Priorities for post-COVID-19 public health

Sandro Galea

) BOSTON
Boston University School of Public Health



1. A lot went right during COVID-19
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Pfizer’s Covid-19 Vaccine Proves 90% Effective in Latest Trials

Drugmaker and partner BioNTech could seek FDA authorization by end of November

The Road to a Coronavirus Vaccine Vaccine Tracker

€he New Pork Eimes

FAQ: Pfizer's Vaccine  After the First Vaccine  Understanding Long-Term Safety

Early Data Show Moderna’s Coronavirus
Vaccine Is 94.5% Effective

Moderna is the second company to report preliminary results from
a large trial testing a vaccine. But there are still months to go
before it will be widely available to the public.




The 5 stages of vaccine development
A vaccine usually takes more than 10 years to develop and costs up to $500 million

Phase | Is it safe?

Phase Il Does it activate an immune response?

Phase |Il Does it protect against the disease?

4. Regulatory review and approval ‘
1-2years ~ 1vaccine

the thousands of doses needed for Phase Il trials.

https://www.weforum.org/agenda/2020/06/vaccine-development-barriers-coronavirus/
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Developing mRNA-vaccine technologies

Thomas Schlake,* Andreas Thess, Mariola Fotin-Mleczek and Karl-Josef Kallen
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Keywords: mRNA, adjuvant, vaccine, mRNA production, mRNA design, mRNA uptake, formulation, protein expression

Abbreviations: ARCA, anti-reverse cap analog; cDNA, complementary DNA; CTL, cytotoxic T cell; dsSRNA, double-stranded

RNA; EMCYV, encephalomyocarditis virus; GMP, good manufacturing practice; HPLC, high performance liquid chromatography;

IRES, internal ribosome entry site; mRNA, messenger RNA; MHC, major histocompatibility complex; miRNA, microRNA;

OREF, open reading frame; pAPC, professional antigen presenting cell; pDNA, plasmid DNA; PEG, polyethylenglycol; siRNA,
small interfering RNA; tRNA, transfer RNA; TLR, toll-like receptor; UTR, untranslated region

mRNA vaccines combine desirable immunological properties
with an outstanding safety profile and the unmet flexibility of
genetic vaccines. Based on in situ protein expression, mRNA
vaccines are capable of inducing a balanced immune response
comprising both cellular and humoral immunity while not
subject to MHC haplotype restriction. In addition, mRNA is
an intrinsically safe vector as it is a minimal and only transient
carrier of information that does not interact with the genome.
Because any protein can be expressed from mRNA without the
need to adjust the production process, mRNA vaccines also
offer maximum flexibility with respect to development. Taken
together, mRNA presents a promising vector that may well
become the basis of a game-changing vaccine technology
platform. Here, we outline the current knowledge regarding
different aspects that should be considered when developing
an mRNA-based vaccine technology.

excluded. Finally, this lack of genomic integration in combina-
tion with mRNA being non-replicative as well as metabolically
decaying within a few days® makes mRNA a merely transient
carrier of information.

mRNA as the technological basis of therapeutics and vaccines
is characterized by a great flexibility with respect to production
and application. Any protein can be encoded and expressed by
mRNA, in principle enabling the development of prophylactic
and therapeutic vaccines fighting diseases as diverse as infections
and cancer as well as protein replacement therapies. Since changes
of the encoded protein just alter the sequence of the RNA mol-
ecule, leaving its physico-chemical characteristics largely unaf-
fected, diverse products can be manufactured using the same
established production process without any adjustment, saving
time and reducing cost compared with other vaccine platforms.
In terms of efficacy, mRNA-based therapeutics profit from
the fact that they do not need to cross the nuclear envelope as



REVIEW
RNA Biology 9:11, 1319-1330; November 2012; © 2012 Landes Bioscience

Developing mRNA-vaccine technologies

Thomas Schlake,* Andreas Thess, Mariola Fotin-Mleczek and Karl-Josef Kallen

CureVac GmbH; Tibingen, Germany

Keywords: mRNA, adjuvant, vaccine, mRNA production, mRNA design, mRNA uptake, formulation, protein expression

Abbreviations: ARCA, anti-reverse cap analog; cDNA, complementary DNA; CTL, cytotoxic T cell; dsRNA, double-stranded
RNA; EMCYV, encephalomyocarditis virus; GMP, good manufacturing practice; HPLC, high performance liquid chromatography;
IRES, internal ribosome entry site; mRNA, messenger RNA; MHC, major histocompatibility complex; miRNA, microRNA;
OREF, open reading frame; pAPC, professional antigen presenting cell; pDNA, plasmid DNA; PEG, polyethylenglycol; siRNA,
small interfering RNA; tRNA, transfer RNA; TLR, toll-like receptor; UTR, untranslated region

PY(‘III[’IP(‘I pina"v fl’\ic Idf‘l( nF annm;r ;nfpo-rar;nn ;l‘\ f & mbina-

mRN .
with bolically

s MRNA presents a promising vector that may well  lansien

vacci
«mf hecome the basis of a game-changing vaccine s
subjd pduction
anin essed by

e technology platform... hylactic

Beca
need to adjust the production process, mRNA vaccines also
offer maximum flexibility with respect to development. Taken
together, mRNA presents a promising vector that may well

dIIUL Lllblall\.utl\. VAUUIIIUS llslltllls UIISTASUS 45 UIVUISU 4d5 11 fections
and cancer as well as protein replacement therapies. Since changes
of the encoded protein just alter the sequence of the RNA mol-

become the basts of a game-changing Vaccine: technology ecule, leaving its physico-chemical characteristics largely unaf-
platform. Here, we outline the current knowledge regarding fected, diverse products can be manufactured using the same

different aspects that should be considered when developing established production process without any adjustment, saving
an mRNA-based vaccine techn0|ogy' time and reducing cost Compared with other vaccine platforms.

In terms of efficacy, mRNA-based therapeutics profit from
the fact that they do not need to cross the nuclear envelope as



2. So much went wrong
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Doses administered per 100 people
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Source: Vaccinations data from local governments via Our World in Data.
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Excess mortality during COVID-19: Number of deaths from all causes
compared to previous years, United States

Shown is how the number of weekly or monthly deaths in 2020-2021 differs from the number of deaths in the same period
over the years 2015-2019. The reported number of deaths might not count all deaths that occurred due to incomplete
coverage and delays in death reporting.
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Source: Human Mortality Database (2021), World Mortality Dataset (2021) OurWorldInData.org/coronavirus « CC BY

Note: Comparisons across countries are affected by differences in the completeness of death reporting. Details can be found at our Excess
Mortality page.



FIGURE 2. Provisional* number of leading underlying causes of deatht — National Vital Statistics System, United States, 2020
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* National Vital Statistics System provisional data are incomplete. Data from December are less complete due to reporting lags. Deaths that occurred in the United
States among residents of U.S. territories and foreign countries were excluded.
T Deaths for which COVID-19 was a contributing, but not the underlying, cause of death are not included in this figure.



Figure 1. Life expectancy at birth, by sex: United States, 2000-2020
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NOTES: Life expectancies for 2019 by Hispanic origin and race are not final estimates; see Technical Notes. Estimates are based

on provisional data from January 2020 through June 2020.
SOURCE: National Center for Health Statistics, National Vital Statistics System, Mortality data.
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Overall rates of COVID-19 mortality for Black and white Americans
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Figure 4. Change in life expectancy at birth, by Hispanic origin and race and sex: United States,
2019 and 2020
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NOTES: Life expectancies for 2019 by Hispanic origin and race are not final estimates; see Technical Notes. Estimates are based
on provisional data from January 2020 through June 2020.
SOURCE: National Center for Health Statistics, National Vital Statistics System, Mortality data.



PERCENT OF PEOPLE 25-54 WHO ARE EMPLOYED
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Between February and April, 10 percent of

Americans ages 25 to 54 lost their jobs. The
employed percentage of the population dropped
to its lowest level since 1975, according to
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https://www.washingtonpost.com/graphics/2020/business/coronavirus-recession-equality/

In the United States, as of March 31 2021, employment rates among workers in DOWNLOAD CHART [
the bottom wage quartile decreased by 23.6% compared to January 2020 (not
seasonally adjusted).
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Figure 7. Unemployment Rates by Racial Group
Seasonally adjusted monthly data, January 2020 to April 2021
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Source: Created by CRS using data from the Bureau of Labor Statistics (BLS). Extracted using the Labor Force
Statistics data series at https://www.bls.gov/data/.

Notes: Black and Asian workers experienced their peak unemployment rate in May 2020. White workers peak
rate occurred in April 2020.
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Figure 8. Unemployment Rates by Hispanic Origin
Non-seasonally adjusted monthly data, January 2020 to April 2021
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Figure 9. Unemployment Rates by Education
Seasonally adjusted monthly data, January 2020 to April 2021
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The coronavirus crisis is different

Job growth (or loss) since each recession began, based on weekly earnings
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TWIN CRISES AND SURGING ANGER CONVULSE U.S.

Pandemic Leaves
Nation’s Nerves
on the Edge

By JACK HEALY
and DIONNE SEARCEY

They are parallel plagues rav-
aging Ame The coronavirus.
And police killings of black men
and women.

Jimmy Mills’s life has been up-
ended by both. His barbershop in
Midtown Minneapolis was one of
many small, black-owned busi-
nesses that have struggled to sur-
vive the pandemic. But Mr. Mills
was hopeful because, after two
months shut down, he was due to
reopen next week.

Then early on Friday, the work-
ing-class neighborhood where Mr.
Mills has cut hair for 12 years
went up in flames as chaotic pro-
tests over the death of George
Floyd and police killings of Afri-
can-Americans engulfed Minne-
apolis and cities across the coun-
try.

“To have corona, and then this
—it’s like a gut shot,” Mr. Mills, 56,
said.

The upheaval set off by a video
capturing Mr. Floyds agonizing
last minutes as a white police offi-
cer kneels on his neck is pulsing
through an America already rag-
ged with anger and anxiety. Emo-
tions are raw over the toll of a pan-
demic that has killed more than
100,000 people across the country
and cost millions of jobs.

Minneapolis residents said out-
rage and protests in the aftermath
of the killing of George Floyd were
a result of a community being
tested repeatedly in recent weeks
by both police violence and the vi-
rus — and in ways that put Ameri-
ca’s deep racial inequalities in
stark relief.

The outbreak has inflicted dis-
proportionate  economic
health tolls on racial minorities
and immigrants in Minneapolis

Continued on Page All
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CLASHES Protesters in Brooklyn on Saturday, top, and the police in Minneapolis moving to disperse
arally. Shows of force by law enforcement did little to bring calm to many cities across the nation.

Black Voters’ Message to Democrats: Back to Normal Won't Do

By ASTEAD W. HERNDON

COLUMBIA, S.C. — In an on-
camera address after a week of
destructive protests, former vice
president Joseph R. Biden Jr
pleaded with his audience tw
imagine life for black people in
America. Imagine, he said, “if ev-
ery time your husband or son,
wife or daughter left the house,
you feared for their safety” Imag-
ine the police called on you for sit-
ting in Starbucks.

“The anger and frustration and
the exhaustion, it's undeniable,”
he said.

Exhaustion. For many black
Americans across the country,
what a year this month has been.
The coronavirus pandemic has
continued to disproportionately

kill black people, and a spate of
high profile Killings in recent
months in Georgia, Kentucky, and
Minnesota, the latter two at the
hands of the police, led to wide-
spread demonstrations nation-
wide.

Protests shook more than three
dozen cities on Saturday as
crowds expressed outrage over
the death of George Floyd, a black
security guard who was killed in
palice custody in Minneapolis.
Demonstrators shut down free-
ways, set fires and battled police
batons and tear gas, the pain and
frustration of the moment spilling
out into the streets.

In Columbia, the city where Mr.
Biden delivered victory
speech after the South Carolina
primary just over three months
ago, demonstrators on Saturday

=

A Demand for Lasting
Change as Protests
Sweep Streets

peaceful protests in the city. “I'm
tired of feeling forced to do all
his”

It dawned on Sierra Moore, 24,
who attended the protests carry-
ing a homemade sign that read
“No Justice, No Peace,” that she
and her gr er have been

said they were demanding more
than what it seemed like an elec-
tion in November would deliver.
Not only justice for the death of
George Floyd, but change in politi-
cal and economic power that
would prevent the death of an-
other black person in police cus-
tody, another brutal video going
viral.

“I'm tired of coming out here,”
said Devean Moon, a 2l-year-old
Columbia resident, one of hun-
dreds who participated in the

protesting the same issues over
the course of a century.

She looked at the racially di-
verse group of thousands, which
gathered for a short program on
the State House steps before lead-
ing a march tothe local police sta-
tion.

Next to her was another sign:
“Respect my existence or expect
my resistance.”

“I just don't think that's how
change happens,” Ms. Moore said
of voting. “They've been telling us

Continued on Page A15

Videos From Protests Deepen Scrutiny
of Aggressive Police Tactics

By SHAILA DEWAN and MIKE BAKER

Demonstrations continued
across the United States on Sun-
day as the nation braced for an-
other grueling night of unrest
over police shootings and the
death of George Floyd, amid
growing concern that aggressive
law enforcement tactics intended
to impose order were instead in-
flaming tensions.

Videos showed palice officersin
recent nights using batons, tear
gas and rubber bullets on pro-
testers, bystanders and journal-
ists, often without warning or
seemingly  unprovoked. The
footage, which has been shared
widely online, highlighted the
very complaints over police be-
havior that have drawn protestsin
at least 75 cities across the United
States.

In Salt Lake City, officers in riot
gear trying to clear onlookers
shoved a man with a cane to the
ground.

In Brooklyn, two police S.UV.s
plowed into protesters.

And in Minneapolis, where
there have been six consecutive
nights of protests and clashes, a
video appeared to show officers
yelling at people on their stoops to
get inside and firing paint canis-
ters at them. “Light them up,” one
officer said.

As crowds began gathering
again in cities on Sunday, Presi-
dent Trump resisted calls to ad-
dress the tensions roiling the
country. Instead he used Twitter
to criticize local Democratic lead-
ers for not doing more to control

the protests.

Mayors and police chiefs spent
the day explaining, defending and
promising full investigations into
the actions of officers seen on the
disturbing videos.

“1 didn’t like what I saw one bit.
1 did not want to ever see some-
thing like that,” said Mayor Bill de
Blasio of New York, who alsocom-
plimented the city's police officers
for generally showing a “tremen-
dous amount of restraint.”

Military vehicles in recent
nights have moved down city
streets as phalanxes of officers in
full riot gear fired clouds of nox-
jous gas. Yet the show of force
showed little sign that it would
bring calm.

Instead, some people said, it
was escalating tensions, and
breaking the cycle would now be
more difficult.

Mass  demonstrations are
among the most difficult situa-
tions that the police have to man-
age. They must balance constitu-
tional liberties with the safety of
officers and the public. Crowds
are unpredictable and, in recent
days, sometimes hostile. Too
much force can escalate the situa-
tion — but so can too litte.

Not all protests have erupted in
violence, with some police forces
showing a more positive relation-
ship with their communities. In
Petersburg, Va., Chief Kenneth
Miller and a handful of police offi-
cers appeared alongside pro-
testers to show solidarity. In

Continued on Page A12

Trump Offers No Calming Words
As Tumult Reaches White House

By PETER BAKER and MAGGIE HABERMAN

WASHINGTON — Inside the
White House, the mood was
bristling with tension. Hundreds
of protesters were gathering out-
side the gates, shouting curses at
President Trump and in some
cases throwing bricks and bottles.
Nervous for his safety, Secret
Service agents abruptly rushed
the president to the underground
bunker used in the past during
terrorist attacks.

The scene on Friday night, de-
scribed by a person with firsthand
knowledge, added to the sense of
unease at the White House as
demonstrations spread after the
brutal death of a black man in po-
lice custody under a white offi-
cer's knee. While in the end offi-
cials said they were never really
in danger, Mr. Trump and his fam-
ily have been rattled by protests
that turned violent two nights in a
row near the Executive Mansion.

After days in which the empa-
thy he expressed for George

Floyd, the man killed, was over-
shadowed by his combative
threats to ramp up violence
against looters and rioters, Mr.
Trump spent Sunday out of sight,
even as some of his campaign ad-
visers were recommending that
he deliver a nationally televised
address before another night of
possible violence. The building
was even emptier than usual as
some White House officials plan-
ning to work were told not to come
in case of renewed unrest.

Butwhile some aides urged him
to keep off Twitter while they
mapped out a more considered
strategy, Mr. Trump could not re-
sist blasting out a string of mes-
sages on Sunday once again be-
rating Democrats for not being
tough enough and attributing the
wrmoil to radical leftists.

“Get tough Democrat Mayors
and Governors,” he wrote. Refer-
ring to his presumptive Demo-

Continued on Page A15



3. Why did it all go so wrong?



Unnecessary risk of getting COVID
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Unnecessary risk of severe COVID



Death Rate For COVID-19 Patients In China Higher For Those
With Underlying Conditions
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https://www.npr.org/sections/health-shots/2020/04/01/824874977/underlying-health-disparities-could-mean-coronavirus-hits-some-communities-harde

Figure 16. Medical vulnerability to COVID-19 or the effects of social isolation, by income
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Note: Diagnoses include asthma, congestive heart failure, coronary heart disease, emphysema, chronic bronchitis, cancer
or malignancy, diabetes and high blood pressure. Mental health based on self-reported mental health condition lasting or
expected to last over 12 months. Deciles based on equivalised net household incomes, using modified OECD equivalence
scale.

Source: Authors' calculations using UK Household Longitudinal Survey wave 9 (ever diagnosed) and Family Resources
Survey 2018-19 (mental health).



African American v. White mortality rate
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Fig. 1. Detroit home owners loan corporation redlining map, 1939.
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4. Why did we get it wrong?



Underinvestment in what makes us healthy






Socioeconomic Factors

50% can
be traced
back to your

Education  Job Status Famuly/Socnal Income Community | zip code!
Support Safety

8

.—[ Physical Environment

Health Behaviors

V) @ QY

Tobacco Use Diet & Alcohol Use Sexual
Exercise Activity
Only 20%
include those
Health Care moments in

a healthcare

environment
Access to Care

Quality of Care

Source: Institute for Clinical Systems Improvement, Going Beyond Clinical Walls: Solving Complex Problems (October 2014)



The spending mismatch: health determinants vs. health expenditures

Determinants National health expenditures

Healthy behaviors 9%

10% Physical
environment

30% Healthy behaviors

Medicine 90%

40% Socioeconomic
factors

——— Other 1%




Health Care Spending as a Percent of GDP, 1980-2018

Percent (%) of GDP, adjusted for differences in cost of living

18 2018 data:

—SWIZ: 12.2%
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= CAN: 10.7%
8 ——NOR: 10.2%
6 —NETH: 9.9%
—UK: 9.8%
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—AUS: 9.3%
2 —NZ: 9.3%
0 OECD average: 8.8%
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Notes: Current expenditures on health. Based on System of Health Accounts methodology, with some differences between country methodologies. GDP = gross domestic
product. OECD average reflects the average of 36 OECD member countries, including ones not shown here. * 2018 data are provisional or estimated.

Data: OECD Health Statistics 2019.

% The Source: Roosa Tikkanen and Melinda K. Abrams, U.S. Health Care from a Global Perspective, 2019: Higher Spending, Worse

gltl)lrlrélmonwealth Outcomes (Commonwealth Fund, Jan. 2020).
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Figure 3 | Historical and projected federal spending: health care and other programs.
SOURCE: Data from Congressional Budget Office.



American exceptionalism
Life expectancy at birth, selected OECD countries
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Life expectancy vs. health expenditure over time (1970-2014) QAL

Health spending measures the consumption of health care goods and services, including personal health In Data
care (curative care, rehabilitative care, long-term care, ancillary services and medical goods) and collective services
(prevention and public health services as well as health administration), but excluding spending on investments.
Shown is total health expenditure (financed by public and private sources).
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Underinvestment in what may have helped



State and local public health workforces have shrunk
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Most states spend less than $100 per person on public health

Annual public health expenditures per resident by state-level agencies.

|
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Federal Prevention and Public Health Fund faces shortfalls

Originally enacted
funding

Actual or
scheduled funding
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Most state public health agency staffing and spending dropped

e @ ]
-30% 45 - 1 15 30

1 Not available
Change in staff per resident, 2010-2019

Map data: Tilegrams/NPR
Change in expenditures per resident, 2010-2018

AK

Staff data represents full-time equivalent employees. Expenditures are inf n-adjusted to constant 2019
dollars

Source: Association of State and Territory Health Officials Graphics: Hannah Recht/KHN, Francois

Duckett/AP m AP
/ Map data: Tilegrams/NPR




Most local governments spend more on policing than health

I Higher spending on policing [l Higher spending on nonhospital health




5. Seizing the Covid-19 moment of opportunity



& WORLD REPORT

yNEeW NEWS » News Best Countries Best States Healthiest Communities Cities America 2020 The Racial Divide Photos

COMMENTARY

We Need a Health
New Deal

There are three priorities we need to focus on to improve public health in

the U.S.

By Sandro Galea Contributor March 1, 2019, at 10:11 a.m.




Americans express growing confidence in medical
scientists since the COVID-19 outbreak

% of U.S. adults

Confidence in Confidence in
medical scientists to act in the scientists to act in the best
best interests of the public interests of the public

A fair
amount

A great 24%
deal

19 '20 16 '18 18 '19 20



Values that allow action

—

Knowledge that can inform action



6. Ever better science



a. Avoiding false certitude
b. Acknowledging contradiction

c. Tolerating disagreement



a. Avoiding false certitude
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With a lot at stake, it is wise to be humble when
faced with fundamental limitations. Dynamic models
are usable as long as they take into account the
uncertainty of the assumptions on which they are
based and the data they are led by. If this is not the
case, the results are on a par with assumptions or

guesses. 99
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The effects of communicating uncertainty on public
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Uncertainty is inherent to our knowledge about the state of the
world yet often not communicated alongside scientific facts and
numbers. In the “posttruth” era where facts are increasingly con-
tested, a common assumption is that communicating uncertainty
will reduce public trust. However, a lack of systematic research
makes it difficult to evaluate such claims. We conducted five exper-

ts—including one preregi 1 replication with a national
sample and one field experiment on the BBC News website (total
n = 5,780)—to examine whether communicating epistemic uncer-
tainty about facts across different topics (e.g., global warming, im-
migration), formats (verbal vs. numeric), and magnitudes (high vs.
low) influences public trust. Results show that whereas people do
perceive greater uncertainty when it is communicated, we observed
only a small decrease in trust in numbers and trustworthiness of the
source, and mostly for verbal uncertainty communication. These
results could help reassure all communicators of facts and science
that they can be more open and transparent about the limits of
human knowledge.

communication | uncertainty | trust | posttruth | contested

ur knowledge is inherently uncertain. The process by which

we gather information about the state of the world is char-
acterized by assumptions, limitations, extrapolations, and gener-
alizations, which brings imprecisions and uncertainties to the facts,
numbers, and scientific hypotheses that express our understanding
of the world around us. However, despite the fact that scientists
and other producers of knowledge are usually well-aware of the
uncertainties around their findings, these are often not commu-
nicated clearly to the public and other key stakeholders (1). This
lack of transparency could potentially compromise important de-
cisions people make based on scientific or statistical evidence,
from personal medical decisions to government policies.

Recent societal developments do not seem to encourage more
openness about uncertainty: It has been suggested that we are
living in a “posttruth” era in which facts, evidence, and experts
are deeply mistrusted (2). Cross-national survey studies suggest
that in many countries, trust in institutions and governments is in
decline (3-5). Although the underlying causes of changes in trust
are likely to be complex and varied, it has been suggested that
one way to potentially repair and restore public trust in science,
evidence, and official statistics is to be more open and trans-
parent about scientific uncertainty (2). However, it is often as-
sumed that communicating uncertainty transparently will invite
criticism, can signal incompetence, or even decrease public trust in
science (1, 6-8). In fact, as summarized by the National Acade-
mies of Sciences, Engineering, and Medicine report on science
communication, “as a rule, people dislike uncertainty [...] people
may attribute uncertainty to poor science [... and] in some cases,
communicating uncertainty can diminish perceived scientific au-
thority” (ref. 7, pp. 27-28). For example, research by Johnson and
Slovic (9) found that for some respondents, uncertainty “evoked
doubt about agency trustworthiness” (p. 490), and that “despite

7672-7683 | PNAS | April 7,2020 | vol. 117 | no. 14

the general sense of honesty evoked [by uncertainty] .. . this did not
seem to offset concerns about the agency’s competence” (p. 491). In
fact, partly for these reasons, Fischhoff (1) notes that scientists may
be reluctant to discuss the uncertainties of their work. This hesita-
tion spans across domains: For example, journalists find it difficult
to communicate scientific uncertainty and regularly choose to ig-
nore it altogether (10, 11). Physicians are reluctant to communicate
uncertainty about evidence to patients (12), fearing that the com-
plexity of uncertainty may overwhelm and confuse patients (13, 14).
Osman et al. (15) even go as far as to argue explicitly that “the drive
to increase transparency on uncertainty of the scientific process
specifically does more harm than good” (p. 131).

At the same time, many organizations that produce and
communicate evidence to the public, such as the European Food
Safety Authority, have committed themselves to openness and
transparency about their (scientific) work, which includes com-
municating uncertainties around evidence (16-19). These at-
tempts have not gone without criticism and discussion about the
potential impacts on public opinion (15, 20). What exactly do we
know about the effects of communicating uncertainty around
facts, numbers, and science to the public?

Significance

Does openly communicating uncertainty around facts and
numbers necessarily undermine audiences’ trust in the facts, or
the communicators? Despite concerns among scientists, ex-
perts, and journalists, this has not been studied extensively. In
four experiments and one field experiment on the BBC News
website, words and numerical ranges were used to communi-
cate uncertainty in news article-like texts. The texts included
contested topics such as climate change and immigration sta-
tistics. While people’s prior beliefs about topics influenced their
trust in the facts, they did not influence how people responded
to the uncertainty being communicated. Communicating un-
certainty numerically only exerted a minor effect on trust.
Knowing this should allow academics and science communi-
cators to be more transparent about the limits of human
knowledge.

Author contributions: A.M.v.d.B., S.v.d.L, ALJF., and D.1.S. designed research;
AM..d.B, S.v.d.L, and ALLF. performed research; AM.v.d.B. and S.v.d.L. analyzed data;
and AM.v.d.B, S.v.d.L, ALJLF, and D.JS. wrote the paper.

The authors declare no competing interest.
This article is a PNAS Direct Submission.

This open access article is distributed under Creative Commons Attribution License 4.0
(CCBY).

Data deposition: The datasets collected and analyzed in this paper are available on the
Open Science Framework (https:/doi.org/10.17605/0OSF.IO/MT6S7).

"To whom correspondence may be addressed. Email: a.m.van.der.bles@rug.nl or sander.
vanderlinden@psychol.cam.ac.uk.

This article contains supporting information online at https:/www.pnas.org/lookup/suppl/
doi:10.1073/pnas.1913678117/-/DCSupplemental.

First published March 23, 2020.

www.pnas.org/cgi/doi/10.1073/pnas.1913678117
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openness about uncertainty: It has been suggested that we are
living in a “posttruth” era in which facts, evidence, and experts
are deeply mistrusted (2). Cross-national survey studies suggest
that in many countries, trust in institutions and governments is in
decline (3-5). Although the underlying causes of changes in trust
are likely to be complex and varied, it has been suggested that
one way to potentially repair and restore public trust in science,
evidence, and official statistics is to be more open and trans-
parent about scientific uncertainty (2). However, it is often as-
sumed that communicating uncertainty transparently will invite
criticism, can signal incompetence, or even decrease public trust in
science (1, 6-8). In fact, as summarized by the National Acade-
mies of Sciences, Engineering, and Medicine report on science
communication, “as a rule, people dislike uncertainty [...] people
may attribute uncertainty to poor science [... and] in some cases,
communicating uncertainty can diminish perceived scientific au-
thority” (ref. 7, pp. 27-28). For example, research by Johnson and
Slovic (9) found that for some respondents, uncertainty “evoked
doubt about agency trustworthiness” (p. 490), and that “despite

7672-7683 | PNAS | April 7,2020 | vol. 117 | no. 14

to the uncertainty being communicated. Communicating un-
certainty numerically only exerted a minor effect on trust.
Knowing this should allow academics and science communi-
cators to be more transparent about the limits of human
knowledge.
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b. Acknowledging contradiction



You do not need a mask
to avoid coronavirus.

Source: CDC




Vox &

@voxdotcom

Vox

We've deleted two tweets from March about mask-
wearing. Though we replied with an update when CDC
guidance changed to recommend masks, recent
replies suggest the time frame of the update was
unclear.

To ensure current public health guidance is clear, we
deleted the tweets.

3:18 PM - Dec 21, 2020 - TweetDeck

34 Retweets 149 Quote Tweets 300 Likes



c. Tolerating disagreement
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Focused Protection Read the Declaration

Home  Video  About FAQ Signatures

Great Barrington Declaration

As infectious disease epidemiologists and public health scientists we have
grave concerns about the damaging physical and mental health impacts of

the prevailing COVID-19 policies, and recommend an approach we call
Focused Protection.

READ THE
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Union of

Concerned Scientists SEARCH

Science for a healthy planet and safer world

[ BLOG ] UNION OF CONCERNED SCIENTISTS

Herding People to Slaughter: The Dangerous
Fringe Theory behind the Great Barrington
Declaration and Push toward Herd Immunity

DERRICK Z. JACKSON, FELLOW | OCTOBER 23, 2020, 5:19 PM EDT

Officials at the highest levels are discussing the possibility of caving in
on controlling the coronavirus and instead letting it run rampant 8 o WA
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Adopting measures to protect the vulnerable should be the central
aim of public health responses to COVID-19. By way of example,
nursing homes should use staff with acquired immunity and perform
frequent testing of other staff and all visitors. Staff rotation should be
minimized. Retired people living at home should have groceries and
other essentials delivered to their home. When possible, they should
meet family members outside rather than inside. A comprehensive
and detailed list of measures, including approaches to multi-
generational households, can be implemented, and is well within the

scope and capability of public health professionals. 99



@he Philadelphia Tnquiver Subs

Education

Philly’s school reopening plan is put on hold
after an outcry: ‘We should not have to teach
students to death’

Principals, teachers, parents, and students blasted the plan developed by Superintendent William R. Hite Jr., s:
would neither keep children and staff safe nor offer a robust educational experience.

7 - —- ADVERTISEMENT

HARVEST.

in to a differ
f ncy with Har

Public Access

Superintendent William Hite Jr. wants Philly schools to open two days a week to most students. Hite,
shown in this file photo, heard an earful about his school reopening plan at a school board r ... Read more



/. The challenges to our approaches



a. The complexity of the system
b. Our biases and privileged perspectives

c. Epistemic arrogance



a. The complexity of the system



RIT Score Change (Winter-Fall)
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Figure 3: Distribution of within-student change from winter 2019-fall 2019 vs. winter 2020-fall 2020 in math.
Note: The vertical red and blue lines display the median growth estimate for winter 2019-fall 2019 and winter 2020-
fall 2020 respectively. The black dashed line represents zero growth (e.g., winter and fall test scores were equivalent).



Most students are falling behind, but students of color are faring worse.

Amount students learned in the 2019-20
school year, % of historical scores'

Reading K-b average

Math K-5 average

Math K

Math 1

Math 2

Math 3

Math 4

Math b

0

® Schools with >50% All schools @ Schools with >560%
students of color average white students

7 - 90
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59 - 69
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'Percent of an “average” year of learning gained by students in 2019-20 school year, where 100% is equivalent to historical matched scores over previous 3 years.

Source: Curriculum Associates



fLos Anaeles Times

CALIFORNIA

Subscribe Now
$1/8 weeks

g Schools in more affluent areas move faster to reopen
» than those in low-income communities

First-grader Braylen Coleman has her temperature checked by teacher’s aide Firoozeh Borjian as she
arrives at Alta Vista Elementary School in Redondo Beach. (Al Seib / Los Angeles Times)

By PALOMA ESQUIVEL, MELISSA GOMEZ, HOWARD BLUME

CORONAVIRUS, VACCINES AND PANDEMIC >

As underserved areas grapple with vaccine
inequities, Sean Penn’s nonprofit joins effort to
get doses to residents

LAUSD coronavirus testing reveals 177 infections
prior to first campus openings

COVID-19 vaccine supply rebounds as L.A.
County hopes to rapidly immunize more
residents

Tracking reopenings

Latest on vaccines and pandemic



Mortality rate per million by cause in children ages 5-14
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https://jamanetwork.com/journals/jama/fullarticle/2774465
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Source: Robert A. Hummer and Joseph T. Lariscy, "Educational Attainment and Adult Mortality," in
International Handbook of Adult Mortality, ed. Richard G. Rogers and Eileen M. Crimmins (NY: Springer, 2011)

Figure S.

Mortality Rate Differences Relative to Persons with 17+ Years of Education, U.S. Women

by Race/Ethnicity






b. Our biases and privileged perspectives
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Share who said the following factors improved for them in 2020
minus the share who said those factors have worsened:

B Mental H Personal H Job B Take-home H Physical Personal Work-life
health finances security pay health life balance
30
Respondents with a post- 5
25 graduate degree were .
most likely to say their
20 physical health improved
in 2020, at a net 23 points
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8
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Those making less than
-20 $50,000 per year
o5 reported the most notable
deterioration in their
-30 personal finances in 2020
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Poll conducted Dec. 17-20, 2020, among 2,200 U.S. adults, with a margin of error of +/-2%.



Epidemiologists today
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c. Epistemic arrogance
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Epistemic arrogance is the tendency to overestimate

our ability to predict when we're overconfident in our

knowledge. 99



TheUpshot

What 635 Epidemiologists Are Doing for
Thanksgiving

Those who are gathering with family or friends are taking
precautions or rethinking their holiday rituals altogether. Most are
staying home.



And it was so typically brilliant of you
to bave invited an epidemiologist.”
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