p. 184-185)

| feel challenged to find weaknesses
in the book. | can mention two minor
ones. There is an imbalance in the his-
torical coverage: the two strongest
parts are the history of tobacco use in
the early Bolshevik and Stalinist period
(1917-1956) and the illustrations.

BOOKS & MEDIA AIDI—I

The more recent history of tobacco in
the last years of the USSR and current
Russia is less systematically covered.

A second comment is even more sub-
tle. The title refers to Soviets, which
evokes the workers and people’s coun-
cils that were intended to allow the
masses to weigh in on the local, district,
and national policy. However, the book
suggests that most of the public health
attempts to control tobacco consump-
tion were top-down governmental deci-
sions. A discussion of the role of the
Soviets in these policy decisions would
have been of great interest.

Overall, Starks takes us on a voyage
in Soviet public health, revealing, be-
yond smoking, what was the daily life
of its population over the 20th century.
Because it enriches the pool of unique
cases of tobacco policy in the history
of public health, Cigarettes and Soviets
does something analogous to what
Anatole Kopp's Town and Revolution:
Soviet Architecture and City Planning,
1917-1935 did for architecture. Kopp
incorporated the Soviet architectural
avant-garde of the 1920s into general
historiography. He showed that Soviet
architecture was not a relic from the
past but a working method that failed
for very precise economic, political,
3P4 Similarly,
Starks has now incorporated the

and cultural reasons.

legacy of early Soviet public health
policy and practice into the tobacco
historiography.

Starks's style is clear, engaging, and
often witty. | recommend Cigarettes
and Soviets to anyone interested in
the history of tobacco, the history of
public health, and the history of the
USSR. AJPH
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he COVID-19 pandemic response
Tenlisted the efforts and resources
of a multitude of federal, state, and local
agencies, as well as private-sector enti-
ties that developed and manufactured
vaccines, therapies, masks, and ventila-
tors. A successful response to COVID-19
would not have been possible without
both a whole-of-government effort and
private-sector ingenuity. While the re-
sponse was not always smooth, the pub-
lic and private sectors came together to
deliver more than 200 million vaccines,
sparing more than 2.2 million lives, avert-
ing more than 17 million hospitalizations,
and saving almost $1 trillion health care
dollars. Yet, recent research has shown
that public trust in public health during
the COVID-19 response was not espe-
cially high, suggesting, perhaps, that its
efforts were not well understood.”’

Vaccinating America: The Inside Story

Behind the Race to Save Lives and End a
Pandemic by Michael Fraser, PhD, MS,
and Brent Ewig, MHS, provides an unpar-
alleled perspective of the greatest public
health undertaking in perhaps a genera-
tion. It is at once objective and thorough
in addressing all sides of the vaccination
effort while also providing the reader with
a unique public health vantage point.

BOOKS & MEDIA AIDI—'

IN THE ARENA

Both Fraser and Ewig have extensive
experience working with state and local
public health agencies and have devoted
their careers to advancing the nation's
public health. Their knowledge and per-
spective come through strongly through-
out the book.

Fraser is the current CEO of the Asso-
ciation of State and Territorial Health
Officials (ASTHO). His organization repre-
sents and supports state health officers
(SHOs) and their staffs across the coun-
try. SHOs are at the helm of state health
agencies, which work to protect, pro-
mote, and advance public health every
day. These agencies run myriad public
health programs with the support of a
dedicated, often undercompensated
workforce.

When a disease outbreak on any
scale occurs in their jurisdiction, SHOs
bear the responsibility of advising the
governors who appointed them, evaluat-
ing the epidemiology to understand
the scope of the threat, and instituting
policies to protect the public from that
threat. This is typically done in close
collaboration across state, local, and
federal governments under an emer-
gency response posture to facilitate rapid
decision-making and implementation.
SHOs operate in a realm that demands
political and public accountability as they
strive to do what is best for their citizens.
Thus, they often bear the brunt of public
backlash over public health measures
and have even been subjected to death
threats.

Ewig is both a former ASTHO staffer
and the chief policy and government
relations officer at the Association of
Immunization Managers (AIM). AIM
represents the leaders within state
health agencies responsible for immu-
nization programs. Most support for
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these programs comes to states through
the Centers for Disease Control and Pre-
vention (CDC) in the form of the Vaccines
for Children program and Section 317
grant funding to support infrastructure
and limited additional vaccine purchase.
By and large, states provide little in the
way of additional financial support to
these programs, but it is these programs
that bore the responsibility of ensuring
that once COVID-19 vaccines reached
their states' borders they made it the
“last mile” and into arms.

It is from their deep experience work-
ing with these state officials, along with
20 in-depth supplemental interviews
with revered vaccine and public health
experts, that Fraser and Ewig were able
to tell an insider's COVID-19 vaccination
story. Itis a story that the public would
not otherwise hear but sorely needs to.

THE COVID-19 STORY
THAT NEEDED TELLING

Vaccinating America begins by recounting
the early days of the pandemic, which
is familiar to the general public. Against
the backdrop of fear and uncertainty,
fueled by conspiracy theories perpetuat-
ed by the president of the United States,
state health officials had to make impor-
tant decisions about how to protect
their citizens. Confusion reigned over
which level and parts of government
were in charge as some persistently de-
nied that COVID-19 was a threat at all.
This, in many ways, united the general
public in the urgent desire for a vaccine.
The authors provide the all-important
context of pre-COVID-19 underfunding,
the lessons learned from previous pan-
demics, and President Bush's post-9/11
realization of the threat a future pan-
demic could pose to our country. The
2005 Pandemic Influenza Plan that was
intended to guide our nation’s response

Hughes

was largely ignored with respect to how
information was communicated to the
public and how vaccines would be dis-
tributed. This manifested in inconsistent
information, jockeying of experts and
spokespeople at the White House, and
early stated intentions to rely on the
military to distribute vaccines.

Public health professionals at the
federal and state level were largely
ignored from the beginning. The CDC
was marginalized—its leaders’ advice
frequently rebuffed and its deep capa-
bilities to work with states to success-
fully deliver vaccines overlooked.

Fraser and Ewig observe from an in-
terview with former Massachusetts
SHO John Auerbach that public health
professionals not only understand the
logistics of distributing vaccines, but
they also know their communities and
how to foster the much-needed public
trust to run a successful vaccination
campaign. Yet, the administration sadly
omitted these professionals from plan-
ning efforts and even ignored their
advice and offers of support and
cooperation.

Eventually, of course, the federal gov-
ernment would gravitate toward reliance
on the existing, well-established infra-
structure of the CDC and state and local
public health. But its efforts to engage
those in charge of that infrastructure
came far too late. So did the resources.
The authors note that of the $30 billion
the Trump administration had spent on
Operation Warp Speed (OWS) before
leaving office, state and territorial health
departments were initially awarded
a mere $200 million. An additional
$140 million would arrive on the eve
of the vaccine rollout. Compare those
figures with the $8.4 billion a coalition
of public health associations estimated
would be needed to successfully carry
out the vaccination campaign.

Ultimately, after all of the Trump ad-
ministration’s talk of militarized logis-
tics, the CDC's distribution plan was
followed. Channels and systems ordi-
narily used for public vaccine distribu-
tion were relied on by states. And state
health officials bore the responsibility for
onboarding all of the additional health
care providers needed to vaccinate the
masses, ordering and allocating vaccine
product according to implementation
phases, ensuring that vaccination sites
were equipped with ultra-cold storage
capabilities to safely receive and main-
tain vaccine doses, and managing data
collection through a new federal system
in addition to their own immunization in-
formation systems.

Before the rollout would begin, the
Trump administration would create alarm
by setting unexplained readiness dates
in the run-up to the November 2020
election. And in the latest stages of plan-
ning, OWS leaders would once again re-
buff outreach from public health officials,
insisting they were too busy and could
not entertain adding regular touch-paints
to their “already full calendars.”

Once the vaccine rollout began, state
health officials bore the blame of slow
movement through the phased alloca-
tion of doses despite being hampered
by a lack of federal guidance and then
swift allocation changes. As public de-
mand for vaccines faded into hesitancy
and fatigue while variants caused surges,
these same officials were responsible for
encouraging the public in pursuit of opti-
mal vaccination targets.

The authors provide important con-
text on the origins of vaccine hesitancy
and structural racism in the general
and Black and Hispanic populations. As
they observe from evidence, the right
messenger—usually public health offi-
cials and an individual's own physician—
can make all the difference. Politicization



following the 2020 election and January
6, 2021, insurrection, with many Repub-
lican elected officials openly denying
COVID-19 and vaccine science, only
exacerbates the challenges of fostering
public trust in vaccines.

LESSONS LEARNED

The authors conclude by identifying les-
sons that should be learned from the
COVID-19 pandemic and applied during
the next pandemic.

Funding Matters

On a normal day, state health agencies
and their immunization programs are
underresourced. A public health emer-
gency might engender a moment of
notice by lawmakers that leads to supple-
mental funding. But emergencies are
fleeting. And so it goes as our nation’s
public health officials do their work on a
shoestring budget with an expectation
that they be prepared for the next pan-
demic. As the authors quote Claire
Hannan, executive director of AIM,
“expecting a robust public health re-
sponse without adequate funding to sup-
port it is like creating a ‘wishlist” (p. 192).

Trust Matters

The authors suggest a two-pronged
strategy for building needed public
confidence in vaccines: (1) building off
of strategies for messaging that reso-
nates with communities of color, they
suggest delivery by trusted messen-
gers, and (2) holding content creators
and social media platforms account-
able for misinformation that erodes
public confidence in vaccines. As they
observe, all of the responsibility for
accomplishing this strategy cannot fall
to public health, but requires health

care providers to step up and address
misinformation on a “massive scale.”

Local, National, and Global
Action Matters

Even in a global pandemic, the authors
observe the maxim that “all disasters
are local.” Itis ironic that a Republican
administration would need reminding
that “no one-sized-fits-all plan would
ever work for every community in
America.” But dedicated state and local
public health officials were able to tailor
federal guidance to work for their com-
munities and deliver vaccines to the
most rural reaches of our country, in-
cluding remote Alaskan villages and
territorial islands. The authors' perspec-
tive is that both local response and
global intervention are needed to stop
a disease.

Nonpartisanship Matters

Vaccination became a political pawn
during the pandemic, immersing us in
a strange twilight zone where the presi-
dent and his supporters boasted that he
delivered the lifesaving vaccine while
simultaneously downplaying COVID-19's
threat and suggesting that the scientific
establishment was delaying the vaccine
until after his election defeat. And, today,
the American public is deeply divided
over the COVID-19 vaccine along parti-
san lines. One cannot read Vaccinating
America without feeling that trust in sci-
ence and public health is an unfortunate
victim of the pandemic.

Leadership Matters

The authors praise the successful leader-
ship and outcomes of OWS and note that
it should be celebrated along with the

leadership of thousands of state and local

BOOKS & MEDIA A]pl-l

public health professionals. This and any
future vaccination campaign requires,
they note, “setting a vision, bringing peo-
ple together around a common goal
achieving clarity of purpose and motivat-
ing others to achieve it” (p. 200).

CONCLUSION

In Vaccinating America, Fraser and Ewig
underscore the importance of leader-
ship at every level of government dur-
ing a public health emergency, and we
can hope it motivates our nation to bet-
ter achieve it during the next pandemic.
It is also the only book to date that pro-
vides a straightforward account of the
governmental public health response
to COVID-19.

Moreover, Vaccinating America should
convince the reader that the expertise
and efforts of public health were just
as vital during the pandemic as the
private-sector ingenuity that is more
widely known and lauded. 4JPH
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3 & See also Ebeling et al., p. 786.

The trend of prolonging life expec-
tancy in the world population,

though interrupted by the COVID-19
pandemic, is expected to resume soon,
but whether the reduced mortality
comes with less morbidity in later life is
still debatable.” Despite such uncer-
tainty, many aged societies in our world
have started to see an unprecedented
boom of deaths in their old-age popula-
tions. As highlighted by Ebeling et al. in
the current issue of AIPH (p. 786), for
example, Sweden will witness an
annual increase of deaths by 25% in
the next 30years. By 2050, more than
30% of the world's countries are pre-
dicted to reach or surpass the current
level of population aging in Sweden.?
Thus, there has never been a better
time to promote studies on death and
dying among older people.

Ebeling et al. investigated changes in
end-of-life care use among Swedish
older people (= 70years). It is compara-
ble to an early study by Aaltonen et al.,?
which examined the end-of-life care
transfer of older people in Finland
(=70vyears). Both studies utilized data
on care use from the official registers
of the respective countries and classi-
fied how end-of-life care is arranged at
the population level. Based on data at
two time points—two years and six

Editorial feng

months prior to death—the Finland
study focused on care transfer be-
tween community, hospital, and resi-
dential care institution, reporting that
about 60% of home dwellers moved to
institutions or hospitals within the last
six months of their lives. The current
study on Sweden instead investigated a
wide range of care use one year before
death and at death, including home-
based and institutional care as well as
four medical services of clinical, acute,
outpatient, and inpatient care. Six types
of care use were identified: about 40%
of people were categorized according
to two “dependent” types (staying in a
residential care institution and receiv-
ing either more or less medical care),
whereas the other four types were all
home dwellers, most receiving medical
care. The current study, together with
the Finland study and other related lit-
erature, revealed a great diversity of
end-of-life care patterns, suggesting
that the last stage of later life is uneven
regarding where, when, and how vari-
ous kinds of care are needed and deliv-
ered. This sends a strong message to
stakeholders of the elder care sector,
particularly given the escalating old-age
deaths in many societies of the world.
Unlike in the Finland study, end-of-life
transitions between home and a

residential care institution were not
common in Sweden as revealed by
Ebeling et al. The use of medical ser-
vices, however, was intensive in Swe-
den, although inpatient care was less
utilized among older individuals living
at home. One limitation of the current
study, however, is the information
shortage for the year prior to death.
Taking into account the care situation
at sixth months prior to death, which
the literature shows is an important
time-of-care changes in dying,®>* may
help to capture more care transitions
and yield a more valid typology. More-
over, the care classification in the cur-
rent study was based on the Latent
Class Analysis, a data-driven approach,
so the conceptualization of these six
types was based on summarized fea-
tures of data clusters rather than direct
empirical evidence. In this regard, there
were efforts in the article to further ex-
amine the profiles of age, gender, and
causes of death across the six groups,
which enhanced the legitimacy of the
classification. However, black boxes re-
main. For example, what kind of cancer
was behind the group “terminal ill"?
What type of cardiovascular disease
was responsible for “sudden death"?
And why were men more likely to be in
the “terminal ill” group but women in
the “dependent” group? Further work is
called for to clarify mechanisms under-
lying the observed typology.

One essential point raised by Ebeling
et al. is the contrast between the ob-
served patterns of end-of-life care and
the standard of a “good” death, which is
expected to entail less care and more
self-control. Such inconsistency is in
line with the literature, which shows
that a significant proportion of older
people did not die at home even if they
preferred to.> As implied by findings
of the current study, the trend of
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population aging is leading to more
old-age deaths in residential care facili-
ties. This may challenge the main-
stream model of aging now in place
and the ongoing movement toward de-
institutionalization.® With the mounting
number of deaths with institutional
long-term care, promoting aging-
friendly residential care facilities with
good end-of-life services becomes ur-
gent. In this regard, as highlighted by
Ebeling et al., how to help seniors af-
ford such services is a valid concern, es-
pecially considering the present social
inequality in dying.”

The multiple types of care use identi-
fied by the current study are consid-
ered by the authors to represent “fast
and slowly progressing trajectories,”
the latter of which featured deaths in
oldest old ages with a greater variation
in causes of death. Consequently, the
authors raised a meaningful hypothe-
sis: the longer life span may partially
come from a prolonged dying process
with substantial care needs. This ech-
oes well the classical hypothesis of
morbidity expansion with population
aging,® which predicts more morbidity
with population aging among older
people (failure) when life expectancy
extends (success). In the ongoing de-
bate between the failure of success ver-
sus success of success (or benefits of
success vs costs of success),” the cur-
rent study reminds us to give more
weight to the end-of-life stage.

Lastly, the current study's applicability
beyond Sweden is worth discussing, as
the impact of increasing old-age deaths
would differ by context. One recent ar-
ticle, for example, discussed the rise of
old-age deaths in Japan, another world-
leading nation in population aging."°
Taking Japan as a “death-laden society,”
the author argued that the lack of end-
of-life services, greater risk of lonely

deaths, and debate on physician-
assisted suicide could be eminent
issues for Japan in the boom of old-age
deaths."® In particular, given the speci-
fic socioeconomic and institutional
context of the study by Ebeling et al,,
follow-up studies may pay attention to
informal care by family members, which
was not accounted for in the current
study but is prevalent in non-Western
societies.”" 4JpH
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outine childhood immunizations
Rare critical to our public health in-
frastructure. Vaccines protect individual
children and indirectly protect others
who cannot be immunized in their
communities. An evaluation of the US
immunization program for children in
the 2017 birth cohort revealed that (1)
routine immunization prevented more
than 17 million cases of disease and
31000 deaths, (2) 853000 life-years
and 892 000 quality-adjusted life-years
were gained, and (3) estimated vaccina-
tion costs ($8.5 billion) were fully offset
by the $63.6 billion in disease-related
averted costs.’

These benefits have been recognized
since the 19th century, when mandato-
ry schooling and rising smallpox infec-
tion rates prompted the first policies
requiring vaccination for school atten-
dance. Children with medical contrain-
dications were exempted, but from the
outset policymakers struggled to bal-
ance legal compulsion and parental au-
tonomy for those against vaccination.
This struggle continued into the 20th

Williams and O'Leary

century, when effective polio and mea-
sles vaccines were developed and
states enacted myriad vaccination
requirements.” Generally, laws required
certain vaccines for school attendance,
but they allowed exemptions for chil-
dren on the grounds of religious or

|u

varied “personal” beliefs. States’ laws
continued to evolve in the second half
of the 20th century as new vaccines
were developed and legal challenges
prompted exemption reforms to broad-
ly accommodate a range of beliefs
Today all 50 states, the District of
Columbia, and Puerto Rico have immu-
nization requirements for child care
centers and public schools.® Many pri-
vate schools also have requirements.
Although most children enter school or
day care vaccinated, the rise of vaccine
hesitancy and the disruption COVID-19
wrought on immunization delivery sys-
tems have caused multiyear declines in
national vaccination coverage. During
the 2021-2022 school year, coverage
with two doses of measles, mumps,
and rubella (MMR) vaccines among

kindergartners fell to 93%, the lowest in
a decade.” Nine states and the District
of Columbia had coverage under 90%,
or well below the estimated 95%
threshold needed to prevent measles
outbreaks.”

In this issue of AIPH, Moore et al.
(p. 795) ask a simple question with
important policy implications: what
was the effect of Washington State's
Engrossed House Bill (EHB) 1638, which
removed personal belief exemptions for
MMR vaccines only, on MMR completion
and exemption rates among kindergar-
ten through 12th-grade (K-12) stu-
dents? EHB 1638 took effect in July
2019, and the authors looked backward
to 2014 and forward to 2022 to esti-
mate relative changes in kindergarten
MMR vaccine completion rates and
changes in exemption rates among
K-12 students. In addition, the authors
leveraged school- and county-level data
to explore changes by school type (e.g.,
private vs public) and school district
geographic areas. How did Washington's
health policy experiment go?

According to the authors, it went well.

EHB 1638 was associated with a 5.4%
relative increase in kindergarten MMR
completion rates and a 41% decrease
in MMR exemptions for K-12 students;
both findings were statistically signifi-
cant. However, the rate of religious
exemptions among all K-12 students
for any required vaccine increased
367% after passage of the legislation;
the rate of medical exemptions
remained stable and was 0.7% in the
2021-2022 school year. Kindergartner
MMR completion rate increases were
not significantly different between pub-
lic and private schools, but K-12 vac-
cine exemption rates rose significantly
more in private schools. Results of spa-
tial analyses showed that exemption
rates declined in many school districts
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with MMR exemption rates above 5%
before the passage of EHB 1638 but
that pre-passage exemption rates cor-
related highly with post-passage rates.

These findings are impressive. At first
glance, one wants to agree with Moore
et al. that “targeted policies that allow
some NMEs [nonmedical exemptions]
may be more effective than completely
eliminating NMEs altogether.” However,
the authors stop short of recommend-
ing widespread implementation of poli-
cies akin to EHB 1638 across the United
States, leaving public health and immuni-
zation advocates to debate “To EHB
1638 or not to EHB 1638?"

Proponents of targeted policies that
eliminate nonmedical exemptions for
selected vaccines will point to the appar-
ent effectiveness of this bill at minimal
cost. The 5% increase in kindergartner
vaccination coverage, starting from a
baseline rate of approximately 90%, is
an important one. In communities
with high coverage rates, incremental
increases are usually achieved via expo-
nentially costly interventions.” Yet, the
gains after EHB 1638 were achieved
through legislative action as opposed to
a costly statewide immunization cam-
paign. At a time of fiscal uncertainty, pol-
icymakers may especially appreciate and
support immunization bills that improve
public health without straining budgets.

Those in favor of targeted vaccination
policies will also point to the stable pro-
portion of children with medical
exemptions during the postimplemen-
tation period. Previously, efforts to re-
form state immunization policies have
caused rebound increases in medical
exemptions that offset declines in non-
medical exemptions. For example, in
2016, California eliminated nonmedical
exemptions. Shortly thereafter, clusters
of medical exemptions appeared in
areas that previously had high rates of

nonmedical exemptions, and nearly
70% of the decreases in nonmedical
exemptions initially observed were re-
versed.®’ The authors did not observe
the same effect with the targeted ap-
proach of EHB 1638.

There are many concerns with EHB
1638, however. For instance, it led
many vaccine-hesitant parents to use
religious exemptions, creating a partial
exemption replacement effect. We had
previously observed this effect in the
state of Vermont.® Although public
health advocates will note that overall
exemption rates still decreased, even
with this replacement effect being tak-
en into account, religious leaders may
rightly object to the artificial creation of
apparent religious resistance to vacci-
nation across the state. Is it ethical to
Create apparent religious resistance to
vaccines to decrease exemption rates?
What say should faith leaders have?

In 2019, after the measles outbreaks
that prompted EHB 1638, the Archdio-
cese of Seattle—with more than 70
schools and 1 million members—
stopped accepting religious vaccine
exemptions in parochial schools.”

There are other important questions.
If we develop targeted vaccination ex-
emption policies, how do we decide on
diseases and vaccines? EHB 1638 spe-
cified MMR, but most years many more
children die from COVID-19, influenza,
and pneumonia than contract measles
in the United States, and thousands of
adults die from vaccine-preventable
diseases related to human papillomavi-
rus.'? As others have noted, eliminating
nonmedical exemptions for MMR only
could lead parents to the mispercep-
tion that MMR is the only vaccine truly
needed for child health and that others
are simply a matter of personal prefer-
ence."’ Do we dare venture down this
slippery slope?
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Another question: should we model
policies after one that is inequitable?
With EHB 1638, parents of children in
private schools—who, presumably,
have more resources and flexibility
than parents of children in public
schools—found physicians willing to
provide their children with medical
exemptions or filed the appropriate
paperwork for religious exemptions.
Finally, how certain are we that the
effects of EHB 1638 will continue? In
the study’s final year, the COVID-19
public health emergency was ongoing.
Will replacement effects grow as moni-
toring continues? Correctly, the authors
note that more observation is needed.

Ultimately, for policy experts seeking
direction, EHB 1638 poses more ques-
tions than it answers. For these reasons
and many others, all major professional
societies, including the American Public
Health Association and the American
Academy of Pediatrics, advocate for the
complete elimination of nonmedical
vaccine exemptions.'? Nevertheless,
this is a welcome addition to the vaccine
exemption literature, and it suggests
that EHB 1638 has, for a time, improved
the safety of children and communities
throughout Washington. 4JPH
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want to thank Keith et al. (p. 768) for
I an important exploration of the
much-neglected problem of obtaining
accurate estimates of the COVID-19
pandemic spread in real time. The
authors compared a standard probabil-
ity sample with a convenience sample
(each with about a 1% finite population
fraction) and administrative records to
estimate seroprevalence of COVID-19
in Jefferson County, Kentucky. Jefferson
County is essentially Louisville and the
immediate suburbs, with a population
of approximately 800 000." They found
little difference between the probability
sample and the convenience sample
with respect to either the distribution
of covariates or the prevalence esti-
mates after raking both samples to
known sex, race, and geographic re-
gion, but substantial differences be-
tween the prevalence estimates from
the sampling methods and the admin-
istrative record estimates.

The results provide important find-
ings that in some ways match prior

expectations and in other ways defy
them. First, the sample-based esti-
mates of prevalence are higher than
prevalences obtained from the admin-
istrative records, and the authors as-
sume that sample-based estimates are
more accurate. The authors do not
state exactly why they make this as-
sumption, but it is presumably because
administrative records require a reported
positive test filed with Louisville Metro
Public Health and Wellness and thus ex-
clude nearly all cases that were asymp-
tomatic, as well as cases that did not
result in a visit to a physician or testing
site. Assuming that the sample esti-
mates are the “gold standard,” this
leads to an underreporting by two fac-
tors or more, and perhaps even higher
among minorities. This is not a novel
finding>> but it confirms some previous
literature in the area and provides a
rough estimate of the magnitude by
which administratively reported cases
(which constitute the vast bulk of preva-
lence data in both the United States

OPINIONS, IDEAS, & PRACTICE A]pl-l

and around the world) should be muilti-
plied to obtain an estimate of the true
number of cases, at least during the
2020-2021 period.

The second finding—that the probabil-
ity sample and the convenience sample
prevalence estimates correspond—
contradicts a nontrivial body of literature
that suggests that even low-response-
rate probability samples can yield more
accurate results than convenience
samples. Kennedy et al.* found major
quality concerns using on-line panel
convenience samples with respect to
the measurement of US political atti-
tudes and recreational interests, espe-
cially for Black and Hispanic samples,
although there was substantial variation
in quality among vendors. In a major
study that compared both random
digit-dial (RDD) and address-based
sampling-web (ABS-web) probability
samples with six nonprobability samples
with respect to a variety of demograph-
ic, health, economic, and transportation
measures, Maclnnis et al.> found that
the probability samples performed
substantially better when benchmarked
against high-quality census data
obtained by the Current Population
Survey, the Current Expenditure Survey,
or National Center for Health Statistics
surveys such as the National Health In-
terview Survey or the National Health
and Nutrition Examination Survey.
Furthermore, Groves and Peytcheva®
found that nonresponse rates were
only weakly linked to nonresponse
bias in a large meta-analysis. Further
work by Tourangeau’ and by Brick and
Tourangeau® explained this finding by
arguing that most nonresponse is due
to missing completely at random? fac-
tors (i.e., factors completely indepen-
dent of any data being collected from
participants) such as happenstance of
contact time or study-level design
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features unrelated to sampled member
characteristics, or to participant-level
characteristics unrelated to survey vari-
ables. Thus, it is somewnhat surprising
that even a low-response-rate survey did
not differ to some degree from a volun-
teer sample. Although the authors cite
30% as a “safe” cutoff for response
rates,’® Maclnnis and colleagues' RDD
and ABS-web probability samples had
response rates of 15% and 2%, respec-
tively, yet still dominated their conve-
nience sample competitors with respect
to bias. It may be that, with their re-
sponse rates of 2% to 5% (depending on
region of the county), Keith et al. have fi-
nally descended into volunteer territory,
especially given that the data collection
required the respondent to make an
in-person visit to a separate clinic.

As a survey statistician, | became
enormously frustrated that nearly a
century of learning how to obtain accu-
rate prevalence estimates from a popu-
lation appeared to be all but forgotten
in this public health crisis. Systems
such as the Behavioral Risk Factor Sur-
veillance System that had been put into
place long ago to provide flexible, real-
time data collection on “emerging pub-

lic health problems"""

were not up to
the task, given the speed of infectious
disease spread. As noted by Keith et al.,
there have been a few attempts to use
traditional methods. For example, in a
study somewhat similar to that of the
authors, Menachemi et al."? conducted
a study in Indiana with 68 statewide
testing facilities, obtaining a consider-
ably higher 249% response rate. Their
resulting estimate of population preva-
lence early in the pandemic (2.8% at
the end of April 2020) was far higher
than the rate obtained from the num-
ber of confirmed cases at the Indiana
State Department of Health (0.3% of
the population); despite the higher
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response rate, racial minorities were
severely undersampled (8% non-White
vs 23% in the population, and 2% His-
panic vs 8% in the population; esti-
mates were postratified to age, gender,
and race distributions). Although there
are no “gold standards” to assess prev-
alence measures, the resulting derived
case-fatality rate was 0.58% at the time,
consistent with the 0.66% Chinese fa-
tality rate estimated at that time after
careful adjustment for censoring and
ascertainment bias."® On the other
hand, major nonprobability samples
such as Delphi-Facebook'* were shown
to perform poorly when estimating
COVID-19 vaccine uptake compared
with the probability sample obtained
from Ipsos online KnowledgePanel,"®
even though the latter had only a
10.5% response rate.'® Although hardly
a complete literature review of a still
evolving “autopsy” of the failure of the
public health and medical community
to grapple with this aspect of the
COVID-19 pandemic response, it does
suggest that a more nimble and survey
science-informed response may have
been helpful. Survey researchers could
have perhaps been more creative in
suggesting alternatives to standard
methods (e.g., use of at-door drop
boxes rather than requiring travel to
remote sites), although undoubtedly
many such suggestions would have
foundered on blanket data collection
shutdowns of survey-related research.
In sum, although Keith et al. provide
an example in which probability sam-
pling and convenience sampling gave
similar results, | believe a broader over-
view still suggests the need for proba-
bility samples to provide a means of
benchmarking and adjusting for data
collected from nonprobability sam-
ples."”"® For an excellent example of
this approach applied to prevalence

estimates that leverage the previously
mentioned Indiana study in combination
with an Indianapolis-only probability
sample, state-level Delphi-Facebook
reports of symptoms, and administrative
COVID-19 death data, see Dempsey."?
Dempsey develops a procedure that
combines administrative case-count
data, data from nonprobability samples,
and data from random samples over
time to estimate selection propensities
based on key covariate information.
These selection propensities are then
combined with epidemiological forecast
models to construct a doubly robust
estimator that accounts for both
measurement-error and selection bias to
estimate population seropositivity. AJPH
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33 See also Vargo et al., p. 759.

ost Americans are breathing in-
M creasingly unhealthy air from
wildfire smoke. This is the first conclu-
sion of the study by Vargo et al. in this
issue of AIPH (p. 759) quantifying the
magnitude of a growing climate change
hazard in the United States, namely ex-
posure to the toxic smoke of wildland
fires. These increases are happening
across both advantaged and disadvan-
taged communities. This is the second,
and more important, conclusion be-
cause it counters the dominant media
narrative that wildfires are an affliction
of the rich. This study highlights the
need for public health to do more to
protect socially disadvantaged groups
and to direct national attention to the
smoke and away from the flames.

Climate change is producing longer
fire seasons, with more frequent and
severe wildfires. The resulting smoke is
a complex mixture of corrosive gases
and carcinogenic compounds, including
particulate matter less than 2.5 microns
in diameter (PM, 5)—a toxic mixture of
solid and liquid particles that gets into
the bloodstream. PM, s causes a wide
range of physical, mental, developmen-
tal, and cognitive health harms.

The smoke can travel thousands of
kilometers from its source, polluting dis-
tant communities for weeks and
months. For instance, forest fires in

Eisenman

Quebec, Canada, led to air pollution in
Baltimore, Maryland, with peak PM, 5
values 17 times higher than the Environ-
mental Protection Agency’s National
Ambient Air Quality standards and to in-
creased cardiorespiratory hospitaliza-
tion rates across the mid-Atlantic and
Northeastern United States."? Although
large fires more often occur in the West-
ern United States, much of the attribut-
able mortality and morbidity may occur
in the Eastern United States because of
its higher population density.2 As the
world enters a time of increasing wild-
fires, chronic, multiweek fires—as were
seen in Australia in 2019 and California
in 2020—will become more usual.

With this background in mind, consid-
er the study by Vargo et al. of national-
level trends in smoke exposure from
2011 to 2021 and their intersections
with social vulnerability.

The authors combined satellite data
on wildfire smoke plumes with US
Census population data. They assigned
daily smoke plume densities (high, me-
dium, light, none) to each census block
group and its 2010 population. Person-
days of smoke, which is the product of
the number of people in a census block
group and the number of days that
block group experienced smoke, were
summed to the census tract to esti-
mate exposure levels.

The results are alarming. Across the
United States we are exposed to more
wildfire smoke, and few counties are
unaffected. The five-year annual aver-
age exposure to heavy smoke in-
creased 350%, from 307 million
person-days during 2011 to 2015 to
1.381 billion person-days during 2017
to 2021. The authors estimate a total of
2.9 billion person-days of heavy smoke
across the US population in 2021 (the
US population was 331.9 million people
in 2021). More than 87% of the US pop-
ulation experienced increases in the
number of days of heavy smoke be-
tween these periods. Light smoke days
increased too, which is important be-
cause there is likely no “safe” level” of
exposure to pollutants such as PM s.
Eastern states experienced these
increases too, albeit starting from a
lower baseline. Wildfire smoke has be-
come everyone's problem.

Protecting oneself from wildfire
smoke is difficult when it requires stay-
ing indoors in homes with air condi-
tioners and good air filtration, avoiding
outdoor work, avoiding traveling (so
working from home), and even tempo-
rarily leaving your home to stay in places
beyond the spreading smoke. As in dis-
asters generally, the level of population
harm is a product of social disadvantage
and the capacity to protect oneself from
the hazard. For instance, infiltration of
outdoor pollutants into homes is higher
on average for older, smaller homes
and for lower-income households, and
these differences could lead to dispari-
ties in overall individual exposure even if
ambient exposures are equivalent.® This
is where the second part of the authors’
results fits in.

The authors used the Centers for Dis-
ease Control and Prevention’s Social
Vulnerability Index to investigate char-
acteristics that might affect the health
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risks of smoke exposure. This index
contains census-derived data on socio-
demographic, economic, and cultural
characteristics, which the authors used
to rank census tracts by their levels of
social disadvantage. Census tracts at
the greatest social disadvantage experi-
enced a 358% increase in the average
annual number of heavy smoke days,
from 0.92 days in 2011 to 2015 to

4.21 days in 2017 to 2021.

Census tracts with relative advantage
showed similar, if not higher, increases
in heavy smoke person-days (annual
number of heavy smoke days of 1.13in
2011-2015 to 4.79days in 2017-2021).
Still, this study highlights inequities of
the utmost importance. Although ev-
eryone is seeing more exposure, those
with the greatest disadvantage often
start from a baseline of worse health,
have the least access to protections,
and have more frequent health harms.
Add wildfire smoke to the list of inequi-
ties that climate change is worsening.

Vargo et al. note that their results
may represent the upper bound of
estimates because they used satellite
plume data rather than ground-level
measurements of air quality—the
smoke could be aloft and captured by
satellites but not be affecting the
ground where people are breathing.
Still, even more conservative estimates
demand our attention and response.®
Because disadvantaged communities
are more prone to suffer from disaster
impacts, any meaningful discussion of
wildfire smoke needs to address this
health equity issue.

The media's penchant for photo-
graphing large homes burning in West-
ern mountains depicts wildfires as a
problem mainly for wealthy owners of
second homes in California and the
West. But it is the smoke, not the fire.
We in public health must redirect media

attention to the problem as we know it
really is experienced—households near
and far from the fire are suffering
harms, hospitalizations, and deaths
from the smoke menacing our air.

Additional quantitative and qualitative
investigation is necessary to gain a deep-
er understanding of the relationship
between social vulnerability and the
health effects of smoke. Studies like
that of Vargo et al. analyze vulnerability
factors independently when it is likely
they are operating synergistically. We
need better measures of indoor expo-
sure, as the most common advisory
during an event is to stay indoors, but
poor housing quality may reduce the
benefits. We also need to analyze social
vulnerability at smaller scales to better
understand local impacts, for instance,
combining fine-resolution geospatial
data with the rich data available in elec-
tronic medical record systems to identi-
fy subpopulations most harmed by
wildfire smoke.

Focusing our public health interven-
tions on the communities with social
disadvantages may maximize our im-
pact, and we need program evaluations
to assess this. The accelerating in-
crease in smoke exposure calls for new
approaches too. For instance, public
health recommendations for protection
from wildfire smoke include staying in-
doors in homes equipped with an air
purifier and a HEPA (high-efficiency par-
ticulate air) filter. As the authors point
out, this is a costly protection beyond
the reach of many households. Publicly
financed housing modifications, such
as retrofits and air purification, may be
required in communities with high
exposures and high social vulnerability.

During the 2020 California wildfires,
the Bay Area Air Quality Management
District provided portable air filtration
units to low-income individuals on
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Medi-Cal with severe asthma or other
respiratory conditions. More public
health departments should identify so-
cially disadvantaged neighborhoods
and prioritize those that need in-
creased wildfire smoke preparedness
messages, supplies, and access to
clean air shelters.

The point is the smoke. AJPH
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ome of the earliest epidemiological
S work identified mortality gaps
across social class, with differing theo-
retical approaches as to how these
inequities should be measured, inter-
preted, and intervened in. Today, most
social epidemiological research takes a
“gradational” approach, demonstrating
greater risk of mortality across continu-
ous indicators, such as income, wealth,
and educational attainment.? In the
June issue of AIPH, Eisenberg-Guyot

et al. (https://bit.ly/30EmMOU0) break
from the gradational tradition by apply-
ing a Marxist understanding of social
class in their examination of mortality
across business owners (incorporated
and unincorporated), managers, work-
ers, and those not in the labor force—
categories they constructed to indicate
power over productive property and
workers' labor.

The article’'s novel operationalization
results from a relational understanding
of social class, that is, that class posi-
tions reflect how power is inequitably
held and the oppressive means through
which it is maintained. Although a grada-
tional approach has certainly produced
population health research that is infor-
mative for social policy, showing the
health impacts of compulsory schooling
or the Earned Income Tax Credit for
example,? a relational approach, like the

Editorial Jahn and Hernandez

one Eisenberg-Guyot et al. demonstrate,
challenges public health researchers
and practitioners to question how pow-
er operates through broader economic
and political systems, how these sys-
tems produce health inequities, and
how they might be changed. We use the
incisive article of Eisenberg-Guyot et al.
as an example to structure a discussion
on why bringing an analysis of power
relations is important for health equity
and how public health research can il-
lustrate how capitalism operates along-
side other systems of oppression. We
also describe theories and frameworks
that can support this work and related
challenges and opportunities in popula-
tion health data collection.

POWER RELATIONS

An analysis of power relations is miss-
ing from the theories that guide main-
stream epidemiological research.’ The
article by Eisenberg-Guyot et al. illus-
trates what is made possible by this kind
of shift in thinking about social stratifica-
tion and, particularly, why it matters for
the measurement and interpretation of
health inequities. Through their opera-
tionalization of social class, Eisenberg-
Guyot et al. expand the focus beyond
solely identifying the health harms of
poverty, income, or other socioeconomic

determinants of health and instead
explore which groups profit and whose
health is protected at the expense of
others. This theoretical orientation
moves population health research
toward asking questions about how
health inequities arise from patterns

of consumption, resource extraction,
privatization, profiteering, and opportu-
nity hoarding, for example.

Relational thinking can be guided by
some theories of disease distribution,
including the political economy of
health and ecosocial theory,' and there
are also several frameworks from disci-
plines outside public health that can
support this kind of research. For in-
stance, intersectionality emphasizes
that identities (e.g., one's class, race,
or gender) matter as attributes of indi-
viduals but more importantly because
they reflect differences in power that
interact with and reinforce systems of
privilege and oppression.>* The specifi-
city that intersectionality demands is crit-
ical because, as Crenshaw explained:

Where systems of race, gender, and
class domination converge, interven-
tion strategies based solely on the
experiences of women [or people of
any gender] who do not share the
same class or race backgrounds will
be of limited help to women [or peo-
ple of that same gender] who face
different obstacles because of race
and class.>(P1246)

Importantly, Eisenberg-Guyot et al.
bring to their class analysis a discussion
of structural racism and sexism as
coproducing social class inequities in
mortality. They find that 25% of non-
Hispanic White men were business
owners or managers versus 10% of
Black women and that there are great-
er class inequities in mortality among
minoritized racial and ethnic groups
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than among White respondents. The
authors underscore that structural rac-
ism and sexism drive certain groups
into exploitative and more dangerous
working conditions as well as (and be-
cause of) concentrated class power
among employers.

Recent articles have also called atten-
tion to racial capitalism’s role in disease
distribution and etiology, particularly
using the example of inequities in
COVID-19 mortality.>® Ruth Wilson
Gilmore describes inequities in mortali-
ty as part of the very definition of rac-
ism: “the state-sanctioned or extralegal
production and exploitation of group-
differentiated vulnerability to prema-
ture death.””P?® Embedded in this
definition is an understanding of racism
and capitalism as mutually reinforcing:
the exploitation of racially minoritized
groups is part of how capitalism works,
which in turn is part of racialization. In
this view, it is futile to attempt to sepa-
rate the effects of race and class on
health inequities, and, moreover, think-
ing about capitalism is integral to un-
derstanding structural racism.

Eisenberg-Guyot et al. hypothesize
that occupational hazards and exploit-
ative working conditions likely contribut-
ed to the sharply differentiated survival
curves shown across race and class.
The lowest survival rates, by far, were
observed among working-age adults
who were not in the labor force. Think-
ing about power relations under racial
capitalism can inform analyses of who
might be included in this category,
considering, for example, how certain
groups—sexual and gender minorities
and especially transgender people,
Black or Indigenous people and other
people of color, undocumented
people—are disproportionately crimi-
nalized, incarcerated, and consequently
removed from or marginalized in the

labor market (although, currently, incar-
cerated people are excluded from the
data used in this study, a limitation

that we elaborate on in the “Data
Challenges” section).

Applying a clear analysis of power
relations matters not only for construct-
ing and interpreting health inequities
across social categories; relational
thinking also brings forth a different set
of strategies to reduce health inequi-
ties." Eisenberg-Guyot et al. call for
interventions that would build collective
power among workers and other mar-
ginalized groups, such as unionization
and decommoadification, guaranteeing
access to basic life necessities such as
utilities, stable housing, and universal
health care. This theoretical perspective
is especially relevant in a political mo-
ment of egregiously high rates of
COVID-19 mortality among low-wage
“essential workers” and racially minori-
tized populations globally, alongside the
sunsetting of pandemic welfare policies
in the United States.® We caution, how-
ever, that public health researchers
and practitioners must simultaneously
recognize how social protections and
power-building efforts are and are not
designed to serve all marginalized groups
(e.g., domestic workers, undocumented
people). After all, no research or prac-
tice can truly be intersectional without
a commitment to the advancement of
social justice.

DATA CHALLENGES

The relational social class measure
that Eisenberg-Guyot et al. developed
invites a conversation on the measure-
ment of social class in population sur-
veys and, more broadly, the need for
public health data that reflect relational
thinking. Although the National Health
Interview Survey (NHIS) used in this
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analysis does measure business owner-
ship, occupation, and employment
status, the lack of consistent data on
supervisor status, for example, illus-
trates the larger problem of population
surveys not being set up for this type

of inquiry.

Similarly, the authors discuss limita-
tions in how gender was classified us-
ing a binary male-female sex variable
assigned by study interviewers, poten-
tially misclassifying transgender and
nonbinary respondents. The inability
to identify transgender individuals and
other gender minorities has meaningful
implications for understanding occupa-
tional segregation and labor force par-
ticipation. Estimates from the 2015
United States Transgender Survey sug-
gest that, among respondents who
held a job in the past year, nearly one
in three (30%) reported some form of
mistreatment (e.g., getting fired or be-
ing denied a promotion) related to their
gender identity or expression.'? It is
important to note that although NHIS
has been collected since 1957, as of
2023, there are no measures of gender
identity or gender expression in the
NHIS, and it took more than 50 years
for a question on sexual orientation to
be added. These three dimensions of
social stratification have substantial
implications for occupational segrega-
tion and the related risk of premature
death.

In addition to measurement,
Eisenberg-Guyot et al. identified chal-
lenges with sampling, particularly in
that they needed to aggregate respon-
dents into one racially minoritized
group because of small cell sizes. Had
the authors been able to disaggregate
by race and gender in addition to social
class, or had they been able to include
currently incarcerated and other insti-
tutionalized populations excluded from
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the NHIS, wider inequities would likely
have been observed. To address the
underrepresentation of certain margin-
alized groups in population surveys,
sampling strategies will need to be
changed'" while being cognizant of re-
spondent burden, decreasing response
rates in federal surveys, and ensuring
respondent confidentiality. Intersec-
tionality can help guide these data col-
lection efforts.”

CONCLUSIONS

The article by Eisenberg-Guyot et al.
starkly contrasts the realities of living
and dying across social class strata in
the United States and, in doing so,
amplifies the need to change the struc-
tures that produce these inequities.
Their relational operationalization of
social class is a significant contribution
to public health research, and it should
also be acknowledged that their work
echoes what social movements have
already been articulating. Movement
builders have long worked toward shift-
ing power relations while also contrib-
uting to social theory on these issues.
Claudia Jones (1915-1964), for example,
was a Black woman, anti-imperialist,
antifascist, leading theoretician in the
Communist Party USA. Her writing on
the “super-exploitation” of Black women
identifies the gendered racism experi-
enced by Black working-class women,
and she did so for the express purpose
of political mobilization."? Similarly, the
Combahee River Collective contributed
theory that is foundational to intersec-
tionality’s structural understanding of
identity, while simultaneously building
collective identity as a political project.®
Our hope is not only that the relational
theorizing demonstrated by Eisenberg-
Guyot et al. sparks greater researcher
recognition for the centrality of capitalism

Jahn and Hernandez

and power relations in producing health
inequities but also that we do so to fur-
ther our collective liberation in the real
world. 4JpH
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fter 40 years of efforts to address
Ainequities in HIV prevention and
treatment, one of the most useful tools
to emerge is a framework for outlining
prevention and treatment services—
the HIV care continuum. Briefly, the
care continuum is a framework that
identifies the steps, or “bars,” a person
can take from time of HIV diagnosis,
treatment initiation, and retention in
care, to achieve viral suppression
(https://bit.ly/3MPscEQ). Utilizing this
framework can also elucidate the pres-
sure points at each stage of the contin-
uum where inequities persist, causing
widening of gaps that prevent people
from progressing successfully from
testing to treatment. Public health prac-
titioners can employ the care continu-
um framework to serve as a model for
what could have been an equity-based
approach to responding to COVID-19

and mpox and what should be an
equity-based approach for future
infectious disease outbreaks.

THE BAR BEFORE THE
BARS

Our collective experience in under-
standing the barriers to ending the

HIV epidemic in the United States has
identified critical pathways that stigma
in its multiple forms (e.g., racism, sex-
ism, ageism, poverty, homophobia) can
operate at each juncture of the care
continuum to reduce successful health
outcomes. The National Alliance of State
and Territorial AIDS Directors has iden-
tified these multiple forms of stigma as
the “bar before the bars” of the care
continuum (https://nastad.org/issues/
stigma). With respect to the mpox out-
break, stigma narratives shaped the

OPINIONS, IDEAS, & PRACTICE A]pl-l

public health response and policy deci-
sions, as well as individual engagement
with health care services. For

example, provider refusal to take thor-
ough sexual histories or physically
examine patients increased patient dis-
trust of providers and the health care
system overall. These implicit and ex-
plicit forms of stigma were key drivers
of delays in maximizing attainment of
each stage of a care continuum: timely
testing, diagnosis, and treatment. Rec-
ognizing the impact of stigma in all its
forms is central to address inequities in
care continuum outcomes and can be
instructive in reducing barriers to ad-
dress future outbreaks.

DELAYS IN TESTING

Hdlv

Initially in the mpox outbreak, limited
testing availability impacted patients
who were uninsured or underinsured
or lacked a primary care doctor. As a
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conseqguence, many people went from
emergency department to emergency
department because providers did not
initially recognize their lesions as mpox.
Others were tested and experienced
significant delays in diagnosis or were
seen in clinical settings with no clear
process for navigating patients to im-
mediate treatment. Furthermore, in
viral illnesses with skin manifestations,
there is the possibility of underrecogni-
tion of disease in darker skin tones on
the part of providers. It has been well
documented that clinician inability to
recognize certain diseases in darker
skin tones may lead to differential clini-
cal outcomes by race/ethnicity." Among
those ultimately tested and diagnosed,
significant internalized or anticipated
stigma concerns around disclosure to
friends or partners may have limited
contact tracing efforts as noted by
Cope et al. (p. 815 in this issue of A/PH)
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despite its recognition as a key strategy
for preventing the spread of infectious
diseases in outbreak settings.?

DELAYS OBTAINING CARE
AND TREATMENT

“Test-to-treat” strategies, commonly
recognized as an HIV management ap-
proach, were also used for COVID-19
responses with the expansion of treat-
ment options like nirmatrelvir/ritonavir.
With mpox, delays from time of speci-
men collection to diagnosis combined
with significant barriers to access tecov-
irimat (https://bit.ly/41CJHMF), the treat-
ment option presumed effective against
mpox, made a test-to-treat strategy
nearly impossible. In New York City,
mpox cases were also clustered among
people experiencing homelessness and
housing insecurity, as well as undocu-
mented immigrants or low-wage work-
ers, leaving these groups particularly
vulnerable to delayed treatment initia-
tion and preventable morbidity.

DELAYS IN ADEQUATE
VACCINE COVERAGE

The initial criteria for access to JYNNEOS,
the smallpox vaccine with presumed effi-
cacy against mpox, was based on a per-
son’s sexual preference and number of
partners. Early public health messaging
that provided inaccurate and incomplete
information gave a false sense of securi-
ty to people who did not have multiple
sexual partners or did not engage in
specific sexual acts thereby potentially
reducing early vaccination rates. Patients
also described fear of being seen at
mpox vaccination centers given the
stress of being “outed” as a member of
the lesbian, gay, bisexual, transgender,
queer, or questioning (LGBTQ+)

Editorial Pittsetal.

community or as someone with multi-
ple sexual partners.

In addition, mpox vaccine roll-out in
New York City was uneven at first, al-
though it improved drastically once
vaccine supplies were readily available.
However, the initial New York City vac-
cine stockpile was far from adequate
to administer to those at risk, forcing
health care authorities to develop strin-
gent eligibility criteria as described pre-
viously. Second, access to vaccine
appointments was complex, time con-
suming, tech dependent, and poorly
communicated across media outlets.
As vaccine distribution strategies were
enhanced given increased vaccine
availability, vaccine eligibility criteria
were relaxed (Kennedy-Shaffer, p. 778),
and supplies were allocated to
community-based organizations to dis-
tribute to already engaged clientele.?
Thus, the confusing and, at times, con-
tradictory messaging around vaccine
eligibility as well as implications for
those receiving vaccination may have
also played a role in contact tracing be-
coming less efficient at identifying ex-
posed contacts as noted by Cope et al.

MITIGATING THE HARMS
OF STIGMA

These recent outbreaks have reinforced
the need to diminish the impact of stig-
ma early and rapidly. Educational out-
reach directed toward communities,
policymakers, and health care workers
may reduce experiences of stigma

and enhance individual benefits and
population-level effectiveness of inter-
ventions. In our own experience at NYC
Health + Hospitals/Bellevue, we proac-
tively provided frequent informational
sessions to our staff covering the cur-
rent status of the mpox outbreak and

proper use of personal protective equip-
ment, and highlighted the low risk of
mpox transmissibility between patients
and health care staff. We stressed how
multiple forms of stigma, experienced
both inside and outside care settings,
could ultimately hinder timely testing,
diagnosis, access to treatment, and
vaccination.

FOSTERING AN
EQUITY-FOCUSED
CARE CONTINUUM

Our experiences with COVID-19 and
mpox reinforce the need to increase
access to health care for people who
are uninsured, underinsured, or lack a
primary care provider as early as possi-
ble during future outbreaks, as this is
paramount to reduce inequities along
the care continuum.

The following approaches can support
the establishment of an equity-focused
care continuum. First, with regard to
testing availability, the CDC's Social Vul-
nerability Index (https://bit.ly/3KOIKVf) is
a potential model that can be leveraged
to determine allocation of early testing
services. This approach prioritizes
bringing new testing and diagnostic
technology directly to those communi-
ties that are most vulnerable but also
have the least access to care. Second,
partnering with emergency depart-
ments early, given infected persons
may access their services throughout
the phases of an outbreak, is critical to
ensure all persons are assessed appro-
priately and linked for treatment if indi-
cated. Third, training medical providers
to initiate treatment at the time of test-
ing if clinical signs and symptoms are
suggestive of mpox, especially among
the groups with highest disease inci-
dence, can minimize gaps in treatment
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uptake. Fourth, patient navigators can
prove instrumental to optimize linkage
after diagnosis and adherence to treat-
ment. For vulnerable groups, such as
persons experiencing homelessness,
partnering with community-based orga-
nizations can enhance opportunities
for linkages to services (e.g., food pan-
tries, housing support) that can reduce
inequities in social determinants of
health that otherwise prevent marginal-
ized persons from being retained in
care. And, lastly, a robust telehealth ser-
vice that can offer disease management
support as well as referrals for addition-
al resources (mental health care, food,
shelter, and health care for their other
medical conditions) may enhance and
expand engagement in care.*

CONCLUSIONS

The 2022 mpox outbreak exemplified
inequities in health care as infections
were disproportionately concentrated
among Black and Brown and LGBTQ+
communities (https://bit.ly/3Awji)), with
limited access to testing, treatment,
and vaccinations. Our response to con-
trol future outbreaks of infectious dis-
eases must be centered around an
equity-based care continuum. The ap-
plication of a holistic care continuum
model for future outbreaks will permit
active monitoring of an epidemic as it
evolves, the reduction of various forms
of stigma, and identification of popula-
tions in most need of further resources
to enhance testing, treatment, and
engagement in care. The success of
such strategies relies on inclusive policy
and committed funding. The critical
lessons of mpox can set us up to equi-
tably respond to the next infectious
disease emergency, preventing unnec-
essary morbidity and mortality and

building a public health practice of
consequence. AJpH
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etween 2008 and 2018, US Immi-
B gration and Customs Enforcement
(ICE) apprehended more than two
million noncitizens in the United States.”
On any given day, ICE imprisons tens of
thousands of such individuals in more
than 200 jails or privately operated
facilities under prisonlike conditions.
Many imprisoned immigrants are held
for years, with limited access to attor-
neys or other constitutional protections
available under US criminal law. We re-
fer to these facilities as “immigration
prisons” because they have physical
and legal characteristics of prisons and
because immigrants experience them
as imprisonment.

From the early days of the COVID-19
pandemic, academics, advocates, and
imprisoned immigrants raised the alarm
that immigration prisons could facilitate
the vast spread of the virus, given the
overcrowding, poor conditions of con-
finement, and grossly inadequate health
care present in ICE's prison system,” cou-
pled with ICE's historic unresponsiveness
to violations of its own basic care stan-
dards. They also warned that ICE's poor
medical care could prove particularly
dangerous during a pandemic, because

Patleretal.

many detained people have health con-
ditions that create greater risk of poor
COVID-19 outcomes.* Although ICE even-
tually put mitigation efforts in place, the
monthly COVID-19 case rate among
imprisoned immigrants between April
and August 2020 was 5.7 to 21.8 times
higher than that of the US general pop-
ulation during the same period.® The
Washington Post editorial board labeled
ICE “the superspreader agency.”®

ICE's failure to prevent the spread of
the virus ultimately proved deadly: on
May 6, 2020, Carlos Escobar Mejia, a
57-year-old immigrant from El Salvador
who had lived in the United States for
40 years, was the first known person to
die of COVID-19 in ICE custody. Escobar
Mejia's death, like many that followed,
was entirely preventable. In their clear,
evidence-based commentary in A/PH in
January 2021,” a multidisciplinary team
of researchers led by William D. Lopez
emphasized that mass release would
be the most effective way—perhaps
the only way—to prevent the spread of
COVID-19 infection and death in immi-
gration prisons. The authors argued
that ICE's purported in-facility mitiga-
tion efforts were some of the least

effective ways to control outbreaks in
congregate settings and that ICE's his-
tory of failing to “effectively implement
[even] the most basic . .. controls”/®1™
would limit the success of any such
efforts. Indeed, medical researchers sub-
sequently showed that ICE's COVID-19
mitigation efforts significantly differed
from Centers for Disease Control and
Prevention guidelines regarding, for ex-
ample, testing and isolation protocols ®
Release from detention, Lopez et al.
argued, would be the safest and most
humane solution to mitigate the spread
of COVID-19 in immigration prisons.
The authors cited guidelines for safe
release into the community, which
were developed by the Women's Refu-
gee Commission, Physicians for Human
Rights, and Freedom for Immigrants.
Importantly, Lopez et al. distinguished
their call for mass release from selective
releases (which can be “inconsistent,
arbitrary, and discriminatory”) and depor-
tation (which would be both “inhumane”
and illegal if it circumvented established
administrative legal processes).”®'"?
Lopez et al. was frequently cited by
public health experts, advocates for
detained people, and, perhaps most
visibly, the World Health Organization
inits August 2021 special focus on
COVID-19 in prisons as evidence that
“SARS-CoV-2 transmission and other
health issues continue to be a chal-

n9(p8;

lenge in prisons,”?*® despite mitigation

measures.

CURRENT STATE OF
KNOWLEDGE AND
ACTION

The COVID-19 pandemic underscored
the acute dangers of carceral settings
such as immigration prisons, highlight-
ing an urgent need for greater risk
mitigation and decarceration more



generally. Lopez et al. provided an im-
portant entry point for those ongoing
conversations. Since their article’s pub-
lication at the end of 2020, several new
peer-reviewed studies using multiple
data sources have provided additional
evidence of the extensive and systemic
harms of immigration detention and
how mass release could mitigate many
of those harms in and outside the con-
text of a pandemic. We now review
some of this new work.

Recent research shows that ICE's re-
sponse to the pandemic may have in-
creased rather than mitigated health
harms, as predicted by Lopez et al. An
analysis of medical expert declarations
from detention facilities in six US states
in 2020 and 2021 found evidence of
medical mismanagement and neglect of
detained individuals.'® Another study,
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analyzing ICE administrative data from
2018 to 2022, found a significant in-
crease in ICE's use of solitary confine-
ment during the pandemic, despite the
practice being so harmful to mental
health that the United Nations defines
confinement longer than 15 days as
torture."" A third study examined ICE
administrative data to analyze sexual
assault allegations and found that
more than 70% of immigration prisons
reported sexual assault allegations dur-
ing the study period, with allegations
against facility staff significantly increas-
ing by 134% from 2019 to 2021."2
Recent research using data collected
directly from detained immigrants under-
scores how conditions of imprisonment
manifested in deleterious health conse-
guences, even outside the context of the
pandemic. An analysis of health survey
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data from detained immigrants in Califor-
nia found individual and cumulative asso-
ciations between conditions

of confinement and poor physical and
mental health." In another study using
interview data from formerly detained
immigrants in New York, immigrants per-
ceived detention as “harmful by design”
to their health and dignity."® That this
health-harming system continues is
especially problematic given strong evi-
dence that imprisonment is unnecessary
to accomplish its stated legal purpose of
ensuring compliance with immigration
legal proceedings.'*

Recent research has also substantiated
claims that the health harms of detention
could be mitigated through release: in
a panel study of individuals detained
in California and then released into the
community, participants reported fewer
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I FIGURE 1— Number of People in ICE Custody by Arresting Agency: TRAC, United States, May 4, 2019-March 12, 2023

Note. CBP = Customs and Border Protection; ICE = US Immigration and Customs Enforcement; TRAC = Transactional Records Access Clearinghouse.

Source. Authors' tabulations of data from TRAC, https://trac.syr.edu/immigration/quickfacts/detention.ntml.
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physical, psychological, and overall symp-
toms of stress, as well as improved gen-
eral health after release from detention
compared with during imprisonment."®
These results provide promising evidence
of the benefits of release.

ACTION TO MITIGATE
HARM

Ongoing and future health research
about immigration prisons can inform
and be informed by efforts outside aca-
demia by detained people and their
advocates. We now briefly highlight
several ongoing efforts to expose ICE's
inability to effectively control the pan-
demic in its facilities and push ICE to
implement better mitigation efforts,
which should include testing, vaccine
access, and mass release.

In April 2020, a class of imprisoned
immigrants at the largest ICE facility in
California, the Adelanto ICE Processing
Center, filed a lawsuit demanding that
ICE release enough people to permit
six-foot social distancing at all times, in-
cluding when sleeping.'® The district
court initially ordered a substantial pop-
ulation reduction, but ICE appealed that
order and won an interim ruling pre-
venting it from going into effect. Several
months later, a massive outbreak oc-
curred at the facility: 66 people—58
imprisoned immigrants and eight staff
members—tested positive in one week.
Shortly afterward, in October 2020, the
court of appeals ruled in the detained
peoples’ favor. The resulting release of
several hundred people constituted
the single largest population reduction
at any immigration prison during the
pandemic. The court's order remains in
effect as of February 2023.

In March 2020, a group of prison civil
rights lawyers filed a lawsuit demanding
that ICE identify medically vulnerable

Patleretal.

imprisoned immigrants in its custody
and then consider those individuals for
release in light of their unique vulnera-
bility during the pandemic. In the fol-
lowing months, the district court issued
several orders that led to the release
of medically vulnerable immigrants
across the country. An appellate court
reversed those orders in October
2021 but only after many releases
occurred.'” Numerous similar cases
were filed throughout the country.
There have been other advocacy
efforts as well, for example, attempts
to push state and local health depart-
ments to take more aggressive steps
to ensure that ICE pursued proper miti-
gation and vaccination efforts. Taken
together, these efforts sought to save
lives in the short term as part of longer-
term goals to end the use of imprison-
ment in immigration legal proceedings
altogether.

CONCLUSIONS

The population detained by ICE fell dur-
ing the COVID-19 pandemic (Figure 1)
to the lowest levels in 20 years, in large
part because of the closure of the bor-
der to people seeking asylum, court-
ordered mass releases such as those
described herein, and interruptions to
ICE field operations that limited new
apprehensions. However, although the
Biden administration has reduced fund-
ing for ICE detention beds,"® beginning
in 2021, ICE ramped up its operations
once again, and the detained population
has held steady between 20000 and
30000 people per day. This is largely
driven by Customs and Border Protec-
tion arrests (Figure 1), which are likely to
continue as the Biden administration
expands Trump era programs limiting
the admission of asylum seekers at the
border."®

Advocates continue to make the case
for decreased funding, and ultimately
abolition, of the immigration prison sys-
tem based on the extensive abuses in
facilities and robust empirical evidence
establishing that incarcerating immi-
grants is not necessary to ensure the
functioning of immigration laws. In the
interim, human rights attorneys continue
to advocate improved facility conditions,
such as decreasing reliance on solitary
confinement, improving access to legal
representation, and other reforms.

A robust body of research makes
clear that immigration imprisonment is
undeniably harmful—even deadly—for
detained people. Importantly, health
harms are not evenly distributed: re-
cent research provides evidence that
Black immigrants are overrepresented
in punitive or harmful conditions in ICE
facilities.*® Additional research is need-
ed to inform efforts to best protect the
health of historically marginalized and
vulnerable groups.

Public health professionals can contin-
ue to partner with legal professionals
and community advocates to document
the health harms of immigration prisons
and call for a system that is responsive
to scientific evidence and upholds hu-
man rights principles. This can include
a radical reenvisioning of a structure
designed to punish rather than heal.

The growing body of evidence is un-
equivocal: imprisoning immigrants is
harmful to health and unnecessary for
the operation of immigration legal pro-
ceedings. As long as mass incarceration
remains a key strategy of immigration
law enforcement, imprisoned people will
continue to experience the health harms
resulting from it. Congress can legislate
an end to imprisonment in immigration
legal proceedings. Indeed, many coun-
tries simply do not operate immigration
prisons, and the United States itself did



not do so for long periods of its history,
including for several decades after World
War Il. The dismantling of this harmful
system is critical to protecting health

in and beyond the context of a global
pandemic. AJPH
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he onset of the COVID-19 pandemic
Tin 2020 resulted in unprecedented
disruptions to every social and economic
facet of life." By March 2020, increased
case rates and state-mandated stay-at-
home orders prompted the closure of
public schools in all 50 states and terri-
tories of the United States.? For schools
with large populations of low-income
students who participate in the National
School Lunch Program and the School
Breakfast Program, school administra-
tors and staff expressed great concern
regarding potential increases in food
insecurity rates among students.'>
Children and adolescents that received
meals from these programs during
school hours no longer had access to
this important resource.

In November 2020, Kinsey et al. pub-
lished an original analytic essay in the
American Journal of Public Health that
(1) described the negative impact of
school closures on school meal delivery
and (2) summarized innovative strate-
gies implemented nationally and locally
to address the disruption in school
meal provision.* In this editorial, we
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reflect on the Kinsey et al. article, which
garnered significant media attention in
the United States and abroad following
its publication. In addition, we provide
our thoughts on the potential impact
of their work on research, practice, and
policy aimed at equitably improving
meal delivery in various settings.

A SHOCK TO THE SYSTEM

Prior to the pandemic, schools were a
critical part of the food and nutrition
safety net for American families.® More
than 30 million school-aged children
participate in the National School
Lunch Program and roughly 15 million
participate in the School Breakfast Pro-
gram.>® Collectively, these programs
provide free meals (eligibility: house-
hold income <130% of poverty level as
determined by the US Census Bureau)
or reduced-price meals (eligibility:
household income < 185% of poverty
level) to students every day to mitigate
risk of food insecurity.>® As schools
ceased in-person instruction in re-
sponse to rising COVID-19 infection

rates, millions of children lost access to
a stable source of nutrition assistance,
which resulted in significant increases
in food insecurity rates among children
and adolescents >

This nationwide disruption in school
meal delivery was an unforeseen chal-
lenge that many school districts were
not prepared to address.*’ Prior to the
onset of the pandemic, there was limit-
ed understanding of how school meal
service would respond in the event of
a nationwide disruption persisting for
many months.” Schools immediately
started pivoting to alternative models
of meal service, which included serving
school meals under the Seamless Sum-
mer Option or the Summer Food Ser-
vice Program.* Unfortunately, some
parameters governing these provisions
(e.g., meals must be consumed on the
school site, students must be present
to receive meals, only one meal can be
served at a time) presented logistical
issues incongruent with the nature of a
pandemic.*’ These challenges necessi-
tated a series of waivers from the US
Department of Agriculture (USDA),
which allowed schools to serve meals
with greater flexibility.* Studies con-
ducted to examine state, territory, and
jurisdiction responses to these waivers
highlighted the rapid-cycle dissemina-
tion efforts by authorities to provide
implementation guidance to school dis-
tricts and up-to-date communications
on meal pickup sites to families.”®

In the early stages of transition to
more flexible models of meal delivery,
schools and districts reported low par-
ticipation.* Accordingly, Kinsey et al.
undertook a rapid-cycle study to esti-
mate the magnitude of the problem,
and thus calculate the number of meals
not served (“missed”) because of the
transition from in-person to socially dis-
tanced meal provision.* Their analyses



of national data provided a figure of
1.15 billion missed meals due to school
closures.* This number was staggering
and naturally caught the attention of
several news outlets (n = 48) who issued
press releases (n = 63) on this research.®
Such media attention was paralleled by
scientific publications (n = 79 to date)
that cited the article for the purpose

of (1) highlighting calls to action related
to food insecurity, (2) studying food
insecurity-related issues exacerbated
by the COVID-19 pandemic, or (3) intro-
ducing relevant cross-sectional or inter-
vention research conducted in local,
national, or international settings.9 Itis
clear the Kinsey et al. article under-
scored major challenges and much-
needed innovations in meal service for
schools in the early months of the pan-
demic.* These innovations may prove
to be relevant to endeavors aimed at
improving meal delivery in other com-
munity settings.

WORKING OUT THE
KINKS

Despite describing several innovations
in school meal provision, the Kinsey
et al. article revealed gaps in knowledge
and unanswered questions regarding
the efficacy and feasibility of meal deliv-
ery.” These questions and gaps present
opportunities for researchers, practi-
tioners, federal policymakers, and com-
munities to (1) reflect on the challenges
and successes associated with the
COVID-19 pandemic and (2) identify
targeted areas for improvement. In do-
ing so, future food assistance efforts will
build on lessons learned and implement
strategies in an equitable manner ®
First, research is needed to critically
assess the efficacy of the federal
waiver rollout process. The Kinsey et al.
article highlighted how early COVID-19

legislation, such as the Families First
Coronavirus Response Act, gave the
USDA authority to grant waivers to
states so they can alter how school
meals are delivered.* Acting fast during
emergencies is essential to ensuring
that children and families are provided
support in a timely manner. The first
few nationwide waivers (granted in
March 2020) addressed major practical
concerns by allowing schools to offer
families flexible meal service times,
multiple meals at once in the same
day, and varied delivery options (e.g.,
grab-and-go, curbside pick-up, home
delivery).*” However, waivers issued in
the following months addressed system-
ic concerns by relaxing policies related
to eligibility criteria and reimbursement
rules for meals that do not meet nutri-
tional requirements.* To our knowl-
edge, there is a dearth of data on the
efficacy and acceptability of the waiver
rollout process. This research is neces-
sary to determine how well the rollout
timeline and order were received by im-
portant stakeholders such as school
administrators, cafeteria staff, and food
suppliers. In addition, this work will
identify potential waivers that should be
considered in the future. Kinsey et al.
mentioned that the USDA does not re-
imburse for travel expenses associated
with home delivery of meals.* Given the
resource accessibility issues that often
affect rural and blighted urban areas,®
federal policymakers should consider
this and other issues facing disadvan-
taged populations.

Second, more research is needed to
determine the role of key socioenviron-
mental factors in the design and imple-
mentation of meal delivery programs.
The meal delivery strategies implemen-
ted by some schools during the pan-
demic, particularly those in urban
areas, raised questions concerning
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transportation, public safety, and dis-
crimination.®"""'3 These socioenviron-
mental factors should be considered
when developing novel strategies to
equitably improve school meal delivery
and meal delivery in other settings.®'*
Prior research has linked insufficient
public and personal transportation to
adverse nutritional outcomes, such as
food insecurity, in communities with
low access to healthy food retailers
(e.g., supermarkets, grocery stores).""
Perceptions of personal safety and dis-
crimination can affect the food shop-
ping patterns and decision-making of
consumers, which include retailer
choice.®'3 Socially and economically
disadvantaged populations, such as
low-income individuals and people of
color, are more likely to report experi-
ences of discrimination and reside in
communities with high crime rates and
poor public transportation options." '3
Therefore, it is important to consider
these, and other relevant social deter-
minants of health, if the ultimate goal of
strategy development is to foster equity
across communities and populations.

THE FUTURE IS HERE

The findings and recommendations
presented in the Kinsey et al. article
suggest that the COVID-19 pandemic
has provided researchers, practitioners,
and policymakers with an opportunity
to improve meal provision efforts in
schools and other community settings.*
Improving meal provision, particularly
those programs serving socially and
economically disadvantaged popula-
tions, will strengthen the food safety
netin communities across the coun-
try."*"> In addition to the innovative
strategies described by Kinsey et al.,
individuals and organizations who hold
decision-making power should consider
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(1) encouraging the adoption of Com-
munity Eligibility Provision (CEP), (2)
facilitating sustainable public school-
academic institution partnerships, and
(3) engaging communities and families
in the strategy design and implementa-
tion processes.'*"> Adoption of CEP by
schools and school districts will allow
students with fluctuating incomes to
have access to meals, which provides a
healthier school meal model for low-
income and economically diverse com-
munities.”® Sustainable partnerships
between public schools and academic
institutions will facilitate the collection
and analysis of real-time data on deter-
minants of school meal implementation
and uptake, leveraging the expertise of
practitioners and the evaluation support
of researchers. And finally, engaging
community members, leaders, and fami-
lies will allow organizations that provide
meals to develop and introduce more ef-
fective and acceptable strategies. As the
field continues to study the pandemic’s
impact on nutrition, health, and well-
being, it is important to reflect on how
lessons learned can lead to equitable
improvements to public health. 4JPH

CORRESPONDENCE

Correspondence should be sent to Chelsea R.
Singleton, Assistant Professor, Department of
Social, Behavioral, and Population Sciences,
Tulane School of Public Health & Tropical Medi-
cine, 1440 Canal St, Suite 2200-20, New Orleans,
LA 70112 (e-mail: csingleT@tulane.edu). Reprints
can be ordered at http://www.ajph.org by clicking
the “Reprints” link.

PUBLICATION INFORMATION

Full Citation: Singleton CR, McLoughlin GM. Look-
ing back: how the COVID-19 pandemic provided

opportunity to equitably improve meal provision.
Am | Public Health. 2023;113(7):736-738.

Acceptance Date: March 15, 2023.
DOI: https://doi.org/10.2105/AJPH.2023.307294

CONTRIBUTORS

Both C.R. Singleton and G. M. McLoughlin con-
ceptualized this article, contributed to the writing,
and approved the final version.

Singleton and McLoughlin

ACKNOWLEDGMENTS

We acknowledge Eliza Kinsey and her research
team who published the article “School Closures
During COVID-19: Opportunities for Innovation in
Meal Service” in the November 2020 issue of A/PH.

CONFLICTS OF INTEREST

The authors have no conflicts of interest to
declare.

REFERENCES

1. Pereira M, Oliveria AM. Poverty and food insecurity
may increase as the threat of COVID-19 spreads.
Public Health Nutr. 2020;23(17):3236-3240. https://
doi.org/10.1017/51368980020003493

2. Krishnamachari B, Morris A, Zastrow D, Dsida A,
Harper B, Santella AJ. The role of mask man-
dates, stay at home orders and school closure in
curbing the COVID-19 pandemic prior to vaccina-
tion. Am J Infect Control. 2021;49(8):1036-1042.
https://doi.org/10.1016/}.ajic.2021.02.002

3. Wolfson JA, Leung CW. Food insecurity during
COVID-19: an acute crisis with long-term health
implications. Am J Public Health. 2020;110(12):
1763-1765. https://doi.org/10.2105/AJPH.2020.
305953

4. Kinsey EW, Hecht AA, Dunn CG, et al. School clo-
sures during COVID-19: opportunities for innova-
tion in meal service. Am | Public Health. 2020;
110(11):1635-1643. https://doi.org/10.2105/
AJPH.2020.305875

5. US Dept of Agriculture, Food & Nutrition Service.
The National School Lunch Program. Available
at: https://fns-prod.azureedge.us/sites/default/
files/resource-files/NSLPFactSheet.pdf. Accessed
February 7, 2023.

6. US Dept of Agriculture, Food & Nutrition Service.
The School Breakfast Program. Available at:
https://fns-prod.azureedge.us/sites/default/files/
resource-files/SBPfactsheet.pdf. Accessed February
7,2023.

7. McLoughlin GM, Fleischhacker S, Hecht AA, et al.
Feeding students during COVID-19-related
school closures: a nationwide assessment of ini-
tial responses. J Nutr Educ Behav. 2020;52(12):
1120-1130. https://doi.org/10.1016/}.jneb.2020.
09.018

8. McLoughlin GM, McCarthy JA, McGuirt JT, Single-
ton CR, Gunn CG, Gadhoke P. Addressing food
insecurity through a health equity lens: a case
study of large urban school districts during the
COVID-19 pandemic. / Urban Health. 2020;97(6):
759-775. https://doi.org/10.1007/s11524-020-
00476-0

9. American Public Health Association. Article
metrics: school closures during COVID-19: op-
portunities for innovation in meal service. Avail-
able at: https://apha.altmetric.com/details/
90540199/news. Accessed January 17, 2023.

10. Walker RE, Keane CR, Burke JG. Disparities and
access to healthy food in the United States: a
review of food deserts literature. Health Place.
2010;16(5):876-884. https://doi.org/10.1016/j.
healthplace.2010.04.013

11. Bartfeld JS, Ryu JH, Wang L. Local characteristics
are linked to food insecurity among households
with elementary school children. J Hunger Environ
Nutr. 2010;5(4):471-483. https://doi.org/10.1080/
19320248.2010.527278

. Cannuscio CC, Hillier A, Karpyn A, Glanz K. The

social dynamics of healthy food shopping and
store choice in an urban environment. Soc Sci
Med. 2014;122:13-20. https://doi.org/10.1016/j.
socscimed.2014.10.005

. Zenk SN, Schulz A, Israel BA, et al. Food shop-

ping behaviours and exposure to discrimination.
Public Health Nutr. 2014;17(5):1167-1176. https://
doi.org/10.1017/5136898001300075X

. McLoughlin GM, Walsh-Bailey C, Singleton CR,

Turner L. Investigating implementation of school
health policies through a health equity lens: a
measures development study protocol. Front
Public Health. 2022;10:984130. https://doi.org/10.
3389/fpubh.2022.984130

. Hecht AA, Olarte DA, McLoughlin GM, Cohen

JFW. Promising strategies to increase student
participation in school meals. Healthy Eating Re-
search. Issue Brief, November 2022. Available at:
https://healthyeatingresearch.org/wp-content/
uploads/2022/11/HER-Meal-Participation-Brief_
final.pdf. Accessed January 17, 2023.


mailto:csingle1@tulane.edu
http://www.ajph.org
https://doi.org/10.2105/AJPH.2023.307294
https://doi.org/10.1017/S1368980020003493
https://doi.org/10.1017/S1368980020003493
https://doi.org/10.1016/j.ajic.2021.02.002
https://doi.org/10.2105/AJPH.2020.305953
https://doi.org/10.2105/AJPH.2020.305953
https://doi.org/10.2105/AJPH.2020.305875
https://doi.org/10.2105/AJPH.2020.305875
https://fns-prod.azureedge.us/sites/default/files/resource-files/NSLPFactSheet.pdf
https://fns-prod.azureedge.us/sites/default/files/resource-files/NSLPFactSheet.pdf
https://fns-prod.azureedge.us/sites/default/files/resource-files/SBPfactsheet.pdf
https://fns-prod.azureedge.us/sites/default/files/resource-files/SBPfactsheet.pdf
https://doi.org/10.1016/j.jneb.2020.09.018
https://doi.org/10.1016/j.jneb.2020.09.018
https://doi.org/10.1007/s11524-020-00476-0
https://doi.org/10.1007/s11524-020-00476-0
https://apha.altmetric.com/details/90540199/news
https://apha.altmetric.com/details/90540199/news
https://doi.org/10.1016/j.healthplace.2010.04.013
https://doi.org/10.1016/j.healthplace.2010.04.013
https://doi.org/10.1080/19320248.2010.527278
https://doi.org/10.1080/19320248.2010.527278
https://doi.org/10.1016/j.socscimed.2014.10.005
https://doi.org/10.1016/j.socscimed.2014.10.005
https://doi.org/10.1017/S136898001300075X
https://doi.org/10.1017/S136898001300075X
https://doi.org/10.3389/fpubh.2022.984130
https://doi.org/10.3389/fpubh.2022.984130
https://healthyeatingresearch.org/wp-content/uploads/2022/11/HER-Meal-Participation-Brief_final.pdf
https://healthyeatingresearch.org/wp-content/uploads/2022/11/HER-Meal-Participation-Brief_final.pdf
https://healthyeatingresearch.org/wp-content/uploads/2022/11/HER-Meal-Participation-Brief_final.pdf

Reproduced with permission of copyright owner. Further reproduction
prohibited without permission.



How Green Spaces Can
Combat Gun Violence

in America

John E. Dobbs, MPH, and Joseph V. Sakran, MD, MPH, MPA

ABOUT THE AUTHORS

John E. Dobbs is a medical student at The George Washington University, Washington,
DC. Joseph V. Sakran is Vice Chair of Clinical Operations, Department of Surgery, Johns

Hopkins Hospital, Baltimore, MD.

t has long been known that bustling
I cityscapes—and the people who oc-
cupy them—benefit from well-designed
and maintained parks. Concrete, meet
grass. Building, meet tree. The thought
alone helps us breathe more deeply.
People in the United States have
benefited from urban parks since
Frederick Law Olmsted, the nation’s
most famous landscape architect, or-
chestrated the construction of New
York City's Central Park more than a
century ago. But there is one benefit,
in particular, that is both powerful and
underrecognized: green spaces can
reduce gun violence.

UNDERSTANDING THE
RELATIONSHIP

It may be hard to conceptualize how
green spaces have a direct effect on
gun violence, yet the scientific literature
is increasingly demonstrating this to be
true. A robust systematic review' found
that communities with more vegetation
suffer from less crime in general, and
although socioeconomic factors were
not accounted for, green spaces had a
particularly strong impact on reducing
gun violence. In terms of controlling for
the sociodemographic factors of in-
come, rates of poverty, age, and level of

education, a study out of Philadelphia,
Pennsylvania,” found that greening pre-
viously abandoned lots not only re-
duced gun violence but also produced
a significant positive economic impact
on the criminal justice system: greening
each abandoned lot yielded about

$43 000 in savings. Additionally, reme-
diating the vacant buildings in an area
led to a statistically significant 39% re-
duction in firearm assaults.

Although further evaluation is re-
quired to fully understand both the
multifaceted relationship and the direc-
tion of causality between public parks
and public safety, we know that well-
kept green spaces mitigate many of the
precipitating factors leading to epi-
sodes of gun violence. Green spaces
can reduce stress' and improve the
mental health of nearby residents >
They also support the entire communi-
ty by storing excess rainwater, cleaning
the air, and reducing the urban heat
island effect."®* The reduced tempera-
tures alone can lead to decreased epi-
sodes of aggression.”

Green spaces are also thought to
have an effect on the social fabric of a
community, contributing to the busy
streets theory,6 which identifies the fac-
tors that improve social cohesion in a
neighborhood while also reducing

OPINIONS, IDEAS, & PRACTICE A]pl-l

violence. Civic pride, residential engage-
ment, and activity in public are all key
attributes of thriving communities.
Green spaces support the busy streets
theory because it gives people a place
to congregate and something to take
care of. With more foot traffic comes
more opportunities for members of the
community to be on the watch for any
illicit activity, decreasing its likelihood to
occur in that area. These attributes are
also aligned with the third-generation
iteration of crime prevention through
environmental design, which is a meth-
od of crime reduction that focuses on
decreasing crime rates by making
spaces more livable in general.’

CURRENT SHORTFALLS

Hdlv

Although green spaces can yield many
benefits, communities with the greatest
need for green space receive the least
of it. These “nongreen” communities
are more likely to have residents that
identify as low-income and Black or
Latinx. These neighborhoods also often
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have the highest levels of gun violence.
Compared with their White counter-
parts, Black children and adolescents
are more than 13 times as likely to be
victims of gun homicide.? Latinx adoles-
cents and children suffer from gun ho-
micide at roughly twice the rate as
White children of the same age. To
make matters worse, 2021 homicide
rates were nearly 40% higher than
2019 numbers,? and these same Black
and Latinx communities are likely bear-
ing the brunt of this epidemic.

The collateral effects of this increased
carnage may take multiple forms. From
diverting limited hospital resources to
sowing more unrest in the community,
gun violence continues to be a disrup-
tive force that has thus far proven diffi-
cult to shake. New tactics need to be
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deployed to prevent these tragedies
from occurring in the first place. As
professionals in public health and med-
icine, we recognize the need for an
evidence-based approach as we tackle
some of the most complex public
health problems, such as gun violence.
One such solution should be to green
the communities suffering from high
rates of gun violence. In many cases,
communities with high rates of gun vio-
lence have a surfeit of vacant or under-
developed lots that are ripe for this
type of investment. In their current
form, these abandoned spaces are in-
hospitable for most forms of recreation
and are ideal locations for criminal ac-
tivity, which in turn increases the risk of
gun violence. If a green intervention
took place, many of the concepts out-
lined by the busy streets theory could
take form. New parks present new op-
portunities for community members to
engage in recreation. As more local
residents engage in these spaces, there
is not only a greater degree of social co-
hesion but also more opportunity for
community member surveillance of illic-
it and violence-prone activity. This
greater degree of surveillance will serve

as a strong disincentive for this sort of
activity in the future.

There are good examples of green in-
vestment taking root around the coun-
try. The High Line Network has brought
innovative green spaces to cities such
as New York; Philadelphia; Dallas, Tex-
as; and Atlanta, Georgia.'® One of the
best cases of this network in action is in
Washington, DC, which is building a
new bridge and corresponding park ad-
jacent to the historically Black neigh-
borhood of Anacostia.'! As these
spaces develop, we will have more op-
portunities to measure their impact on
gun violence.

THINKING CREATIVELY

Green space projects are not without
criticism: some decry them for their ca-
pacity to spur gentrification. These con-
cerns are well validated. Projects from
the Highline in New York to the Beltline
in Atlanta have made housing unafford-
able for nearby residents.'" However,
green spaces are valuable and essential

investments in communities that
have long been left out of the green
movements, such as those started by

Olmsted. Green spaces must be imple-
mented in a way that supports the
intended community without making
the surrounding area unaffordable, and
people undertaking current projects
are learning from the mistakes of their
predecessors. The 11th Street Bridge
Park in Anacostia is currently set to
spend nearly half of its $177 million"
budget on initiatives that directly com-
bat gentrification, including affordable
housing and training the nearby work-
force. The park also has active input
from the community through its land
trust, and this input helps the project
leaders effectively identify where and
how to allocate funds.

Similarly, Friends of the Rail Park, a
nonprofit in Philadelphia, is creating an
equitable development plan to better
support the surrounding community of
the Philadelphia Rail Park, which is a
project rehabilitating an unused railway
in the city (Figure 1)."2 With foresight,
community engagement, and thought-
ful allocation of capital, green spaces
can be created while minimizing the
gentrifying effects of its presence.

There is no silver bullet for reducing
gun violence in low-income communities,

I FIGURE 1— Philadelphia, Pennsylvania, Rail Park, Before and After Development: 2005, 2018

Source. Eric Cronin (March 26, 2005). Reading Viaduct in Philadelphia [Photograph]. Wikimedia Commons, https://commons.wikimedia.org/wiki/File:Reading_
Viaduct.jpgi#filehistory; airbus777 (October 8, 2018). The Rail Park, Philadelphia [Photograph]. Flickr, https://www.flickr.com/photos/erussell1984/44508073474/

in/photostream.
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particularly as they struggle against his-
torical injustices such as redlining and
persistent structural inequities in health
care and education. This intractable
problem requires a wide array of solu-
tions, and one such solution should be
investing in green infrastructure in
these communities. Municipalities, small
and large, should take advantage of
President Biden's infrastructure bil,"*
which provides $21 billion to clean up
historically polluted spaces across the
country, a disproportionate number of
which are in low-income communities
of color. If deployed thoughtfully
through new public green spaces, this
investment could significantly reduce
gun violence, yield positive returns for
decades to come, and right many of the
wrongs left by urban renewal.

HOW TO GET INVOLVED

There are still challenges to implement-
ing these measures. City planners
across the nation are already compet-
ing for the limited funding available to
green these spaces that have long
been ignored by society, and they could
use the support of their respective local
health care communities to achieve
these goals. Engaging with city leader-
ship can facilitate the creation of these
vital green spaces. Using our clinical
and investigational background, leaders
in medical and public health research
can delve into the relationship between
green space and gun violence, which
would generate the data required to
understand this connection and pro-
vide a roadmap to building and main-
taining safer communities. Even a social
media post can help raise the profile of
this important cause.

Leaders in medical and public health
research concerned with the unmitigat-
ed rise in gun violence can and should

use their expertise and credibility to
support the greening of cities they live
in. Although creating more parks is not
a panacea for gun violence prevention,
it is part of the solution to tackling

this uniguely American public health
problem. AJPH
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he COVID-19 pandemic has exac-
Terbated and highlighted gaps in
the US supply chain, including a critical
shortfall of truckers (i.e., those holding
a commercial driver's license [CDL]).
In response, in April 2022 the White
House launched a government, industry,
union, and veterans service organization
collaboration, Task Force Movement, to
recruit 80 000 veterans into the trucking
industry." Ten percent of employed US
veterans already work as truckers, and
many veterans complete their military
service with the capacity and skills to
succeed in the industry. As physicians
for veterans, we believe that Task Force
Movement's initiative to recruit new
veteran truckers to improve the supply
chain crisis presents an important op-
portunity to synchronize the effort with
strong action to mitigate truckers’ health
risks from a second American crisis, the
metabolic syndrome.

The cardiovascular, endocrine, hepat-
ic, and renal complications of the meta-
bolic syndrome are especially prevalent
and severe among truckers. Two thirds

Dunnetal.

of truckers are obese, and the majority
have the additional metabolic risk fac-
tors of sedentary activity; long, stressful
work hours; little sleep; and high-salt,
high-fat diets.?> The life expectancy of
unionized US male truckers in 2000
was 61.3 years (vs 73.2 years for all US
men), with ischemic heart disease as
the leading cause of excess mortality.*
If this reported premature mortality were
to remain unchanged, the 80 000 new
veteran truckers being recruited today
would face a loss of 952 000 life-years.
To mitigate the health risks of trucking
in general, and specifically to ensure
that veterans are not put at greater
risk by becoming truckers, it is critical to
provide them with the tools to engage
in preemptive, effective risk assessment
and mitigation. Risk mitigation is a well-
defined and widely taught military prac-
tice that most veterans have routinely
used during their service to ensure
health protection and mission suc-
cess.” We believe that improved truck-
er health and risk mitigation require
taking a series of specific actions in

occupational health, public health
policy, and education and advocacy.

OCCUPATIONAL HEALTH

Truckers enter their occupation by
earning a CDL. At present, the medical
standards set by the Federal Motor
Carrier Safety Administration for CDL
licensure are focused on drivers'’ ability
to safely operate a vehicle and on their
lack of disqualifying problems such as
illicit substance use, uncontrolled dia-
betes, hypertension, and seizure risk.®

The CDL medical standards should
be upgraded to provide drivers with an
actionable, personalized profile of their
occupational metabolic health risk de-
rived from (1) a subjective assessment
of sleep, physical activity, smoking, and
diet; (2) an objective examination of
body mass index, blood pressure, and
physical capacity with gait speed and
handgrip strength”; and (3) blood testing
for known predictors of cardiovascular
risk (low-density lipoprotein cholesterol),
diabetes complications (hemoglobin
A1C), kidney function (urinalysis and cre-
atinine), and risk for progression of fatty
liver disease (FIB-4 index, calculated
from age, aspartate and alanine amino-
transferases, and platelet count).® Newly
qualified CDL holders should meet with
a CDL medical examiner to review
specific health improvement recom-
mendations derived from a standard-
ized predictive risk model, such as a
patient-specific model with personal-
ized decision paths.’

STRUCTURE AND POLICY

In addition to focusing on individual
truckers, structural and policy actions
are needed to improve trucker popula-
tion health by supporting ease of access



to healthy food options at truck stops,
providing cost-free nicotine replace-
ment therapy for smokers, and creating
a nationwide network to provide free
or low-cost on-the-road access to com-
mercial exercise facilities and those
operated by the Department of Veter-
ans Affairs (VA). The financial sustainabil-
ity of trucker health requires creation of
health savings account plans to incen-
tivize healthy behaviors guided by
population-based modeling and simu-
lations."® Modeling should consider
heterogeneity among populations of
truckers: working conditions, the effects
of government regulation, compensa-
tion practices, time away from home,
and the impact of purchased out-of-
pocket versus employer-paid insurance
costs are markedly different between
employed drivers and independent
contractor owner-operators and be-
tween local delivery and long-distance
over-the-road truckers."”

These variable features of trucking
jobs serve as structural determinants
of health that can be modified through
deliberate design and regulation. Be-
cause improving trucker health involves
many related actions and processes,
the effort would benefit from integra-
tion through the tools of implementa-
tion science. VA clinicians have helped
develop implementation science as a
discipline to capture, codify, and create
a policy framework for systematic
adoption of successful behaviors and
practices.'?

Veteran truckers include individuals
fully eligible for and dependent on VA
health care and others without eligibili-
ty or who opt for non-VA care. All veter-
an truckers should be fully eligible for
the population health and health sav-
ings account actions just noted and
should be invited to engage in the VA's

MOVE! and Whole Health programs
(described subsequently).

EDUCATION AND
ADVOCACY

Although metabolic risk is prevalent
among truckers, it is also highly signifi-
cant that about one third of the truckers
involved in the studies cited here are not
obese and are metabolically healthy.>>
These healthy veteran truckers are a crit-
ically important resource because they
have learned how to incorporate into
their jobs prudent diet options, adapt-
able on-the-road physical activity, relaxa-
tion techniques, and healthy sleep
habits. They have the maturity, experi-
ence, and peer credibility to design,
lead, and advocate for metabolic risk
mitigation educational programs by
serving on the veteran advisory panels
that shape and assess such efforts in
VA health fadilities."® In addition, they
should be engaged by the Task Force
Movement partners—veteran service
organizations, industry groups, and
unions—who operate trucker appren-
ticeships to ensure that their CDL candi-
dates gain robust health risk mitigation
skills.”

Two existing VA programs have great
potential for improving trucker health.
The MOVE! program promotes healthy
diet choices, weight reduction, and
improved physical activity.'* It gives
veterans the ability to self-monitor their
physical activity with Web-enabled Fitbit
or Garmin monitors that can share data
with providers to help motivate and sus-
tain effort. The Whole Health program
aims to provide a veteran-centered ho-
listic framework for self-awareness and
wellness, placing veterans at the center
of care decisions and making use of in-
person and Web-based tools that sup-
port mindfulness, relaxation techniques,
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and complementary or alternative
therapy.'® The White House task
force recognizes the value of the whole
health concept.” Truckers should re-
ceive no-cost remote access to tele-
health and maobile telephone or video
connectivity to support their engage-
ment in MOVE! and Whole Health from
any location.

The data collection period for the cit-
ed report of premature trucker mortali-
ty was 1985 to 2000.* New baselines
and prospective monitoring are imper-
ative if we are to engage in thoughtful
implementation of new policies. We
need to know the current health status
of populations of over-the-road versus
local delivery truckers and employed
versus independent truckers to mea-
sure the effects of targeted actions
over time. Aggregate data from CDL
health assessments should be used to
guide future actions. Task Force Move-
ment should provide annual updates
on the state of trucker health with a
sharpened focus on measurable risk
reduction outcomes.

Is it beyond our capability to change
the future of metabolic syndrome risk
factors, illness, and mortality among
veteran truckers, all truckers, and all
individuals? We think not, given the suc-
cess of the United States' intentional
public health efforts to decrease smok-
ing in recent years and of the VA in its
hepatitis C eradication effort. The veter-
ans who will add to the trucker workforce
are already experienced in applying the
common military skill of risk mitigation
to a new situation. It is clear that solving
our supply chain and metabolic syn-
drome crises would benefit from con-
vergence of our thinking and actions on
both problems. Clinicians and leaders
can and must ensure that the new
truckers being recruited to improve
our supply chain will be afforded strong
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protection from the adverse effects of
the metabolic syndrome. 4JPH
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n this issue of A/PH, Ray et al. (p. 750)
I present important findings on the
relationships between local area indica-
tors of drug market activity, focusing

on the potential unintended conse-
quences of local area drug law enforce-
ment. Finding impacts of seizures on
overdoses in subsequent days within
local areas highlights the potential for
unintended consequences of law en-
forcement activities on indicators of
public health such as overdose.

The unintended consequences of law
enforcement activities around drug
markets and their impacts on people
who use drugs have long been docu-
mented in a range of studies."? This
ecological analysis by Ray et al. adds to
this literature with an interesting hy-
pothesis around a local area relation-
ship between drug market supply and
the tolerance of people who use drugs,
long known as a risk factor for opioid
overdose (e.g., Dietze et al3). Ray et al.
postulate two mechanisms by which
market disruption and the removal of
supply could impact tolerance—people
who consume drugs may shift supply
sources and obtain drugs of unknown
quality that they cannot tolerate or they
may reduce their use, leading to a

reduction in tolerance. They indicate
that they do not set out to specifically
test these hypotheses, and the limita-
tions of their cross-sectional ecological
design precludes such hypothesis
testing.

Indeed, the ready availability of high-
potency opioids and stimulants in US
drug markets® potentially undermines
this argument because it is not clear
whether the seizures in the study by
Ray et al. actually disrupted drug supply
or changed drug prices or the quality of
available drugs. Previous work on the
heroin market in Sydney, Australia, sug-
gests that seizures have little impact on
purity or availability in conditions where
heroin was readily available,” often
termed the heroin “glut” (a period of
sustained ready availability of cheap,
high-quality heroin),® and this may also
apply to current drug markets in
Indiana.

There are other potential explanatory
mechanisms that may underpin the
findings of Ray et al. Previous work has
established that local area market dis-
ruption can lead to riskier patterns of
use such as rushed injection or seeking
out more deeply hidden places to use
drugs.” These direct impacts observed
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in relation to street-based drug law en-
forcement may exacerbate the risks of
overdose—for example, more deeply
hidden spaces may limit the availability
of response.” Alternatively, displace-
ment to different places of drug use
may also impact tolerance.® A fine-
grained analysis of the locations of the
overdoses in the study by Ray et al.
could test whether displacement to risk-
ier locations occurred in response to
the seizures in their study. Complimen-
tary studies with people who use drugs
in the local areas could also help un-
pack the explanatory mechanisms of
their findings. Furthermore, police pres-
ence and operations in drug markets
antecedent to seizures may also pro-
duce displacement effects, and, so,
cataloguing and studying police opera-
tions may help unpack the causal paths.
The relationship between drug law
enforcement and public health is typi-
cally fraught. Performance indicators
around street-level drug law enforce-
ment are rarely specified beyond simple
metrics such as arrests and seizures,
which may not impact drug use and
harms such as overdose. Nevertheless,
drug supply is fundamentally important
to illicit drug-related harms. The Austra-
lian heroin “drought,” which occurred af-
ter the “glut,”
ruption to supply can reduce key
indicators of drug harms such as over-

shows how a major inter-

dose.® However, although law enforce-
ment operations are cited as one possi-
ble cause of the Australian heroin
drought,® these claims are contested,’
and there is currently no indication of
any abatement of the toxic illicit drug
supply in North America.

In the face of the North American
overdose crisis, new approaches and
policies around drugs are being trialed
that involve partnerships between law
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enforcement and public health (e.g.,

|.WO)

Formica et al.”). Although there are

serious concerns with some elements
of these approaches,"" and peer-led
models may prove superior in the long
run,’? a dialogue between law enforce-
ment and public health on their ap-
proach to drug law enforcement in the
context of the overdose crisis is at least
a step forward to the coordinated drug
strategy required to reduce the devas-
tating consequences of current prac-
tices in the United States. 4JPH
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he current opioid drug overdose
Tepidemic shows little sign of abat-
ing as more than 100 000 Americans
needlessly died of drug overdose in
2022." US efforts to mitigate this health
crisis have been insufficient, and we
need to reexamine our current drug
policy priorities, practices, and strate-
gies to ensure that they are based on
science and empirical evidence. Ray
etal, in this issue of AJPH (p. 750), ex-
amined the effects of police drug sei-
zures on overdose in Indianapolis,
Indiana, and found a consistent pattern
of increased drug overdoses. The
authors' findings suggest three strategic
public health priorities that we believe
are needed to improve our nation'’s re-
sponse to the current opioid overdose
crisis: (1) prioritizing cross-system and
interorganizational collaborations to
improve the effectiveness of existing
health care and social service re-
sources, (2) expanding the use of inno-
vative geospatial data and methods to
improve contextual understanding of

policy and program effects, and (3) pri-
oritizing demand reduction by expand-
ing current harm-reduction approaches
and implementing promising new

|u

“radical” but rational evidence-based

interventions to save lives.

IMPROVING
INTERORGANIZATIONAL
LINKS

Ray et al. advocate greater collaboration
among law enforcement and social ser-
vice agencies that serve people who
use drugs to prevent overdoses follow-
ing police drug seizures. Prioritizing in-
creased interorganizational links and
collaborations is essential not only be-
tween law enforcement and service
organizations but also across the many
institutions and health care and social
service systems already involved in miti-
gating addiction. The effectiveness of
existing service system resources in the
health care, addiction treatment, mental
health, and social services sectors can

OPINIONS, IDEAS, & PRACTICE A]pl-l

be far more effective through lowered
barriers and increased coordination,
collaboration, linkages, and integration
with one another to better serve the
multiplicity of needs of people strug-
gling with addiction. The siloing of these
systems of care and lack of integration
limits access to treatment and other
needed services, especially for people
of color, who are disproportionately af-
fected by structural barriers such as
poverty, racism, and stigmatization.

Unfortunately, fostering and sustain-
ing these collaborations to reduce
overdose is difficult given the disparate
missions and cultures of different sys-
tems and agencies. The field of imple-
mentation science provides theoretical
frameworks, interventions, measures,
and tools to improve the uptake and
implementation of evidence-based
practices across systems, such as local
change teams, needs assessments,
coaching and feedback, and data-
driven decision-making.? A good exam-
ple of this approach involves the
National Institute on Drug Abuse’s Jus-
tice Community Opioid Innovation Net-
work (JCOIN) initiative. Because of the
high prevalence of opioid use disorder
among people under criminal justice
supervision, this network's projects are
using implementation science methods
to guide the development and evalua-
tion of interventions that facilitate and
sustain linkages between criminal jus-
tice systems and treatment organiza-
tions to improve access to opioid use
disorder services?

USING INNOVATIVE
GEOSPATIAL METHODS

Ray et al. also illustrate the significant
contributions that geospatial analysis
can make to understanding and

addressing addiction. Geospatial data
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capture key social and environmental
determinants of health that relate to
substance use, such as neighborhood
disadvantage, segregation, and access
to health care.* Novel mapping and
geospatial statistical technigues, such
as spatiotemporal clustering, use such
data to reveal how environmental and
biopsychosocial factors interact to influ-
ence substance use behaviors and
treatment outcomes, both among
individuals and across communities.”
Interdisciplinary collaboration between
public health researchers and geospa-
tial scientists is key to advancing the ef-
fectiveness of drug policies, prevention,
and intervention programs aimed at re-
ducing overdose and other harms.

PROMISING RADICAL
HARM-REDUCTION
POLICIES

Although opioid overprescribing may
have fueled the overdose crisis by in-
creasing drug supply,® Ray et al. illus-
trate the limitations and complexities of
relying on supply-side interventions tar-
geting the illicit drug market. Consistent
with previous research concerning local
drug supply disruptions, the increased
incidence of overdose in their study
likely resulted from reduced tolerance
among users who cannot easily access
opioids, increased use of unfamiliar
fentanyl-contaminated polydrug combi-
nations, and seeking out unfamiliar
drug sellers who provide drugs with un-
known potency.’

Between 2014 and 2022, federal
funding for supply reduction efforts
(e.g., law enforcement and interdiction)
comprised 52% of the federal drug con-
trol budget. We are encouraged that
the fiscal year 2023 budget request for
President Biden's administration’s latest
national drug control strategy devotes

Stahleretal.

57% to demand reduction. The strategy
includes harm reduction as one of its
seven major policy priorities, along with
advancing racial equity in drug policy
and expanding recovery support ser-
vices (https:/bit.ly/43H7U6u; https://bit.
ly/3MW3nqs). Also, recent federal regu-
latory changes will increase access to
buprenorphine and naloxone.

Unfortunately, even with massive
efforts to link existing systems, expand
prevention programs, and increase
access to evidence-based opioid use
disorder treatment, there will still be
people who use drugs who do not have
an opioid use disorder but still use
opioids, people with opioid use disorder
who are either not yet ready to engage
in treatment or will never seek treat-
ment, and many for whom treatment
has been either effective or ineffective
who return to drug use. The increas-
ingly lethal illicit street drug supply, in
which fentanyl, xylazine, and other dan-
gerous adulterants predominate, places
these people at great risk for overdose.

You cannot treat the dead. It is for
groups of high-risk people that two ad-
ditional so-called “radical” but promis-
ing evidence-based harm-reduction
interventions are needed to save lives:
overdose prevention sites and safe
supply policies.

Research evidence suggests that
overdose prevention sites (i.e., safe in-
jection sites), where people who use
drugs inject under medical supervision,
are effective in reducing overdose
deaths and serve as a low barrier gate-
way to treatment and other services
without increasing opioid use or
crime.®? More than 160 sites have
been implemented in Europe, Canada,
and Australia, and two sites are cur-
rently operating in New York City, with
others planned in Rhode Island and
Philadelphia, Pennsylvania.” Rigorous

evaluations informed by implementa-
tion science should be undertaken to
assess the implementation and effec-
tiveness of these sites, including how
best to facilitate low barrier linkages to
treatment and other services.

Serious consideration should also be
given to modifying current prescribing
regulations to examine safe supply
interventions, such as heroin-assisted
treatment, in which pharmaceutical
grade opioids (e.g., hydromorphone
and diacetylmorphine) are prescribed
to divert people who use drugs to safer
alternatives and away from the unregu-
lated illicit drug market, where there is
high risk for overdose.'® One recent
systematic review found substantial
evidence of heroin-assisted treatment
effectiveness in increased treatment re-
tention and reduced illegal drug use
compared with methadone mainte-
nance treatment."’

As Ray et al. illustrate, addressing the
opioid overdose crisis strictly through
supply-side interventions is unlikely to
be successful, as the United States’
long history of prohibitionist drug con-
trol policies have shown.® Considering
the current lethality of the opioid crisis,
greater interorganizational linkages
and collaborations are needed among
treatment, health care, social services,
criminal justice, and harm-reduction
organizations to reduce treatment bar-
riers and increase access to needed
services. Harm-reduction interventions
should be scaled up for those most at
risk for overdose, including overdose
prevention sites and safe supply pre-
scribing policies, and rigorously evaluat-
ed with both traditional research and
innovative geospatial and implementa-
tion science methodologies. Our sys-
tems of care need to provide equitable,
nonstigmatizing, and respectful ser-
vices for all individuals who currently
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use drugs regardless of their stage in
the recovery continuum."? 4JpH
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Spatiotemporal Analysis Exploring
the Effect of Law Enforcement Drug
Market Disruptions on Overdose,
Indianapolis, Indiana, 2020-2021

Bradley Ray, PhD, Steven J. Korzeniewski, PhD, George Mohler, PhD, Jennifer J. Carroll, PhD, MPH, Brandon del Pozo, PhD,
Grant Victor, PhD, Philip Huynh, MPH, and Bethany J. Hedden, MSW

83 See also Dietze, p. 745, and Stahler et al., p. 747.

Objectives. To test the hypothesis that law enforcement efforts to disrupt local drug markets by seizing
opioids or stimulants are associated with increased spatiotemporal clustering of overdose events in the
surrounding geographic area.

Methods. We performed a retrospective (January 1, 2020 to December 31, 2021), population-based
cohort study using administrative data from Marion County, Indiana. We compared frequency and

characteristics of drug (i.e., opioids and stimulants) seizures with changes in fatal overdose, emergency

medical services nonfatal overdose calls for service, and naloxone administration in the geographic area

and time following the seizures.

Results. Within 7, 14, and 21 days, opioid-related law enforcement drug seizures were significantly

associated with increased spatiotemporal clustering of overdoses within radii of 100, 250, and

500 meters. For example, the observed number of fatal overdoses was two-fold higher than expected

under the null distribution within 7 days and 500 meters following opioid-related seizures. To a lesser

extent, stimulant-related drug seizures were associated with increased spatiotemporal clustering

overdose.

Conclusions. Supply-side enforcement interventions and drug policies should be further explored to
determine whether they exacerbate an ongoing overdose epidemic and negatively affect the nation’s life
expectancy. (Am J Public Health. 2023;113(7):750-758. https://doi.org/10.2105/AJPH.2023.307291)

he overdose epidemic has
Taccounted for nearly 1 million lives
lost in the United States in the past
2 decades.” Although the majority of
overdose deaths are opioid related,
the type of opioid involved and corre-
sponding mortality rates vary over
time, with fentanyl presently driving the
fatality count in opioid- and stimulant-
involved overdose deaths alike.?>
Emergency medical services (EMS)
are typically deployed in response to

Rayetal.

overdose and poisoning calls for ser-
vice, and EMS administer naloxone (an
opioid antagonist) when indicated to
reverse respiratory depression caused
by opioids. Although there are substan-
tial geographic and policy differences in
who administers naloxone and under
what circumstnaces,* the number of
EMS naloxone administrations per
capita are increasingly used for public
health surveillance purposes® and to
guide resource allocation.® However, the

search continues to identify factors
that reliably precede overdoses to trig-
ger and inform targeted prevention
efforts.”® We explored law enforce-
ment drug market disruptions as a
potential factor.

People can develop a tolerance for
opioids, although overdose occurs
when dosage exceeds tolerance to the
point of respiratory failure. Unknown
opioid tolerance at relapse is a docu-
mented overdose risk factor among


https://doi.org/10.2105/AJPH.2023.307328
https://doi.org/10.2105/AJPH.2023.307320
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the recently incarcerated'®'" and
those discharged from residential
treatment and withdrawal manage-
ment settings.'?"2 Reductions in toler-
ance can occur after any involuntary
disruption of an individual's opioid sup-
ply, and accidentally ingesting a dose
beyond one's tolerance can be fatal.
This mechanism accounts for the sec-
ond wave of the overdose epidemic,
when consumers shifted from pharma-
ceutical opioids to heroin. Heroin is a
much less consistent and predictable
product, increasing the dangers that
come of unknown tolerance, especially
overdose risk.>"*

This same mechanism has been
documented as occurring in the illicit
drug market following disruptions from
an arrested supplier and consumers
contending with new and potentially
unfamiliar products.''® The impact of
these drug market disruptions may be
particularly salient for people who use
opioids, who can experience painful
withdrawal symptoms and diminished
biological tolerance even after short
periods of abstinence."® There is also
a risk for people who knowingly use sti-
mulants but are opioid naive and, thus,
have lower opioid tolerance; they might
seek a new supplier following a drug
market disruption and then overdose
from fentanyl-contaminated stimulants.®

We tested the hypothesis that law en-
forcement efforts to disrupt local drug
markets through routine supply-side
interdictions—as measured by police
seizures of opioid- and stimulant-
related substances—are associated
with increased spatiotemporal cluster-
ing of fatal and nonfatal overdoses, as
well as increases in EMS naloxone ad-
ministration, in the area surrounding
the seizure. Although the analytical
methods we employed cannot estab-
lish causality, we hypothesized that the

causal mechanism for an association
lies in the disruption of a person’s abili-
ty to obtain a substance they can accu-
rately dose; this is because that supply
has become unavailable, resulting in
their transition to an alternate supply
with no knowledge of its potency or
their ensuing tolerance.'"''> Given
the potential for withdrawal and over-
dose because of unknown tolerance
among opioid users, we hypothesized
an association with EMS naloxone ad-
ministration following opioid-related
seizures. But with the potential for
unintentional opioid consumption
among stimulant users, we also ex-
plored naloxone administration associ-
ated with stimulant-related seizures.

METHODS

We performed a retrospective, 2-year,
population-based study by using ad-
ministrative data from Marion County,
Indiana. Marion County is the largest
county in the state, with a population
of nearly 1 million, and is home to Indi-
anapolis, the state capital and 15th
largest city in the nation.'” We selected
Marion County because it accounts for
a quarter of Indiana's overdose deaths,
with a mortality rate higher than the
national average, and because of the
availability of point-level event informa-
tion across multiple data sources that
are required to test our spatiotemporal
hypothesis. The 3 sources of data col-
lected between January 1, 2020, and
December 31, 2021, and used in this
study included (1) property room drug
seizure data from the Indianapolis Met-
ropolitan Police Department, (2) fatal
overdose data from the Marion County
Coroner’s Office, and (3) nonfatal over-
dose calls for service and naloxone
administration data from the India-
napolis Emergency Medical Services.

RESEARCH & ANALYSIS

We conducted our analyses using R
version 4.2.0 (RStudio, Boston, MA).

Drug Interdiction

Information on drug seizures included
the location (street address), time, date,
and physical description of the sub-
stance (based largely on law enforce-
ment observation and discernment of
the substances). We removed all inci-
dents (which are not mutually exclu-
sive) in which a drug seizure was not
disruptive (e.g., a police-controlled pur-
chase as part of an investigation, a
found substance); that took place in a
geographical area not in the communi-
ty (e.g., an airport or hospital, police fa-
cilities where materials are identified);
or that did not meet substance criteria
(i.e., seizures of substances other than
opioids or stimulants or consisting of
only drug paraphernalia). We removed
drug seizures with unknown or missing
drug incident data and then subclassi-
fied seizures as opioid related (e.g., fen-
tanyl, heroin, morphine, prescription
opioids) or stimulant related (e.g., amphe-
tamines, cocaine, methamphetamines)
based on the reported descriptions.
Per administrative property room
data, each confiscated item is consid-
ered a unique event; therefore, 1 inci-
dent could have multiple items, and we
included each item as an event in this
study. Thus, events do not refer to the
number of law enforcement interdic-
tion events, but the number of times
opioids or stimulants were logged
across all interdiction events. Although
information on precise quantity is limit-
ed because of the lack of confirmatory
toxicological results on the seized sam-
ples, we normalized information to
metric grams and used Indiana criminal
codes to determine that 10.4% of all
drug seizures were considered large
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(Table A, available as a supplement to
the online version of this article at
http://www.ajph.org).

Fatal and Nonfatal
Overdoses

We looked at 3 overdose outcomes.
We identified fatal overdoses using the
death certificate and toxicology results
for all accidental drug overdose events
(code X40-X44 of International Classifica-
tion of Diseases, 10th Revision [Geneva,
Switzerland: World Health Organiza-
tion; 1992]) from coroner records. Toxi-
cology data provided information about
substances detected using thresholds
set by the testing agency, and we deter-
mined location from the place of injury.
However, we examined fatal overdoses
without subclassification by underlying
substance because most were poly-
drug overdoses. We defined nonfatal
overdoses as any event in which nalox-
one was administered and a chief
complaint or mechanism of injury was
recorded as overdose or poisoning,
and we looked separately at the nalox-
one administration event. Although
other sources provide nonfatal over-
dose data (e.g., emergency depart-
ments), we chose EMS events based

on previous research'® and the ability
to measure their spatiotemporal prox-
imity to seizures, removing events that
occurred in a hospital setting.

Statistical Analyses

In our primary analysis, we first used
the Knox test statistic () to identify ex-
cess space-time clustering between
police seizures of opioid- and stimulant-
related drugs and drug overdose events
occurring in the surrounding area over

a specific interval of time. To further ex-
plore potential time order of associations,

Peer Reviewed  Rayetal.

we then tested for differences in space-
time clustering of overdose events before
versus after police drug seizures (Ax).

Magnitudes of association. Informed by
earlier studies,'?%°
2-sample Knox test statistic () to iden-
tify excess space-time clustering be-

we calculated the

tween police drug seizures (i.e., opioid
related and stimulant related) and
overdose (i.e., fatal overdose, nonfatal
overdose, and naloxone administra-
tion), where k consists of the count of
overdose events within r days and a
radius of & meters of drug seizures:
() w=>_ (X=X < | =t | <7}.
(i)

In equation 1, x; (£) is the location
(time) of drug seizure J, on (tj") isthe
location (time) of overdose event j, and
1 is the indicator function. To determine
excess clustering of overdose events,
we compared the Knox statistic with a
null hypothesis in which the 2 processes
are independent, with the null distribu-
tion constructed by randomly shuffling
event times ¢ of the drug seizures while
keeping the locations and event times
of the overdoses fixed. We used 200
realizations of reshuffled event times
to quantify uncertainty in the null distri-
bution of k to disentangle the time or-
dering of drug seizures and overdose
events with the following form, where
the count of overdoses within a radius
of & meters and T days before a seizure
was subtracted from the count of over-
doses within a radius of 8 meters and =
days after a seizure:

(2) Ak=Y {[[x—x7 || <8, 0<t?—t'<7}
()

=Y =7 | <8, —r<t?—t/<0},
(i)

Based on previous research,?' we ex-
amined radii of 100, 250, and 500 meters
at durations of 7, 14, and 21 days, re-
spectively, and given the total number
of seizure events, we report our results

in all figures, supplemental tables, and
text as per 100 seizure events.

Pre-post differences. Because overdose
events can occur before and after drug
seizures, we used a pre-post design to
establish time order. First, we estimat-
ed a 95% confidence interval (Cl) for
the expected difference in overdose
events under a null distribution (i.e., no
association between police seizure and
overdose events) of pre-post test dif-
ferences (i.e., Ak, which can be positive
or negative, with a positive value of Ak
indicating more overdose events clus-
ter after drug seizures) by resampling.
We then calculated observed pre-post
test differences in event rates. Observed
numbers of drug overdose events

per 100 police drug seizures (k) and
pre-post test differences (Ak) that lie
outside the 95% Cls estimated under
the null hypothesis of no association
are statistically significant.

RESULTS

Figure 1 describes how we arrived

at the final sample of opioid- and
stimulant-related drug seizures, and
Figure 2 displays their association with
overdose events (fatal and combined
nonfatal events) in 6-month increments
over the 24-month study period (Figure A
[available as a supplement to the online
version of this article at http://www.
ajph.org] animates the daily patterns).
There were 2110 opioid-related and
3039 stimulant-related drug seizures
during the 24-month study period,
representing an average of 7.0 drug sei-
zures per day (range = 0-22). The mean
for opioids and stimulants, respectively,
was 2.9 and 4.2 drug seizures per day.
Death data showed 1171 fatal over-
doses, and EMS data showed 12 590
nonfatal overdoses, of which 51.0%
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EXCLUSIONS

Nondisruptive
Police-controlled purchased or found substance
Aperts os
Airports, hospitals, police facility
Substance
Nonopioid and nonstimulant substances
4278 Seizures that involve paraphernalia only and no substance

876 Insufficient Information
Missing/unknown drug type

[ 3039 ][ 2110 ]
Opioid

Stimulant

FIGURE 1— case Determination of Drug Seizure Events From Property
Room Data to Determine Final Sample: Marion County, IN, 2020-2021

Note. Records ranged from January 1, 2020, to December 31,2021, and included 23 092 seizure
events. Nondisruptive seizures included those coded as found, stolen, or nonevidentiary, whereas
geographic removals included 98 events at an airport or hospital and 944 events with the police
district coded as the location. For substance exclusions, 84.1% of the 5766 substances that were
not coded as opioids or stimulants were cannabis related. After these exclusion criteria, there were
14.5% (n = 876) events without complete information on the substance or location, resulting in a
final sample of 5149. Seizure events were not mutually exclusive because 244 cases were both

opioid and stimulant related.

(n = 6419) included naloxone adminis-
tration. These data represent an aver-
age of 1.6 fatal overdoses per day
(range = 0-7), 17.2 nonfatal overdoses
per day (range = 4-35), and 8.8 naloxone
administrations per day (range = 0-21).

Magnitudes of Association

Police seizures described as opioids
were significantly associated with spa-
tiotemporal clustering of fatal overdoses,
nonfatal overdoses, and naloxone
administrations at all selected time and
distance parameters used in the analy-
sis (100 m at 7 days, 250 m at 14 days,
500 m at 21 days; Figure 3; Figure B
[available as a supplement to the online
version of this article at http://www.ajph.
org] provides the full set of compari-
sons). For example, the expected num-
ber of fatal overdoses within 500 meters
and 21 days of opioid-related drug sei-
zures ranged from 18.0 to 22.7 per

100 drug seizures, so the observed

rate of 23.6 was higher than expected
under the estimated null distribution.
Stimulant-related drug seizures were
also significantly associated with in-
creased spatiotemporal clustering of
overdose events but only at a distance
of 100 meters within 7 days; the pattern
of association was stronger for nonfatal
overdoses.

Pre-Post Differences

Figure 4 shows the observed pre-post
drug seizure differences in overdose
events versus what was expected under
the null distribution (Figure C [available
as a supplement to the online version
of this article at http://www.ajph.org]
shows the same for all time and dis-
tance parameters used in the analysis).
The difference in fatal overdoses and
naloxone administrations before and af-
ter opioid-related seizures was signifi-
cantly greater than expected under the
null distribution. By contrast, only at a

RESEARCH & ANALYSIS

distance of 100 meters over 7 days were
the observed pre-post test differences
in nonfatal overdoses higher than
expected under the null distribution.
There were fewer statistically differ-
ent changes from the estimated null
distribution following stimulant-related
seizures. Only at 100 meters within
7 days was the observed pre-post test
difference in fatal overdoses following
stimulant-related seizures higher than
expected under the estimated null
distribution. Moreover, the observed
pre-post test difference in nonfatal
overdoses with stimulant-related drug
seizures was lower than expected com-
pared with the estimated null distribu-
tion only at 250 meters within 14 days.

DISCUSSION

Our population-based study provides
evidence that police seizures of sub-
stances identified as opioids or stimu-
lants are significantly associated with
increased spatiotemporal clustering
of overdose events in the immediate
surrounding geographic area (radii of
100 m, 250 m, and 500 m) over 1-, 2-,
and 3-week periods. Importantly, the
difference in spatiotemporal clustering
of all 3 overdose event rates before
and after opioid-related seizures was
higher than expected under the esti-
mated null distribution across all radii
and time intervals although this pattern
of association was less consistent
among stimulant-related seizures. This
is consistent with our hypothesized
mechanism because persons with opi-
oid use disorder who lose their supply
will experience both diminishing toler-
ance and withdrawal, whereby even the
anticipation of painful symptoms may
lead them to seek a new supply while
discounting risks that stem from the
differences in potency inherent in an
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FIGURE 2— Drug Seizures (Opioid-Related and Stimulant-Related) and Overdose (Fatal Overdose, Nonfatal Overdose,
and Naloxone Administration) Events Over 6-Month Increments (a) Jan 1-Jun 30, 2020, (b) Jul 1-Dec 31, 2020, (c) Jan 1-Jun
30, 2021, and (d) Jul 1-Dec 31, 2021: Indianapolis, IN

Note. Drug seizures include both opioid- and stimulant-related events; overdose events include both fatal and nonfatal, which include naloxone

administrations.

illicit opioid market; this results in un-
known tolerance, uncertainty about a
safe dose, and increased overdose risk.
We were unable to assert a causal
relationship between law enforcement
drug market disruptions and overdose,
and our study was not designed to, but
our results are consistent with other

Peer Reviewed  Rayetal.

evidence of this association.®1922-24

Moreover, federal agencies already
recognize the harms that emerge from
these disruptions; for example, the Cen-
ters for Disease Control and Prevention
developed the Opioid Rapid Response
Program, an interagency effort designed
to reduce overdose by rapidly increasing

access to treatment of chronic pain and
substance use disorder in the wake of
enforcement actions against pain clinics
and opioid prescribers.>?° Routine
supply-side interdictions among police
may merit similar efforts to prevent
resulting overdose in the surrounding
community—but with more frequent
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FIGURE 3— spatiotemporal Associations Between Opioid-Related and Stimulant-Related Drug Seizures and Fatal =
Overdose, Nonfatal Overdose, and Naloxone Administration Events: Marion County, IN, 2020-2021 S
w
Note. admin = administration; Cl = confidence interval; FC = fold change observed vs expected. s
©
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FIGURE 4— observed vs Expected Pre-Post Differences in Spatiotemporal Associations Between Opioid-Related
and Stimulant-Related Drug Seizures and Fatal Overdose, Nonfatal Overdose, and Naloxone Administration Events:
Marion County, IN, 2020-2021

Note. admin = administration; Cl = confidence interval; FC = fold change observed vs expected.
“The observed pre-post difference is compared to the 95% Cl for the expected difference estimated under the null distribution.
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need, given the prevailing volume of
seizures.

Officers might also use the consider-
able discretion at their disposal when
interacting with persons who use
drugs, particularly in enforcing misde-
meanaors or nonviolent felonies that
regulate drugs to reduce harms that
might come from disrupting an indivi-
dual's drug supply.?” Additionally, our
study suggests that information on
drug seizures may provide a touchpoint
that is further upstream than other
postoverdose events, providing greater
potential to mitigate harms. For exam-
ple, although the role of law enforce-
ment in overdose remains a topic of
debate,?® public safety partnerships
could entail timely notice of interdiction
events to agencies that provide over-
dose prevention services, outreach,
and referral to care.?”

Efforts to disrupt the illicit drug sup-
ply have historically incentivized poten-
cy to minimize volume (and therefore
transportation risk) and maximize prof-
it, bringing the United States from an
overdose epidemic fueled by prescrip-
tion medications to illicitly manufactured

fentanyl.”?

As drug markets become less
predictable and morbidity and mortality
among people who use drugs increases,
it is critical that communities not only
create low barrier access to evidence-
based treatment but also implement
harm reduction strategies that directly
address supply-side drivers of acciden-
tal overdose. Naloxone distribution,
drug-checking, and overdose preven-
tion sites are strategies first developed
and implemented by people who use
drugs that can be facilitated or en-
hanced by law enforcement coopera-
tion through exceptions or “carve-outs”
of drug criminalization to protect public
health.%3! These practices provide
people who use drugs with shelter from

Peer Reviewed  Rayetal.

the harms of drug policy but fall short
of reassessing and revising policies that
might prevent these harms in the first
place 3233

Moreover, to explore whether poli-
cies or practices affect the association
between seizures and overdose ob-
served in this study, it is critically impor-
tant to replicate our analysis in other
jurisdictions that are more or less puni-
tive to determine whether seizures are
associated with overdose in jurisdic-
tions where people have access to a
wider range of overdose prevention
practices. For example, Indiana’s Good
Samaritan Law (Indiana Code Title 16.
Health § 16-42-27-2(g)-(h)) provides
immunity from prosecution for drug
possession provided the person ad-
ministered naloxone and remained
on the scene to cooperate with first
responders. However, this law offers
no protections for the overdose victim,
which is uncommon for such laws and
may contribute to decreased overdose
calls for service in Indianapolis.>* Addi-
tionally, although a legal framework for
syringe service programs is in place, the
unauthorized possession of syringes
remains a felony crime in Indiana (Indi-
ana Code Title 16. Health § 16-42-19-18)
and may contribute to arrest following
overdose calls for service,?” likewise cre-
ating hesitancy to summon help.

Limitations

As with all observational studies, we
cannot infer causality from the statisti-
cal associations. Although our use of
the Knox test was novel and well suited
to test our spatiotemporal hypothesis,
it did not allow us to consider the influ-
ence of community-level factors that
might affect results. Additionally, the
setting of this study was 1 urban catch-
ment area, yielding findings that may

not be generalizable to rural settings or
urban areas with different population
characteristics or policy environments.
We also do not know whether police
actively targeted areas at greater over-
dose risk with an incidental frequency
that enhanced the appearance of a
pattern.

We relied on administrative data that
are inherently subject to measurement
error. Lack of information about the
precise substance and quantity of each
seizure or the characteristics of people
subject to related enforcement, includ-
ing association with the drug market as
a supplier or consumer, inhibited our
ability to explore these factors as po-
tential sources of variation. We do not
know whether these results would gen-
eralize to an illicit opioid market con-
sisting mainly of analgesics or heroin
when estimating dosage under uncer-
tain circumstances. Both substances
are much less potent than fentanyl and
provide a larger margin of error. We
also have no information to inform us
of whether there should be a lagged
time between seizures based on time
to loss of supply, considering that peo-
ple do not run out of their supply the
moment a nearby seizure occurs.

Our measure of nonfatal overdose is
also limited because fear of arrestis a
well-established deterrent to calling
911 to report an overdose and because
community naloxone administration
often goes unreported. Certain popula-
tions are more likely to administer nal-
oxone themselves or less likely to call
911, especially if previous incidents
resulted in incarceration. It is also con-
ceivable that EMS responses vary by
neighborhood, that community-level
naloxone distribution is affecting results,
or that high-profile law enforcement in-
terdiction events may result in a tempo-
rarily reduced willingness to call EMS for



overdose emergencies. However, these
factors would bias our findings toward
the null hypothesis, rather than away
from it.

Public Health Implications

Our study adds to a growing body of lit-
erature that suggests drug criminaliza-
tion and supply-side interdiction might
produce more public harm than public
good. This casts doubt on the core as-
sumption of state and federal drug
policy and suggests that police officers
intending to protect the public's health
and safety may be inadvertently exacer-
bating harms such as fatal overdose.
Policymakers need to revisit the role
drug policies play in perpetuating an
overdose epidemic that is negatively
affecting the nation'’s life expectancy.
This should include careful consider-
ation of the population-level conse-
guences from decades of interdiction
efforts that have not resulted in any
meaningful reduction in the price or
availability of drugs in the community
over any substantial period and may
contribute to increased risk of overdose
and its sequelae, including death. 4JPH
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Social Vulnerability in US
Communities Affected by Wildfire
Smoke, 2011 to 2021

Jason Vargo, PhD, MPH, Brooke Lappe, MPH, Maria C. Mirabelli, PhD, MPH, and Kathryn C. Conlon, PhD, MPH

> & See also Eisenman, p. 724.

RESEARCH & ANALYSIS A]pl—l

Objectives. To describe demographic and social characteristics of US communities exposed to wildfire

smoke.

Methods. Using satellite-collected data on wildfire smoke with the locations of population centers in

the coterminous United States, we identified communities potentially exposed to light-, medium-, and
heavy-density smoke plumes for each day from 2011 to 2021. We linked days of exposure to smoke in
each category of smoke plume density with 2010 US Census data and community characteristics from
the Centers for Disease Control and Prevention’s Social Vulnerability Index to describe the
co-occurrence of smoke exposure and social disadvantage.

Results. During the 2011-t0-2021 study period, increases in the number of days of heavy smoke were
observed in communities representing 87.3% of the US population, with notably large increases in
communities characterized by racial or ethnic minority status, limited English proficiency, lower
educational attainment, and crowded housing conditions.

Conclusions. From 2011 to 2021, wildfire smoke exposures in the United States increased. As smoke

exposure becomes more frequent and intense, interventions that address communities with social
disadvantages might maximize their public health impact. (AmJ Public Health. 2023;113(7):759-767.
https://doi.org/10.2105/AJPH.2023.307286)

n recent years, wildfires have, on av-
I erage, burned more than double the
acreage per year compared with earlier
decades. In the 1990s, 3.3 million acres
were burned per year, while in 2021,
7.1 million acres were burned.! Smoke
from wildfires compromises air quality
by increasing concentrations of particu-
late matter (PM), ozone, polycyclic aro-
matic hydrocarbons, volatile organic
compounds, and other harmful air pol-
lutants®™ that have well-described
impacts on respiratory disease and all-
cause mortality.>® Projected wildfire
trends in the United States predict in-
creasing risk of exposure to wildfire

smoke” because of increases in weather-
and climate-related factors associated
with wildfire risk, including heat, drought,
and wind speed.®

Smoke, also referred to as wildland
or wildfire smoke, can travel thousands
of miles, potentially exposing distant
populations, including communities
less prepared for smoke.”'® The move-
ment and coverage of wildfire smoke
over large areas may result in similar
exposures for neighboring communi-
ties; however, wildfire risk can vary spa-
tially by population susceptibility and
adaptive capacity, or the ability to ab-
sorb, recover, and modify exposure to

wildfires."®"> As with other ambient
climate hazards, such as extreme heat,
the social and community characteris-
tics that determine adaptive capacity
may play an important role in explain-
ing health disparities related to wildfire
smoke.'®™”

Wildfire smoke exposure is associat-
ed with asthma exacerbations, chronic
obstructive pulmonary disease, respira-
tory infections, myocardial infarction,
ischemic heart disease, heart failure,
dysrhythmia, pulmonary embolism, is-
chemic stroke and transient ischemic
attack, out-of-hospital cardiac arrests,
and all-cause mortality."®?° Public health
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recommendations to reduce exposure
to wildfire smoke currently include
recommendations to stay indoors in
places with adequate air filtration, reduce
activity during smoke events, reduce oth-
er sources of indoor air pollution, use air
filters, and, for those who cannot stay in-
doors (e.g., agricultural and outdoor
workers),?" wear suitable respiratory pro-
tection when outdoors.?

Making these types of changes can
be especially difficult for people with
limited resources.”"">?32% For exam-
ple, people without high-quality indoor
air filtration at home, those without ac-
cess to clean air spaces, and people
experiencing homelessness might be
particularly challenged to make these
changes to reduce their personal expo-
sure to wildfire smoke. Recent work
shows that wealthier households are
more aware of wildfire smoke, allowing
them to take protective actions such as
closing windows and doors or wearing
respirators, seeking out protective
devices such as air filters, adjusting
their lifestyles to avoid exposures, or
more easily temporarily evacuating.*
Many of the self-protective actions are
costly and, therefore, unlikely to benefit
some populations.

Demographic, economic, institutional,
and sociocultural characteristics such
as socioeconomic status, household
composition, racial or ethnic minority
status, language, and housing type may
affect an individual's ability to prepare
for, respond to, and recover from wild-
fire smoke. If these characteristics are
associated with an unequal risk of expo-
sure, then these individuals face greater
risk of respiratory, cardiovascular, and
other adverse health outcomes. We
conducted this study to describe wild-
fire smoke exposure from January 2011
to December 2021 across the United
States and to assess the extent to which

Peer Reviewed  Vargoetal.

wildfire smoke exposures overlap with
social and community characteristics
that might affect adaptive capacity and,
as a result, health.

METHODS

We conducted descriptive analyses of
the presence of wildfire smoke plumes
and their overlap with population cen-
ters to describe the magnitude of and
trends in wildfire smoke affecting com-
munities across the United States from
2011 to 2021. We combined data on
census tract-level wildfire smoke expo-
sures with information about social
and community factors, including de-
mographic and socioeconomic compo-
nents, to characterize wildfire smoke
exposures and particularly vulnerable
populations.

Wildfire Smoke Exposures

To estimate community-level exposure
to wildfire smoke, we combined data
from the National Oceanic and Atmo-
spheric Administration Hazard Map-
ping System (HMS) smoke product?®?’
with population data from the 2010 US
Census and American Community Sur-
vey.?® HMS data use satellite-detected
fires with multiple daily satellite images
and a combination of analyst examina-
tion and automated processing to
record smoke plumes of categorical
densities across North America.??
Satellite imagery that detects smoke
plumes can reliably identify periods of
wildland fire influence on ground-level
measurements of air quality from vali-
dated monitors.293? Plume densities
reported in HMS data correlate with
PM 5 (particulate matter of <2.5 microns
in diameter) concentrations, with con-
centrations less than 10 micrograms
per cubic meter (ug/m°) categorized as

light, 10 to 21 ug/m? as medium, and
greater than 21 pg/m? as heavy.?” 33

We assigned daily smoke density cat-
egories to each block group center of
population and its 2010 population
using methods adapted from Vargo.>*
In that work, a block group could be si-
multaneously assigned plumes of pro-
gressively less dense smoke; here, we
limited the exposure assignment of
each block group on each study day to
the densest smoke plume of that day.
The resulting quantity, person-days,
was the product of the number of
people in a census block group and
the number of days that block group
experiences smoke. We then aggregat-
ed person-days by smoke density to
the geography and time period of inter-
est for analyses. If any block group in a
tract experienced smoke on a given
day, we counted that day as a smoke
day for the tract. We used census tract
person-days in analyses with the other
community characteristics.

Social Vulnerability Index

We used the Centers for Disease Con-
trol and Prevention's (CDC's) Social
Vulnerability Index (SVI) to investigate
characteristics that might affect the
health risks of wildfire smoke expo-
sures.?® We conducted all analyses
using the 2018 version of the SVI data
at the census tract scale. The SVl is a
compoasite index comprising census-
derived data on sociodemographic,
economic, and cultural characteristics.>®
Flanagan et al.3® details the methods
and data inclusion for the creation of
the SVI and SVI components.

Daily person-days of wildfire smoke
at the block group level were aggregat-
ed to annual census tracts and linked
with 2018 SVI percentile rankings of
4 themes: (1) socioeconomic status,



(2) race/ethnicity and language,

(3) household composition and dis-
ability, and (4) housing and transporta-
tion. We estimated person-days and
number of smoke-days for each smoke
density within tertiles of the distribution
of the overall SVI and the 4 component
themes. For the housing and transpor-
tation theme, which is a household-
level index, the resulting quantity was
household-days rather than person-
days. Hereafter, we refer to the tertiles
with the lowest SVI scores as the tertiles
with the greatest health and social
“advantage” and the tertiles with the
highest SVI scores as having the great-
est health and social “disadvantage.” We
assigned tertiles using the census tract
file, rather than county-level SVI, to en-
sure that each of the tertiles represents
approximately the same number of
people. In addition, we used specific
components of the SVI (e.g., the num-
ber of persons without a high school
diploma) to examine changes in wildfire
smoke among specific populations over
the study period.

Analytic Methods

We conducted descriptive analyses to
describe characteristics of communities
in the United States potentially affected
by wildfire smoke. For most of these
analyses, we compared wildfire smoke
estimates in the first 5 years (2011-
2015) to those of the last 5 years
(2017-2021) of the 11-year study peri-
od. Using census tract aggregations of
the daily smoke data, we calculated an-
nual numbers of days of each smoke
level and used the ¢ test to assess
changes in the mean frequency of wild-
fire smoke plumes from the first and
last 5 years of the study period; we con-
sidered t tests with P values less than
.05 to be statistically significant. In each

analysis, we used census tract esti-
mates of person-days as the basis for
central tendency estimates within the
county or SVI tertile. We performed all
analyses with R statistical software.®’

RESULTS

During the 2011-to-2021 study period,
exposure to wildfire smoke increased
in the coterminous United States
(Figure 1). The total person-days of all
categories of wildfire smoke in the last
5 years of the study (2017-2021) in-
creased relative to those in the first
5years (2011-2015). For heavy-density
smoke, the 5-year annual average
increased 350%, from 307 million
person-days during 2011 to 2015 to
1.381 billion person-days during 2017
to 2021. The increases for light- and
medium-density smoke person-days
were 39% and 71%, respectively.
Counts of person-days by state and
smoke density are shown in Tables A1
through A3 (available as supplements
to the online version of this article at
https://ajph.org).

Most counties in the United States
experienced decreases in smoke-free
days and increases in days of all smoke
densities, with the most pronounced
changes for heavy smoke (Figure 2).
When we compared the first and last
5 years of the study period, 1517 coun-
ties experienced significant decreases
in the number of smoke-free days
(78.6% of the US population). Similarly,
72.3%, 75.2%, and 87.3% of the popula-
tion of the United States experienced
increases in the number of days of
light, medium, and heavy smoke, re-
spectively. The magnitude of the in-
crease in heavy smoke was largest in
the western United States (Figure A,
available as a supplement to the online
version of this article at https://ajph.org).

RESEARCH & ANALYSIS

While western states of Idaho, Oregon,
and Washington experienced 339%,
340%, and 297% increases in heavy
smoke days per year, respectively, the
eastern states of Maryland, South Caro-
lina, and Virginia also experienced sub-
stantial increases (166%, 88%, and
233%, respectively).

Census tracts in the highest SV tertile
(i.e., tracts at the greatest overall disad-
vantage for living healthy lives) experi-
enced a 358% increase in the average
annual number of heavy smoke days,
from 0.92 (95% confidence interval
[CI]=0.91,0.93) days in 2011 to 2015
to 4.21 (95% Cl = 4.18, 4.25) days in
2017 to 2021. We observed similar
increases for the SVI's 4 themes:

(1) socioeconomic status: 346%;

(2) race/ethnicity and language: 449%;
(3) household composition and disabili-
ty: 309%; and (4) housing and transpor-
tation: 357%.

Table B (available as a supplement
to the online version of this article at
https://ajph.org) shows the average an-
nual number of days in each of the SVI
themes and tertiles. The coincidence of
heavy smoke person-days with highest
overall SVI percentile occurred primari-
ly in the American West and north
along the Canadian border (Figure B,
available as a supplement to the online
version of this article at https://ajph.org).
Notably, 3 states—California, Oregon,
and Washington—accounted for 39% of
the heavy smoke person-days in the
highest SVI tertile. The average number
of days of all smoke densities in tracts at
the highest SVI tertile increased signifi-
cantly between the start and end of the
study period. However, tracts with the
highest SVI tertile did not account for a
disproportionate amount of all heavy
smoke person-days. Rather, each tertile
of SVI tracts was evenly distributed.
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I FIGURE 1— Potential Wildfire Smoke Exposure in the United States by Smoke Density and (a) Year and (b) Month:

2011-2021

Person-days of smoke varied across
specific SVI components. When we
compared the first and last 5 years of the
study period, the percentage increases
in person- (or household-) days differed
by SVI component (Figure 3). Increases
were observed among all components,
with the largest increases seen for
heavy-density plumes. Components of
the SVI's race/ethnicity/language theme,
including minority populations and indi-
viduals with limited English proficiency,
exhibited some of the largest increases;
for example, the minority component
in the race/ethnicity/language theme
had the largest increase in number of
person-days for any SVI component
across all smoke densities (Figure C,

Vargoetal.

available as a supplement to the online
version of this article at https://ajph.org).
Notable increases were also seen for
components such as crowded house-
holds and multifamily housing from
the housing and transportation theme.
Tracts with the highest number of per-
sons in these components and themes
tend to be more concentrated in the
western United States,>” relative to the
rest of the United States and, thus,
overlap with the largest smoke expo-
sure increases in the study (Figure A).

DISCUSSION

Person-days of exposure to light, medi-
um, and heavy wildfire smoke in the

United States increased significantly
from 2011 to 2021, but the most pro-
nounced change was seen for heavy
smoke (Figure 1). Exposures to smoke
were not distributed equally, and the
increases in smoke were largest in the
most disadvantaged communities. This
is especially concerning given that wild-
fire smoke exposure is associated with
a number of negative respiratory and
cardiovascular health effects.'®2°
Health outcomes such as cardiovascu-
lar disease and cerebrovascular emer-
gency department visits have been
linked specifically to heavy-density
smoke exposure.?® Our findings sug-
gest that individuals living in communi-
ties with limited resources to reduce
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the health impacts of the smoke expo-
sures have seen the frequency of such
exposures increase dramatically across
this study’s time period.

We estimated an annual average
increase of approximately 1 billion
person-days of heavy smoke and medi-
um smoke, and more than 2.5 billion
person-days for light smoke. These
estimates might represent an upper
bound for potential wildfire smoke-
exposed populations, in part because
populations move between census
tracts over time. Also, HMS data are de-
rived from satellite plume data rather
than ground-level measurements of
air quality. A recent analysis of the air
quality monitor record covering a much
longer study period estimated that wild-
fires and meteorology led to increased
harmful air pollution exposures by
25 million person-days annually over
the last 20 years‘7 Nonetheless, the
trends observed here are important for
public health planning because even
more conservative estimates of wildfire
smoke exposures than those presented
here would produce significant health
impacts and costs to individuals and
health care systems. A national study
estimated that Americans are willing to
pay $129 per day to avoid the health
impacts of being exposed to heavy
smoke, indicating the social and eco-
nomic costs of wildfires 3®

Broadly speaking, the characteristics
of people or a community (e.g., age, race,
health status, income), social inequalities
(e.g., social capital, political power, lack
of access to information), place-based
inequalities (e.g., rural vs urban, eleva-
tion), and adaptation inequalities® com-
bine to affect a population’s susceptibility
to disaster events and their resulting
impacts. Our findings suggest that
increases in smoke are occurring in com-
munities with the highest disadvantage.

Individual components of the SVI may be
associated with both increased suscep-
tibility to wildfire and decreased adap-
tive capacity.*® The SVI does not include
every indicator that may be desired to
capture susceptibility to wildfire smoke;
however, as a composite of several so-
cial determinants of health, it may serve
as a sufficient proxy in the absence of
better, more specific data.

If the adaptive capacity is hindered
by factors such as the language in
which wildfire warning systems deliver
messages, then those with the highest
disadvantage in the race/ethnicity and
language theme may be the most im-
pacted. Similarly, opportunities to re-
duce exposures are affected by existing
housing not being fitted with proper
air filtration or other smoke prevention
measures, which may be more com-
mon in older multiunit houses, mobile
homes, or crowded housing consid-
ered under the highest housing and
transportation disadvantage. Commu-
nities with fewer economic resources
as indicated by highest SVI may face
more barriers in avoiding outdoor expo-
sures following a wildfire smoke event.*°

While we assessed social disadvan-
tage and wildfire smoke, vulnerability
as captured by the SVl is relevant to a
wider range of climate-related disasters
including more proximate exposure to
wildfire and its effects.'®*"*3 Social vul-
nerability and adaptive capacity affect
the ability to prepare for and recover
from the fire, evacuation, or clean up.
Wildfires present difficult recovery tra-
jectories for communities with housing
and transportation disadvantage be-
cause of the enormous destruction of
housing supply, which makes it more dif-
ficult to find adequate housing, especially
in the high-cost regions of the West.***>

More than 71.8 million properties
face some risk of wildfires over the next

RESEARCH & ANALYSIS

30 years, representing an immense
challenge to future housing security.*®
Communities with low SVI have more
resources to build and rebuild at high
wildfire-risk areas such as the wildland
urban interface," whereas communi-
ties with high SVI often have less. Re-
peated shocks and stresses of wildfires
can push individuals living in communi-
ties with high SVIinto a permanent
state of poverty*” and perpetuate a cy-
cle of disparities. However, this overlap
of social vulnerability and growing ex-
posure suggests that interventions that
consider housing modifications, such
as retrofits and air purification, particu-
larly in communities with high SVI, may
more effectively reduce the potential
health impacts and social and economic
losses associated with wildfire smoke.
While we did find that the highest SVI
tertile in the housing and transporta-
tion theme had one of the highest
increases in smoke exposure days, this
theme falls short of including the people
especially susceptible to smoke expo-
sure: people experiencing homelessness.
People experiencing homelessness face
a lack of regular shelter, access to infor-
mation, and resources to prepare and
respond to wildfires, which amplify their
wildfire smoke and health risk.#8-°9 A
2020 survey of people experiencing
homelessness in Portland, Oregon,
found that 75% did not receive any
information during wildfires, and 69%
received no type of help during wildfire
and smoke events.®! Spare and less-
reliable data on persons experiencing
homelessness prevent a detailed ac-
counting of smoke exposures among
such persons; however, the states in
which wildfire smoke exposure is the
highest are the same states in which
the population of persons experiencing
homelessness is growing the fastest.
As areas at the wildland-urban interface
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continue to be occupied by people with
differing susceptibility, intensifying wild-
fires are likely to prompt discussions on
who will be most affected by wildfires
and how to address related injustices
and social equity concerns.

In this study, we used the CDC's SVI
to provide information about the de-
mographic, economic, institutional, and
sociocultural characteristics of census
tracts in the coterminous United States.
The SVl is based on publicly available
data and does not explicitly account for
numerous factors affecting exposure to
wildfire smoke or the burden of its as-
sociated health effects, but has been
correlated with increased prevalence of
several pre-existing conditions that ex-
acerbate adverse health outcomes as-
sociated with smoke exposures.®>>*
Because the SVl values are representa-
tive of a community, rather than any
one individual in that community, it
may misclassify individuals who are
represented by an SVI ranking that is
not indicative of their personal social
advantages.

HMS data cannot differentiate
plumes of differing heights in the atmo-
sphere; thus, a plume may be over a
census tract with minimal impact on
ground-level air quality. Studies exam-
ining the correlation between plume
presence and monitored air quality
have shown significant increases in
PM, s, particularly in the presence of
medium and heavy smoke plume.®?
The HMS data do not differentiate
sources of fire smoke; smoke from
prescribed fires are included in smoke
estimations. However, fires of the size
and intensity typical of prescribed
burns are less likely to result in heavy
smoke plumes. Our analysis focuses
mostly on heavy smoke because it is
expected to be the most detrimental

Peer Reviewed  Vargoetal.

for health and is increasing most for
most of the population.

Our data show that wildfire smoke
exposure coincides with demographic,
economig, institutional, and sociocultur-
al characteristics. Our results suggest
that there are inequalities in wildfire
smoke exposures by SVI and highlight
opportunities to identify geographic
areas in need of increased emergency
preparedness messages, supplies,
shelters, and recovery support. These
findings can be used by emergency
planners and others to better under-
stand and address the contribution of
wildfire smoke to poor health. Design-
ing and implementing specific interven-
tions for communities experiencing
economic and social disadvantage may
improve health in communities and for
individuals exposed to wildfire smoke in
a changing climate. 4JPH
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Stratified Simple Random Sampling
Versus Volunteer Community-Wide
Sampling for Estimates of
COVID-19 Prevalence

Rachel J. Keith, PhD, Rochelle H. Holm, PhD, Alok R. Amraotkar, MD, Megan M. Bezold, J. Michael Brick, PhD,
Adrienne M. Bushau-Sprinkle, PhD, Krystal T. Hamorsky, PhD, Kathleen T. Kitterman, MS, Kenneth E. Palmer, PhD,
Ted Smith, PhD, Ray Yeager, PhD, and Aruni Bhatnagar, PhD

3 & See also Elliott, p. 721.

Objectives. To evaluate community-wide prevalence of severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2) infection using stratified simple random sampling.

Methods. \We obtained data for the prevalence of SARS-CoV-2 in Jefferson County, Kentucky, from adult
random (n = 7296) and volunteer (n = 7919) sampling over 8 waves from June 2020 through August
2021. We compared results with administratively reported rates of COVID-19.

Results. Randomized and volunteer samples produced equivalent prevalence estimates (P<.001), which
exceeded the administratively reported rates of prevalence. Differences between them decreased as
time passed, likely because of seroprevalence temporal detection limitations.

AJPH  July 2023, Vol 113, No. 7

Conclusions. Structured targeted sampling for seropositivity against SARS-CoV-2, randomized or
voluntary, provided better estimates of prevalence than administrative estimates based on incident
disease. A low response rate to stratified simple random sampling may produce quantified disease
prevalence estimates similar to a volunteer sample.

Public Health Implications. Randomized targeted and invited sampling approaches provided better
estimates of disease prevalence than administratively reported data. Cost and time permitting, targeted
sampling is a superior modality for estimating community-wide prevalence of infectious disease,
especially among Black individuals and those living in disadvantaged neighborhoods. (Am J Public Health.
2023;113(7):768-777. https://doi.org/10.2105/AJPH.2023.307303)
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ccurate estimates of disease prev-
Aalence are a prerequisite for eval-
uating the spread of infectious diseases
and for mounting appropriately scaled
and targeted public health responses.
Since John Snow's tracking to prove his
hypothesis, appropriate approaches to
the surveillance of community rates of
infection have been a matter of ongoing
public health debate.” More recently,
many approaches have been pro-
posed, the most rigorous of which

Peer Reviewed  Keithetal.

involve probability and nonprobability
sampling.?”” In the United States, esti-
mates of the prevalence of local and
imported infectious diseases are based
on the National Notifiable Diseases
Surveillance System, while many chron-
ic conditions are estimated from a self-
reported phone survey.®° There have
been few, if any, attempts to estimate
ongoing disease prevalence using
stratified simple random sampling, and
the utility and biases of this approach

remain unclear, vis-a-vis other modes
of sampling.

During the recent COVID-19 pandem-
ic, large-scale spread of infections ne-
cessitated rapid and timely estimates
of prevalence. However, only adminis-
tratively reported data were available.
Early in the pandemic, testing was
limited, but even when it became
widely available, it relied on nonprob-
ability sampling, which was dispropor-
tionately inaccessible to marginalized


https://doi.org/10.2105/AJPH.2023.307317
https://doi.org/10.2105/AJPH.2023.307303

communities'® and likely to be biased
because of a higher probability of vol-
untary testing by individuals suspecting
infections or, in contrast, not seeking
testing to avoid quarantine. Most
health surveys had to modify their
collection programs because of the
pandemic."" Although randomized
sampling was used to estimate the
prevalence of infection in California,
Georgia, Indiana, Oregon, and Rhode

Island,"?~"®

these surveys have limita-
tions in sample size or spatial and tem-
poral resolution and did not provide
estimates of the reliability and the
biases inherent to this approach.
Hence, for improved public health re-
sponse, we developed evidence-based
estimates of community-wide preva-
lence based on stratified simple ran-
domized sampling and compared this
with convenience sampling and admin-
istratively reported cases.

METHODS

Our study took place in 8 waves be-
tween June 2020 and August 2021.

Probability Sampling

To estimate the prevalence of
SARS-CoV-2 infections in Jefferson
County, Kentucky, we conducted strat-
ified simple random sampling

(Table 1). Participants were residents
aged 18years or older. Study
procedures included self-report
electronic surveys to collect informa-
tion on demographics, occupation,
contact and risk, health history,
lifestyle, COVID-19 vaccination (as
applicable), and wastewater monitor-
ing awareness (for wave 8 only) as
well as professional collection of nasal
swabs and blood samples.

For recruitment, we divided the coun-
ty into 4 geographic zones (Figure 1)
guided by census tract lines to reflect
distinctly different demographics (age,
race, income, education, and population
density). We integrated local knowledge
to keep intact macro-neighborhoods
encompassing similar cultural identity
often delineated along physical geo-
graphic boundaries. Zones included at
least 100 000 residents.

RESEARCH & ANALYSIS

For the recruitment of the probability
sample, we selected households using
the address-based sampling frame de-
rived from US Postal Service delivery
files.'® For each wave, we mailed
18000 to 36 000 invitations across the
county (Appendix A, Figure A1, available
as a supplement to the online version
of this article at http://ajph.org). We di-
vided the county into 8 sampling strata,
where each of the 4 zones was splitin
half. We allocated the sample approxi-
mately equally to each strata to provide
reliable estimates by stratum.

We determined the total number
sampled for each wave based on the
time and funds required to send out
invitations between waves and re-
sponse rates from previous waves. For
the samples from the first 4 waves, we
deduplicated them so each address
could only be sampled once during
these 4 waves. For the fifth wave, we
selected an independent sample, and
for the subsequent waves, we dedupli-
cated the samples so each household
could only be sampled once in waves 5
through 8. It is possible a household

I TABLE 1— Demographic Characteristics and Percentage of Antibody-Positive Participants in the Prob-
ability and Volunteer Samples for Waves 1 Through 8: Jefferson County, KY, June 2020-August 2021

Probability (Waves 1-8) Volunteer (Waves 1-8)
Positive Antibody Positive Antibody

Characteristic No. (Weighted %) (Weighted %) No. (Weighted %) (Weighted %)
Total 7296 (100.0) 13.2 7919 (100.0) 14.1
Female 4363 (59.8) 12.9 4981 (62.9) 12,6
White 6271 (86.0) 12.7 6489 (81.9) 12.2
Age, y

18-34 891 (12.2) 14.2 1463 (18.5) 11.6

35-59 2706 (37.1) 12.4 3655 (46.2) 12.6

260 3699 (50.7) 13.4 2801 (35.4) 13.5
Single family home 6293 (86.3) 13.4 6813 (86.0) 12.3
Smoker 574 (7.9) 8.5 595 (7.5) 8.3
E-cigarette user 181 (2.5) 14.1 219 (2.8) 12.5
Chronic conditions 3924 (53.8) 139 3607 (45.5) 13.2
COVID-19 symptoms 438 (6.0) 17.5 725 (9.2) 12.4
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Z Age, Years, % Sex, % Race, %

i Zone | Adults, No. | 18-24 | 25-44 | 45-64 | =65 Male Female White People of Color
% Total 594943 11.2 35.1 34.0 19.8 47.5 52.5 74.8 25.2

z— 1 97055 158 | 343 | 360 | 13.8 46.2 53.8 39.2 60.8

§ 2 100029 13.7 39.5 29.4 17.4 47.9 52.1 89.5 10.5

_3 3 206589 122 | 375 | 334 | 168 47.9 52.1 76.3 237

T 4 191270 8.7 34.7 36.3 203 47.6 524 83.8 16.2

<

I FIGURE 1— Sampling Zones and Demographic Characteristics Within Jefferson County, KY

could have been sampled once in
waves 1 to 4 and sampled again once
in waves 5 to 8. When we sampled a
household, one adult was randomly se-
lected to participate. For waves 7 and 8,
we redefined the strata by wastewater
treatment plant sewershed, but we ag-
gregated the results back to the original
strata. An invitation to participate in the
study was mailed to the address, and
we asked the sampled adult to go to a
Web site to complete an English
screening interview and schedule a
testing appointment. Community part-
ners provided incentives in waves 5
and 6.

Our weighting steps included adjust-
ments for (1) sampling the household

770 Research PeerReviewed  Keithetal.

from the stratum, (2) sampling 1 adult
within the household, and (3) adjusting
the estimated totals (raking) to the
number of adults in the county from
the American Community Survey'’
tabulations (the 2018 5-year data file).
The first 2 weighting steps accounted
for the probability of selection. The pri-
mary goal of the raking was to adjust
for nonresponse. The 3 raking dimen-
sions were sex by age, race, and zone.
There were no other data on the sam-
pling frame that could reduce nonre-
sponse bias. If any weights were too
large, they were trimmed, and the
weights were raked again to match the
control totals. For variance estimation,
we created 50 jackknife replicate

weights for each wave.'® We used
these replicate weights to estimate the
standard errors and 95% confidence
intervals. The raking may reduce the
nonresponse in the estimates but can-
not eliminate it.

Volunteer Sampling

For the volunteer sample, social media,
community outreach, press confer-
ences, and news outlets, as well as
personal contacts with influential com-
munity members, were used to invite
community participants to sign up on-
line and come to a testing facility. Those
who walked up without previously sign-
ing up online were also accommodated.



Individuals who consented for testing
but were not part of the probability
sample were designated “volunteers.”
To produce estimates from this sample,
we assigned respondents an initial
weight of 1 and then raked using the
same procedures used for the probabil-
ity sample. We also created replicate
weights to estimate precision, assuming
the volunteer sample was equivalent to
a simple random sample within the 4
zones. The raking may reduce nonre-
sponse bias but relies on model
assumptions that rarely hold in practice.

Testing

Convenient testing dates and times
were available for participants to come
to drive-up collection sites spread
throughout the 4 zones over about
5days during each wave of testing.
Probability and volunteer participants
both had trained staff collect nasopha-
ryngeal swabs, which were analyzed for
current infection by reverse transcrip-
tion polymerase chain reaction (RT-PCR)
and blood finger-prick samples for the
presence of SARS-CoV-2-specific antibo-
dies by serological assessment (enzyme-
linked immunoabsorbent assay [ELISA]).
Previous exposure to SARS-CoV-2 was
assessed via ELISA by measuring immu-
noglobulin G (IgG) responses to SARS-
CoV-2 antigens spike (S), spike receptor
binding domain, and nucleocapsid (N)
proteins.'® The presence of IgG to N is
highly indicative of natural infection,
whereas the presence of IgG to S could
be attributable to natural infection or
vaccination. The SARS-CoV-2 vaccines
were made widely available to the public
in Kentucky starting in April 2021. For
waves 1 through 4 (June 2020 through
February 2021) and for unvaccinated
participants in waves 5 through 8 (April
through August 2021), previous

exposure to SARS-CoV-2 was deter-
mined by presence versus absence of
S IgG antibodies in peripheral blood
samples. From April through August
2021, for vaccinated participants, previ-
ous exposure was determined via
presence of N IgG and absence of

any self-reported disease or COVID-19-
related symptoms before sampling.

Prevalence

To produce prevalence estimates, we
made adjustments for sensitivity and
specificity depending on the partici-
pant’s vaccination status. If the partici-
pant reported they were not vaccinated,
then we made the same adjustments as
for the initial period based on the highly
reliable S-protein ELISA. The sensitivity
of the S-protein ELISA is 100.0 and the
specificity is 98.8. If the participant was
vaccinated, then we adjusted the esti-
mates for the sensitivity (65.0) and spe-
cificity (85.0) of the N-protein test. The
test for the N-protein was not available
in wave 4; thus, we excluded the 120
vaccinated participants in that wave
from our analysis.

Because of the very different mea-
surement properties of the tests, the
adjustments should be noted.?® For ex-
ample, if the observed prevalence rate
was 10.0%, then the adjusted estimate
would be 10.18% if it were based on
the S-protein but 20.0% if based on the
N-protein. All estimates of prevalence
reported were adjusted unless stated
otherwise (Appendix B, available as a
supplement to the online version of
this article at http://ajph.org).

Administratively
Reported Data

Administrative data from July 2020 to
August 2021 from the Jefferson County
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health authority, Louisville Metro Public
Health and Wellness, are publicly avail-
able. Administrative data for June 2020
are set to zero. We conducted geocoding
to the study zones using ArcGIS Pro ver-
sion 2.8.0 (Esri, Redlands, CA; Appendix C,
available as a supplement to the online
version of this article at http://ajph.org).

Decay

Respondents infected early in 2020
might not still show a positive antibody
response if tested in mid-2021 because
of seropositivity decay. One approach
to make the estimates more compara-
ble is to adjust the administrative
statistics to account for the decay in
seropositivity at the point of time of the
testing and whether the participant was
vaccinated or not.?" In essence, this ap-
proach transforms the administrative
estimates of prevalence into estimates
of seropositivity, and we refer to the re-
gression estimate of positivity as the
“decayed” administrative estimate.

Statistical Analysis

Study data were collected and man-
aged using Research Electronic Data
Capture (REDCap) tools hosted at the
University of Louisville?>2® before being
transferred to SAS version 9.4 (SAS In-
stitute Inc, Cary, NC) for data curation
and analysis."® We computed the esti-
mates and their standard errors using
the final and replicate weights using
PROC SurveyFreq to account for the
complex sample design. The weighting
was important in producing the preva-
lence estimates (before any measure-
ment error adjustments) as the median
absolute difference in the estimates for
the probability sample was 1.8 percent-
age points. The analysis used either the
t test or x° test of significance.
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FIGURE 2— Prevalence Estimates for Probability and Volunteer Participants Who Tested Positive for SARS-CoV-2
Infections for (a) Waves 1-4 and (b) Waves 5-8: Jefferson County, KY, June 2020-August 2021

Note. 1gG = immunoglobulin G; SARS-CoV-2 = severe acute respiratory syndrome coronavirus 2. Vertical lines represent 95% confidence intervals. Waves
1-4in panel a present participants positive for SARS-CoV-2 spike (S) protein-specific IgG antibodies. Waves 5-8 in panel b present unvaccinated participants
positive for SARS-CoV-2 S protein-specific IgG antibodies and vaccinated participants positive for SARS-CoV-2 nucleocapsid (N)-specific IgG antibodies and
absence of any self-reported previous infection or related symptoms before sampling.

RESULTS

Over the 8 waves, most individuals in
the probability sample were White
(86%) and aged older than 35years
(88%), while 60% were female; the
volunteer sample had a similar demo-
graphic distribution (Table 1). Distribu-
tion was highly clustered to the urban
core of the county (Appendix A, Figure
A2, available as a supplement to the on-
line version of this article at http://ajph.
org). Weighting attempted to compen-
sate for these differences. Although we
collected nasopharyngeal samples to
detect active infections, the low positivi-
ty rates observed precluded their use in
the analysis. Prevalence estimates in
the following sections are, thus, based
on positive antibodies. The adult partici-
pants in the probability and volunteer
samples reported being vaccinated

Peer Reviewed  Keithetal.

against COVID-19 at a high rate, 90%
by August 2021, which is substantially
higher than the nearly 62% total
county-wide residents who had re-
ceived a first vaccine dose by that time.
The response rate for the probability
sample (percentage of the sampled
cases tested) ranged from 2.4% to 5.5%
over the 8 waves. Recruitment of a rep-
resentative study sample posed a signif-
icant challenge throughout the project.
The exception was wave 8 (August
2021) with higher prevailing public con-
cern about infection levels during the
B.1.617.2 (Delta) surge compared with
the original (wild-type) SARS-CoV-2 and
its subsequent variants. We also
scheduled wave 8 by using prediction
modeling from community wastewater
sampling,?* which allowed approxima-
tion of the Delta variant surge dates.
The response rate was higher for both

invited and volunteer study participants
during wave 8.

Probability and
Volunteer Prevalence

The estimated prevalence estimates
from the probability and volunteer
samples were comparable (P>.05) for
each of the first 4 waves (Figure 23;
Appendix A, Figure A3, available as a
supplement to the online version of
this article at http://ajph.org). We exam-
ined prevalence estimates by other
characteristics including age, sex, race,
smoker status, e-cigarette use, chronic
conditions, symptoms, and county
zone, and the probability and volunteer
estimates did not differ substantially
(P>.05). For waves 5 through 8, the
probability and volunteer prevalence
estimates were also similar (P> .05;
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Figure 2b); estimates by other charac-
teristics again did not differ substan-
tially during this period (P>.05), with
only 1 of 10 differences being statisti-
cally significant. Because these 2
sources produced similar estimates, we
combined them to produce composite
estimates that were based on larger
sample sizes and had greater precision.
We created the composites separately
for each of the 8 waves by weighting
the estimates for each source by the
number of observations and dividing
by the total number of observations.
We computed the variances by weight-
ing in the proportion of the observa-
tions in the source.

Composite and
Administrative Prevalence

The composite estimates of prevalence
for waves 1 through 4 showed little vari-
ation for men (7.0%) versus women
(7.1%), for those with (6.9%) or without
(7.2%) chronic conditions, and for
e-cigarette users (7.0%) versus non-
users (7.0%). However, White (6.3%)
versus Black (9.2%) persons with a dif-
ference of —3.0% (—4.8% to —1.2%)
and smokers (2.4%) versus nonsmokers
(7.4%) with a difference of —5.1%
(—=7.2% to —2.9%) showed diversity.
Early in the pandemic, the estimated
prevalence estimates based on
compositing the estimate were higher
than from administrative sources
(P<.001 for waves 1 through 4). The
composite estimate was, on average,
11 percentage points higher than
administrative sources across these 4
waves (Appendix A, Figure A4, available
as a supplement to the online version
of this article at http://ajph.org), but
there were some differences in the
populations covered. One difference is
the administrative sources included all

persons regardless of age. Restricting
the administrative source estimate to
adults would shift the estimate up only
approximately 0.5 percentage points
and does not alter the conclusion that
the administrative sources underesti-
mated the prevalence rate. When we
compared the composite estimates of
prevalence for waves 1 through 4 with
county administrative sources, the dif-
ference for men versus women was
small (0.2 compared with 0.5) but the
difference for White versus Black (-3.0
compared with —0.1) was substantial.
The administrative data indicated a low-
er rate of infection for Black individuals
than our composite estimate.

For waves 5 through 8, the adminis-
trative estimates were closer to the
composite estimates, and some of the
differences were no longer statistically
significant. The administrative statistics
exhibited the expected monotone in-
creasing pattern for prevalence, while
the composite estimates dipped after
February before rising again in August
2021. Because prevalence should be
monotonically increasing over time, this
dip may be attributable to a decay in
the seropositivity of those infected
earlier.”’

When further analyzed for the 4 geo-
graphic zones (Figure 3), composite
estimates were often higher than the
administrative estimates. The sample
precision to estimate population differ-
ences at this level of disaggregation
was low, and the differences were not
statistically significant at the .05 level.

Temporal Estimates

The decayed administrative estimate
differed only slightly from the unad-
justed administrative estimate until
wave 5 (April 2021) when the difference
was more substantial (Appendix A,
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Figure A4, available as a supplement to
the online version of this article at
http://ajph.org). When we compared
the decayed administrative estimate to
the composite estimate for April
through June 2021, we observed the
earlier pattern with the composite esti-
mate being higher for every wave, ex-
cept wave 7, when the difference was
not statistically significant (for the other
waves all the differences had P<.05).
The decayed administrative estimate
was sharply lower than the composite
for August 2021 when the peak per-
centage of participants’ SARS-CoV-2
prevalence was 21%, almost 5 percent-
age points higher than the June 2021
estimate. The administrative data had a
lower increase in reported cases during
this period (1.9%) and was less than
increases in both February 2021 (4.5%)
and November 2020 (2.2%).

DISCUSSION

These unigue data from a large study,
unduplicated elsewhere, beginning
within months of the pandemic emer-
gence, enabled us to faithfully follow the
pandemic trajectory and to assess the
relative efficacy of different sampling
approaches for estimating the
community-wide prevalence of infec-
tion. We also recognized that probability
sampling only would not provide accu-
rate modeling opportunities and that
not allowing volunteer participation
when COVID-19 testing was limited
would have been unethical in an emer-
gency public health crisis. Still, the re-
sponse rate varied from wave to wave.
The limitations with low-prevalence dis-
eases were also corroborated when
probability-based sampling of active
infections was used for households

for HIV.??
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FIGURE 3— Prevalence Estimates for a Composite of Probability and Volunteer Participants Who Tested Positive

for SARS-CoV-2 Infections and Administratively Reported Official Rates by Geographic Zones for (a) Waves 1-4 and
(b) Waves 5-8: Jefferson County, KY, June 2020-August 2021

Note. 1gG = immunoglobulin G; SARS-CoV-2 = severe acute respiratory syndrome coronavirus 2. Administratively reported data are from the Jefferson Coun-
ty health authority, Louisville Metro Public Health and Wellness. Vertical lines represent 95% confidence intervals. Waves 1-4 in panel a present participants
positive for SARS-CoV-2 spike (S) protein-specific IgG antibodies and administratively reported official rates. Waves 5-8 in panel b present unvaccinated par-
ticipants positive for SARS-CoV-2 spike (S) protein-specific IgG antibodies and vaccinated participants positive for SARS-CoV-2 nucleocapsid (N)-specific 1gG
antibodies and absence of any self-reported previous infection or related symptoms before sampling and administratively reported official rates.

774 Research PeerReviewed  Keithetal.



We did not find substantive differences
between the prevalence estimates
from the volunteer and probability
samples by wave. This might be some-
what surprising because self-selection
bias in volunteer samples in social and
behavioral sciences research has long
been considered a serious prololem,5
although the contribution of these
biases may vary.”’ We found even
within serological convenience versus
random sampling studies there
was no clear concurrence, with no
substantive differences in vaccine-
preventable diseases in schoolchil-
dren,® while nontyphoid Salmonella
infections had large differences.*
Unique to our study, during the pan-
demic, large amounts of unverified in-
formation being shared through social
networks?® might have contributed to
selection bias. For example, an invited
or volunteer participant would need to
be interested in testing to seek out
participation, and those who did not
believe in COVID-19 or its adverse con-
sequences would not sample regard-
less of invitation type.

Our low response rate for the proba-
bility samples (less than 6%) may result
in a nonresponse bias similar to the
self-selection bias in the volunteer sam-
ple estimates. Virtually all face-to-face
surveys collecting physical specimens
suspended operations during this
time,?’ and at the beginning of this
pandemic, there were few to no treat-
ment options. So, our study is impor-
tant in the context of how to recruit
participants in a pandemic to support
community-related public health and
not optimize individual health. Probabil-
ity sample response rates less than
30% are susceptible to substantial
bias.?® Our experience suggests that
the probability sample is not likely to
produce estimates with lower bias

unless methods for increasing the re-
sponse rate can be implemented.

Although our volunteer and probabil-
ity samples gave similar estimates of
prevalence, it does not follow they were
both unbiased. In both, the percentage
who were vaccinated was much higher
than county-level estimates. Moreover,
even though our sample sizes were too
small to detect differences in the 4
county zones, we did see variance in
the administrative data per wave, which
would suggest that other cities that uti-
lized convenience sampling'® may also
have underreported spatial inequities.
Finally, the similarity between the prob-
ability and nonprobability sampling
results may be because of the high
prevalence of the disease and the large
number of individuals tested (several
thousand), which may have led to simi-
lar estimates of disease prevalence, re-
gardless of the sampling approach.

In our analysis, we also aimed to un-
derstand the relationship between the
tested samples and the administrative
statistics as a comparator for sampling
methods. Our composite sample has
some precedent; it is similar to use of
other probability and volunteer hybrid
prevalence estimators for HIV?? and in
substance use and mental health out-
comes.® In our initial period before vac-
cinations, the composite estimates
were consistently between 2- and 4-fold
higher than estimates from administra-
tive records. These results suggest that,
on a national level, the rates of SARS-
CoV-2 infections may have been at least
2-fold higher than previously estimated.
We also found statistical differences of
the composite estimates of prevalence
for waves 1 through 4 for White and
minority respondents, and both our
probability and volunteer samples had
a significantly higher number of minority
participants than in administrative
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records. This is consistent with the dis-
proportionate impact of the pandemic
on minorities.® Our study suggests that
effective outreach improves participa-
tion of underserved or marginalized
populations.

Waves 5 through 8 were more com-
plicated, relying largely on data from the
less reliable N-protein test. This meant
that administrative seroprevalence
(decayed) estimates were lower than
the composite prevalence estimates.
However, these adjustments reduce
data comparability. If our conclusion
that both the probability and volunteer
samples are underestimates of preva-
lence holds, then the administrative sta-
tistics underestimate the prevalence to
a greater extent than our comparisons
show.

Limitations

While the major strength of our study
was the longitudinal testing, results are
limited by low participation. The low re-
sponse rates for the probability sample
could have introduced biases that could
not be eliminated by the weighting.
Moreover, because of the availability of
vaccines, the antibody testing proce-
dures had to be modified, and the sen-
sitivity and specificity of the tests were
vastly different. To help address these
issues, we first analyzed the data from
June 2020 to February 2021, before
most vaccinations and substantial de-
Crease in seropositivity over time, then
we analyzed at the later period (through
August 2021) as an attempt to compen-
sate for the vaccination and time differ-
ences. We assumed that a positive
antibody test result could be from 1 or
more times of infection. Lastly, while
volunteers may have been altruistic for
public health research, they may have
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enrolled because they thought they had
COVID-19.

Public Health Implications

In our study, we found that administra-
tive reports of positive cases during the
COVID-19 pandemic underestimated
the actual prevalence, which in the
early stages of the pandemic may have
been 2- to 4-fold higher than reported.
Although stratified simple random sam-
pling was superior to administrative
record keeping, its efficacy was similar
to convenient, invited sampling. Both
approaches were limited by a low re-
sponse rate. Nonetheless, targeted
sampling by invitation led to greater
participation of the Black population.
These findings underscore the impor-
tance of community outreach in improv-
ing participation in testing and other
public health interventions. 4JPH
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Public Health Impacts of Vaccines for
COVID-19 and Beyond: Opportunities
to Overcome Technical and Regulatory
Barriers for Randomized Trials

Lee Kennedy-Shaffer, PhD

The COVID-19 pandemic has revealed the importance of the population-scale effects of both diseases

and interventions. Vaccines have had an enormous impact, greatly reducing the suffering caused by

COVID-19. Clinical trials have focused on individual-level clinical benefits, however, so the broader effects

of the vaccines on preventing infection and transmission, and their overall effect at the community level,

remain unclear.

These questions can be addressed through alternative designs for vaccine trials, including assessing

different endpoints and randomizing at the cluster instead of individual level. Although these designs

exist, various factors have limited their use as preauthorization pivotal trials. They face statistical,

epidemiological, and logistical limitations as well as regulatory barriers and uncertainty.

Addressing these hindrances through research, communication, and policy can improve the evidence

base of vaccines, their strategic deployment, and population health, both in the COVID-19 pandemic and
in future infectious disease outbreaks. (Am J Public Health. 2023;113(7):778-785. https://doi.org/10.2105/

AIPH.2023.307302)

hree years into the COVID-19 pan-

demic, its effects are still being felt
by individuals every day, and they will
continue to be studied for years to
come. The impacts have been wide
ranging, affecting not just physical
health but mental health, economics,
politics, and society more broadly. As
various pharmaceutical and nonphar-
maceutical interventions have been
promoted, implemented, and rolled
back, this pandemic has clarified the
need for timely assessment of their
effects. Thinking critically about rele-
vant endpoints and effect measures
will be key to scaling up effective solu-
tions to future epidemics, as well as
continuing the fight against COVID-19.

Kennedy-Shaffer

Preauthorization clinical trials have
been the primary tool to assess the
effects of the COVID-19 vaccines. These
randomized controlled trials (RCTs),
with results published beginning in late
2020 and early 2021, were designed
to assess vaccine safety and efficacy
against symptomatic COVID-19." The
results were overwhelmingly positive,
with several vaccines reporting esti-
mates of vaccine efficacy above 60%%>
and at least 3 reporting estimates
above 90%,* leading to rapid authori-
zation and deployment. In addition,
many trials included severe COVID-19
as a secondary endpoint and demon-
strated efficacy there as well."™ In indi-
vidually randomizing large numbers of

participants and focusing on symptom-
atic and severe COVID-19 as outcomes,
these trials responded to US Food and
Drug Administration (FDA) guidance is-
sued in June 2020.> The development
and deployment of the vaccines with
unprecedented speed has prevented
millions of hospitalizations and deaths
in the United States and more abroad.®
Although these early studies and
those that followed on other vaccine
candidates certainly justified the autho-
rization and use of these vaccines, they
left several key public health questions
unanswered. Among them are the
effects that deployment of the vaccine
on a wide scale would have on the
population-level burden of severe
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acute respiratory syndrome corona-
virus 2 (SARS-CoV-2) infection and
COVID-19 disease. Because the RCTs
that were conducted randomized indi-
viduals and measured symptomatic
disease as the primary endpoint, they
could not specifically estimate vaccine
efficacy in terms of protecting against
asymptomatic infection or onward trans-
mission of the infection,” nor could they
estimate the indirect and overall effects
that vaccine deployment would have on
those in the same community as a vacci-
nated individual without outcome mea-
surements on those other individuals.”

News articles have highlighted these
remaining questions in the context of
government messaging and individual
choices to take the vaccine as well as
the push for new versions of the vac-
cine.®? Although more recent observa-
tional and biological evidence indicates
effectiveness beyond just symptomatic
disease, more reliable estimates of the
overall effects are lacking, leading to
unclear messaging and policy implica-
tions.® In an era of frequent outbreaks
and epidemics, these questions will
continue to arise as vaccine developers
address the latest threats, including
both new waves of current diseases
and new emerging infections.

To determine the public health bene-
fit of vaccines during outbreaks and to
deploy and provide messaging on vac-
cines with the best available evidence,
we need to reconsider the evidence
requested by regulators and the ques-
tions answered by pivotal clinical trials.
Here | describe the current predomi-
nant approach to pivotal vaccine trials
and highlight 2 potential alternative
trial designs—evaluating infection- and
transmission-relevant endpoints and
conducting cluster RCTs (cRCTs)—that
can address these questions. These ap-
proaches do have limitations, drawbacks,

and research challenges that differ from
the current paradigm. Addressing these
challenges to develop a population-
focused approach to trials, however,
can improve the public health evidence
base and, in turn, enable better assess-
ments of policy trade-offs and improve
responses.

PIVOTAL VACCINE TRIALS

RCTs for drug approvals (specifically,
phase Il or “pivotal” clinical trials) need
to balance several, often competing
goals, including those involving techni-
cal demands (e.g., maximizing statistical
power and identifying a meaningful
estimand) and logistical demands (e.g.,
the ethics, recruitment, speed, and
costs of the trial). It generally falls to
the drug's sponsor, in consultation with
national regulatory authorities, to make
the key trial design decisions.'® These
decisions are shaped by national and
international guidance, such as that the
primary endpoint should “provid[e] the
most clinically relevant and convincing
evidence directly related to the primary
objective of the trial."""

In the case of prelicensure (or, in the
COVID-19 case, preauthorization) vac-
cine trials, the objective has often been
demonstrating clinical benefits for the
individual vaccine recipients. Most such
trials have thus been individually ran-
domized controlled trials that focused
on direct protection, leaving broader
assessments of vaccine effectiveness in
communities for postapproval (so-called
“phase IV") studies.'? Generally, then, pri-
mary endpoints have been symptomatic
or severe disease, depending on the fre-
quency of outcomes needed to ensure
adequate statistical power.’

For example, according to FDA guid-
ance for COVID-19 vaccine trials in
June 2020, “the most direct approach

RESEARCH & ANALYSIS

to demonstrate effectiveness . . . is
based on clinical endpoint efficacy trials
showing protection against disease.”
Specifically, the guidance noted that
laboratory-confirmed COVID-19 dis-
ease or SARS-CoV-2 infection would be
an “acceptable primary endpoint” and
that symptomatic, virologically con-
firmed infection and severe COVID-19
should be included as primary or sec-
ondary endpoints.® This guidance—and
the choices made in early trials in re-
sponse to it—shapes not only the initial
evidence gathered but the endpoints
used in later comparison studies and
studies for correlates of protection.>'?

These trials, however, focused on
only a subset of the breadth of effects
vaccines can have on individuals and
communities. By measuring different
outcomes among trial participants,
investigators can estimate different vac-
cine effects, such as the effect on sus-
ceptibility to infection, progression from
infection to disease, or infectiousness.'*
By contrast, assessing community-level
effects through cRCTs enables assess-
ment of vaccine effectiveness at a higher
level, capturing both the direct effects of
the vaccine on the vaccinated individual
and the indirect protection conferred to
nearby individuals."

Because of the standard expecta-
tions for phase Il trials, specific regula-
tory guidance, and the designs chosen
in the case of COVID-19, assessment
of these alternative effects has largely
been left to postauthorization studies.'®
These studies can provide important evi-
dence for the public and policymakers.®
However, they are often observational
studies, which may suffer from biases
and reflect changing epidemic condi-
tions.*”"® These issues can be obviat-
ed through cluster randomization,
but cRCTs after vaccine authorization
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often face ethical or legal barriers to
randomization."*"’

The value of answering these public
health-relevant questions in early trials
has been discussed for previous infec-
tious disease outbreaks'®"'? as well as
in the COVID-19 case."” Alternative
designs proved valuable in assessing
Ebola vaccine candidates in West Africa
in the 2014 outbreak."? Identifying
community benefits of vaccination and
honestly acknowledging its limitations
can build trust in the vaccine and po-
tentially inspire uptake."#2° The extent
of indirect protection also affects how
health resources should be distributed,
improves postvaccine modeling of the
epidemic, allows cost-benefit decisions
that fully account for public health ben-
efits, and helps inform assessments of
ongoing nonpharmaceutical interven-
tions.">6"819 | ooking forward, these
properties should also inform the de-
velopment and evaluation of boosters
and next-generation vaccines.”° Full
assessment of vaccines thus requires
a broader array of designs than have
commonly been used for pivotal trials.

ALTERNATIVE ENDPOINTS
FOR VACCINE TRIALS

Endpoints other than symptomatic dis-
ease can be used to assess vaccine effi-
cacy against infection or transmission.
If infection—regardless of symptoms—
is used as an endpoint by testing all or
a random sample of trial participants
at some point in time, vaccine efficacy
against viral positivity (i.e., a combina-
tion of acquisition and duration of in-
fection) can be assessed.?’ If a proxy
of transmissibility—for example, the
secondary attack rate among a defined
set of close contacts or a biological
proxy of infectiousness—can be identi-
fied and tested in that sample, vaccine
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efficacy against transmission can also
be estimated.?#??

Two of the pivotal vaccine trials did
assess efficacy against infection through
either regular virologic testing or sero-
logic testing after some time had passed,
providing early evidence of vaccine effi-
cacy against infection.'® The ChAdOX1
vaccine study included weekly swabbing
for a secondary analysis and revealed a
significant effect against positivity, albeit
lower than the measured effect against
symptomatic disease.? A later analysis
also showed a reduced viral load among
vaccinated individuals in a subset of test-
ed individuals who had such data.?* The
Ad26.COV2.S study used serologic test-
ing after 71 days to identify participants
who had been infected after randomiza-
tion and revealed efficacy similar to that
associated with symptomatic disease.

Although these secondary end-
points were valuable, they involved
smaller sample sizes than the primary
endpoint and only scratched the sur-
face of broader effects that could be es-
timated. Observational studies provided
evidence that vaccines reduced trans-
missibility as well by both identifying
reductions in onward transmission
among, for example, household mem-
bers?® or other close contacts®® and
by measuring proxies such as the poly-
merase chain reaction cycle threshold
(related to the viral load),?’ viral culture
viability,*® and rapid antigen test
positivity.*?

Despite the value of this observation-
al evidence, these studies suffer from
limitations. As with all observational
studies, the risk of unmeasured con-
founding and selection bias could have
biased the results.'® Specifically, com-
paring secondary attack rates depends
on index case identification, and detect-
ing onward transmission accurately and
in a timely way>° and comparing viral

loads can involve substantial bias, espe-
cially without randomization or with
time-varying risks 2%’

In addition, the delay inherent in
these studies—which must be con-
ducted after vaccine rollout—limits
their usefulness in informing vaccine
deployment policies and the need for
concurrent nonpharmaceutical inter-
ventions. Prelicensure RCTs addressing
these endpoints would provide crucial
effect estimates more quickly and more
reliably. In addition, they would provide
a foundation for later studies of boos-
ters, vaccine effectiveness waning, and
next-generation vaccines by generating
highly reliable evidence of the initial ef-
fectiveness of vaccines against trans-
mission endpoints. That would allow
changes over time to be measured di-
rectly (e.g., assessing waning over time
through post-unblinding follow-up®?)
or assessed in new studies (e.g., assess-
ments of effectiveness against new
variants®?) and compared with initial
findings, which would inform public
health priorities and policies.

CLUSTER
RANDOMIZATION AND
OVERALL EFFECTIVENESS

Another method to understand a vac-
cine's impact on a population is a cRCT,
which provides investigators with evi-
dence on the community impact of an
intervention. Instead of allocating indivi-
duals to either the control or vaccine
arm, cRCTs allocate clusters of indivi-
duals; these clusters can be house-
holds, contacts of an index individual,
schools, workplaces, or geographic
units.*** Individuals within clusters may
or may not be required to take the vac-
cine, and thus cRCTs often reflect de-
ployment in practice and are used to
investigate the effects of postlicensure



policies or strategies.>* Through the
clustering, cRCTs allow investigators to
measure the overall effectiveness at
the cluster level, accounting for both
direct and indirect benefits to all indivi-
duals in the cluster.”™® If there are
indirect effects of the vaccine (e.g., pre-
venting infections or reducing infec-
tiousness), the overall effect—and the
total effect on vaccinated individuals
specifically—will be larger than the di-
rect vaccine efficacy.

Various types of cRCTs have been
proposed or used to measure the ef-
fectiveness of nonvaccine interventions
in the COVID-19 pandemic and vac-
cines in previous infectious disease
outbreaks. Masks and hydroxychloro-
quine, among other interventions, were
tested through cRCTs clustered by vil-
lage and close contacts of an infected
individual, respectively.*>3° Vaccines
designed primarily to work by blocking
transmission, such as a recent malaria
vaccine candidate, are particularly good
candidates for cRCTs.?’

In the 2014 Ebola outbreak, several
CRCT designs were considered to test
vaccines.®® A ring design that random-
ized contacts (and contacts of contacts)
of infected individuals—as a cluster—to
the vaccine or control arm was used,
demonstrating high effectiveness in
preventing cases.*® Even earlier, a sub-
type of cRCT known as a stepped-wedge
CRCT was designed to assess a hepatitis
B vaccine in The Gambia, with the vac-
cine rolled out to new geographic areas
in phases. This design has advantages,
especially when supplies or program
staff are constrained, as well as specific
disadvantages. By capturing indirect
effects and allowing for ease of logistics
via operationalization at the cluster level,
cRCTs have proven useful in infectious
disease settings.®

Relatedly, observational studies in-
volving cluster-level policies (e.g., state-
level vaccine mandates for hospital
workers?%) have shown that when man-
dates are possible, cluster-level analy-
ses can demonstrate the effectiveness
of certain interventions. Conducting
cluster-level studies earlier, when ran-
domization is still ethical and feasible,
would reduce the risk of bias in these
analyses.*® In this way, cRCTs can be
useful tools to measure both the effec-
tiveness of policies (e.g., availability or
promotion of vaccines) and, in settings
where uptake will be high as a result of
mandates or high prelicensure desir-
ability, the effectiveness of widespread
vaccination itself.

TRADE-OFFS,
LIMITATIONS, AND
RESEARCH DEMANDS

Although they provide valuable public
health information, these alternative
vaccine trial designs have drawbacks
and limitations as well. They also provide
opportunities for research to address
these limitations, quantify the trade-offs
between competing designs, and ad-
dress regulatory uncertainty. Box 1 sum-
marizes these designs and estimands
as well as some of the challenges they
pose.zfﬂ 2,15,18,19,21-29,30,34-39,41-44
These approaches often require
more complex statistical modeling, de-
mand stronger epidemiological assump-
tions, or face reduced power relative to
standard approaches. Measuring trans-
mission directly among close contacts
requires a clear and consistent definition
of those contacts; either the trial partici-
pants must be tested regularly, with ad-
ditional testing for contacts of infected
participants, or only contacts of symp-
tomatic participants are tested, which
may lead to a biased estimate if the
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vaccine effect on symptomatic infection
is different from its effect on asymptom-
atic infections.>® Moreover, these
approaches are limited to identifying
transmission among a defined type of
contact, ignoring other pathways for
transmission, and modeling of other in-
fection sources is often needed to im-
prove validity and precision.?>2®

Estimating vaccine efficacy against
transmission via a proxy for infectious-
ness will either face limited power at a
single point in time or require a more
complex model to accommodate re-
peated sampling.??? Initially, a suitable
proxy must be found that both is easy
enough to sample on a wide scale and
has a known relationship to transmis-
sion. Then numerous assumptions must
be made about the proxy, including that
its relationship with infectiousness is not
affected by vaccination.?? Although, for
example, polymerase chain reaction
cycle threshold values and rapid anti-
gen test positivity rates both may be
reasonable proxies for COVID-19 trans-
missibility, this may not hold true for fu-
ture variants or other infections.*' Viral
culture positivity, a common indicator of
transmissibility, is more expensive, time
consuming, and laborious to determine
and requires a specialized laboratory,
generally resulting in a smaller sample
size or higher costs.?®?% To use these
designs, research into a suitable proxy
must be prioritized early in the
outbreak.

Regulators also need to ensure ap-
propriate consideration of these end-
points, possibly by allowing alternative
specifications of validation and sensitiv-
ity to meet population, rather than indi-
vidual, considerations.® Uncertainty
about these proxy measures and their
relationship to actual transmission
events is a major barrier to and limita-
tion of such studies.
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I BOX 1— selected Alternative Designs for Randomized Vaccine Trials and Their Potential Challenges

Primary Endpoint/
Design

Estimand

Potential Challenges

Selected References

Individuall

y randomized controlled trials

Virologic test positivity

Vaccine efficacy against prevalent
infection

Reduced power or requires frequent testing and
modeling

Methodology?'%; RCT
example?

Serologic test
positivity

Vaccine efficacy against incident
infection

Vaccination may affect test performance; cannot
identify or analyze time to infection; may lead
to smaller sample sizes

RCT example?; observational
example®®

Secondary attack rate
in defined contacts

Vaccine efficacy against
infectiousness given infection

Requires large amount of testing; risk of bias in
index case and contact identification; limited
generalizability to other contacts

Methodology*°; observational
examples?526

Virologic test cycle
threshold value

Vaccine efficacy against transmission

More costly; requires assumptions/model of
transmissibility and justified proxy

Methodology®>23; RCT
example?*; observational
example?’; biological
justification®'

Rapid antigen test
positivity

Vaccine efficacy against transmission

Requires validated test properties for at-home use

Observational example??;
biological justification*!

Viral culture positivity

Vaccine efficacy against transmission

More costly; requires appropriate laboratory;
requires assumptions/model of transmissibility

Observational example®;
biological justification®’

Cluster randomized controlled trials

Parallel-arm cRCT

Overall or total vaccine effectiveness

at the clustering level

Group consent ethics; large simultaneous rollout;
estimand value depends on clustering level and
outbreak trajectory

Methodology>#“2; RCT
examples19'35'37;

discussion>18:19.38.43

Ring design cRCT

Overall or total vaccine effectiveness

for contacts (or larger rings)

Estimand corresponds to specific vaccine rollout
strategy

RCT example®; discussion'?3®

Stepped-wedge cRCT

Depends on analysis method

Slower, reduced power, dependent on analysis
method

Methodology*4; RCT

example®®; discussion®43

Research

Note. cRCT = cluster randomized controlled trial; RCT = randomized controlled trial.

Often randomizing a relatively small
number of clusters, cRCTs can face the
risk of imbalance between arms, and
the correlation between participants
leads to less precise effect estimates.®*
Although the larger overall effect size
being estimated in a cRCT could in the-
ory lead to greater statistical power
than a comparably sized individually
randomized trial, this is rarely the case
in practical settings.*” The reduction in
power is even more pronounced for
stepped-wedge cRCTs, which also face
potential biases under standard analy-
sis methods.** There is recent and
ongoing research into improving the
efficiency of analysis methods and the
validity of designs for cRCTs, as well as
tools that quantify the inherent trade-
offs.*? Specific research on the high
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temporal sensitivity of cluster-level out-
comes would be particularly valuable,
especially if designers can use it to con-
sider how simultaneous interventions
that “flatten the curve” influence the
measured effects.

Generalizability and interpretation of
the measured effects also pose a chal-
lenge for these designs. Effects on the
likelihood of onward transmission may
change as pathogens evolve and be-
havior changes."” The indirect effects
that are measured in cRCTs depend
on many factors: uptake of the vaccine
within the clusters, the reproduction
number of the infection, the number
of susceptible individuals in the popula-
tion, and other preventive measures
taken.'>*2 This can result in overall vac-
cine effectiveness estimates that are

specific to the context of the trial and
may be less generalizable to other loca-
tions or time points.

For example, although cRCTs may
randomize clusters to availability or
promotion of vaccines, this may not en-
sure that all individuals within treated
clusters receive the vaccines and that
no individuals within control clusters
do. The vaccine effectiveness esti-
mands targeted in these trials, then,
more accurately capture the effects of
the policy (e.g., of availability, promo-
tion, or mandate) than vaccine efficacy
itself."®3* Although direct vaccine effi-
cacy estimates from individually ran-
domized trials may also not be fully
generalizable (e.g., this depends on the
pathogen strain mix at a given location
and time point,9 as we have seen with



SARS-CoV-2), this is likely a greater chal-
lenge for cRCTs."® Research on the
time dependence of these effects, and
whether accurate predictions can be
made when generalizing to other popu-
lations and time points, could alleviate
some of these concerns.

In addition, research on how best to
communicate such results, as well as
which types of evidence are most con-
vincing to the public, would be valuable.
Messaging around vaccines has been
challenging because of differing notions
of the primary purpose of the COVID-19
vaccines.?® A fuller understanding of
their effects, coupled with effective
communication strategies, could im-
prove that.

Logistically, trials must balance speed,
cost, and recruitment ability. Routine
testing of a large number of trial partici-
pants (and potentially their contacts) is
expensive and potentially logistically dif-
ficult.®® The use of rapid or at-home
tests introduces more human variability
and the potential for reduced sensitivity
or specificity. Serologic tests for any
past infection reduce the need for fre-
quent testing but require the assump-
tion that seroconversion does not differ
between vaccinated and unvaccinated
individuals, which may not be true in all
settings.*® They also limit the ability to
assess time to infection, which can bias
comparisons and limit public health un-
derstanding of interventions that delay
infections.** Moreover, the use of sero-
logic tests may limit sample sizes; 2
large-scale trials saw drastically limited
sample sizes for their serologic test out-
comes.>* Stepped-wedge cRCTs can
be attractive when resources are limit-
ed (and would be rolled out in a stag-
gered fashion in any event) but may be
slower than other designs.*® As with
RCTs in general, all of these designs

face trade-offs among their numerous
goals and constraints.

Phase Il trials must also collect safety
data and adhere to ethical standards
of consent and monitoring. Although
changing the primary endpoint need
not remove any safety endpoints, some
safety endpoints may fit better among
certain designs (e.g., serologic testing
and serum-based lab safety endpoints).
Safety and monitoring in cRCTs can be
more complex but can be achieved
through passive surveillance with ap-
propriate follow-up length.?” Decisions
surrounding consent for randomization
are often challenging for cRCTs, and
many are conducted as open-label
postlicensure trials, risking bias and lim-
iting their ability to inform authorization
and rollout."”3*

Research and tools to quantify these
trade-offs (e.g., see the tool developed
by Bellan et al.*®) may prove useful to
investigators balancing these compet-
ing concerns. Also, broader planning
and discussion of ethical and logistical
issues (e.g., as described by Wilder-
Smith et al,'? Delrieu et al.*” and Dean
et al.>®) can address these concerns
without the time pressure of a public
health emergency. Financial support
for larger trials, if needed to gain
broader information on effects, could
persuade sponsors to be more ambi-
tious in trial design as well.

Finally, historical and contemporary
reliance on individual RCTs with clinical-
ly focused endpoints for pivotal vaccine
trials—along with specific guidance
recommending those types of trials—
has left uncertainty about what evi-
dence would be acceptable to national
regulators and international bodies. For
example, according to the FDA guid-
ance for COVID-19 vaccine trials in June
2020, cRCTs "may be acceptable but re-
quire careful consideration of potential
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biases that are usually avoided with in-
dividual randomization.” Although this
does not preclude cRCTs outright, it
may leave sponsors uncertain about
whether they are truly a viable
pathway.

The recent focus in international reg-
ulatory guidance on choosing appropri-
ate estimands should encourage a
broader reconsideration of these alter-
native designs. The International Con-
ference on Harmonisation, which lays
out clinical trial principles that are
adopted by many national regulatory
agencies, put forward an addendum
specifically focused on estimands.*®
This has led to a push for larger conver-
sations about the most appropriate
estimands, including endpoints and the
compared populations, and more com-
prehensive reporting of these choices
in statistical analysis plans.*’

This is an opportunity to reevaluate
the regulatory regime and ensure that
designs most relevant for public health
can be used in pivotal vaccine trials and
in studies of correlates of protection.
The European Medicines Agency has al-
ready indicated a willingness to autho-
rize vaccines on the basis of population
impacts, and the FDA has pathways
that could be used to follow suit." As
decisions regarding acceptable clinical
trial design occur mostly through guid-
ance documents and conversations
with regulators,’® active guidance sur-
rounding these possibilities from regu-
lators and clarity for industry sponsors
of trials will be necessary to move the
needle.'’” Specific guidance on what
data and justifications are needed for
cRCTs or trials with nonclinical endpoints
should be laid out for next-generation
COVID-19 vaccine trials (including nonin-
feriority trials) and considered for future
outbreaks.
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CONCLUSION

The COVID-19 pandemic has reinforced
the importance of public health and
considering effects on a population
scale, which should encourage further
discussion in the research community
of the most appropriate study designs
to answer crucial questions. Although
the authorized vaccines have greatly re-
duced the toll of this epidemic, much is
still unknown or only recently coming
to light about their impact at the popu-
lation level. These questions will only
deepen as choices are made about
deploying updated vaccines and the
need for additional interventions as
the disease continues to spread.®?
Although we have tools to evaluate
these effects, their usefulness is limited
after the initial trials and deployment.

Understanding the effect of vaccines
on infections and transmission, not just
disease, can inform an effective vaccine
response to an outbreak and improve
modeling of the epidemic and decision
making surrounding concurrent public
health measures.'#'®" These issues
can be understood in time for incorpora-
tion into vaccine planning through care-
ful consideration of vaccine trial designs.
Choosing an endpoint through the lens
of public health (e.g., prevalent infection
or a proxy for transmission) can provide
an important estimate of vaccine effec-
tiveness. In addition, randomizing at an
appropriate scale via a cRCT can provide
insight into the vaccine's indirect and
overall effectiveness. These choices are
not without drawbacks, and research
into appropriate endpoints and meth-
ods, and into the trade-offs they entail,
is necessary to ensure reliability and in-
form trial design selection.

Moreover, this will require a change
in focus at the regulatory and policy-
making levels. Trial sponsors need to
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be allowed, encouraged, and incentiv-
ized to conduct such trials with a public
health outcome in mind. Regulators will
need to update guidance and provide
certainty about the role these trials can
play. Finally, policymakers need to show
a willingness to use the information
provided by these trials to shape public
health policy. By facing these challenges,
we can embrace the opportunity to
improve public health in the ongoing
COVID-19 pandemic and use what we
have learned from the COVID-19 vac-
Cine experience to improve public
health in future outbreaks. 4JPH
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Variation in End-of-Life Trajectories
in Persons Aged 70 Years and Older,
Sweden, 2018-2020

Marcus Ebeling, PhD, Anna C. Meyer, PhD, and Karin Modig, PhD

3 & See also Feng, p. 716.

Objectives. To analyze variation in end-of-life trajectories with regard to elder care and medical care
and how they relate to age, gender, and causes of death.

Methods. \We analyzed all deaths of persons at age 70 years and older between the years 2018 and
2020 in Sweden, using a linkage of population registers. We applied latent class analysis to identify
distinct types of end-of-life trajectories.

Results. We identified 6 different types of end-of-life trajectories. The types differed substantially in the
amount of utilized elder care and medical care before death. Deaths characterized by high levels of
elder care and medical care utilization become more common with age. The trajectory types show
distinct cause-of-death profiles.

Conclusions. Most deaths today do not comply with what is often referred to as a “good” death (e.g.,
retaining control or requiring low levels of elder care). The results suggest that longer lifespans partly
result from a prolonged dying process.

Public Health Implications. The current modes of dying call for a discussion about how we want to die
in an era of increasing lifespans and aging societies. (Am J Public Health. 2023;113(7):786-794. https://
doi.org/10.2105/AJPH.2023.307281)

An increasing number of people
reach older ages, and, thus, many

countries in the world are faced with in-
creasing numbers of deaths every year.
In Sweden, for instance, 25% more an-
nual deaths are expected in 30 years.”
The time before death is a critical and
challenging period of life, and more
deaths at higher ages may resultin an
increased burden on the health sector
and on society at large. Insights are
needed to fuel the debate about the
value of death and dying in aging socie-
ties. Currently, we miss a comprehen-
sive understanding of the variation

in individual end-of-life trajectories

and how deaths following a specific
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trajectory are distributed across gen-
ders, ages, and causes of death.

For many individuals, the end-of-life tra-
jectory is characterized by the transition
from becoming ill to death, which can
take days or months for some and years
for others. A sudden unexpected death
compared with a death after a long and
severe disease illustrates this in a simpli-
fied way. Continued medical progress has
likely affected end-of-life trajectories by
delaying the onset and improving survival
for many diseases. This may have led to
an extended period of disease accumula-
tion and care needs at the end of life.

Few previous studies have aimed to
identify commonalities across individual

end-of-life trajectories. In 2 separate
analyses, Lunney et al.>? described 4
distinct trajectories based on physical
functioning and medical care needs at
the end of life. The pathway types in-
clude, for instance, terminal illness with
a rapid decline in physical functioning,
or frailty with a slow but continuous de-
cline. Raab et al.* focused on joint pat-
terns of physical and mental health.
They identified 5 distinct trajectory types
and found that functional limitations can
g0 along with both a constantly high or
low prevalence of depression symptoms
at the end of life. A Finnish study de-
scribed end-of-life care by predefining

4 different care profiles based on the
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primary place of residence and the care
transitions during the last 6 months of
life,> and a study of deaths in Ontario
used the cause of death as grouping cri-
teria.® Although all studies provided
seminal insights into several different
aspects of end-of-life trajectories, they ei-
ther focused on a specific aspect, such
as number or timing of care transitions,
or they relied on a subsample of the
population. End-of-life trajectories, there-
fore, were not linked to the societal level
or analyzed in the context of total popu-
lation mortality.

Analyses of population-level mortality
are often centered around age, gender,
and causes of death, and end-of-life tra-
jectories are neglected. By incorporating
how individuals move toward death, we
will be able to draw a realistic picture
about dying in an era of continuous
health improvements and improve our
understanding of the current and future
challenges around the end of life in aging
populations. For this, it is important to
capture the full spectrum of end-of-life
trajectories, including individuals who
are traditionally hard to reach, such as
individuals in long-term institutionalized
care settings. In this study, we utilized
high-resolution Swedish register data,
which provided a unique opportunity
to study end-of-life trajectories based
on a complete enumeration of annual
deaths.

Two characteristics are essential
when studying end-of life trajectories:
(1) When does the transition to death
start? and (2) What constitutes the tran-
sition to death? The question of when
does the pathway to death start, or, in
other words, when do we start dying, is
an essential question of life. Any an-
swer will be incomplete, but attempting
to find an answer is important—for in-
stance, when it comes to deciding if
a curative or a palliative treatment

strategy is most suitable for a (terminal-
ly ill) patient. In this study, end-of-life
trajectories are measured across the
last year of life with a focus on elder
care and medical care, 2 of the most
relevant public health dimensions. El-
der care in Sweden is publicly funded
and assigned on the basis of individual
needs. As a first choice, individuals are
offered home care, and it is only when
care needs can no longer be met at
home that individuals are allowed to
move into a care home.” This makes
elder care status a suitable proxy for
the degree of dependency at the end
of life. Medical care utilization will be in-
dicated by type and quantity of medical
care, which are 2 important dimensions
of end-of-life health care and health
care expenditures, which are reportedly
highest during the period before
death8'°

The aim of this study was to derive a
classification of end-of-life trajectories
and to investigate how they are distrib-
uted over age, gender, and causes of
death. This will allow us to link the end
of life to population mortality and shed
more light on the overarching question:
how do we die?

METHODS

The study included all deaths at age
70 years or older that occurred in
Sweden between 2018 and 2020.

Data

We derived information on date and
cause of death from the Cause of
Death Register."" We extracted in- and
outpatient care utilization during the
last 12 months of life from the National
Patient Register.'?"® We assessed the
quantity of medical care utilization as
the number of days spent in a hospital

RESEARCH & ANALYSIS

for inpatient care and as the number of
visits for outpatient care.

In addition, we considered the type
of medical care, which we measured
through the identifier of the field of med-
ical activity (MVO). The MVO code indi-
cates the type of clinic, or health center
that provided medical care and is as-
signed to each record in the National Pa-
tient Register. We used this information
to measure whether a person received
acute care at least once (e.g., emergency
care) and whether a person received
some form of specialized clinical care
(e.g., palliative care or home health
care). Both are main pillars of end-of-life
care."*> Several different MVO codes
were used to identify the 2 types of
care (Table A, available as a supplement
to the online version of this article at
https://ajph.org).

We measured elder care by using the
Social Service Register, which contains
monthly information on publicly funded
elder care.” Care status was measured
1 year before death and at death, distin-
guishing between 3 states: (1) no public-
ly funded elder care during the month,
(2) any amount of home care indicated
by a granted home care claim, and (3)
living in an elder care home. Reliable
information on elder care status was
missing for less than 1% of deaths; we
omitted these from the analysis. All data
were available until December 31, 2020.

Analytical Strategy

We used latent class analysis (LCA) to
identify common patterns of end-of-life
trajectories across individuals. LCA'is a
statistical procedure to uncover homo-
geneous subgroups (latent classes)
within a population, which are identi-
fied on the basis of the similarity of in-
dividual response patterns across a
set of indicator variables. The indicator
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variables used in our analysis captured
various aspects of elder care and medi-
cal care utilization in the last year of life.
As a consequence, the identified sub-
groups included individuals with similar
care-oriented end-of-life trajectories.
The fitting procedure of LCA has been
described in detail elsewhere.'®

We considered 6 different indicator
variables:

1. elder care status (no care, receiv-
ing home care, and living in a care
home) 1 year before death,

2. elder care status at death,

3. inpatient care utilization over the
course of the last year of life,

4. outpatient care utilization over the
course of the last year of life,

5. acute care over the course of the
last year of life, and

6. specialized clinical care over the
course of the last year of life.

We classified medical care utilization
into 3 groups: low, medium, and high.
We based the groups on the lower
(<2 days or <1 visits), mid (3-17 days
or 2-5 visits), and upper (> 17 days or
> 5 visits) terciles of the distribution of
hospital days (inpatient care) and visits
to outpatient care across all individuals.
To measure whether individuals re-
ceived acute health care and special-
ized clinical care (e.g., palliative care),
we created 2 binary variables, which in-
dicate if a person had at least 1 record
with a relevant MVO code.

We conducted the LCA separately for
each calendar year (2018, 2019, and
2020). In all years, the optimal number
of latent classes was 6, which we identi-
fied using the Bayesian information crite-
rion, the Akaike information criterion,
and the meaningfulness and size of the
derived classes. We also evaluated the
prediction performance of the model us-
ing the average latent class probability.

Peer Reviewed  Ebeling etal.

We found all diagonal probabilities to be
well above the lower threshold of 0.8
and off-diagonal probabilities to have
small values, which suggests that the
identified groups were reasonably differ-
ent from each other (Table C, available
as a supplement to the online version of
this article at https://ajph.org).” In a sec-
ond step, we analyzed how the derived
pathway types were distributed over
gender, age, and cause of death. This
analysis provided further support for the
chosen spedification of the LCA model."”

We performed the statistical analysis
with R version 4.1.1 (R Foundation for
Statistical Computing, Vienna, Austria),
and the poLCA package in R (version
1.4.1). Codes and other materials can
be obtained online (https://doi.org/10.
17605/OSF.I0/TYN7J). For data access,
an application must be filed.

RESULTS

The total number of deaths in Sweden
at age 70 years and older was 75151

in 2018, 72683in 2019, and 81275in
2020 (Table B, available as a supple-
ment to the online version of this article
at https://ajph.org). This constitutes
around 80% of the total annual number
of deaths in Sweden in the respective
years. The increase of death counts in
2020 is a consequence of the COVID-19
pandemic.

Figure 1 illustrates the identified types
of end-of-life trajectories. The first row
shows the proportion of deaths that fol-
lowed the specific trajectory, averaged
across the 3 considered years. The
most common type was “terminally ill"
(26% of all deaths), while “sudden
death” and “impaired” (both 11%) were
the least common types. The color cod-
ing in the figure refers to the probability
of having a specific outcome on the
respective indicator variable (e.g., the

probability of receiving acute care
among deaths being classified as
“terminally ill"). Note that, in many cases,
the estimates marked as being below
or above the thresholds of 0.33 and
0.66 are close to zero or 1. We refer

to Table D (available as a supplement
to the online version of this article at
https://ajph.org) for detailed estimates
and a more nuanced presentation.

The indicator variables can be divided
into 2 broader ones—elder care and
medical care. We found the elder care
variables to be most important for
grouping the trajectories. In fact, using
only elder care as an indicator variable
would create 3 rather than 6 trajectory
types. The “dependent” and “impaired”
trajectories showed higher shares of
elder care utilization. We chose labels
to reflect the health status, and, thus,
“impaired” refers to home care because
individuals are still able to live in their
own home, while “dependent” refers
to care home residents because indivi-
duals cannot manage to live at home
anymore. The “sudden deaths” and”
terminally ill” trajectories had a low
probability of receiving elder care dur-
ing the last year of life.

When we added medical care, the
3 broader types were divided into 6 tra-
jectories. The differences in medical
care utilization made the “sudden
deaths” and “terminally ill” groups 2
distinct trajectories. “Sudden deaths”
showed a low medical care utilization,
and, thus, none of the indicator vari-
ables suggested the approaching
death, which is the main reason for
the labeling. The “terminally ill" type
displayed high medical care utilization
and a need for specialized clinical and
acute care, which we interpreted as a
sign for the rapid progression of a ter-
minal illness. Medical care utilization
also distinguished the “impaired severe
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Type of End-of-Life Trajectory (% of All Deaths?)

FIGURE 1— End-of-Life Trajectory Types and Corresponding Probabilities of Indicator Variables for People Aged
70 Years and Older: Sweden, 2018-2020

“Percentages indicate means for 2018-2020.

progression” and “impaired” types,
where the former had higher medical
care utilization than the latter. The
same distinction was made for the
“dependent severe progression” and
“dependent” types. In both cases, high
medical care utilization was interpreted
as a sign for a severe progression of 1
or more health problems.

Figure 2 depicts death counts by age
and trajectory type. For women, the
“terminally ill" type had the lowest medi-
an age (80.2 years), while “sudden
deaths” was the type with lowest mean

age among men (79.5 years). With
87.8 years for men and 91 years for
women, the “dependent” type had the
highest median age. Type-specific medi-
an ages were more distinct for men
compared with women. Across all ages,
most deaths were assigned to the

|u

“terminally ill" type for men and to the
“dependent” type for women (Figure A,
available as a supplement to the online
version of this article at https://ajph.org),
while the lowest numbers were assigned
to the “sudden deaths” and “impaired”

types for both women and men.

Figure 2 illustrates that trajectory types
characterized by high need for elder
care became more common with in-
creasing age at death. At the highest
ages, most deaths were following upon 1
of the trajectories with elder care needs.
This relationship was more pronounced
for women. At the modal age at death
(the age when most deaths occur; age
90 years for women and 87 years for
men), 5 out of 6 deaths for women and
around 4 out of 5 deaths for men re-
quired elder care over the last year of
life. The number of “sudden deaths” was
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FIGURE 2— Dpeath Counts by Age and End-of-Life Trajectory Type for People Aged 70 Years and Older by (a) Women

and (b) Men: Sweden, 2018-2020

relatively stable up until age 85 years but
declined thereafter and became negligi-
ble at ages 90 years and older. The
“terminally ill" group reached its maxi-
mum at around age 75 and declined
continuously afterward. In contrast to

"

“sudden deaths,” “terminally ill" trajecto-
ries remained at a sizable level also at

ages 90 years and older.
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Most deaths at younger than 80 years
were assigned to trajectory types with
high medical care utilization (“terminally
ill,” “impaired severe progression,”
“dependent severe progression”). For
men, the share of these types remained
high at ages 80 years and older, while
for women, trajectories with high medi-
cal care utilization became more

frequent with increasing age at death.
The pattern for women was driven by
the sharp increase in the number of
“dependent” trajectories. For women,
“dependent” and “dependent severe
progression” trajectories combined con-
stituted around half of the deaths at
ages 85 to 90 years and most deaths at
ages 90 years and older.



Figure 3 shows the distribution of
causes of death for each trajectory type.
Around half of all deaths assigned to the
“terminally ill" type had a cancer as the
underlying cause of death, while around
half of the “sudden deaths” had a car-
diovascular disease as the underlying
cause of death. Both “terminally ill” and
“sudden deaths” were the 2 types with
the most homogenous cause-of-death
profile. The “dependent” and “dependent
severe progression” trajectory types had
the most heterogenous cause-of-death
profile, which is partially because of the
high share of deaths from mental and
behavioral disorders and diseases of the
nervous system.

Dependent

Dependent
severe progression

Impaired

Impaired
severe progression

Sudden death

Trajectory Type

Terminally ill

The trajectory types with high medical
care utilization also had the lowest pro-
portion of deaths from cardiovascular
diseases. With a proportion between 5%
and 10%, deaths from respiratory dis-
eases encompassed a relatively constant
share within each type. Deaths where
the underlying cause of death was un-
known were negligible in all types, but
among “sudden deaths,” this group in-
cluded more than 5% of the deaths.

DISCUSSION

The inevitability of death is a constant
that is shared by all, but the time before
death looks different across persons.

e
O . |
O . | ¢

| |
| |
| N |
|
T T T T
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To the best of our knowledge, our results
provide the first comprehensive analy-
sis of the composition of end-of-life tra-
jectories for the total population aged

70 years and older. Most existing studies
on end-of-life trajectories focused on
specific factors, such as number, type,

or timing of care transitions,>®'*1819 or
they relied on subsamples that prevented
a direct link to the total population death
toll.2%?1 On the basis of 2 central public
health dimensions—namely elder care
and medical care—we derived a data-
driven classification that allowed us to
illustrate the individual variation in end-
of-life trajectories. Moreover, by analyzing
the trajectories along gender, age, and
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Unknown cause

Other
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FIGURE 3— Distribution of Underlying Causes of Death by End-of-Life Trajectory Among (a) Women and (b) Men:

I Sweden, 2018-2020
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causes of death, we gained new insights
into the relationship between longevity
and the end of life.

We identified 6 distinct types of end-
of-life trajectories. Death counts were
unevenly distributed across them. Two
thirds of all deaths followed a trajectory
with extensive elder care utilization
throughout the last year of life, and at
least half additionally showed extensive
medical care utilization. The presence of
extended care needs already at the be-
ginning of the last year of life may sug-
gest a slower progression toward death,
which is different from the faster pro-
gressing “sudden death” and “terminally
ill” types. Similar to Lunney et al., our
classification may thus also be broadly
categorized into fast and slowly progres-
sing trajectories.”?

With increasing age at death, trajecto-
ries with a comparably rapid progression
toward death become less prevalent,
while trajectories with a slower progres-
sion became more prevalent. The pat-
tern may suggest that higher ages at
death and, thus, longer lifespans are in
part the result of a prolonged dying pro-
cess. Different authors have described
the prolonged dying process as a con-
sequence of medical progress, which
resulted in improved survival with dis-
eases and, as a result, an extended peri-
od of dying by slowing the progression
toward death.?*?* Sudden unexpected
deaths—previously the most common

way to die?>%®

—are the smallest group
in our analysis, while pathways with a
slower progression are most common.
This finding provides further support
for the idea of a prolonged dying pro-
cess. Further insights into this are re-
quired to shape the future of dying in
aging societies and to meet the chal-
lenges and consequences of increasing

lifespans.
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End-of-life health care expenditures
were and will continue to be an important
aspect for health care planners because
different studies concluded that the time
before death comprises the highest
health care costs over the life course '°
Scholars also argued that a shift to long-
term care becoming more frequent is
likely in the future.?” Our analysis sug-
gests 2 important conclusions in this
context. First, long-term-care settings
are already the reality for most deaths
in Sweden today, and, second, most
deaths, particularly beyond current levels
of life expectancy, follow a trajectory that
could be considered relatively costly be-
cause of high elder care and medical
care utilization. At this point, it is, howev-
er, not clear if an increasing number of
deaths and a likely increase in lifespans
will result in increasing health care ex-
penditures in the future. The impor-
tance of future mortality improvements
and probable changes in the disease
panorama at the end of life have also
been emphasized as pivotal factors for
the future development of health care
expenditures.?®?9

The heterogeneity in cause-of-death
profiles was greatest among the trajecto-
ries with the highest median age at
death. Accordingly, “dependent” trajecto-
ries have the largest variation in causes
of death because of a considerable
share of deaths from mental and behav-
ioral disorders and diseases of the ner-
vous system. However, this finding must
be interpreted with caution as it gets
increasingly difficult to determine the
cause of death at higher ages because
of existing comorbidities.>® Nevertheless,
the increasing heterogeneity with age at
death could indicate that end-of-life care
needs vary greatly across individuals,
which may be a consequence of individ-
ual disease histories becoming longer

and multilayered. Findings from a Finnish
study that focused on timing and place
of care provision at the end of life sup-
port this hypothesis.®

Limitations

Despite extensive examinations that
supported the plausibility of our results,
our derived trajectories may be only
partly generalizable to populations be-
yond Sweden given the variety of ways
in which health care and elder care are
organized. Especially medical care utili-
zation of care home residents should
be interpreted with caution as we did
not have any detailed information about
the care given within the care homes.
In Sweden, care home residents are of-
ten only hospitalized if it is deemed un-
avoidable because of the high risk of
unintended adverse effects, such as
confusion.' Moreover, it is important
to note that previous studies have em-
phasized that elder care status is a
more objective measure for depen-
dence among women compared with
men because men, to a higher extent,
benefit from informal caregiving of
spouses.>??3 The share of deaths fol-
lowing trajectories with low elder care
needs could, thus, be overestimated
for men.

Our analysis did not include primary
care as this information is not available
in nationwide registers. It will be an im-
portant future direction to also under-
stand the role of less-severe health
conditions for end-of-life trajectories.
The same applies to the age range con-
sidered in this study, which was limited
to deaths at ages 70 years and older. It
is likely that including younger ages at
death would have resulted in higher ab-
solute and relative numbers of deaths
in trajectory types with the lowest



median ages at death (“terminally ill"
and “sudden death”). However, given
that we still included most (80%) annual
deaths in Sweden, we believe that our
results are based on a wide spectrum
of end-of-life trajectories.

Public Health Implications

There is no consensus about the princi-
ples constituting a good death. Retain-
ing control, being pain-free, having the
choice of the place of death, and not
having life prolonged pointlessly are
principles that have been mentioned,
among others.>*3> Our analysis has
shown that most individuals experience
a last year of life with high elder care
needs and medical care utilization; a
pattern that becomes even more pro-
nounced with increasing age at death.
Most end-of-life trajectories that we
identified may only partially align with
the principles of a good death. Howev-
er, as the number of deaths will rise in
the future and lifespans continue to in-
crease, it will become inevitable for so-
cieties and public health to address the
question: how do we want to die? 4JPH
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State Policy Removing the Personal
Belief Exemption for Measles,
Mumps, and Rubella (MMR) School
Immunization Requirement,
Washington State, 2014-2022

Tyler P. Moore, MPH, Julia C. Bennett, MSPH, Katherine Graff, BSN, RN, Mayuree Rao, MD, MS, Orvalho Augusto, MD,
Helen Y. Chu, MD, MPH, Bradley H. Wagenaar, PhD, MPH, and Teal R. Bell, MPH

> & See also Williams and O’Leary, p. 718.

Objectives. To assess the impact of Washington State’s 2019 Engrossed House Bill (EHB) 1638—which
removed measles, mumps, and rubella (MMR) personal belief exemptions—on MMR vaccine series
completion and exemption rates in K-12 students.

Methods. We used interrupted time-series analyses to examine changes in MMR vaccine series
completion rates before and after EHB 1638 was passed and the x? test for differences in exemption

rates.

Results. EHB 1638 implementation was associated with a 5.4% relative increase in kindergarten MMR
vaccine series completion rates (95% confidence interval = 3.8%, 7.1%; P<.001), and results were similar
with Oregon as a control state (no change observed in Oregon; P = .68). MMR exemptions overall
decreased 41% (from 3.1% in 2018-2019 to 1.8% in 2019-2020; P<.001), and religious exemptions
increased 367% (from 0.3% to 1.4%; P<.001).

Conclusions. EHB 1638 was associated with an increase in MMR vaccine series completion rates and a
decrease in any MMR exemption. However, effects were partially offset by an increase in religious

exemption rates.

Public Health Implications. Removal of personal belief exemptions for the MMR immunization
requirement only may be an effective approach to increase MMR vaccine coverage rates statewide and
among underimmunized communities. (Am J Public Health. 2023;113(7):795-804. https://doi.org/
10.2105/AJPH.2023.307285)

tate immunization laws mandating
S certain vaccines for school entry
have been successful at achieving high
immunization rates and controlling
the spread of vaccine-preventable dis-
eases.”” In recent decades, however,
vaccine-preventable disease outbreaks
attributable to decreasing vaccination
rates have occurred with increasing

frequency.®® In particular, measles
outbreaks and continued transmission
have raised concern that the United
States will lose measles elimination
status, which was declared in 2000.

All US states require students to be
vaccinated against some diseases for
school entry and allow parents to claim
medical exemptions, but options for

nonmedical exemptions (NMEs), such
as religious or personal or philosophi-
cal beliefs (PBE), vary. Currently,

17 states allow PBEs and 44 states per-
mit religious exemptions.” Although
heterogeneous by state, rates of PBEs
and religious exemptions have in-
creased over the past 2 decades.®'?
States with less restrictive exemption
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criteria tend to have higher rates of
NMEs and lower vaccine completion
rates.”'®""> Underimmunized popula-
tions and geographic clusters with high
NME rates are at increased risk of
vaccine-preventable diseases.®'®"’

Washington State requires that chil-
dren be vaccinated against or show
acquired immunity for 11 vaccine-
preventable diseases before attending
public or private school.'® Until 2019,
parents could waive immunization
requirements by claiming 1 of 4 exemp-
tion types: medical, PBE, religious, or
religious membership."® A religious ex-
emption requires a parent and health
care practitioner to complete and sign
a certificate of exemption, and a reli-
gious membership exemption requires
only a parent signature.?>?" In Wash-
ington, NME rates increased from 3.5%
in school year 2014-2015 to 4.5% in
2018-2019 primarily because of an in-
crease in PBEs.?? Furthermore, NME
rates in Washington were substantially
higher than the national median of
2.0% in school year 2017-2018.8

In 2019, Washington experienced
2 measles outbreaks, with the most
cases (n = 87) annually in the state
since 1990, highlighting the need to
maintain adequate levels of population
immunity to measles. The majority of
cases were among unvaccinated indivi-
duals (88%), and the outbreak occurred
primarily in Clark County in Southwest
Washington.'” In response, Washington
legislators passed Engrossed House
Bill (EHB) 1638, which aims to increase
measles, mumps, and rubella (MMR)
vaccine completion rates by eliminating
the PBE option for the school MMR im-
munization requirement.”®> EHB 1638
took effect inJuly 2019 and required all
students with a PBE for MMR to com-
plete the vaccine series, provide evi-
dence of acquired immunity, or claim a

Peer Reviewed  Mooreetal.

different exemption type at the begin-
ning of school year 2019-2020.
Washington is the first state to re-
move PBEs for 1 vaccine only, and a for-
mal evaluation of this policy is needed.
The purpose of this study was to (1) as-
sess EHB 1638's impact on MMR vac-
cine series completion and exemption
rates, and (2) determine whether com-
pletion and exemption rate geographic
patterns before passing EHB 1638 per-
sisted following its implementation.

METHODS

We used kindergarten MMR vaccine
coverage and kindergarten through
12th grade (K-12) exemption data from
the Washington Annual School Immuni-
zation Report, which is managed by

the Washington State Department of
Health. In Washington, schools are re-
quired to report the number of stu-
dents who have completed (proof of
vaccination or immunity) or are ex-
empted from (have a signed certificate
of exemption) each required immuniza-
tion. Additionally, schools report the
number of students out of compliance
(these students should be excluded
from school until proof of vaccine, im-
munity, certificate of exemption, or initi-
ation of an approved vaccine schedule
is provided) and attending school con-
ditionally (these students are allowed
to attend school while completing re-
quired vaccines).?* Data also include
the number of students with each ex-
emption type (i.e., medical, PBE, reli-
gious, or religious membership) and
type of school (i.e., public vs private).
Before school year 2019-2020, MMR
vaccine completion data were collected
for the kindergarten cohort and vaccine
exemption data for the K-12 cohort.
The Washington Annual School Immu-
nization Report provides an annual

snapshot and is primarily based on
parental documentation of vaccination
history.

We used annual kindergarten MMR
vaccine series completion data from
the Oregon School Immunization Re-
port to use K-12 students in Oregon
as a control group relative to those in
Washington to assess MMR vaccine
series completion rates before and af-
ter EHB 1638 implementation. We se-
lected Oregon a priori as a control state
because of its cultural and political simi-
larity, geographic proximity to Washing-
ton, allowance of PBEs for all vaccines,
and having also been affected by the
2019 measles outbreak. Oregon did
not change or introduce new immuni-
zation laws during the study period.

Study Outcomes and
Measures

The study period was school years
2014-2015 through 2021-2022, which
includes 5years before and 3years af-
ter EHB 1638 implementation. Primary
outcomes were kindergarten MMR vac-
cine series completion rates and K-12
MMR exemption rates at the state and
school district levels. Secondary out-
comes included K-12 exemption rates
by exemption type and K-12 exemption
rates and kindergarten MMR vaccine se-
ries completion rates by school type (i.e.,
public vs private). We included charter
schools (n = 7) with public schools.

Kindergarten vaccine completion. We
defined MMR vaccine series completion
rate as the annual percentage of kin-
dergarteners with documented immu-
nity to MMR through completion of

the 2-dose vaccine series or antibody
titer. We used measles vaccine comple-
tion rates as a proxy for MMR vaccine
completion rates after EHB 1638



implementation because of a change in
data collection starting in school year
2019-2020. Separate rates for measles,
mumps, and rubella were all compara-
ble for school years 2019-2020
through 2021-2022.

K-12 vaccine exemptions. We defined
MMR exemption rates as the annual
percentage of K-12 students with a
completed certificate of exemption for
the MMR vaccine. Before the school
year 2019-2020 data collection change,
only the number of students with any
MMR exemption (i.e., PBEs in addition
to medical, religious, and religious
membership exemptions) was collect-
ed. Additionally, religious, religious
membership, PBE, and medical exemp-
tion data were not vaccine specific be-
fore school year 2019-2020, and we
defined these exemption rates as the
annual percentage of K-12 students
with a completed certificate of exemp-
tion for at least 1 required vaccine for
each exemption type.

Statistical Analyses

We conducted 4 interrupted time-series
(ITS) analyses to estimate relative
changes in kindergarten MMR vaccine
completion after EHB 1638 implementa-
tion.?® To account for overdispersion,
we used negative binomial regression
models and modeled the number of kin-
dergarteners who had completed the
MMR vaccination series each academic
year over time with a population denom-
inator offset (for model parameteriza-
tions, see the “Supplementary Methods”
section in the Appendix, available as a
supplement to the online version of this
article at http://www.ajph.org).

First, we conducted an uncontrolled
ITS to estimate kindergarten MMR vac-
cine series completion in Washington

alone with a random intercept and
slope for school district. We excluded
school districts with less than 2 years of
data from before EHB 1638 implemen-
tation or with no data from after EHB
1638 implementation (20/304 school
districts). Second, we conducted a con-
trolled ITS comparing the change in
kindergarten MMR vaccine series com-
pletion rates in Washington with rates
in Oregon. Third, we conducted a con-
trolled ITS comparing the counties in
Washington and Oregon directly affect-
ed by the 2019 measles outbreak:
Clark County, Washington (on the
Washington-Oregon border and part
of the Portland, Oregon, metropolitan
area), Multnomah, Washington, and
Clackamas counties (Tri-County) in
Oregon (the Portland, Oregon, metro-
politan area). Finally, we conducted an
uncontrolled ITS comparing changes in
Washington kindergarten MMR vaccine
series completion rates by public and
private schools.

To examine changes in exemption
rates following the passing of EHB
1638, we used the x° test to identify
significant changes in the annual rate
of K-12 MMR exemptions and K-12
exemptions for any vaccine by exemp-
tion type before and after EHB 1638
implementation. We also stratified ex-
emption rates by school type to com-
pare differences over time between
public and private schools.

To assess geographic patterns over
time, we mapped school district-level
kindergarten MMR vaccine series
completion and K-12 exemption rates

before and after EHB 1638 implementa-

tion. We used the Pearson correlation
coefficient to assess the relationship
between school district MMR vaccine
series completion (Figure A, available as
a supplement to the online version of
this article at https://www.ajph.org) and
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exemption rates before and after EHB
1638 was passed. Additionally, we
assessed the relationship between
school district PBE rates before EHB
1638 implementation and the change
in religious exemption rates from be-
fore to after EHB 1638 implementation.
We pooled all 5years before and all
3years after EHB 1638 implementation
for the correlation analyses. We exclud-
ed school districts that did not report
data for all available years and those
with errored data. We suppressed
districts with fewer than 10 students
from maps but included them in
de-identified correlation analyses.

All reported P values are 2-sided us-
ing an a = 0.05. We conducted analyses
in SAS version 9.4 (SAS Institute, Cary,
NC)and R (R-4.1.1, R Core Team, Vienna,
Austria).

RESULTS

Before EHB 1638 passed, kindergarten
MMR vaccine series completion rates
were stable, without any significant an-
nual changes (P = .45) and ranged be-
tween 89.5% and 90.9% from school
years 2014-2015 through 2018-2019
(Table 1; Appendix Table A). After EHB
1638 implementation, kindergarten
MMR vaccine series completion rates
increased by 5.4% (95% confidence
interval [Cl]=3.8%, 7.1%; P<.001)
relative to the rate before EHB 1638
implementation to 94.4% and 94.5% in
school years 2019-2020 and 2020-2021,
respectively, and decreased slightly to
92.6% in school year 2021-2022
(P=.002; Figure 1a; Table A).

Washington Versus Oregon

Results were similar when using Oregon
as a control state. Washington kinder-
garten MMR vaccine series completion
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TABLE 1— statewide Trends in Kindergarten MMR Completion and K-12 Exemption Rates: Washington
State, School Years 2014-2015 to 2021-2022

Kindergarten K-12 Religious K-12 Personal
MMR K-12 Any MMR K-12 Religious Membership K-12 Medical Belief

School Year Completion, % Exemption, % Exemption, % Exemption, % Exemption, % Exemption, %
2014-2015 89.5 3.2 0.3 0.1 1.0 3.9
2015-2016 90.9 3.0 0.3 0.1 1.0 3.8
2016-2017 90.5 341 0.3 0.1 1.2 3.9
2017-2018 90.7 29 0.3 0.1 1.0 3.7
2018-2019 90.8 31 0.3 0.1 0.9 3.7
2019-2020 94.4 1.8 14 0.2 1.0 2.9
2020-2021 94.5 1.6 1.2 0.2 0.7 2.2
2021-2022 92.7 1.7 14 0.2 0.7 2.0

Note. MMR = measles, mumps, and rubella. We report MMR vaccine series completion rates for kindergarteners and all exemption rates for K-12
students. Specific exemption types (i.e., religious, religious membership, medical, and personal belief) are not vaccine specific. EHB 1638 was
implemented on July 28, 2019.
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FIGURE 1— Interrupted Time-Series Estimated MMR Completion Rates Among All Kindergarten Students From
School Years 2014-2015 to 2021-2022 Using Negative Binomial Regression Models for (a) Washington, (b) Washington
vs Oregon, (c) Clark County, Washington, vs Tri-County, Oregon, and (d) Washington Public vs Private Schools

Note. EHB 1638 = Washington State Engrossed House Bill 1638; MMR = measles, mumps, and rubella.
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rates increased 4.7% (95% Cl = 1.9%,
7.6%; P =.001) relative to Oregon's fol-
lowing EHB 1638. No increase in kinder-
garten MMR vaccine series completion
rates was observed in Oregon over the
same period (P = .68; Figure 1b; Table
A). When we restricted analyses to geo-
graphic areas affected by the 2019
measles outbreak (Clark County, Wash-
ington, and Tri-County, Oregon), kinder-
garten MMR vaccine series completion
rates increased 7.2% (95% Cl = 1.6%,
13.1%; P=.01) in Clark County relative
to Tri-County, Oregon, and we observed
no change in Tri-County,

Oregon (P =.75; Figure 1¢; Table A).

Completion in Washington
by School Type

Relative changes over time in kinder-
garten MMR vaccine series completion
rates were similar for public and private
schools, although they were lower in
private schools across the entire study
period. Before EHB 1638 was passed,
kindergarten MMR vaccine series com-
pletion rates were approximately 90%
and 88% for public and private schoals,
respectively. Kindergarten MMR vaccine
series completion rates at private
schools increased by 5.3% (95% Cl =
0.3%, 10.6%; P = .04) relative to the
rate before EHB 1638, and relative
increases were not significantly differ-
ent between public and private schools
(P=.92; Figure 1d; Table A).

K-12 Exemptions

Before EHB 1638 passed, annual K-12
exemption rates were relatively stable
and were approximately 3.0% for any
MMR exemption and approximately
0.3%, 0.1%, 1.0%, and 3.8% for religious,
religious membership, medical, and
personal belief exemptions, respectively,

for any required vaccine (Table 1). The
rate of any MMR exemption decreased
by 41% relative to before EHB 1638
was passed, from 3.1% in school year
2018-2019 to 1.8% in 2019-2020
(P<.001). During the same period, the
rate of students with at least 1 religious
exemption for any required vaccine
increased 367% relative to before EHB
1638 implementation, from 0.3% to
1.4% (P<.001), and the rate of religious
membership exemptions doubled, from
0.1% to 0.2% (P<.001). By 3years after
EHB 1638 passed, religious and religious
membership exemptions were stable.
Overall, the rate of medical exemptions
for any required vaccine did not change
over the study period and was 0.9% be-
fore EHB 1638 passed in school year
2018-2019, 1.0% in 2019-2020, and
0.7% in 2020-2021 and 2021-2022.

K-12 Exemptions by School
Type

Absolute decreases in any MMR exemp-
tion rates were 1.2% for both
public and private schools; however, rel-
ative decreases in any MMR exemption
rates were greater for public schools
(41.4% relative decrease from 2.9% to
1.7%; P<.001) than for those of private
schools (21.8% relative decrease from
5.5% to 4.3%; P<.001). PBE rates for
any vaccine decreased to a greater de-
gree for private (33.8% relative de-
crease from 6.37% to 4.22%; P<.001)
than for public schools (18% relative de-
crease from 3.50% to 2.87%; P<.001).
Religious and religious membership
exemption rates for any required vac-
cine increased in the year following
EHB 1638 implementation for all
schools but to a greater magnitude
for private schools (1427% relative in-
crease from 0.29% to 4.43%; P<.001;
and 267% relative increase from 0.03%
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to 0.11%; P<.001, respectively) than for
public schools (346% relative increase
from 0.28% to 1.25% and 100% relative
increase from 0.09% to 0.18%; P<.001,
respectively; Appendix Table B). The
rate of medical exemptions for any vac-
cine increased by 135.8% from 0.67%
to 1.58% (P<.001) for private schools
but did not meaningfully change at
public schools.

School District Correlation
Analyses

We included school districts that
reported data for all available years
(218/288) in correlation analyses. We
observed geographic heterogeneity in
Washington's MMR coverage and ex-
emption rates over the entire study
period. School district MMR exemption
rates in school year 2018-2019 (before
EHB 1638 passed) ranged from 0% to
31.2% (median = 3.3%), and in school
year 2019-2020 (after EHB 1638
passed) ranged from 0% to 40.9%
(median = 1.9%). MMR exemption rates
before EHB 1638 implementation were
positively correlated with exemption
rates after EHB 1638 implementation
so that school districts with higher
MMR exemption rates before EHB
1638 implementation generally had
higher MMR exemption rates after EHB
1638 implementation (r = 0.83; 95%
Cl=10.79, 0.87; Figure 2a). Notably,
MMR exemption rates did decrease in
many school districts, with MMR ex-
emption rates above 5% before EHB
1638 implementation, but these dis-
tricts remained above the median rate
after EHB 1638 implementation.
Before EHB 1638 passed, school dis-
trict PBE rates for any vaccine ranged
from 0% to 27.0% (median = 3.9%), and
after EHB 1638 passed, they ranged
from 0% to 40.0% (median = 3.3%).
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FIGURE 2— school District Correlation Analysis With Pearson Coefficient Comparing (a) K-12 Pooled MMR Exemption
Rates Before and After EHB 1638 Implementation, and (b) K-12 Pooled PBE Rates Before EHB 1638 Implementation and
the Change in Rate of Religious Exemptions From Before to After EHB 1638 Implementation (Pooled): School Years

2014-2015 to 2021-2022

Note. EHB 1638 = Washington State Engrossed House Bill 1638; MMR = measles, mumps, and rubella; PBE = personal belief exemption. Data points are scaled
by school district enrollment in school year 2019-2020 (after EHB 1638 passed). We excluded school districts that did not report data for all available years

(n=70/288).

School district religious exemption
rates for any vaccine ranged from 0%
to 8.0% (median = 0.2%) before EHB
1638 implementation and 0% to 37.8%
(median = 1.3%) after EHB 1638 imple-
mentation, corresponding to a 1-year
relative change in school district-level
religious exemption rates ranging
from —3.3% to +33.2% (median
change = +0.89%). School district PBE
rates before EHB 1638 passed and the
change in religious exemption rates
from before to after EHB 1638 passed
were positively correlated so that
school districts with higher rates of
PBEs before EHB 1638 implementation
generally had larger increases in religious
exemption rates (r=0.67; CI=0.59,
0.74; Figure 2b). Results did not change
when we weighted the Pearson correla-
tion coefficient by school district enroll-
ment (data not shown).

In general, school district-level MMR
vaccine series completion rates increased
after EHB 1638 implementation, with
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some geographic variability. In some
districts in Northeastern Washington
with relatively low MMR vaccine series
completion rates before EHB 1638
passed (Figure 3, panel a), MMR vaccine
series completion rates increased after
EHB 1638 implementation (Figure 3b),
but to levels still lower than other
regions of Washington. We observed
similar patterns for MMR exemption
rates before (Figure 3c) and after
(Figure 3d) EHB 1638 implementation.
Generally, higher MMR exemption rates
persisted in Northeastern and Eastern
Washington after EHB 1638 implemen-
tation, whereas lower MMR exemption
rates were more common in Central
and Western Washington after EHB
1638 implementation. We observed a
somewnhat similar pattern between be-
fore EHB 1638 implementation PBE rates
(Figure 3e) and the change in religious
exemption rates from before and after
EHB 1638 implementation (Figure 3f).
Higher before EHB 1638 PBE rates and

greater increases in religious exemption
rates from before to after EHB 1638 im-
plementation were more common in
Northeastern and Eastern Washington.
However, high PBE rates before EHB
1638 implementation were also preva-
lent on the northern border and in
Northwestern Washington, but the
change in religious exemptions in these
areas was mostly similar to the rest of
the state.

DISCUSSION

To our knowledge, this is the first study
to assess the effects of removing PBEs
for only the MMR school immunization
requirement. We have shown that EHB
1638 implementation was associated
with a 5.4% relative increase in MMR
vaccine series completion rates among
kindergarteners and a decrease in the
rate of any K-12 MMR exemptions in
Washington State. Increases in MMR
vaccine series completion rates were
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FIGURE 3— one-Year Change in MMR Completion and Exemption Rates by School District for (a) Kindergarten
MMR Completion Rates Before EHB 1638 Implementation, (b) Kindergarten MMR Completion Rates After EHB 1638
Implementation, (c) K-12 MMR Exemption Rates Before EHB 1638 Implementation, (d) K-12 MMR Exemption Rates After
EHB 1638 Implementation, (e) K-12 Personal Belief Exemption Rates Before EHB 1638 Implementation, and (f) Change in
Religious Exemption Rates From Before and After EHB 1638 Implementation: School Years 2014-2015 to 2021-2022

Note. EHB 1638 = Washington State Engrossed House Bill 1638; MMR = measles, mumps, and rubella. Districts in gray represent those without data for the
relevant year, which we excluded because of reporting errors or suppressed because student enroliment was <10 (n = 9-64 districts excluded, depending

on the year).

similar when using Oregon as a control
state. Furthermore, when restricting
the analysis to geographic areas in
Washington and Oregon affected by
the 2019 measles outbreak, MMR
vaccine series completion rates in-
creased substantially in Clark County,

Washington, an area with MMR vaccine
series completion rates below the state
average before EHB 1638 was passed.
However, MMR vaccine series comple-
tion rates did not change in Tri-County,
Oregon, suggesting that the increase in
MMR vaccine series completion rates

observed in Washington was attribut-
able to EHB 1638 and not in response
to a perceived increase in disease risk.
Before EHB 1638 implementation,
concern was raised that other exemp-
tion types may largely replace PBEs,
thereby limiting the law's impact.”®
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We found that religious exemptions
increased significantly, indicating that
some parents sought a religious ex-
emption in replacement of PBEs. This
is despite Washington ranking toward
the bottom of all US states in terms of
religiosity?” and an increasingly secular
United States,”® suggesting that reli-
gious exemptions may be held by an in-
creasing number of individuals without
such religious beliefs. These trends
warrant individual-level studies to un-
derstand whether parents are seeking
religious exemptions in place of the
eliminated PBE options.

Unlike religious exemptions, the rate
of medical exemptions did not mean-
ingfully change statewide following EHB
1638 implementation. In addition, al-
though the reduction in MMR exemp-
tions was partially offset by an increase
in religious exemptions, we observed
a meaningful net decrease in MMR
exemptions 3years after EHB 1638
was passed. This contrasts with the
situation in California, where medical
exemptions and other school entry
mechanisms replaced more than 70%
of the decrease in NMEs after the state
removed all NMEs for all vaccines.??2°

Given these observed replacement
effects, school immunization policies
must strike a balance between restrict-
ing exemption options and avoiding
increases in allowed exemption types
that completely offset decreases in
NMEs. Our results suggest that tar-
geted policies that allow some NMEs
may be more effective than completely
eliminating NMEs altogether. Other tar-
geted policies that increase barriers to
obtaining NMEs, such as required pa-
rental education, should be considered,
as states with less restrictive criteria
tend to have higher rates of NMEs.'>"®
Newer policies that aim to further in-
crease the difficulty of obtaining NMEs
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without eliminating them altogether,
such as Colorado’s 2021 SB 20-163,"
which set a 1-year expiration on NMEs,
should also be evaluated to further
inform optimal school immunization
policies.

Importantly, we found that although
private schools had lower kindergarten
MMR vaccine series completion rates
overall, the relative increase in MMR
vaccine series completion rates after
EHB 1638 implementation was signifi-
cant and similar to that observed for
public schools. Furthermore, MMR
exemptions decreased for both public
and private schools. However, religious
and religious membership exemptions
increased to a greater magnitude
among private than among public
schools, and medical exemptions in-
creased significantly for private schools
only. This aligns with findings from
California, where greater increases in
medical exemptions were observed
for private schools.?®

Generally, school districts with higher
MMR exemption rates before EHB
1638 passed tended to have higher
MMR exemption rates after EHB 1638
passed, but trends were variable. Some
school districts with relatively high MMR
exemption rates before EHB 1638 im-
plementation had similarly high MMR
exemption rates following EHB 1638 im-
plementation. For many other districts,
the MMR exemption rate decreased,
suggesting geographic differences in
EHB 1638's effect. In California, geo-
graphic regions with higher exemption
rates also persisted following removal
of all NMEs.?? Additionally, school dis-
tricts with higher PBE rates before EHB
1638 was passed tended to have larger
increases in religious exemptions fol-
lowing EHB 1638 implementation, but
these patterns were also variable.

Limitations and Strengths

Our study is subject to several limita-
tions. First, because MMR exemptions
by type were not collected before
school year 2019-2020 and rates of
specific exemption types were not vac-
cine specific, we were unable to assess
the change in PBEs for MMR specifi-
cally. Second, although EHB 1638 im-
plementation affected all grades, we
were limited to kindergarten MMR vac-
cine series completion, as these data
were not collected for all K-12 students
before 2019. Third, only 3years of data
after EHB 1638 implementation are
currently available, so we were unable
to estimate long-term effects.

Last, we were not able to characterize
COVID-19 pandemic impacts on stu-
dent enrollment, routine health care
seeking, and data collection for the
Washington Annual School Immuniza-
tion Report, although our use of Ore-
gon as a control state allowed us to
partially account for this external event.
Nationally, COVID-19-related disrup-
tions led to an average decrease of
approximately 1% in coverage of kin-
dergarten immunizations.®? COVID-19
pandemic disruptions also led to
delayed data collection in Washington
during school years 2019-2020 and
2020-2021, the first 2 years after EHB
1638 implementation, before returning
to normal reporting timelines in school
year 2021-2022. This may have led to
an overestimate in MMR vaccine series
completion during this time. For these
reasons, it is essential to continue mon-
itoring trends in MMR vaccine series
completion and exemption rates state-
wide and at the district level, particu-
larly in communities with low vaccine
coverage.

Nonetheless, our analysis had several
strengths. Our ITS design allowed us to



account for baseline trends in MMR
vaccine series completion rates and
use Oregon as a control state in esti-
mating the policy's effects on MMR
vaccine series completion rates. This
strengthens the evidence that the in-
crease in MMR vaccine series comple-
tion rates was attributable to EHB 1638
and not temporal trends or an increased
perceived risk of measles. Furthermore,
we evaluated the effects of EHB 1638
implementation on both MMR vaccine
series completion rates and exemption
rates by school type and school district.
Our analysis has important policy and
public health implications, as vaccine
completion varies geographically and
by school type in Washington, and
geographic areas with low vaccine
coverage are at the highest risk for

measles outbreaks.*>**

Conclusions

In the first study, to our knowledge, to
assess the effect of a statewide policy
to remove PBEs for MMR vaccination
on MMR vaccine series completion and
exemption rates, we found this policy
to be associated with a 5.4% relative
increase in kindergarten MMR vaccine
series completion rates and a 41% de-
crease in any MMR exemption. However,
during this same period, religious
exemptions significantly increased,
which partially offset decreases in PBEs.
Our findings suggest that eliminating
PBEs while allowing other exemption
types for the MMR vaccine may be an
effective approach to increase MMR
vaccine coverage for both public and
private schools and in underimmunized
communities susceptible to vaccine-
preventable disease outbreaks. Contin-
ued research is needed to assess the
long-term impact of this policy. 4JPH
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Using Modernized Medicaid Data
to Advance Evidence-Based
Improvements in Maternal Health

Jamie R. Daw, PhD, Samantha G. Auty, MS, Lindsay K. Admon, MD, MSc, and Sarah H. Gordon, PhD

Medicaid is the primary payor for nearly half of all births in the United States and plays a disproportionate
role in covering maternity care for low-income people, rural people, and minoritized racial groups.

Newly available, modernized Medicaid claims data—the Transformed Medicaid Statistical Information
System Analytic Files (TAF)—offer a significant opportunity to conduct novel research that can drive the
development of evidence-based programs and policies for Medicaid beneficiaries before, during, and
after pregnancy. Yet, the public health research community has so far underused the TAF for maternal

health research.

We provide an overview of the TAF and how they compare to other major data sets available to study
maternal health. We highlight some major limitations of the TAF and offer strategies to maximize the
potential of these novel data to accelerate timely, rigorous research to improve maternal health and
health equity. (Am J Public Health. 2023;113(7):805-810. https://doi.org/10.2105/AJPH.2023.307287)

he United States has the highest
T maternal mortality rate among com-
parable countries." Furthermore, struc-
tural racism and systemic barriers to
high-quality health care have contributed
to longstanding racial and socioeconomic
disparities in maternal health." Medicaid
pays for nearly half of US births and plays
a disproportionate role in covering ma-
ternity care for low-income people, rural
people, and minoritized racial groups.”
Thus, addressing adverse pregnancy out-
comes in Medicaid is fundamental to re-
ducing maternal health inequities.

State Medicaid programs are acting as
laboratories for change, approaching this
challenge in unique ways. Examples of
state initiatives include pregnancy-related
Medicaid extensions to 12 months
postpartum, coverage for doula care,
increased reimbursement for nurse

midwives, and alternative maternity
care payment models.? Key stake-
holders, including Medicaid agencies,
maternal mortality review committees,
and perinatal quality collaboratives,
have emphasized the urgent need for
timely, high-quality data to build the
evidence base for maternal health inno-
vations and policies.® Additionally, the
National Institutes of Health recently
announced an agency-wide maternal
health initiative,* and several founda-
tions are prioritizing actionable mater-
nal health research.®

In 2019, the Centers for Medicare &
Medicaid Services (CMS) released new
data that respond to these calls: the
Transformed Medicaid Statistical Infor-
mation System Analytic Files (TAF). The
TAF are a major modernization of Med-
icaid claims and offer a new opportunity
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for research to improve services for
pregnant and postpartum Medicaid
beneficiaries. Yet, the TAF have so far
been underused by the maternal health
research community, potentially be-
cause of lack of awareness, cost, data
storage and management, or methodo-
logical concerns. We provide an over-
view of the TAF and how they compare
to other major national data sets to
study maternal health. We also outline
practical strategies to overcome the
data’s limitations.

OVERVIEW

From 1999 to 2015, CMS compiled
state Medicaid claims submissions into
the Medicaid Analytic eXtract (MAX).
Although MAX data have been used in
many previous studies on important
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maternal health issues, their potential
was limited by data quality, state incon-
sistencies, and long lags in data availabil-
ity.® Researchers have also used raw
Medicaid data obtained directly from in-
dividual states with varying quality and
usability and limited ability to conduct
cross-state comparisons. In 2019, CMS
released the TAF—the next generation
of research-ready Medicaid data—the
result of a lengthy effort to improve the
standardization and quality of Medicaid
claims.®’ The TAF contain demographic,
eligibility, and enrollment information,
as well as 4 claims files that include
encounters financed by fee-for-service
and managed care: (1) inpatient care,
(2) long-term care and mental health
facilities, (3) prescription drugs and du-
rable medical equipment, and (4) other
services (i.e., physician services, outpa-
tient care, some inpatient claims, dental,
and labs).

Compared with the retired MAXfiles,
the TAF have automated uniform pro-
cessing across states, resulting in a
significant improvement in quality and
usability, particularly for research fo-
cused on national estimates or state-
level comparisons. The TAF are also
timelier (submitted monthly vs quarterly),
provide more information on encounters
in managed care (which covered 72% of
Medicaid beneficiaries in 2020%), and in-
clude more than 1000 additional data
elements (e.g, “other” fee-for-service
claims, capitated payments, managed
care encounters, supplemental pay-
ments). Moreover, TAF beneficiary IDs
allow tracking beneficiaries over time
and across states and linkage to other
federal data. TAF data quality is also
more transparent; CMS contracts with
Mathematica to maintain the Data Quali-
ty Atlas, an online dashboard that evalu-
ates the quality of TAF data elements by

Peer Reviewed  Dawetal.

state and year through comparison with
external benchmarks.?

As of February 2023, the TAF are avail-
able for all Medicaid beneficiaries in all
50 states, the District of Columbia, and
Puerto Rico from 2016 to 2020.” TAF
data application forms are available on
the CMS Research Data Assistance Cen-
ter Web site.” CMS estimates a 20-week
timeline from application to data deliv-
ery. There are 2 options for data access:
(1) purchase a seat through the CMS
Virtual Research Data Center for an an-
nual fee of $15000 to $22 000, or (2)
purchase physical TAF data for a fee
based on the number of files and cohort
size requested.’® Reusing a physical ex-
tract for a new project costs $2000 and
is free for those writing doctoral disserta-
tions. Purchasing physical files can cost
less and allows more flexible institutional
use and reuse but requires researchers
to maintain their own secure data
infrastructure.

OTHER DATA SOURCES
COMPARED

Table 1 provides a brief overview of the
major national data sources for US ma-
ternal health research. We do not review
electronic health records, given their lack
of national scope, nor commercial claims,
given their underrepresentation of pub-
licly insured populations most affected
by maternal health inequities. By com-
plementing the gaps in existing data
sources, the TAF have the potential to
spark new avenues for maternal health
research, particularly on the causes

and consequences of maternal health
inequities and the impact of state-level
Medicaid policies. Importantly, the TAF
contain longitudinal data on health care
from all settings (not only inpatient or at
childbirth), thus expanding the type and

timing of maternal health exposures and
outcomes that can be studied on a large
scale. These advantages are balanced by
several key limitations, which we will de-
scribe, that are critical for maternal health
researchers to consider and address.

IDENTIFYING BIRTHS

Using the TAF for maternal health re-
search requires accurate identification
of pregnancy-related events. There are
established algorithms for identifying
live births in inpatient claims data using
diagnosis and procedure codes, includ-
ing by CMS specifically for the TAF.""~"°
However, in our own work with the TAF,
we encountered 2 key issues in applying
these algorithms. First, birth claims can
be found in the inpatient file only, the
other services file only, or both. In the
TAF 2016 through 2018, we found that
12% of birth claims were only in the oth-
er services file. Existing algorithms are
designed for inpatient claims and thus
may inaccurately identify births in the
other services file. Thus, researchers
should exclude any codes unrelated to
live birth or delivery (e.g., those specific
to the postpartum period) for applica-
tion to the other services file. The most
recently published CMS technical speci-
fications for identifying live births also
exclude these codes, reflecting this
concern."*1°

Second, although published algorithms
(including CMS’ most recent) often in-
clude newborn International Classification
of Diseases, 10th Revision (Geneva, Switzer-
land: World Health Organization; 1992
[/ICD-10]) codes (e.g., Z38), many states
use the same beneficiary ID for a mother
and a child younger than 1 year. To pre-
vent misidentification of newborn claims
as maternal claims and inaccurate as-
sessment of birth timing, use of newborn
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TABLE 1— Multistate and National Data Sources for Maternal Health Research: United States,

February 2023
Data Source Population
(Steward) Data Type (Sample)
PRAMS (CDC) Survey Representative
multistate

sample (46 states
in 2020,
n = 50000 births

annually)
Natality Files Administrative (birth 99% of US live
(CDC) certificates) births (n~4
million births
annually)

SID/NIS (HCUP) Administrative
(inpatient

discharges)

TAF (CMS) Administrative (claims)

SID is 97% of US

community
hospital
discharges (NIS
is 20% sample
of SID)

100% of Medicaid

claims (n~1.5
million births
annually)

Advantages

Representative sample

Includes some birth certificate
variables

Includes all patients regardless of
payer

Contains demographics, social
determinants, health care
utilization, and some health
outcomes

Contains state identifiers

No cost

Population based

Includes all patients regardless of
payer

Contains demographic and clinical
birth outcomes at delivery

Publicly available at the state level

No cost

Large representative sample

Includes all patients regardless of
payer

Contains diagnosis and procedure
codes to measure inpatient health
care utilization and outcomes

SID contains state identifiers

Population based

Contains diagnosis and procedure
codes to measure health care
utilization and outcomes for all
health care types and settings

Includes maternity and nonmaternity
care before, during, and after
pregnancy, allowing for
longitudinal study

Contains state and zip code
identifiers, allowing comparisons
across states and links to area-
level variables

Links to other federal surveys and
administrative data

Disadvantages

State participation varies over time

Sample sizes limit subgroup analyses

Limited follow-up period and focus on
prenatal period

Limited health outcomes

Self-reported outcomes

Excludes nonlive births

Limited to delivery outcomes

Limited maternal health outcomes

No diagnosis or procedure codes

Excludes nonlive births

County-level data require lengthy access
process

Limited to inpatient encounters (delivery
and readmission)

Limited demographics and poor capture
of race/ethnicity

High cost

Quality of demographic data can be low
and varies across states

Some data harmonization issues across
states

Bundled payment codes can mask receipt
of individual perinatal services

Beneficiary disenrollment can create
challenges for longitudinal studies

Delivery-related services in “other”
services create challenges for applying
established inpatient algorithms for
identifying births and birth outcomes

No family identifier to study
maternal-infant dyad

Moderate to high cost

Note. CDC = Centers for Disease Control and Prevention; CMS = Centers for Medicare & Medicaid Services; HCUP = Healthcare Cost and Utilization
Project; NIS = National Inpatient Sample; PRAMS = Pregnancy Risk Assessment Monitoring System; SID = state inpatient databases; TAF = Transformed

Medicaid Statistical Information System Analytic

codes should be carefully considered
when identifying deliveries in the TAF—
particularly for state-years with moderate
to high levels of shared maternal-infant
IDs (34 states in 2016).'°

Researchers can validate their cho-
sen approach for identifying live births
in the TAF using Centers for Disease
Control and Prevention (CDC) Natality
data, which capture 99% of US live

Files.

births. Using the publicly available CDC
Wide-Ranging Online Data for Epidemi-
ologic Research (WONDER) online toal,
researchers can generate state-year-
or state-month-level counts of live
births when Medicaid was the primary
payer. These gold standard counts can
then be compared with live birth
counts based on algorithms applied to
the TAF. For example, in our work with

the 2016 to 2018 TAF, we found that in-
clusion of newborn codes resulted in a
significant overcount of Medicaid-paid
live births relative to expected counts
from the CDC WONDER.

CMS has also published algorithms
for identifying miscarriage, stillbirth, and
termination in the TAF."® Although vali-
dation is more difficult for TAF users
to conduct themselves, given the lack
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of population-based external bench-
marks for these outcomes, other studies
have found high validity of claims-based
measures for identifying nonlive births
compared with medical records."” As for
any claims data, the TAF cannot be used
to identify pregnancy events with no
health care contact (e.g., home births,
many early pregnancy losses).

MEASURING OUTCOMES
AND UTILIZATION

The TAF contain dates of service, diag-
nostic codes, and procedure codes to
measure maternal health conditions,
health care utilization, and health out-
comes. Diagnostic codes from delivery
claims can be used to estimate week of
gestation with high validity when com-
pared with obstetric estimates'® and
thus can be used to construct periods
corresponding to pregnancy, precon-
ception, and postpartum, during which
care and outcomes can be longitudinal-
ly measured.

The potential to use the TAF to track
patients over time comes with an im-
portant limitation. For studies that re-
quire long periods of enrollment (e.g.,

1 year or more preconception or post-
partum), researchers will have to re-
strict study cohorts to continuously
enrolled beneficiaries. This may affect
generalizability, particularly in Medicaid
nonexpansion states (i.e., where fewer
low-income adults qualify for Medicaid
outside pregnancy), for people with
incomes near the eligibility thresholds,
and for immigrants who may qualify for
maternity care under Medicaid state
rules but not otherwise. Despite this
limitation, as we will outline, the TAF
present a unique opportunity to study
long-term outcomes and sequalae after
pregnancy, and, conversely, to explore
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how preconception health care and
health affect pregnancy outcomes.

Health Conditions and
Outcomes

TAF data can be used to measure health
risks among pregnant Medicaid benefi-
ciaries and identify high-risk groups. Exist-
ing algorithms for identifying chronic
conditions, pregnancy complications, and
clinical risk factors can be applied to the
TAF based on claims from preconception,
pregnancy, delivery, and postpartum. To
measure infant and maternal mortality,
the TAF's enrollment file includes date of
death for all beneficiaries. The TAF can
also be linked to the National Death In-
dex segment (accessible through a virtual
research data center), which includes
the underlying conditions and /CD-10
and CDC category codes for cause of
death. Other claims-based maternal
health outcomes can be measured in the
TAF, including severe maternal morbidity
(SMM), interpregnancy intervals, and
postpartum mood and anxiety disorders.
Researchers should ensure that algo-
rithms to identify outcomes are applied
appropriately given the unique struc-
ture of the TAF; for example, guidelines
published by the CDC and CMS to mea-
sure SMM recommend using data in
both the inpatient and other services
files but include codes designed for
delivery-related inpatient claims. Mea-
sures of SMM may need to be modified
to accurately detect SMM in the TAF's
other services file.'>'? For example,
SMM [CD-10 codes for sepsis include
T81.4 "infection following a procedure,”
which may not indicate a morbid event
in the outpatient setting (e.g., wound
infection or mastitis), resulting in over-
counts of SMM. Similarly, in states
with maternal-infant ID sharing, SMM
indicators such as ventilation could

indicate a newborn service, resulting
again in overcounts of SMM. There is
an urgent need for development and
validation of additional claims-based
measures for maternal health out-
comes beyond SMM, particularly those
that may present in the outpatient
setting.

Health Care Utilization

The TAF contain detailed health services
utilization for inpatient care, long-term
care, outpatient care, and prescription
drugs. Although the CDC Natality files
have long included measures of prena-
tal care (month of first visit, total num-
ber of visits), recent research has shown
how claims data can measure perinatal
health care receipt, content, timing, and
quality in far more detail %%

One significant caveat to the potential
of the TAF (or any claims data) to mea-
sure perinatal services is the increased
use of bundled maternity payments (typ-
ically covering delivery and routine pre-
natal and postpartum care). Bundled
payment procedure codes are typically
issued at the time of delivery, and thus
individual perinatal services may not be
accurately reflected in claims. Therefore,
CMS advises that TAF users exclude de-
liveries with a bundled payment code.”?
Alternatively, users can limit the states
included in their analysis to address this
issue (14 states had < 5% of deliveries
with bundled payment in 2020).”

However, bundled payments present
an issue only for research focused on
measuring routine services included in
the bundle. Indeed, the TAF could be
very useful for conducting evaluations
of alternative payment models, even if
some perinatal services cannot be dis-
aggregated. For example, researchers
could compare changes in cesarean
delivery rates (which have a unique



bundled payment code) or outcomes in
periods not covered by the bundle
(e.g., health care utilization and out-
comes in the postpartum year) in states
that implemented alternative payments
compared with those that did not.
Despite CMS' blanket guidance, exclu-
sion of births or states with bundled
payment codes in the TAF should be
based on the research question of
interest.

Relatedly, one advantage of the TAF
is that they allow maternal health re-
search to extend beyond routine pre-
natal and postpartum care, including
connections to primary and specialty
care before, after, and between preg-
nancies. Health care utilization and
quality measures can further be con-
nected to long-term patient outcomes,
which has previously not been possible
with Natality or inpatient discharge
data. Building a comprehensive picture
of health care patterns for Medicaid
beneficiaries and the implications for
maternal health and disparities would
be invaluable for informing state Medic-
aid programs, public health planning,
and clinical practice.

MEASURING MATERNAL
HEALTH INEQUITIES

The TAF contain only a limited set of vari-
ables for measuring maternal health
inequities, including race and ethnicity,
age, language, citizenship, disability indi-
cators, income, zip code, and veteran
status.?®> Maternal health researchers
should be aware that the quality of
race/ethnicity data in the TAF is low for
the majority of states. However, CMS is
actively working on improvements, so
researchers must assess data quality on
a state-year basis. Researchers studying
live births can evaluate the quality of

the TAF race/ethnicity data by comparing

state-year- or state-month-level
Medicaid-paid live birth counts by
race/ethnicity in the CDC WONDER to
live birth counts by race/ethnicity in the
TAF. Researchers should set an a priori
threshold for state-year inclusion based
on concordance of these counts (e.g.,
20% absolute difference). For studies of
other pregnancy events and for sociode-
mographic variables not contained in
the CDC WONDER, researchers should
use the Data Quality Atlas to assess

data quality, which generally compares
state-year-level TAF estimates for each
demographic element to external bench-
marks from the American Community
Survey.

The National Center of Health Statistics
data linkage program offers a promising
avenue for researchers to overcome the
current limitations of TAF data quality.
This program allows individual-level link-
age of the TAF to other federal survey
and administrative data, which could fa-
cilitate novel research on disparities, so-
cial determinants, and a wide range of
health and social outcomes not captured
in claims.** The National Health Interview
Survey, the National Health and Nutrition
Examination Survey, and the National
Hospital Care Survey have been success-
fully linked to the TAF, and more linkages
will be developed. With these linkages
and approximately 1.5 million births
annually, the TAF have a large enough
sample size to apply intersectionality fra-
meworks that interrogate how multiple
overlapping social identities correlate
with pregnancy outcomes. Researchers
can also use state, county, and zip codes
to directly link the TAF to area-level
variables that capture upstream deter-
minants of health, such as area-level
measures of structural racism,*> provid-
ing additional insight into the systemic
mechanisms underlying maternal health
inequities.?

RESEARCH & ANALYSIS

STUDYING THE
MATERNAL-INFANT
DYAD

The current structure of the TAF pre-
sents challenges for studying the
maternal-infant dyad. In states with
maternal-infant ID sharing, claims for
the mother and infant cannot be differ-
entiated except for services that are
always provided to mothers only (e.g.,
Z30—contraception counseling) or
newborns only (e.g., Z00.11—newborn
health examination). For states without
ID sharing, there is currently no mecha-
nism to link maternal and infant claims
in the TAF. Although many states assign
a unique family identifier to related
beneficiaries, CMS does not currently
provide this in the TAF. This should be a
priority for future TAF improvements.

CONCLUSIONS

Despite limitations, modernized Medic-
aid claims data provide an important
opportunity to inform evidence-based
programs and policies to improve ma-
ternal health and health equity. Ongoing
data improvements and methodological
research are urgently needed to acceler-
ate the use of these new data, including
validated claims-based cohort and out-
come definitions. With these tools in
hand, the public health community will
be in a better position to contribute evi-
dence to address one of the United
States’ most significant and intractable
public health problems. 4JPH
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RESEARCH & ANALYSIS AIDI—I

Examining Smoking Prevalence
Disparities in Virginia Counties by
Rurality, Appalachian Status, and
Social Vulnerability, 2011-2019

Asal Pilehvari, PhD, Wen You, PhD, Rebecca A. Krukowski, PhD, and Melissa A. Little, PhD, MPH

Objectives. To estimate county-level cigarette smoking prevalence in Virginia and examine cigarette use

disparities by rurality, Appalachian status, and county-level social vulnerability.

Methods. We used 2011-2019 Virginia Behavioral Risk Factor Surveillance System proprietary data
with geographical information to estimate county-level cigarette smoking prevalence using small area

estimation. We used the Centers for Disease Control and Prevention's social vulnerability index to

quantify social vulnerability. We used the 2-sample statistical ¢ test to determine the differences in

cigarette smoking prevalence and social vulnerability between counties by rurality and Appalachian

status.

Results. The absolute difference in smoking prevalence was 6.16 percentage points higher in rural

versus urban counties and 7.52 percentage points higher in Appalachian versus non-Appalachian
counties in Virginia (P<.001). Adjusting for county characteristics, a higher social vulnerability index is
associated with increased cigarette use. Rural Appalachian counties had 7.41% higher cigarette use

rates than did urban non-Appalachian areas. Tobacco agriculture and a shortage of health care

providers were significantly associated with higher cigarette use prevalence.

Conclusions. Rural Appalachia and socially vulnerable counties in Virginia have alarmingly high rates of

cigarette use. Implementation of targeted intervention strategies could reduce cigarette use, ultimately
reducing tobacco-related health disparities. (Am J Public Health. 2023;113(7):811-814. https://doi.org/
10.2105/AJPH.2023.307298)

igarette smoking remains the lead-
C ing cause of preventable morbidity
and mortality in the United States.’
Although the prevalence of current
cigarette smoking among US adults
has decreased over the past several
decades to 13.7% in 2018, this de-
crease has not been as pronounced in
rural areas,® such as rural Appalachia
(as high as 33% in some counties).*
The Appalachian region, which extends
across 13 states, has historically been

characterized by its mountainous ter-
rain, poverty, limited health care access,
and reliance on tobacco agriculture
and coal mining, which may contribute
to elevated smoking rates. Smokers liv-
ing in rural Appalachia are more likely
to smoke earlier in life and to smoke
more heavily, and they are less likely to
successfully quit.>* Consequently,
smokers in Appalachia are dispropor-
tionately affected by smoking-related
illnesses.”

Although individual (e.g., attitudes,
beliefs) and socioeconomic (e.g., educa-
tion, income, occupation) factors have
been used to explain smoking patterns
across the United States,® much less is
known about environmental factors. The
Centers for Disease Control and Preven-
tion developed the social vulnerability in-
dex (SVI), which evaluates 4 spheres of
influence on health: (1) socioeconomic
status, (2) household composition and
disability, (3) minority status and
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language, and (4) housing type and
transportation. These components are
closely tied to a population’s health care
access and adherence to health guide-
lines, which may affect the effectiveness
of tobacco control initiatives in rural
areas with scarce resources or areas
with a high SVI. Although the SVI has
been studied extensively with natural
disasters and disease outbreaks, we are
not aware of any studies that have inves-
tigated the association between SVI and
cigarette use and how it differs by rurali-
ty and Appalachian status.

Disentangling predictors and drivers of
tobacco use disparities is a vital step to-
ward promoting tobacco-related health
equity. We aimed to fill this gap by exam-
ining and comparing county-level dis-
parities in cigarette smoking prevalence
by rurality, Appalachian status, and SVI
score in Virginia. Specifically, we hypothe-
sized that rural counties, Appalachian
counties, and counties with higher SVI
scores would have higher cigarette use
prevalence. Furthermore, we hypothe-
sized that rural Appalachian counties
with a higher SVI score would have the
highest prevalence rate.

METHODS

We estimated county-level cigarette
smoking prevalence using Virginia Be-
havioral Risk Factor Surveillance System
(BRFSS) data, which surveyed approxi-
mately 8832 respondents, representing
the approximately 7 million Virginian
adults, annually between 2011 and
2019. BRFSS is designed to produce re-
liable estimates at the state level; how-
ever, sample sizes for counties are too
small to provide representative area-
level estimates. Therefore, to estimate
smoking prevalence rates at the county
level, we used the small area estimation
method.” To obtain reliable estimates

Peer Reviewed  Pilehvarietal.

for counties with missing or small
sample sizes, we followed standard
procedure and combined BRFSS data
from 2011 to 2019 into 3 periods of
3years each (2011-2013, 2014-2016,
2017-2019). We incorporated survey
weights into all analyses.

We defined smokers as adults who
reported having smoked more than
100 cigarettes in their lifetime and a
current smoking frequency of “every
day” or “some days.” We classified
counties using the 2013 rural-urban
continuum codes, with code values 1
to 3 classified as urban and code values
410 9 classified as rural.® We determined
whether a county was Appalachian or
non-Appalachian based on the Appala-
chian Regional Commission database.’

We used the SVI to identify counties’
social vulnerability levels'® through 15
social factors across 4 dimensions of vul-
nerability (range = 0-1, with higher values
indicating more vulnerability). We com-
pared current smoking prevalence be-
tween rural versus urban and between
Appalachian versus non-Appalachian
counties using the 2-sample t test. We
analyzed the impact of SVI level and the
combination of rurality with Appalachian
status on county-level cigarette smoking
prevalence, controlling for factors such
as coal mining, tobacco agriculture, and
health care provider shortages using
multivariate regression analysis with ro-
bust SEs. We mapped SVI with estimated
current smoking prevalence along with
rural identifiers on Virginia counties using
Census shape data files. We performed
analyses and mapping in Stata version 16
(StataCorp LP, College Station, TX).

RESULTS

Virginia comprises 133 counties, includ-
ing 80 (60.15%) urban and 53 (39.85%)
rural counties, of which 25 (18.8%) are

in the Appalachian region (including 17
rural Appalachian and 8 urban Appala-
chian). Average SVI level in Virginia was
0.49, whereas average SV level in rural
areas was 0.63 compared with 0.40 in
urban areas (P<.001). We found no
statistically significant difference in SVI
score between Appalachian and non-
Appalachian counties (0.51 vs 0.50).
However, average SVI score in rural
Appalachian counties was higher than
in urban Appalachian counties (0.58 vs
0.35; P<.001).

Overall cigarette smoking prevalence
in Virginia was 14.80%, whereas ciga-
rette use prevalence among rural coun-
ties was 19.38% compared with 13.20%
in urban counties (difference =6.16
percentage points; P<.001). Moreover,
cigarette use was significantly higher in
Appalachian (20.89%) compared with
non-Appalachian (13.37%) counties
(difference = 7.52 percentage points;
P <.001). Overall, the highest
cigarette smoking prevalence was
seen in rural Appalachian counties
(mean = 22.47%). There were 28 coun-
ties in Virginia with a cigarette smoking
prevalence higher than 20% and an
average SVI score of 0.62 (located in
the third quartile of SVI distribution). Of
these, the majority were classified as
rural (71.43% rural and 35.80% rural
Appalachian).

Figure 1 demonstrates the associa-
tion of high SVI level with high cigarette
smoking rates in counties across Vir-
ginia for the period of 2017 to 2019.
Adjusting for county characteristics,

a higher SVI level is associated with in-
creased cigarette use. Rural Appala-
chian counties had 7.41 percentage
points higher cigarette use rates than
did urban non-Appalachian areas. To-
bacco agriculture and a shortage of
health care providers were also signifi-
cantly associated with higher SVI level
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Social Vulnerability Index

Smoking Prevalence

A Rural
— Appalachian

FIGURE 1— Association of Smoking Prevalence and Social Vulnerability by Rurality and Appalachian Status: Virginia

Counties, 2017-2019

Note. We estimated current cigarette smoking prevalence using the small area estimation method. The US Centers for Disease Control and Prevention
developed the social vulnerability index; a higher social vulnerability index refers to higher vulnerability. We based urban-rural classifications on the 2013
urban-rural continuum codes developed by the Department of Agriculture and the Rural Health Research Center.® Counties with code values of 1-3 are
classified as urban, and those with code values of 4-9 are considered as rural. We obtained county centroid locations from US Census Bureau shapefiles.

and being an Appalachian county
(Tables A and B, available as a supple-
ment to the online version of this article
at http://www.ajph.org).

DISCUSSION

Current cigarette smoking rates in Virgin-
ia were close to the national average”;
however, rates are much higher in rural
counties, especially in rural Appalachian
counties, signaling the heightened need
for action in those areas. Furthermore,
rural counties had the highest SVI scores,
which also corresponded with higher
smoking prevalence. Despite rural Appa-
lachian counties having the highest ciga-
rette smoking rates in Virginia, they did
not have the highest SVI levels. We found
that tobacco agriculture and lack of
health care providers were significantly
associated with cigarette smoking preva-
lence. Further research is needed to ex-
amine whether other factors, such as
pro-tobacco culture, or multidimensional
indexes, such as social deprivation index,
also play roles in the high cigarette use
rates in rural Appalachia.

Furthermore, it is also possible that
the SVI level does not adequately

capture the unique social vulnerability
characteristics of rural Appalachia. For
instance, despite it having a high level
of poverty, 84% of the population is
non-Hispanic White, and multiunit
housing is not common in this region.'?
Because these factors make up 2
dimensions of the SVI, the association
of SVI score with smoking prevalence
by rurality and Appalachian status in
our study warrants further investigation
to identify the role each dimension of
the SVI plays in the elevated smoking
prevalence in rural Appalachia. Our
findings further underscore the need
for both smoking prevention and ces-
sation programs in the rural Appala-
chian counties of Virginia.

PUBLIC HEALTH
IMPLICATIONS

Although smoking has been decreasing
over the past decade, residents in rural
Appalachian counties of Virginia exhibit
alarmingly high rates of cigarette smok-
ing, which likely will result in remarkable
and yet preventable health and econom-
ic consequences. Implementation of tar-
geted, evidence-based interventions is

warranted to reduce tobacco-related dis-
ease faced by rural Appalachian resi-
dents. Strategies should provide incen-
tives to farmers to grow economically
sustainable alternatives to tobacco, in-
Crease access to cessation resources in
counties with health care shortages, and
target campaigns for rural communities
on the dangers of tobacco.” 4JPH
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Evaluation of Public Health Contact
Tracing for Mpox Among Gay,
Bisexual, and Other Men Who Have
Sex With Men—10 US Jurisdictions,
May 17-July 31, 2022
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Robyn Weber, MPH, Julia Rowse, MPH, Anil Mangla, PhD, Brian Fox, MA, MPH, Katharine E. Saunders, DNP, Kristen Taniguchi,
Lauren Usagawa, Megan E. Cahill, PhD, Pauline Harrington, MPH, Erin K. Ricketts, MD, Khalil Harbi, MSPH, Lenka Malec, MPH,
Tingting Gu Templin, PhD, Dan Drociuk, Terri Hannibal, MSN, Rachel Klos, DVM, and Kyle T. Bernstein, PhD

5 3 See also Pitts et al., p. 729.

Objectives. To examine the potential impact of contact tracing to identify contacts and prevent mpox
transmission among gay, bisexual, and other men who have sex with men (MSM) as the outbreak
expanded.

Methods. We assessed contact tracing outcomes from 10 US jurisdictions before and after access to
the mpox vaccine was expanded from postexposure prophylaxis for persons with known exposure to
include persons at high risk for acquisition (May 17-June 30, 2022, and July 1-31, 2022, respectively).

Results. Overall, 1986 mpox cases were reported in MSM from included jurisdictions (240 before
expanded vaccine access; 1746 after expanded vaccine access). Most MSM with mpox were interviewed
(95.0% before vaccine expansion and 97.0% after vaccine expansion); the proportion who named at
least 1 contact decreased during the 2 time periods (74.6% to 38.9%).

Conclusions. During the period when mpox cases among MSM increased and vaccine access
expanded, contact tracing became less efficient at identifying exposed contacts.

Public Health Implications. Contact tracing was more effective at identifying persons exposed to
mpox in MSM sexual and social networks when case numbers were low, and it could be used to
facilitate vaccine access. (Am J Public Health. 2023;113(7):815-818. https://doi.org/10.2105/
AJPH.2023.307301)

ontact tracing is used to interrupt During the 2022 US outbreak, the limited, and health departments priori-
C transmission of infectious dis- first case of mpox was confirmed on tized access for postexposure prophy-
eases, including mpox, by identifying May 17, 2022." Daily case counts laxis for persons aged 18years or older
exposed persons (contacts) so that peaked at 631 on August 1, 20222 named as contacts by persons with
they can receive prevention services. Most mpox cases occurred among gay,  mpox. On June 28, 2022, access was
The success of contact tracing in pre- bisexual, and other men who have sex  expanded to include persons aged
venting transmission largely depends with men (MSM) and were attributed to  18years or older at high risk for acquir-
on how many patients' contacts are sexual or close intimate contact during  ing mpox.* We sought to examine the
identified and reported during inter- the 3 weeks before symptom onset.? potential impact of contact tracing
views with health department staff. JYNNEOS vaccine supply was initially among MSM to identify contacts and
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prevent mpox transmission in 10 US
jurisdictions before and after vaccine
access expanded.

METHODS

Ten US jurisdictions (Colorado, District
of Columbia, Florida, Hawaii, Idaho,
Michigan, New York City, North Carolina,
South Carolina, Wisconsin) provided ag-
gregated contact tracing data for mpox
cases among MSM aged 18 years or
older diagnosed during May 17 through
July 31, 2022. Jurisdictions provided the
numbers of MSM with mpox who were
reported, were interviewed, named at
least 1 contact with whom they had
close physical contact within 21 days
after symptom onset, and named at
least 1 sexual contact with whom they
engaged in sex or other intimate con-
tact within 21 days after symptom on-
set. Total numbers of named contacts,
named sexual contacts, and unnamed
contacts (insufficient information was
available to initiate follow-up) were also
provided.

We stratified data by the period be-
fore (May 17-June 30, 2022) and after
(July 1-31, 2022) access to the JYNNEOS
vaccine was expanded.* We calculated
contact indices (the number of contacts
divided by the number of interviewed
MSM with mpox) for all named contacts,
named sexual contacts, and unnamed
contacts.

RESULTS

In participating jurisdictions, 240 (12%)
mpox cases among MSM were reported
before vaccine access expansion and
1746 (88%) were reported after vaccine
access expansion. Case investigators
interviewed similar proportions of
persons during both periods (95.0%
and 97.0%, respectively; Figure 1).

Peer Reviewed  Copeetal.

Case investigators elicited locating infor-
mation for at least 1 named contact
from 179 (74.6%) patients before vac-
cine access expansion and 679 (38.9%)
afterward. Similarly, case investigators
elicited at least 1 named sexual contact
from 92 (38.3%) patients before vaccine
access expansion and 473 (27.1%) after
expansion.

Case investigators obtained locating
information for 754 named contacts
before vaccine access expansion (107
[14%] were sexual contacts) and 1378
named contacts after access expansion,
including 317 (23%) sexual contacts.
The named contact index decreased
from 3.31 before vaccine access expan-
sion (when case counts were low) to
0.81 after expansion. The named sexual
contact index was less than 1 during
both periods and decreased from 0.47
before vaccine access expansion to
0.19 after expansion. MSM with mpox
reported 341 (42.1%) unnamed con-
tacts during interviews before vaccine
access expansion and 469 (57.9%) af-
terward. The unnamed contact index
decreased from 1.50 before vaccine
access expansion to 0.28 afterward.

DISCUSSION

Although health department staff inter-
viewed most mpox patients among
MSM, identifying their contacts became
more challenging as the number of
mpox cases and investigator workload
increased and vaccine access expanded
beyond named contacts. In this analysis,
more than half of MSM with mpox did
not provide locating information for any
contacts. Without such information,
health departments cannot notify con-
tacts of exposure, limiting the ability to
reduce transmission. Additional public
health strategies beyond contact tracing,
such as vaccination and behavior change

recommendations,” might be needed to
reduce mpox transmission among MSM.

Contact tracing for other sexually
transmitted diseases often has low
reporting rates of sexual partners.®™'°
An estimated 80% of the partners of
syphilis patients are either unreported
or not found because health depart-
ments lack sufficient locating informa-
tion.® In our evaluation, we did not
assess reasons why mpox patients did
not name contacts. For sexually trans-
mitted diseases (and as might be the
case with mpox), patients may be un-
able to name sexual partners because
encounters were anonymous or facili-
tated by dating Web sites and apps .2
Patients may prefer to notify partners
themselves, desire privacy, or believe
there is little value in participating in pub-
lic health-sponsored contact tracing.”'®

Several jurisdictions anecdotally de-
scribed patients providing locating infor-
mation for persons from their social and
sexual networks to facilitate access to
the vaccine even after access was ex-
panded. However, the observed reduc-
tion in the reporting of named contacts
after expanded vaccine availability sug-
gests this practice was infrequent. The
proportion of MSM patients naming
contacts might have been artificially in-
flated early in the outbreak to facilitate
vaccine access, contributing to an appar-
ent decrease in naming contacts once
vaccine access expanded. Reductions in
the proportion of MSM with mpox who
named a nonsexual or sexual contact
after vaccine expansion resulted in
fewer than 1 named contact per inter-
viewed mpox patient. During periods of
increased transmission, contact indices
less than 1 suggest that contact tracing
alone will be insufficient to reduce inci-
dence within a community.

The Centers for Disease Control and
Prevention developed messaging for
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FIGURE 1— Numberand Proportion of Mpox Cases Reported and Interviews Conducted Among Gay, Bisexual, and
Other Men Who Have Sex With Men in (a) May 17-June 30, 2022, and (b) July 1-31, 2022: 10 US Jurisdictions

Note. The proportion’s denominator is the total reported for each time period. The 10 jurisdictions were CO, DC, FL, HI, ID, MI, New York City, NC, SC, and WI.

“Named contact refers to a close contact in the 21 days after symptom onset for whom the interviewed patient provided sufficient contact information for
the health department to initiate a contact tracing investigation.
®Named sexual contact refers to a named contact with whom the interviewed patient engaged in sex or close intimate contact.

MSM about ways to modify sexual
behaviors to prevent mpox acquisition.
A survey of MSM conducted during
August 2022 found that nearly half of
respondents had reduced their num-
ber of sexual partners since learning
about the mpox outbreak.!” The de-
crease in both the named sexual con-
tact and unnamed contact indices in
our analysis might be partially related
to reductions in the number of sexual

partners among MSM. The incubation
period for mpox may also contribute
to the observed decrease in contacts;
MSM receiving a diagnosis in early July
were likely exposed in June (possibly
at Gay Pride Month events) and could
have fewer contacts at the time of
diagnosis.

The decrease in the proportion of
patients who named at least 1 contact
suggests that, as mpox cases began to

surge, MSM may have limited their
interactions with all contacts because
of increased awareness of symptoms
or that the interview process might
have been less successful at eliciting lo-
cating information about all contacts,
not just sexual contacts. Many staff
conducting interviews for mpox worked
in general communicable disease pro-
grams and might have lacked expertise
in discussing sexual behavior.
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These findings might not be general-
izable to other jurisdictions or time per-
iods. The amount and type of locating
information needed to classify a con-
tact as named and the definition used
to identify MSM was determined locally
and varied among jurisdictions, possi-
bly limiting comparability.

PUBLIC HEALTH
IMPLICATIONS

Contact tracing for mpox is challenging
because contacts may be unreported or
reported without sufficient locating in-
formation. Expansion of vaccine access
from only named contacts to all persons
at high risk of acquisition, increases in
caseload, and behavior modification
may have contributed to a decreased
proportion of MSM with mpox naming
contacts. Contact tracing is a resource-
intensive strategy that may have benefit-
ed some, but likely did not reach most
exposed persons to offer prevention
services, limiting its impact. Continued
promotion of other public health strate-
gies, such as behavior change recom-
mendations and vaccination, in addition
to contact tracing, may be more effective
in reducing mpox transmission among
MSM. 4JPH
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