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Opinion

Answering Key Questions About COVID-19 Vaccines

The US government isinvestingin rapid development of
vaccines against coronavirus disease 2019 (COVID-19), sev-
eral relying on new technologies.' Inthe US, 4 vaccine can-
didates arein phase 3 studies with initial results expected
soon. If studies succeed, 1or more vaccines may become
available within afew months. Clinicians are likely among
the first to be offered COVID-19 vaccines and have a key
rolein helping patients make decisions about vaccination.?
Providing evidence-based information will be particularly
importantin an environment of polarization and mistrust.
This Viewpoint focuses on common questions patients are
likely to ask about COVID-19 vaccines.

How Much Does a Vaccine Reduce the Risk
of COVID-19 and Its Complications?
The US Food and Drug Administration (FDA) guidance
set as an expectation for licensure that a COVID-19 vac-
cine would prevent disease or decrease its severity in at
least 50% of people who are vaccinated.®

In reviewing the results of a study it is important to
know there is a margin of error in estimating the percent-
age of cases or complications prevented. For example, a
study might report a reduction in disease from 100 cases
inthe placebo group to 50 in those vaccinated. This differ-
ence would meet the standard of 50%, but it will be impor-
tant to explain to patients the uncertainty surrounding that
value. While the study showed a50% reductioninillness,
the confidence interval for the efficacy estimate might be
30% to 80%, meaning efficacy may be as low as 30% or
as high as 80%. It will also be important to understand
whether a vaccine reduces not only mild but also more se-
vere disease, as well as hospitalizations and deaths. How-
ever, studies may haveinsufficient numbers of patients with
severe outcomes to definitively evaluate those end points.

How Safe Is a Vaccine Candidate?

Clinicians will want to know how safety was evaluated, in-
cluding whether studies have been completed, as planned,
with 15 000 or more people vaccinated and followed up
for time periods sufficient to detect most safety issues (eg,
2 months). Itis also important for vaccine developers to
present all safety data, including from outside the US.

It is likely that vaccination will be associated with
mild adverse events like soreness at the injection site,
fever, fatigue, and myalgias. While such symptoms may
be unpleasant, so long as they are not severe and re-
solve quickly, and patients anticipate them, these symp-
toms are not usually worrisome, unless they lead to ad-
ditional health care encounters.

More serious reactions, such as otherwise unex-
plained neurologic or inflammatory processes, would
raise concerns. While patients need to understand that
serious adverse events may occur coincidentally follow-
ing receipt of a vaccine, these adverse events could be
signals of a safety problem. Comparing rates of adverse

events between vaccine and placebo recipients can help
determine whether a signal is vaccine-related, but for
small numbers of rare events it may be inconclusive.

Patients should understand that rare adverse events
may only be detected as a vaccine is widely used. Pa-
tients will want assurance that the US has mobilized en-
hanced safety systems to monitor, evaluate, and com-
municate about the safety of COVID-19 vaccines after
they are released.*

Will the Vaccine Be Effective for All Patients?
COVID-19is more common and severe among individu-
als often underrepresented in clinical trials, including
olderindividuals, people with chronicillnesses, and per-
sons in racial/ethnic minority populations. Different
groups may not have the same responses to vaccina-
tion. When results become available, it will be impor-
tant to evaluate the characteristics of people included
inthe trial and determine whether they are similar to pa-
tients seen in the practice setting. A given vaccine may
be more appropriate for some patients than others, and
knowing those differences will be important.

Trialsinvolving children and pregnant women will start
once vaccine safety is demonstrated in others, making it
unlikely vaccines willinitially have FDA indications for these
groups. In considering use of a vaccine in patients not
within FDA indications, available evidence and recommen-
dations from the CDC's Advisory Committee on Immuni-
zation Practices (ACIP) should be consulted.

Was Important Information Made Public

and Reviewed by Independent Experts?

It is important to know whether all relevant informa-
tion that might support or contradict the findings of a
vaccine trial has been made public. For example, pre-
liminary reports might not include all patients studied or
might include only selected results. It must be clear if any
information is missing and the reasons for that missing
information should be provided.

In addition, it is important that the study has been
reviewed by experts without personal or financial inter-
estsin the research, as done by major medical journals.
Such review helps reduce the risk of errors or bias.

Is a Vaccine Licensed or Provided Under
an Emergency Use Authorization?
FDA has along track record of licensing vaccines that have
protected individuals against diseases like measles, po-
lio, and pneumonia. FDA has stated it will apply its usual
high standards to COVID-19 vaccines.® These standards
mean clinicians can have confidence in what is known
about the safety and efficacy of a licensed vaccine.
However, FDA could make an as-yet unapproved vac-
cine available through an Emergency Use Authorization
(EUA). Rather than proven safety and effectiveness, EUAs
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only require FDA determine a product “may" be effective and that ben-
efits are likely to outweigh risks.

In some circumstances an EUA may be appropriate. For ex-
ample, substantial data demonstrating safety and efficacy may be
available, but it may take additional months for the developer to sub-
mit all documentation to FDA or for FDA to review data required for
licensure but unrelated to safety or efficacy. Or early results may
document convincing safety and efficacy, but it may be months un-
til final data on all enrolled patients are available.

FDA officials have stated,® and affirmed in recent guidance,” that
they would only issue a COVID-19 vaccine EUA with substantial evi-
dence of safety and efficacy. Nonetheless, there is widespread con-
cern a vaccine might be prematurely authorized under political
pressure.® Clinicians will want to know that any EUA is based on sci-
ence, with supporting data publicly available, and that those issu-
ing an EUA have not been pressured to do so.

If avaccineis released under an EUA, clinicians should inform pa-
tients that the vaccine is not FDA licensed. Key questions will include
why the vaccineis not licensed and what information FDA may be wait-
ing for. If clinical trials have not been completed, there will be ques-
tions about how much confidence exists regarding estimated effi-
cacy. Otherimportant considerations include whether adequate safety
data from all participants have been analyzed, and whether FDA has
ensured the vaccine meets manufacturing and quality standards.>”

FDA has indicated that prior to any decision it will bring potential
EUAs or approvals to an advisory committee, allowing outside expert
input and enhancing transparency of the evaluation.® Furthermore, af-
ter FDA makes its determination, CDCand ACIP normally provide rec-
ommendations about who should receive a vaccine. If these steps are
not followed, orif, in an unprecedented action, the secretary of the De-
partment of Health and Human Services or White House, rather than
FDA, weretoissuean EUA, it should be apparent. If so, the foundation
of scientific expertise and integrity that clinicians rely on to make rec-
ommendations to patients would be compromised, and use of a vac-
cine would need to be carefully considered in that harsh light.

Will All COVID- 19 Vaccines Be the Same?

Different vaccines are likely to perform and be used differently. Cli-
nicians will need to be aware of any differences between vaccines
including dose numbers and schedules, as well as safety and effi-
cacy. Importantly, some vaccines may be preferred for certain popu-
lations. Clinicians should understand the basics of how different vac-
cines perform and, if more than one is available, be able to
recommend the best for a given patient.

Can Vaccinated People Stop Worrying About COVID-19?
While a vaccine will help protect individual patients and those
around them, a large proportion of the population must be
immunized and protected before transmission is substantially
reduced. Especially for 2-dose regimens, this will take months.
No vaccine will be 100% effective and a vaccine that pro-
tects against developing clinical illness may not prevent transmis-
sion to others. Also, the duration of naturally occurring immunity
to infection with severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) is unknown and may wane with time.® Therefore,
the likely duration of protection by new COVID-19 vaccines
is unknown.

For these reasons, even after vaccines become available, SARS-
CoV-2 will be a continuing concern. Effective public health mea-
sures, such as social distancing, limiting the size of gatherings, and
wearing masks, will be needed for at least several more months, and
potentially longer.

Conclusions

Many individuals are hesitant about receiving COVID-19 vaccines.
Reasons include the novelty and rapid development of the vac-
cines, as well as the politicization of the pandemic and inconsistent
messages from scientists and government leaders. It is critical that
clinicians stay well informed about emerging data so that they can
help patients make sound decisions about the vaccines needed to
help end the pandemic.
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Beyond Politics — Promoting Covid-19
Vaccination in the United States

Stacy Wood, Ph.D., and

The United States has invested more than
$10 billion in Operation Warp Speed to fast-
track SARS-CoV-2 vaccines from conception to
market in 1 year. The result is 11 candidates
reaching the final stage of Food and Drug Ad-
ministration testing — a phenomenal improve-
ment over past development timelines. Indeed,
two SARS-CoV-2 vaccines are already available to
Americans.

Given this level of investment, skill, and good
fortune in developing a vaccine, it will be tragic
if we fail to curtail the virus because Americans
refuse to be vaccinated. Despite widespread suf-
fering from Covid-19, credible surveys indicate
that the proportion of the U.S. population will-
ing to be vaccinated has fluctuated from 72% in
May to 51% in September and 60% in November;
of the 39% of respondents who indicated that
they probably or definitely would not get the vac-
cine, only 46% said they might be open to vacci-
nation once others start getting it and more in-
formation becomes available.!

These findings underscore the tremendous
undertaking facing vaccine communication teams,
who must persuade many of these people to be
vaccinated if we’re to achieve the vaccination rate
— as high as 80%? — needed to return to nor-
malcy. Even then, 100% of people who said they
would “definitely or probably” get vaccinated
must follow through, and 100% of people who
said they didn’t plan to but could change their
mind must be persuaded and motivated to act.
Vaccine promoters will have to be creative in
marshaling their resources and broad-minded in
considering tools for addressing this enormous
challenge.?

The slow adoption of even the most beneficial
new product is unsurprising to researchers who
study the diffusion of innovation.** From electri-
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Kevin Schulman, M.D.

fying homes to developing personal computers,
history has shown that “if you build it, they will
come” makes a terrible marketing plan.

As with many disruptive trends and the in-
novations they spawn, Americans’ attitudes to-
ward Covid-19 and related health behaviors have
been shaped by a complex combination of infor-
mation, relative benefits, and social identity.®’
Consider that although the use of face masks was
promoted on the basis of strong relative benefits
(high efficacy of slowing viral spread and low
cost), what predominated in many peoples’ deci-
sions about masking was its symbolic relation-
ship to political identity.®?

So how should we promote vaccination? The
data surrounding vaccination are still evolving,
and different vaccines may come to market. The
likely mixed messages about these products’ safety
and efficacy (even if they reflect small relative
differences arising from clinical trial design) may
exacerbate the challenge of vaccine adoption. Add
to this the interaction of attitudes toward the
virus and vaccines, and it’s clear that we will need
myriad communication strategies to ensure wide-
spread vaccine uptake.

Any successful marketing strategy will be
multifaceted.”® Consumer research and behav-
ioral economics suggest 12 key strategies for an
effective vaccine-promotion effort (Table 1). Not
all strategies are equally actionable for all health
agents, who range from leaders of federal agen-
cies to leaders of local clinics; different actions
are best suited for different players (Table 2). But
by combining relevant strategies for various per-
suasive tasks, we can develop a comprehensive
plan, incorporating multiple actions and tactics
to promote vaccine adoption. The tactics used can
be prioritized according to each population’s de-
gree of vaccine hesitancy (Fig. 1). We believe that
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Table 1. Strategies for Promoting Covid-19 Vaccination.*

Strategy

Segment public
according to
identity barriers

Find a common
enemy

Use analogy

Increase observ-
ability

Leverage natural
scarcity

Predict and ad-
dress negative
attributions

Prompt anticipated
regret

Avoid conveying
piecemeal risk
information

Promote compro-
mise options

Create FOMO mo-
tivations

Combat unique-
ness neglect

Neutralize the case
versus base-
rate heuristic

Needed Action

Quialitative research or text mining of social
media to determine why patients feel vac-
cination runs counter to their identity.

Message testing to determine what common
enemies resonate across two polarized
groups. Look for an enemy that prompts
more animosity than the opposite group
does.

Develop a list of appropriate analogies for
critical facts, processes, or statistics and
share them through health care channels.
Encourage trusted medical providers to pre-
pare their own analogies for common vac-
cine questions. Use analogies to augment
more complicated discussions of fact.

Make it easy to see, in person or online, who
has been vaccinated.

Use a national or state referendum to decide
who gains access to the vaccine first, or re-
quest community input through surveys.

Monitor media to quickly identify negative
attributions. For segment-specific attribu-
tions, partner with community leaders or
influencers to identify and counter negative
attributions.

Develop and use communications to remind
people of a low-probability but high-stakes
outcomes and the resulting strong emo-
tions.

Coordinate press releases with stakeholders to
avoid letting bad news trickle out and mak-
ing it seem worse than it is.

Find ways to promote a sense of control by
offering multiple vaccination choices; intro-
duce other actions to frame vaccination as
a middle or normal choice.

Frame vaccination as a desirable opportunity
not to be missed. Find and provide rewards
for vaccine completion.

Work with health care providers to identify pa-
tient groups that might feel they have spe-
cial conditions unlike “ordinary” people.

Communicate with clinicians and other front-
line health personnel about the base-rate
fallacy. Build and use collection of positive
anecdotes.

Sample Tactics

Create targeted messaging based on relevant barriers, such as a
“Go out with a bang, but don't die this death” campaign for
groups with a Covid-defiant identity.

If a common enemy is poverty or recession: “This economy needs a
shot in the arm. We can do that.”

If a common enemy is those who don’t believe in America: “Think
we can’t vaccinate 300 million people in 3 months? Watch us.”

Use process analogies (e.g., if asked how the vaccine works, say
“mRNA is like a teacher that shows the body how to make the
antibodies that fight off Covid.”)

Use statistical analogies (e.g., “You’d be more likely to get hit by
lightning than to die from Covid after getting vaccinated.”)

Offer a wearable token — a bracelet, sticker, or pin — that can be
observed by others.

Offer social media frames and banners (e.g., “I'm a First Responder
and I'm Vaccinated”).

Partner with celebrities, respected local leaders, and members of all
parties to show them, on old and new media, being vaccinated.

Frame the chosen “first receivers” — whether the elderly, first re-
sponders, teachers, or essential workers — as nationally valued
and honored.

If delays in vaccine accessibility are being attributed to government
incompetence, use daily briefings to show a complicated “air
traffic control map” tracking freezer trucks.

If prioritized deployment of vaccines in historically disadvantaged
neighborhoods is being attributed to a belief that these popula-
tions are expendable “lab rats,” include these communities’
trusted local leaders in prioritization discussions.

Train family practice staff to use questions and statements such as:

“What would change in your family if you became a Covid long-
hauler and had permanent lung or heart damage?”

“I've seen the crushing guilt of families that lose someone to Covid
after not being quite careful enough — don’t do that to yourself.”

If a delay seems likely, wait until you have a clear sense of the new
situation and present any bad news up front and, ideally, just
once.

Train cold-call promoters or survey takers to ask people if they will
get the vaccine later, get it now, or get it now and sign up to
donate plasma.

Partner with employers to give employees a day off to be vaccinated.

Create a campaign to promote the idea that families should stagger
vaccinations so that each “hero” gets a day in bed with snacks
and binge-watching movies.

Use monetary incentives (tax deductions or insurance refunds).

Encourage celebrities to hold future free events for vaccinated fans.

Train medical personal to identify uniqueness neglect (e.g., patients
might say, “The vaccine is fine, but it won’t work for me.”)

Offer safe (even if largely unnecessary) modifications to standard
vaccine delivery (e.g., topical analgesics before injection; getting
the shot late in the day).

Encourage clinicians to counter patients’ anecdotal “bad reaction”
stories with “good reaction” stories rather than statistics.

Ensure that DHHS briefings and websites include a continuous collec-
tion of real people’s stories about good vaccination experiences.

* DHHS denotes Department of Health and Human Services, and FOMO fear of missing out.
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Table 2. Key Actions for Players in Various Health Care Roles.*

Health Care Player

Local clinicians and prac-
tices; care facilities
(e.g., nursing homes)

Hospital management

Insurance and benefits
management

State and county health
agencies

Federal agencies
(e.g., DHHS, CDCQ)

Advocacy groups
(e.g., AARP, NAACP)

Key Actions

. Prepare list of common vaccine questions.

. Investigate specific concerns of your various segments of patients.

. Develop list of effective responses.

. Practice and train staff for responses.

. Add incentives (free sports exams, prizes).

. Develop prompts to persuade vaccine-hesitant patients and offer compromises.
. Make vaccination status observable in your community.

1
2
3
4
5
6
7
1. Determine campaign themes and messaging for local community.

2. Train medical personnel on responses to common questions and concerns.
3. Select statistical analogies for use by staff.

4. Add incentives for employees (even if vaccination is mandated).

5. Train PR office personnel for coordinated responses to new events.

6. Develop special vaccine protocols for unique cases.

1

2

3

4

5

1

2

3

4

5

. Determine campaign themes and messaging for client base.

. Select analogies for use in messaging.

. Add incentives for clients.

. Train PR office personnel for coordinated responses to new events.
. Develop mailing for client segments.

. Prepare list of common vaccine questions.
. Investigate specific concerns from different segments of patients locally.
. Develop list of effective responses.
. Determine campaign themes and messaging for regional or local community.
. Create materials for medical personnel for responding to common questions and con-
cerns.
6. Find local analogies for use in public announcements and messaging.
7. Create a multifaceted social media network strategy.
8. Partner with companies and organizations to create incentives.
9. Train PR office personnel for coordinated responses to new events.
10. Determine and coordinate order of vaccine access and communicate rationales.
11. Partner with local celebrities and trusted community leaders to promote vaccination.

. Investigate specific concerns from nationally critical segments (e.g., health care workers).
. Develop list of effective responses.

. Determine campaign themes and messaging for national and targeted segments.
Create materials for large organizations, logistics, and health care systems.

. Select analogies for use in public announcements and messaging.

. Create a multifaceted social media network strategy.

. Partner with companies and organizations to create vaccine incentives.

. Explore federal incentives (tax).

. Train PR office personnel on coordinated responses to new events.

10. Offer advice on order of vaccine access and communicate rationales.

11. Partner with national celebrities and trusted leaders to promote vaccination.

1. Determine campaign themes and messaging for client base.

2. Select analogies for use in messaging.

3. Train PR office personnel for coordinated responses to new events.
4. Develop mailing for client segments.

* AARP was formerly the American Association of Retired Persons. CDC denotes Centers for Disease Control and
Prevention, DHHS Department of Health and Human Services, NAACP National Association for the Advancement of
Colored People, and PR public relations.

the following elements should be considered in aspect of the public response to the pandemic has
a national strategy and reinforced by local public been the association of anti-Covid efforts with
health officials and individual clinicians. personal identity, especially political identity.!

Some groups have incorporated masks into their

SEGMENT PUBLIC ACCORDING TO

self-image as a symbol of community responsibil-

IDENTITY BARRIERS ity and respect, while others see wearing masks

as a sign of weakness or cowardice. Some mask-

Medicine frequently segments patients by demo- protest leaders represent masks as an attack on
graphic or socioeconomic traits, but a striking freedom and thus democracy. Yet we must be
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Would You Get the Covid-19 Vaccine
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Prioritization of Covid-19 Vaccine Communication Tactics
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M Definitely no-
Sept.  Nov.
2020 2020

Avoid judgment or patronization, partner with niche opinion leaders, shift identity framing,
use common enemy, create narratives that allow for changed opinions without loss of face

Create reminders and salience
via social media, create triggers
to prompt “act now” mentality,
add incentives and convenience

Connect to trusted vaccine or medical advocates, craft
targeted education and persuasion communication,
increase perceptions of choice and agency, use nudge tactics,
partner with community leaders, use narrative “shared stories”
rather than statistics, explore and overcome identity hurdles

accessibility
and ease;
promote post-
vaccination WOM

Above PLUS:

Above PLUS:

Above PLUS:

Figure 1. Prioritization of Communication Tactics Based on Vaccine-Hesitancy Level.

Survey data are from the Pew Research Center’'s American Trends Panel (ATP).! To move the public from intent to action (completing
the two-dose vaccine sequence), a specific communication strategy needs to be developed for people in each of the four different re-
sponse categories (Definitely yes, Probably yes, Probably no, Definitely no). WOM denotes word-of-mouth.

careful not to inadvertently reinforce the identity
drivers behind mask wearing; for example, la-
beling vaccine-hesitant people as “conservative”
or “Covid-hoaxers” tells political conservatives
that vaccines are a liberal concept and open to
skepticism. And it tells people who are vaccine-
hesitant for other identity-related reasons (e.g.,
distrust of medical research by some people of
color) that their concerns are not being heard or
respected by the medical community.

This is not a simple case of red-state/blue-
state duality. Some elderly Republicans, for ex-
ample, are quietly worried by their party’s failure
to take the pandemic seriously, but are afraid to
rock the boat; other elderly Republicans are defi-
ant in their assertion of fearlessness. No common
persuasive message will work for both groups:
highlighting the virus’s danger would scare the
former group but might reinforce the latter’s defi-
ance. Such segmentation suggests that we need
different messages targeted not according to such
demographic characteristics as age, but accord-
ing to barriers created by self-identity, in-groups,

N ENGL J MED

or social beliefs.’? In this case, campaigns could
address the first group’s fear of social censure
and promote the idea that the best good works
are done quietly, known only to oneself, while
assuring the second group that their legacy of
rebellion should include dying on some fearless
adventure, not alone, locked in tubes, wheezing
through a plastic straw.

FIND A COMMON ENEMY

Uniting two polarized groups often depends on
finding a third, more hated common enemy that
can be used to build community across differ-
ences.!®* The obvious common enemy here is the
virus, but demonizing it will work only if both
groups see it as real and dangerous. Currently,
some groups view the virus threat as inflated or
a hoax," though uncontrolled spread across com-
munities may make it harder to dismiss as the
winter progresses. For now, appropriate common
enemies may be downstream effects: we can fo-
cus on “battling” poverty by getting people back
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to work or on “racing” other countries to return
to normal.

USE ANALOGY

Analogies used in communication harness under-
standing of some familiar concept to elucidate a
complex new concept.* Many attitudes toward
the pandemic are responses to complex medical
information being communicated at a troubled
time. Analogies can communicate rich informa-
tion in a single image or phrase. For example,
“the war against Covid” may connote coming
together, making sacrifices, doing tough things,
and emerging on the other side with new im-
provements and inventions in hand.

Or consider the difficulty of conveying statis-
tical information. According to the National Cen-
ter for Educational Statistics, more than half of
Americans score 2 or lower on the 5-point nu-
meracy scale developed by the Program for the
International Assessment of Adult Competencies,
and even highly educated people can make er-
rors in understanding risk. People may ask wheth-
er the vaccine “guarantees” that they won’t get
Covid-19, and of course it can’t, but an analogy
to some extremely rare event may help: we can
say, “The likelihood is about the same as being
killed in a car crash,” rather than simply “no.”

INCREASE OBSERVABILITY

The introduction of the Apple iPod was one of the
most successful product launches ever. Although
there were other MP3 players, the iPod domi-
nated the market and the mental schemas of
consumers. One reason was its white earphones:
even if the device itself was hidden in a pocket,
observers knew that the wearer had an iPod. iPod
owners became walking advertisements. An in-
novation known as Rogers’ concept of observabil-
ity suggests that consumers’ ability to observe
others’ choices can increase an innovation’s rate
of adoption.”

Imagine how vaccination status could be
made observable. Perhaps wearable tokens, such
as Livestrong-style bracelets or stickers or pins
similar to those given to voters, would work for
in-person environments. Digital badges (such as
frames or banners for one’s social media profile
photo) are easy to create and effective in virtual
environments.
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LEVERAGE NATURAL SCARCITY

In consumer markets, scarcity often signals ex-
clusivity and prompts greater interest or desir-
ability.® Because of a natural attentiveness to
negative outcomes, we'’re attuned to goods that
might run out or opportunities we might miss."”
Although it would be wrong to create an artifi-
cial scarcity of vaccines to boost the attractiveness
of securing one, we should not ignore natural
scarcity’s effect on attitudes toward vaccines as
they’re rolled out. We should frame early access
to vaccines as a mark of honor or respect for
people we want to protect, whether they’re older
Americans or people with chronic illnesses, first
responders (police, firefighters, and emergency
medical technicians), medical staff, schoolteach-
ers, or essential workers. For healthy people who
identify as “tough” (such as first responders), we
can frame priority access as a sign of respect
“awarded” to them. Leveraging scarcity may help
counteract guinea pig metaphors and hesitancy
to “go first.” At the same time, the unexpected
initial scarcity and early demand for the vaccine
should not provide a false sense of security that
we will not need to address resistance as we
strive to achieve our population vaccination goals.

PREDICT AND ADDRESS NEGATIVE
ATTRIBUTIONS

“Attribution theory,” from social psychology, ex-
plores how people confronted with something
unexpected or troublesome develop explanations
for it."® For new products, consumers’ attributions
can help or hurt adoption. For example, if a prod-
uct launch occurs later than initially announced,
people might attribute the delay to a problem
with the product (even if the delay was caused by
bad weather slowing a shipment). If a product
runs out quickly, people might assume it’s highly
desirable and popular (even if, really, poor supply-
chain planning led to a stock-out).

The need for trust and transparency demands
that vaccine promoters not fabricate positive at-
tributions. But given attributions’ power (and the
ability of unconfirmed information to spread on
social media), effective promotion will involve pre-
dicting negative attributions and combating them
directly. For example, policymakers may choose to
make vaccines available first in historically dis-
advantaged neighborhoods, aiming to get protec-
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tion early to people who can least afford a set-
back. But a possible negative attribution is that
these people are being treated as “lab rats” to test
the vaccine’s safety before it’s given to wealthier
people. Anticipating and combating negative at-
tributions requires listening openly to the vac-
cine-hesitant, building trust, and addressing false
attributions directly and consistently. There is also
a clear need to work with social media platforms
to limit dissemination of false information."

PROMPT ANTICIPATED REGRET

Research on insurance suggests that many people
overinsure themselves for highly unlikely occur-
rences such as flooding in areas that are not
floodplains.” One major reason is anticipated re-
gret: emotions, such as regret, are powerful mo-
tivators of decisions, and they can motivate us even
before they’re experienced.?! Vaccination can pre-
vent a specific anticipated regret: the fear that
someone we love will die from the illness. People
may be especially persuaded by a fear for their
loved ones. We may also be motivated by others’
anticipated regret (e.g., “Do it so your mother can
stop worrying and get some sleep.”)

AVOID CONVEYING PIECEMEAL RISK
INFORMATION

One challenge for the pandemic response is the
slow release of information about the scientific
milestones in vaccine development. Although
this information flow is a well-intentioned effort
to improve transparency for the scientific com-
munity, it could backfire with the public. Again,
consider how our evolving knowledge of the ben-
efits of masks has sown confusion when it ap-
pears that experts are not clear on the issue.
Current research? suggests that piecemeal
risk — risk information that trickles out over
time — can be especially dangerous for uptake
of pharmaceutical innovations. People are more
sensitive to the risk of side effects and signifi-
cantly less likely to try a new drug when risk in-
formation is presented piecemeal over time than
when a single news source presents a final risk
assessment. Though the efficacy and safety of
Covid-19 vaccines are highly newsworthy, policy-
makers should recognize that negative trends that
“trickle out” can disproportionately influence the
public. Vaccine news cannot be covered up, but
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it can be presented in total, rather than with in-
cremental updates.

PROMOTE COMPROMISE OPTIONS

Coffee shops’ practice of offering three serving
sizes builds on consumer research suggesting
that people seek easy rules of thumb in making
uncertain decisions like how much coffee we
need; one robust example is our tendency to
look for normal or nonextreme choices and thus
choose middle, or compromise, options.? At the
coffee shop, a tally of drink-size selections would
probably follow a bell-shaped distribution, with
most customers choosing the middle option.

In medicine, patients are often offered only
two choices — to get or not get some recom-
mended treatment. But the compromise effect
suggests that we can nudge people to a desired
choice and increase their confidence about it by
making it the compromise option. To make vac-
cination decisions a three-option rather than two-
option choice, we could allow people to get the
shot now, sign up for a later date, or not get it at
all. Or all three options could include the vaccine
(get the shot now and donate plasma, just get
the shot now, or get the shot later). The key is to
avoid depicting vaccination as the most extreme
action in a range of choices.

CREATE FOMO (FEAR OF MISSING OUT)
MOTIVATIONS

People dislike missing out on fun things, but
vaccination is not normally a fun experience —
we get an injection and may incur unpleasant
side effects, and some Covid vaccines require a
second shot weeks after the first. Though the pub-
lic health benefits are clear, there is no immedi-
ate individual reward for completing the vacci-
nation sequence — nothing to miss out on. One
possibility is to create a desirable reward so peo-
ple feel an urgency to act lest they miss out on a
limited opportunity.

Immediate rewards could be tied to getting
vaccinated and even to the potential for greater
side effects of the second shot in a two-dose
sequence.” For example, employers could offer a
day off to reward an employee’s contribution to
a safe workplace. A public messaging campaign
could create a narrative about families staggering
their vaccinations so one “vaccine hero” at a
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time can stay on the sofa and be coddled with
snacks and movies. Universities could offer stu-
dents and staff tickets to future sports or cultural
events. Financial incentives such as insurance re-
bates and tax benefits could also be considered.

COMBAT UNIQUENESS NEGLECT

Uniqueness neglect is a phenomenon recently
conceptualized as one reason patients are resis-
tant to having artificial intelligence diagnose or
treat them.” Some people believe they are unique
or different from the average person (e.g., more
sensitive, more prone to side effects). They may
see vaccines as one-size-fits-all options for the
average person — but not for them. Clinics may
be wise to develop some variations in vaccine
delivery (e.g., topical numbing of the injection
site for sensitive patients) that cater to such pa-
tients. As more vaccines are approved and spe-
cific indications, such as pediatric labeling, are
developed, we can address this tendency with
more specific matching of patients to character-
istics of different vaccines.

NEUTRALIZE THE CASE VERSUS
BASE-RATE HEURISTIC

Although medical school emphasizes communi-
cation using facts and statistics, people often
underweight base-rate statistics and overweight
anecdotal cases — stories — in judging proba-
bility, a decision heuristic known as the base-rate
fallacy or case versus base-rate effect.?

The first patient with a rare side effect from
a vaccine, anaphylaxis from the Pfizer-BioNTech
vaccine,” was heavily profiled in the media. Such
a story is more emotionally evocative and will go
more “viral” than a numerical statistic. Unfortu-
nately, experts will probably respond by citing
statistics showing that such cases are rare. But
when a vaccine-hesitant patient repeats side-effect
stories, clinicians can counter with their own
stories, rather than elaborate statistical explana-
tions. Furthermore, vaccine communications
teams should proactively spread their own “cases”
in addition to statistics. News briefings or web-
sites could include real individual success stories
— a Georgia family going out for ice cream after
being vaccinated, perhaps, or Indiana retirees
joyfully visiting neighbors 10 days after receiving
the vaccine. Such stories, however banal, can
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help counteract the shock value of a few bad-
effect stories.

The development of Covid-19 vaccines is an
amazing scientific achievement. Adoption of vac-
cines by the U.S. public will require a similar level
of achievement. Vaccine promotion demands a
multifaceted behavioral approach if it is to succeed.
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NEJM.org.
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ABSTRACT

BACKGROUND
Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection and the
resulting coronavirus disease 2019 (Covid-19) have afflicted tens of millions of people
in a worldwide pandemic. Safe and effective vaccines are needed urgently.

METHODS

In an ongoing multinational, placebo-controlled, observer-blinded, pivotal efficacy
trial, we randomly assigned persons 16 years of age or older in a 1:1 ratio to receive
two doses, 21 days apart, of either placebo or the BNT162b2 vaccine candidate (30 ug
per dose). BNT162b2 is a lipid nanoparticle-formulated, nucleoside-modified RNA
vaccine that encodes a prefusion stabilized, membrane-anchored SARS-CoV-2 full-
length spike protein. The primary end points were efficacy of the vaccine against
laboratory-confirmed Covid-19 and safety.

RESULTS

A total of 43,548 participants underwent randomization, of whom 43,448 received
injections: 21,720 with BNT162b2 and 21,728 with placebo. There were 8 cases of
Covid-19 with onset at least 7 days after the second dose among participants as-
signed to receive BNT162b2 and 162 cases among those assigned to placebo;
BNT162b2 was 95% effective in preventing Covid-19 (95% credible interval, 90.3 to
97.6). Similar vaccine efficacy (generally 90 to 100%) was observed across subgroups
defined by age, sex, race, ethnicity, baseline body-mass index, and the presence of
coexisting conditions. Among 10 cases of severe Covid-19 with onset after the first
dose, 9 occurred in placebo recipients and 1 in a BNT162b2 recipient. The safety
profile of BNT162b2 was characterized by short-term, mild-to-moderate pain at the
injection site, fatigue, and headache. The incidence of serious adverse events was
low and was similar in the vaccine and placebo groups.

CONCLUSIONS
A two-dose regimen of BNT162b2 conferred 95% protection against Covid-19 in
persons 16 years of age or older. Safety over a median of 2 months was similar to
that of other viral vaccines. (Funded by BioNTech and Pfizer; ClinicalTrials.gov
number, NCT04368728.)
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ORONAVIRUS DISEASE 2019 (COVID-19)

has affected tens of millions of people

globally' since it was declared a pandemic
by the World Health Organization on March 11,
2020.2 Older adults, persons with certain coex-
isting conditions, and front-line workers are at
highest risk for Covid-19 and its complications.
Recent data show increasing rates of severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2)
infection and Covid-19 in other populations, in-
cluding younger adults.? Safe and effective pro-
phylactic vaccines are urgently needed to contain
the pandemic, which has had devastating medi-
cal, economic, and social consequences.

We previously reported phase 1 safety and im-
munogenicity results from clinical trials of the
vaccine candidate BNT162b2,* a lipid nanoparticle—
formulated,” nucleoside-modified RNA (modRNA)®
encoding the SARS-CoV-2 full-length spike, modi-
fied by two proline mutations to lock it in the
prefusion conformation.” Findings from studies
conducted in the United States and Germany
among healthy men and women showed that two
30-ug doses of BNT162b2 elicited high SARS-CoV-2
neutralizing antibody titers and robust antigen-
specific CD8+ and Thl-type CD4+ T-cell respons-
es.® The 50% neutralizing geometric mean titers
elicited by 30 ug of BNT162b2 in older and young-
er adults exceeded the geometric mean titer mea-
sured in a human convalescent serum panel, de-
spite a lower neutralizing response in older adults
than in younger adults. In addition, the reactoge-
nicity profile of BNT162b2 represented mainly
short-term local (i.e., injection site) and systemic
responses. These findings supported progression
of the BNT162b2 vaccine candidate into phase 3.

Here, we report safety and efficacy findings
from the phase 2/3 part of a global phase 1/2/3
trial evaluating the safety, immunogenicity, and
efficacy of 30 ug of BNT162b2 in preventing
Covid-19 in persons 16 years of age or older. This
data set and these trial results are the basis for an
application for emergency use authorization.” Col-
lection of phase 2/3 data on vaccine immunoge-
nicity and the durability of the immune response
to immunization is ongoing, and those data are
not reported here.

METHODS

TRIAL OBJECTIVES, PARTICIPANTS AND OVERSIGHT

We assessed the safety and efficacy of two 30-ug
doses of BNT162b2, administered intramuscu-
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larly 21 days apart, as compared with placebo.
Adults 16 years of age or older who were healthy
or had stable chronic medical conditions, includ-
ing but not limited to human immunodeficiency
virus (HIV), hepatitis B virus, or hepatitis C vi-
rus infection, were eligible for participation in
the trial. Key exclusion criteria included a medi-
cal history of Covid-19, treatment with immuno-
suppressive therapy, or diagnosis with an im-
munocompromising condition.

Pfizer was responsible for the design and
conduct of the trial, data collection, data analysis,
data interpretation, and the writing of the
manuscript. BioNTech was the sponsor of the
trial, manufactured the BNT162b2 clinical trial
material, and contributed to the interpretation
of the data and the writing of the manuscript.
All the trial data were available to all the authors,
who vouch for its accuracy and completeness and
for adherence of the trial to the protocol, which
is available with the full text of this article at
NEJM.org. An independent data and safety mon-
itoring board reviewed efficacy and unblinded
safety data.

TRIAL PROCEDURES

With the use of an interactive Web-based sys-
tem, participants in the trial were randomly as-
signed in a 1:1 ratio to receive 30 ug of
BNT162b2 (0.3 ml volume per dose) or saline
placebo. Participants received two injections, 21
days apart, of either BNT162b2 or placebo, deliv-
ered in the deltoid muscle. Site staff who were
responsible for safety evaluation and were un-
aware of group assignments observed partici-
pants for 30 minutes after vaccination for any
acute reactions.

SAFETY

The primary end points of this trial were solic-
ited, specific local or systemic adverse events
and use of antipyretic or pain medication within
7 days after the receipt of each dose of vaccine
or placebo, as prompted by and recorded in an
electronic diary in a subset of participants (the
reactogenicity subset), and unsolicited adverse
events (those reported by the participants with-
out prompts from the electronic diary) through
1 month after the second dose and unsolicited
serious adverse events through 6 months after
the second dose. Adverse event data through ap-
proximately 14 weeks after the second dose are
included in this report. In this report, safety
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data are reported for all participants who pro-
vided informed consent and received at least one
dose of vaccine or placebo. Per protocol, safety re-
sults for participants infected with HIV (196 pa-
tients) will be analyzed separately and are not
included here.

During the phase 2/3 portion of the study, a
stopping rule for the theoretical concern of vac-
cine-enhanced disease was to be triggered if the
one-sided probability of observing the same or a
more unfavorable adverse severe case split (a split
with a greater proportion of severe cases in vac-
cine recipients) was 5% or less, given the same
true incidence for vaccine and placebo recipients.
Alert criteria were to be triggered if this probabil-
ity was less than 11%.

EFFICACY

The first primary end point was the efficacy of
BNT162b2 against confirmed Covid-19 with onset
at least 7 days after the second dose in participants
who had been without serologic or virologic evi-
dence of SARS-CoV-2 infection up to 7 days after
the second dose; the second primary end point
was efficacy in participants with and partici-
pants without evidence of prior infection. Con-
firmed Covid-19 was defined according to the
Food and Drug Administration (FDA) criteria as
the presence of at least one of the following
symptoms: fever, new or increased cough, new or
increased shortness of breath, chills, new or in-
creased muscle pain, new loss of taste or smell,
sore throat, diarrhea, or vomiting, combined with
a respiratory specimen obtained during the symp-
tomatic period or within 4 days before or after it
that was positive for SARS-CoV-2 by nucleic acid
amplification—based testing, either at the central
laboratory or at a local testing facility (using a
protocol-defined acceptable test).

Major secondary end points included the ef-
ficacy of BNT162b2 against severe Covid-19. Se-
vere Covid-19 is defined by the FDA as confirmed
Covid-19 with one of the following additional
features: clinical signs at rest that are indicative
of severe systemic illness; respiratory failure; evi-
dence of shock; significant acute renal, hepatic,
or neurologic dysfunction; admission to an in-
tensive care unit; or death. Details are provided
in the protocol.

An explanation of the various denominator
values for use in assessing the results of the
trial is provided in Table S1 in the Supplemen-
tary Appendix, available at NEJM.org. In brief;

the safety population includes persons 16 years
of age or older; a total of 43,448 participants
constituted the population of enrolled persons
injected with the vaccine or placebo. The main
safety subset as defined by the FDA, with a me-
dian of 2 months of follow-up as of October 9,
2020, consisted of 37,706 persons, and the reac-
togenicity subset consisted of 8183 persons. The
modified intention-to-treat (mITT) efficacy pop-
ulation includes all age groups 12 years of age
or older (43,355 persons; 100 participants who
were 12 to 15 years of age contributed to person-
time years but included no cases). The number
of persons who could be evaluated for efficacy
7 days after the second dose and who had no
evidence of prior infection was 36,523, and the
number of persons who could be evaluated
7 days after the second dose with or without
evidence of prior infection was 40,137.

STATISTICAL ANALYSIS

The safety analyses included all participants
who received at least one dose of BNT162b2 or
placebo. The findings are descriptive in nature
and not based on formal statistical hypothesis
testing. Safety analyses are presented as counts,
percentages, and associated Clopper—Pearson
95% confidence intervals for local reactions,
systemic events, and any adverse events after
vaccination, according to terms in the Medical
Dictionary for Regulatory Activities (MedDRA), ver-
sion 23.1, for each vaccine group.

Analysis of the first primary efficacy end
point included participants who received the vac-
cine or placebo as randomly assigned, had no
evidence of infection within 7 days after the
second dose, and had no major protocol devia-
tions (the population that could be evaluated).
Vaccine efficacy was estimated by 100 x (1-IRR),
where IRR is the calculated ratio of confirmed
cases of Covid-19 illness per 1000 person-years
of follow-up in the active vaccine group to the
corresponding illness rate in the placebo group.
The 95.0% credible interval for vaccine efficacy
and the probability of vaccine efficacy greater
than 30% were calculated with the use of a
Bayesian beta-binomial model. The final analy-
sis uses a success boundary of 98.6% for prob-
ability of vaccine efficacy greater than 30% to
compensate for the interim analysis and to
control the overall type 1 error rate at 2.5%.
Moreover, primary and secondary efficacy end
points are evaluated sequentially to control the
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familywise type 1 error rate at 2.5%. Descriptive
analyses (estimates of vaccine efficacy and 95%
confidence intervals) are provided for key sub-
groups.

RESULTS

PARTICIPANTS

Between July 27, 2020, and November 14, 2020,
a total of 44,820 persons were screened, and
43,548 persons 16 years of age or older under-
went randomization at 152 sites worldwide
(United States, 130 sites; Argentina, 1; Brazil, 2;
South Africa, 4; Germany, 6; and Turkey, 9) in
the phase 2/3 portion of the trial. A total of
43,448 participants received injections: 21,720
received BNT162b2 and 21,728 received placebo
(Fig. 1). At the data cut-off date of October 9, a
total of 37,706 participants had a median of at
least 2 months of safety data available after the
second dose and contributed to the main safety
data set. Among these 37,706 participants, 49%
were female, 83% were White, 9% were Black or
African American, 28% were Hispanic or Latinx,
35% were obese (body mass index [the weight in
kilograms divided by the square of the height in
meters] of at least 30.0), and 21% had at least
one coexisting condition. The median age was
52 years, and 42% of participants were older
than 55 years of age (Table 1 and Table S2).

SAFETY

Local Reactogenicity

The reactogenicity subset included 8183 partici-
pants. Overall, BNT162b2 recipients reported more
local reactions than placebo recipients. Among
BNT162b2 recipients, mild-to-moderate pain at
the injection site within 7 days after an injection
was the most commonly reported local reaction,
with less than 1% of participants across all age
groups reporting severe pain (Fig. 2). Pain was
reported less frequently among participants old-
er than 55 years of age (71% reported pain after
the first dose; 66% after the second dose) than
among younger participants (83% after the first
dose; 78% after the second dose). A noticeably
lower percentage of participants reported injec-
tion-site redness or swelling. The proportion of
participants reporting local reactions did not
increase after the second dose (Fig. 2A), and no

Figure 1 (facing page). Enrollment and Randomization.
The diagram represents all enrolled participants
through November 14, 2020. The safety subset (those
with a median of 2 months of follow-up, in accordance
with application requirements for Emergency Use Au-
thorization) is based on an October 9, 2020, data cut-
off date. The further procedures that one participant in
the placebo group declined after dose 2 (lower right
corner of the diagram) were those involving collection
of blood and nasal swab samples.

participant reported a grade 4 local reaction. In
general, local reactions were mostly mild-to-mod-
erate in severity and resolved within 1 to 2 days.

Systemic Reactogenicity

Systemic events were reported more often by
younger vaccine recipients (16 to 55 years of age)
than by older vaccine recipients (more than 55
years of age) in the reactogenicity subset and
more often after dose 2 than dose 1 (Fig. 2B).
The most commonly reported systemic events
were fatigue and headache (59% and 52%, re-
spectively, after the second dose, among younger
vaccine recipients; 51% and 39% among older
recipients), although fatigue and headache were
also reported by many placebo recipients (23% and
24%, respectively, after the second dose, among
younger vaccine recipients; 17% and 14% among
older recipients). The frequency of any severe
systemic event after the first dose was 0.9% or
less. Severe systemic events were reported in less
than 2% of vaccine recipients after either dose,
except for fatigue (in 3.8%) and headache (in 2.0%)
after the second dose.

Fever (temperature, >38°C) was reported after
the second dose by 16% of younger vaccine re-
cipients and by 11% of older recipients. Only 0.2%
of vaccine recipients and 0.1% of placebo recipi-
ents reported fever (temperature, 38.9 to 40°C) af-
ter the first dose, as compared with 0.8% and
0.1%, respectively, after the second dose. Two
participants each in the vaccine and placebo
groups reported temperatures above 40.0°C.
Younger vaccine recipients were more likely to
use antipyretic or pain medication (28% after
dose 1; 45% after dose 2) than older vaccine re-
cipients (20% after dose 1; 38% after dose 2),
and placebo recipients were less likely (10 to 14%)
than vaccine recipients to use the medications,
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44,820 Participants were screened

1272 Did not undergo randomization
1152 Did not meet eligibility criteria

64 Had other reason

33 Withdrew

13 Underwent randomization

after cutoff

5 Had unspecified reason
4 Were withdrawn by physician
1 Was lost to follow-up

43,548 Underwent randomization

99 Were not vaccinated
1 Did not sign the informed
consent document

43,448 Were injected with vaccine or placebo
21,720 Were assigned to receive BNT162b2
21,728 Were assigned to receive placebo

l

37,706 Received vaccine or placebo
and had median follow-up of 2 mo

18,860 Received dose 1 of BNT162b2 18,846 Received dose 1 of placebo

316 Did not receive dose 2

304 Did not receive dose 2 96 Withdrew
100 Withdrew 86 Were no longer eligible
62 Were lost to follow-up 61 Were lost to follow-up
56 Had ongoing or pending 46 Had ongoing or pending

status status
51 Were no longer eligible 18 Had adverse event
28 Had adverse event 5 Were pregnant
4 Were pregnant 2 Were withdrawn by
2 Were withdrawn by physician
physician 1 Died
1 Died 1 Had medication error

(no adverse event)

18,556 Received dose 2 of BNT162b2

18,530 Received dose 2 of placebo

48 Discontinued trial after dose 2
27 Withdrew
18 Were lost to follow-up
1 Died
1 Was withdrawn by physician
1 Had medication error
(no adverse event)

95 Discontinued trial after dose 2
66 Withdrew
25 Were lost to follow-up
2 Died
1 Had other reason
1 Declined further procedures
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Table 1. Demographic Characteristics of the Participants in the Main Safety Population.*

BNT162b2 Placebo Total
Characteristic (N=18,860) (N=18,846) (N=37,706)
Sex — no. (%)
Male 9,639 (51.1) 9,436 (50.1) 19,075 (50.6)
Female 9,221 (48.9) 9,410 (49.9) 18,631 (49.4)
Race or ethnic group — no. (%)t
White 15,636 (82.9) 15,630 (82.9) 31,266 (82.9)
Black or African American 1,729 (9.2) 1,763 (9.4) 3,492 (9.3)
Asian 801 (4.2) 807 (4.3) 1,608 (4.3)
Native American or Alaska Native 102 (0.5) 99 (0.5) 201 (0.5)
Native Hawaiian or other Pacific Islander 50 (0.3) 26 (0.1) 76 (0.2)
Multiracial 449 (2.4) 406 (2.2) 855 (2.3)
Not reported 93 (0.5) 115 (0.6) 208 (0.6)
Hispanic or Latinx 5,266 (27.9) 5,277 (28.0) 10,543 (28.0)
Country — no. (%)
Argentina 2,883 (15.3) 2,881 (15.3) 5,764 (15.3)
Brazil 1,145 (6.1) 1,139 (6.0) 2,284 (6.1)
South Africa 372 (2.0) 372 (2.0) 744 (2.0)
United States 14,460 (76.7) 14,454 (76.7) 28,914 (76.7)
Age group — no. (%)
16-55 yr 10,889 (57.7) 10,896 (57.8) 21,785 (57.8)
>55 yr 7,971 (42.3) 7,950 (42.2) 15,921 (42.2)
Age at vaccination — yr
Median 52.0 52.0 52.0
Range 16-89 16-91 16-91
Body-mass index:
>30.0: obese 6,556 (34.8) 6,662 (35.3) 13,218 (35.1)

3

Percentages may not total 100 because of rounding.
Race or ethnic group was reported by the participants.

1 The body-mass index is the weight in kilograms divided by the square of the height in meters.

regardless of age or dose. Systemic events in-
cluding fever and chills were observed within
the first 1 to 2 days after vaccination and re-
solved shortly thereafter.

Daily use of the electronic diary ranged from
90 to 93% for each day after the first dose and
from 75 to 83% for each day after the second
dose. No difference was noted between the
BNT162b2 group and the placebo group.

ADVERSE EVENTS

Adverse event analyses are provided for all en-
rolled 43,252 participants, with variable follow-
up time after dose 1 (Table S3). More BNT162b2
recipients than placebo recipients reported any

adverse event (27% and 12%, respectively) or a
related adverse event (21% and 5%). This distri-
bution largely reflects the inclusion of transient
reactogenicity events, which were reported as
adverse events more commonly by vaccine recipi-
ents than by placebo recipients. Sixty-four vac-
cine recipients (0.3%) and 6 placebo recipients
(<0.1%) reported lymphadenopathy. Few partici-
pants in either group had severe adverse events,
serious adverse events, or adverse events leading
to withdrawal from the trial. Four related serious
adverse events were reported among BNT162b2
recipients (shoulder injury related to vaccine ad-
ministration, right axillary lymphadenopathy,
paroxysmal ventricular arrhythmia, and right leg

N ENGL J MED 383;27 NEJM.ORG DECEMBER 31, 2020

The New England Journal of Medicine
Downloaded from nejm.org on February 13, 2021. For personal use only. No other uses without permission.
Copyright © 2020 Massachusetts Medical Society. All rights reserved.



SAFETY AND EFFICACY OF THE BNT16282 VACCINE

paresthesia). Two BNT162b2 recipients died (one
from arteriosclerosis, one from cardiac arrest),
as did four placebo recipients (two from unknown
causes, one from hemorrhagic stroke, and one
from myocardial infarction). No deaths were con-
sidered by the investigators to be related to the
vaccine or placebo. No Covid-19—associated deaths
were observed. No stopping rules were met dur-
ing the reporting period. Safety monitoring will
continue for 2 years after administration of the
second dose of vaccine.

EFFICACY

Among 36,523 participants who had no evidence
of existing or prior SARS-CoV-2 infection, 8 cases
of Covid-19 with onset at least 7 days after the
second dose were observed among vaccine re-
cipients and 162 among placebo recipients. This
case split corresponds to 95.0% vaccine efficacy
(95% confidence interval [CI], 90.3 to 97.6; Ta-
ble 2). Among participants with and those with-
out evidence of prior SARS CoV-2 infection, 9 cases
of Covid-19 at least 7 days after the second dose
were observed among vaccine recipients and 169
among placebo recipients, corresponding to 94.6%
vaccine efficacy (95% CI, 89.9 to 97.3). Supple-
mental analyses indicated that vaccine efficacy
among subgroups defined by age, sex, race, eth-
nicity, obesity, and presence of a coexisting condi-
tion was generally consistent with that observed
in the overall population (Table 3 and Table S4).
Vaccine efficacy among participants with hyper-
tension was analyzed separately but was consis-
tent with the other subgroup analyses (vaccine
efficacy, 94.6%; 95% CI, 68.7 to 99.9; case split:
BNT162b2, 2 cases; placebo, 44 cases). Figure 3
shows cases of Covid-19 or severe Covid-19 with
onset at any time after the first dose (mITT popu-
lation) (additional data on severe Covid-19 are
available in Table S5). Between the first dose and
the second dose, 39 cases in the BNT162b2 group
and 82 cases in the placebo group were observed,
resulting in a vaccine efficacy of 52% (95% CI,
29.5 to 68.4) during this interval and indicating
early protection by the vaccine, starting as soon
as 12 days after the first dose.

DISCUSSION

A two-dose regimen of BNT162b2 (30 ug per
dose, given 21 days apart) was found to be safe
and 95% effective against Covid-19. The vaccine

met both primary efficacy end points, with more
than a 99.99% probability of a true vaccine ef-
ficacy greater than 30%. These results met our
prespecified success criteria, which were to es-
tablish a probability above 98.6% of true vaccine
efficacy being greater than 30%, and greatly
exceeded the minimum FDA criteria for authori-
zation.” Although the study was not powered to
definitively assess efficacy by subgroup, the
point estimates of efficacy for subgroups based
on age, sex, race, ethnicity, body-mass index, or
the presence of an underlying condition associ-
ated with a high risk of Covid-19 complications
are also high. For all analyzed subgroups in
which more than 10 cases of Covid-19 occurred,
the lower limit of the 95% confidence interval
for efficacy was more than 30%.

The cumulative incidence of Covid-19 cases
over time among placebo and vaccine recipients
begins to diverge by 12 days after the first dose,
7 days after the estimated median viral incuba-
tion period of 5 days,' indicating the early onset
of a partially protective effect of immunization.
The study was not designed to assess the efficacy
of a single-dose regimen. Nevertheless, in the
interval between the first and second doses, the
observed vaccine efficacy against Covid-19 was
52%, and in the first 7 days after dose 2, it was
91%, reaching full efficacy against disease with
onset at least 7 days after dose 2. Of the 10 cases
of severe Covid-19 that were observed after the
first dose, only 1 occurred in the vaccine group.
This finding is consistent with overall high ef-
ficacy against all Covid-19 cases. The severe case
split provides preliminary evidence of vaccine-
mediated protection against severe disease, al-
leviating many of the theoretical concerns over
vaccine-mediated disease enhancement.™

The favorable safety profile observed during
phase 1 testing of BNT162b2*# was confirmed in
the phase 2/3 portion of the trial. As in phase 1,
reactogenicity was generally mild or moderate,
and reactions were less common and milder in
older adults than in younger adults. Systemic
reactogenicity was more common and severe
after the second dose than after the first dose,
although local reactogenicity was similar after
the two doses. Severe fatigue was observed in
approximately 4% of BNT162b2 recipients,
which is higher than that observed in recipients
of some vaccines recommended for older adults.™
This rate of severe fatigue is also lower than that
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Figure 2. Local and Systemic Reactions Reported
within 7 Days after Injection of BNT162b2 or Placebo,
According to Age Group.

Data on local and systemic reactions and use of medi-
cation were collected with electronic diaries from par-
ticipants in the reactogenicity subset (8,183 partici-
pants) for 7 days after each vaccination. Solicited
injection-site (local) reactions are shown in Panel A.
Pain at the injection site was assessed according to
the following scale: mild, does not interfere with activ-
ity; moderate, interferes with activity; severe, prevents
daily activity; and grade 4, emergency department visit
or hospitalization. Redness and swelling were mea-
sured according to the following scale: mild, 2.0 to

5.0 cm in diameter; moderate, >5.0 to 10.0 cm in di-
ameter; severe, >10.0 cm in diameter; and grade 4,
necrosis or exfoliative dermatitis (for redness) and ne-
crosis (for swelling). Systemic events and medication
use are shown in Panel B. Fever categories are desig-
nated in the key; medication use was not graded. Ad-
ditional scales were as follows: fatigue, headache,
chills, new or worsened muscle pain, new or worsened
joint pain (mild: does not interfere with activity; mod-
erate: some interference with activity; or severe: pre-
vents daily activity), vomiting (mild: 1 to 2 times in

24 hours; moderate: >2 times in 24 hours; or severe:
requires intravenous hydration), and diarrhea (mild:

2 to 3 loose stools in 24 hours; moderate: 4 to 5 loose
stools in 24 hours; or severe: 6 or more loose stools in
24 hours); grade 4 for all events indicated an emer-
gency department visit or hospitalization. I bars repre-
sent 95% confidence intervals, and numbers above
the I bars are the percentage of participants who re-
ported the specified reaction.

observed in recipients of another approved viral
vaccine for older adults.’ Overall, reactogenicity
events were transient and resolved within a couple
of days after onset. Lymphadenopathy, which
generally resolved within 10 days, is likely to
have resulted from a robust vaccine-elicited im-
mune response. The incidence of serious adverse
events was similar in the vaccine and placebo
groups (0.6% and 0.5%, respectively).

This trial and its preliminary report have
several limitations. With approximately 19,000
participants per group in the subset of partici-
pants with a median follow-up time of 2 months
after the second dose, the study has more than
83% probability of detecting at least one adverse
event, if the true incidence is 0.01%, but it is not
large enough to detect less common adverse events
reliably. This report includes 2 months of follow-
up after the second dose of vaccine for half the
trial participants and up to 14 weeks’ maximum
follow-up for a smaller subset. Therefore, both
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Efficacy End Point

Covid-19 occurrence at least
7 days after the second

dose in participants with-

out evidence of infection

Covid-19 occurrence at least

Table 2. Vaccine Efficacy against Covid-19 at Least 7 days after the Second Dose.*
Posterior
Vaccine Efficacy, % Probability
(95% Credible (Vaccine Efficacy
BNT162b2 Placebo Interval):i: >30%)§
No. of Surveillance No. of Surveillance
Cases Time (n) Cases Time (n)
(N=18,198) (N=18,325)
8 2.214 (17,411) 162 2.222 (17,511) 95.0 (90.3-97.6) >0.9999
(N=19,965) (N=20,172)
9 2.332 (18,559) 169 2.345 (18,708) 94.6 (89.9-97.3) >0.9999

7 days after the second
dose in participants with

and those without evidence

of infection

* The total population without baseline infection was 36,523; total population including those with and those without prior evidence of infec-

tion was 40,137.

T The surveillance time is the total time in 1000 person-years for the given end point across all participants within each group at risk for the
end point. The time period for Covid-19 case accrual is from 7 days after the second dose to the end of the surveillance period.
1 The credible interval for vaccine efficacy was calculated with the use of a beta-binomial model with prior beta (0.700102, 1) adjusted for the

surveillance time.

§ Posterior probability was calculated with the use of a beta-binomial model with prior beta (0.700102, 1) adjusted for the surveillance time.
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the occurrence of adverse events more than 2 to
3.5 months after the second dose and more
comprehensive information on the duration of
protection remain to be determined. Although
the study was designed to follow participants for
safety and efficacy for 2 years after the second
dose, given the high vaccine efficacy, ethical and
practical barriers prevent following placebo re-
cipients for 2 years without offering active im-
munization, once the vaccine is approved by
regulators and recommended by public health
authorities. Assessment of long-term safety and
efficacy for this vaccine will occur, but it cannot
be in the context of maintaining a placebo group
for the planned follow-up period of 2 years after
the second dose. These data do not address
whether vaccination prevents asymptomatic in-
fection; a serologic end point that can detect a
history of infection regardless of whether symp-
toms were present (SARS-CoV-2 N-binding anti-
body) will be reported later. Furthermore, given
the high vaccine efficacy and the low number of
vaccine breakthrough cases, potential establish-

N ENGL ) MED 383,27
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ment of a correlate of protection has not been
feasible at the time of this report.

This report does not address the prevention
of Covid-19 in other populations, such as young-
er adolescents, children, and pregnant women.
Safety and immune response data from this trial
after immunization of adolescents 12 to 15 years
of age will be reported subsequently, and addi-
tional studies are planned to evaluate BNT162b2
in pregnant women, children younger than 12
years, and those in special risk groups, such as
immunocompromised persons. Although the
vaccine can be stored for up to 5 days at stan-
dard refrigerator temperatures once ready for use,
very cold temperatures are required for shipping
and longer storage. The current cold storage re-
quirement may be alleviated by ongoing stability
studies and formulation optimization, which
may also be described in subsequent reports.

The data presented in this report have sig-
nificance beyond the performance of this vac-
cine candidate. The results demonstrate that
Covid-19 can be prevented by immunization,
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Vaccine Efficacy, %
(95% CI)f

Table 3. Vaccine Efficacy Overall and by Subgroup in Participants without Evidence of Infection before 7 Days after Dose 2.
Efficacy End-Point BNT162b2 Placebo
Subgroup (N=18,198) (N=18,325)
Surveillance Surveillance
No. of Time No. of Time
Cases (No. at Risk)* Cases (No. at Risk)*
Overall 8 2214 (17,411) 162 2.222 (17,511)
Age group
16to 55yr 5 1.234 (9,897) 114 1.239 (9,955)
>55yr 3 0.980 (7,500) 48 0.983 (7,543)
=65 yr 1 0.508 (3,848) 19 0.511 (3,880)
=75 yr 0 0.102 (774) 5 0.106 (785)
Sex
Male 3 1.124 (8,875) 81 1.108 (8,762)
Female 5 1.090 (8,536) 81 1.114 (8,749)
Race or ethnic groupi:
White 7 1.889 (14,504) 146 1.903 (14,670)
Black or African American 0 0.165 (1,502) 7 0.164 (1,486)
All others 1 0.160 (1,405) 9 0.155 (1,355) 89.3
Hispanic or Latinx 3 0.605 (4,764) 53 0.600 (4,746)
Non-Hispanic, non-Latinx 5 1.596 (12,548) 109 1.608 (12,661)
Country
Argentina 0.351 (2,545) 35 0.346 (2,521)
Brazil 1 0.119 (1,129) 8 0.117 (1,121)
United States 6 1.732 (13,359) 119 1.747 (13,506)

95.0 (90.0-97.9)

95.6 (89.4-98.6)
93.7 (80.6-98.8)
94.7 (66.7-99.9)

100.0 (-

96.4 (88.9-99.3)
93.7 (84.7-98.0)

95.2 (89.8-98.1)
100.0 (31.2-100.0)

94.4 (82.7-98.9)
95.4 (88.9-98.5)

97.2 (83.3-99.9)
87.7 (8.1-99.7)
94.9 (88.6-98.2)

13.1-100.0)

(
(
(22.6-99.8)
(
(

* Surveillance time is the total time in 1000 person-years for the given end point across all participants within each group at risk for the end

point. The time period for Covid-19 case accrual is from 7 days after the second dose to the end of the surveillance period.

T The confidence interval (Cl) for vaccine efficacy is derived according to the Clopper—Pearson method, adjusted for surveillance time.
i Race or ethnic group was reported by the participants. “All others” included the following categories: American Indian or Alaska Native,
Asian, Native Hawaiian or other Pacific Islander, multiracial, and not reported.

provide proof of concept that RNA-based vac-
cines are a promising new approach for protect-
ing humans against infectious diseases, and
demonstrate the speed with which an RNA-
based vaccine can be developed with a sufficient
investment of resources. The development of
BNT162b2 was initiated on January 10, 2020,
when the SARS-CoV-2 genetic sequence was re-
leased by the Chinese Center for Disease Control
and Prevention and disseminated globally by the
GISAID (Global Initiative on Sharing All Influ-
enza Data) initiative. This rigorous demonstration
of safety and efficacy less than 11 months later
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provides a practical demonstration that RNA-based
vaccines, which require only viral genetic sequence
information to initiate development, are a major
new tool to combat pandemics and other infec-
tious disease outbreaks. The continuous phase
1/2/3 trial design may provide a model to reduce
the protracted development timelines that have
delayed the availability of vaccines against other
infectious diseases of medical importance. In
the context of the current, still expanding pan-
demic, the BNT162b2 vaccine, if approved, can
contribute, together with other public health mea-
sures, to reducing the devastating loss of health,
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2.4+

Placebo

Cumulative Incidence (%)

BNT162b2

v e

T T T T T T T T T T 1
0 7 14 21 28 35 42 49 56 63 70 77 84 91 98 105 112 119

Days after Dose 1

Efficacy End-Point Subgroup BNT162b2, 30 yg (N=21,669) Placebo (N=21,686) VE (95% CI)
No. of participants ~ Surveillance time  No. of participants ~ Surveillance time

person-yr (no. at risk) person-yr (no. at risk) percent
Covid-19 occurrence
After dose 1 50 4.015 (21,314) 275 3.982 (21,258) 82.0 (75.6-86.9)
After dose 1 to before dose 2 39 82 52.4 (29.5-68.4)
Dose 2 to 7 days after dose 2 2 21 90.5 (61.0-98.9)
=7 Days after dose 2 9 172 94.8 (89.8-97.6)

Figure 3. Efficacy of BNT162b2 against Covid-19 after the First Dose.

Shown is the cumulative incidence of Covid-19 after the first dose (modified intention-to-treat population). Each
symbol represents Covid-19 cases starting on a given day; filled symbols represent severe Covid-19 cases. Some
symbols represent more than one case, owing to overlapping dates. The inset shows the same data on an enlarged
y axis, through 21 days. Surveillance time is the total time in 1000 person-years for the given end point across all
participants within each group at risk for the end point. The time period for Covid-19 case accrual is from the first
dose to the end of the surveillance period. The confidence interval (Cl) for vaccine efficacy (VE) is derived accord-
ing to the Clopper—Pearson method.
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ABSTRACT

BACKGROUND

Vaccines are needed to prevent coronavirus disease 2019 (Covid-19) and to protect
persons who are at high risk for complications. The mRNA-1273 vaccine is a lipid
nanoparticle—encapsulated mRNA-based vaccine that encodes the prefusion stabi-
lized full-length spike protein of the severe acute respiratory syndrome corona-
virus 2 (SARS-CoV-2), the virus that causes Covid-19.

METHODS
This phase 3 randomized, observer-blinded, placebo-controlled trial was conducted
at 99 centers across the United States. Persons at high risk for SARS-CoV-2 infec-
tion or its complications were randomly assigned in a 1:1 ratio to receive two intra-
muscular injections of mRNA-1273 (100 ug) or placebo 28 days apart. The pri-
mary end point was prevention of Covid-19 illness with onset at least 14 days after
the second injection in participants who had not previously been infected with
SARS-CoV-2.

RESULTS

The trial enrolled 30,420 volunteers who were randomly assigned in a 1:1 ratio to
receive either vaccine or placebo (15,210 participants in each group). More than
96% of participants received both injections, and 2.2% had evidence (serologic,
virologic, or both) of SARS-CoV-2 infection at baseline. Symptomatic Covid-19 ill-
ness was confirmed in 185 participants in the placebo group (56.5 per 1000 person-
years; 95% confidence interval [CI], 48.7 to 65.3) and in 11 participants in the mRNA-
1273 group (3.3 per 1000 person-years; 95% CI, 1.7 to 6.0); vaccine efficacy was
94.1% (95% CI, 89.3 to 96.8%; P<0.001). Efficacy was similar across key secondary
analyses, including assessment 14 days after the first dose, analyses that included
participants who had evidence of SARS-CoV-2 infection at baseline, and analyses
in participants 65 years of age or older. Severe Covid-19 occurred in 30 partici-
pants, with one fatality; all 30 were in the placebo group. Moderate, transient re-
actogenicity after vaccination occurred more frequently in the mRNA-1273 group.
Serious adverse events were rare, and the incidence was similar in the two groups.

CONCLUSIONS
The mRNA-1273 vaccine showed 94.1% efficacy at preventing Covid-19 illness,
including severe disease. Aside from transient local and systemic reactions, no
safety concerns were identified. (Funded by the Biomedical Advanced Research
and Development Authority and the National Institute of Allergy and Infectious
Diseases; COVE ClinicalTrials.gov number, NCT04470427.)
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HE EMERGENCE IN DECEMBER 2019 OF A

novel coronavirus, the severe acute respi-

ratory syndrome coronavirus 2 (SARS-
CoV-2), has had devastating consequences glob-
ally. Control measures such as the use of masks,
physical distancing, testing of exposed or symp-
tomatic persons, contact tracing, and isolation
have helped limit the transmission where they have
been rigorously applied; however, these actions
have been variably implemented and have proved
insufficient in impeding the spread of coronavi-
rus disease 2019 (Covid-19), the disease caused by
SARS-CoV-2. Vaccines are needed to reduce the
morbidity and mortality associated with Covid-19,
and multiple platforms have been involved in the
rapid development of vaccine candidates.?

The mRNA vaccine platform has advantages
as a pandemic-response strategy, given its flexi-
bility and efficiency in immunogen design and
manufacturing. Earlier work had suggested that
the spike protein of the coronavirus responsible
for the 2002 SARS outbreak was a suitable target
for protective immunity.® Numerous vaccine can-
didates in various stages of development are now
being evaluated.!*3 Shortly after the SARS-CoV-2
genetic sequence was determined in January
2020, mRNA-1273, a lipid-nanoparticle (LNP)—
encapsulated mRNA vaccine expressing the pre-
fusion-stabilized spike glycoprotein, was developed
by Moderna and the Vaccine Research Center at
the National Institute of Allergy and Infectious
Diseases (NIAID), within the National Institutes
of Health (NIH).* The mRNA-1273 vaccine dem-
onstrated protection in animal-challenge experi-
ments® and encouraging safety and immunoge-
nicity in early-stage human testing."* The efficacy
and safety of another mRNA vaccine, BNT162b2,
was recently demonstrated.'

The Coronavirus Efficacy (COVE) phase 3 trial
was launched in late July 2020 to assess the
safety and efficacy of the mRNA-1273 vaccine in
preventing SARS-CoV-2 infection. An independent
data and safety monitoring board determined
that the vaccine met the prespecified efficacy
criteria at the first interim analysis. We report the
primary analysis results of this ongoing pivotal
phase 3 trial.

METHODS

TRIAL OVERSIGHT
This phase 3 randomized, stratified, observer-
blinded, placebo-controlled trial enrolled adults

N ENGL J MED 384;5
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in medically stable condition at 99 U.S. sites.
Participants received the first trial injection be-
tween July 27 and October 23, 2020. The trial is
being conducted in accordance with the Inter-
national Council for Harmonisation of Techni-
cal Requirements for Pharmaceuticals for Hu-
man Use, Good Clinical Practice guidelines,
and applicable government regulations. The cen-
tral institutional review board approved the
protocol and the consent forms. All partici-
pants provided written informed consent be-
fore enrollment. Safety is reviewed by a protocol
safety review team weekly and by an indepen-
dent data and safety monitoring board on a
continual basis. The trial Investigational New
Drug sponsor, Moderna, was responsible for
the overall trial design (with input from the
Biomedical Advanced Research and Develop-
ment Authority, the NIAID, the Covid-19 Pre-
vention Network, and the trial cochairs), site
selection and monitoring, and data analysis.
Investigators are responsible for data collection.
A medical writer funded by Moderna assisted
in drafting the manuscript for submission. The
authors vouch for the accuracy and complete-
ness of the data and for the fidelity of the trial
to the protocol. The trial is ongoing, and the
investigators remain unaware of participant-
level data. Designated team members within
Moderna have unblinded access to the data, to
facilitate interface with the regulatory agencies
and the data and safety monitoring board; all
other trial staff and participants remain un-
aware of the treatment assignments.

PARTICIPANTS, RANDOMIZATION, AND DATA
BLINDING

Eligible participants were persons 18 years of age
or older with no known history of SARS-CoV-2
infection and with locations or circumstances
that put them at an appreciable risk of SARS-
CoV-2 infection, a high risk of severe Covid-19,
or both. Inclusion and exclusion criteria are pro-
vided in the protocol (available with the full text
of this article at NEJM.org). To enhance the di-
versity of the trial population in accordance with
Food and Drug Administration Draft Guidance,
site-selection and enrollment processes were
adjusted to increase the number of persons from
racial and ethnic minorities in the trial, in addi-
tion to the persons at risk for SARS-CoV-2 infec-
tion in the local population. The upper limit for
stratification of enrolled participants considered
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to be “at risk for severe illness” at screening was
increased from 40% to 50%."

Participants were randomly assigned in a 1:1
ratio, through the use of a centralized interactive
response technology system, to receive vaccine or
placebo. Assignment was stratified, on the basis
of age and Covid-19 complications risk criteria,
into the following risk groups: persons 65 years
of age or older, persons younger than 65 years of
age who were at heightened risk (at risk) for se-
vere Covid-19, and persons younger than 65 years
of age without heightened risk (not at risk). Par-
ticipants younger than 65 years of age were cate-
gorized as having risk for severe Covid-19 if they
had at least one of the following risk factors,
based on the Centers for Disease Control and Pre-
vention (CDC) criteria available at the time of trial
design: chronic lung disease (e.g., emphysema,
chronic bronchitis, idiopathic pulmonary fibro-
sis, cystic fibrosis, or moderate-to-severe asthma);
cardiac disease (e.g., heart failure, congenital
coronary artery disease, cardiomyopathies, or pul-
monary hypertension); severe obesity (body mass
index [the weight in kilograms divided by the
square of the height in meters] >40); diabetes
(type 1, type 2, or gestational); liver disease; or in-
fection with the human immunodeficiency virus.*®

Vaccine dose preparation and administration
were performed by pharmacists and vaccine ad-
ministrators who were aware of treatment as-
signments but had no other role in the conduct
of the trial. Once the injection was completed,
only trial staff who were unaware of treatment
assignments performed assessments and inter-
acted with the participants. Access to the ran-
domization code was strictly controlled at the
pharmacy. The data and safety monitoring board
reviewed efficacy data at the group level and
unblinded safety data at the participant level.

TRIAL VACCINE

The mRNA-1273 vaccine, provided as a sterile
liquid at a concentration of 0.2 mg per milliliter,
was administered by injection into the deltoid
muscle according to a two-dose regimen. Injec-
tions were given 28 days apart, in the same arm,
in a volume of 0.5 ml containing 100 ug of
mRNA-1273 or saline placebo.! Vaccine mRNA-
1273 was stored at 2° to 8°C (35.6° to 46.4°F) at
clinical sites before preparation and vaccination.
No dilution was required. Doses could be held in
syringes for up to 8 hours at room temperature
before administration.

SAFETY ASSESSMENTS

Safety assessments included monitoring of solic-
ited local and systemic adverse events for 7 days
after each injection; unsolicited adverse reac-
tions for 28 days after each injection; adverse
events leading to discontinuation from a dose,
from participation in the trial, or both; and
medically attended adverse events and serious
adverse events from day 1 through day 759. Ad-
verse event grading criteria and toxicity tables
are described in the protocol. Cases of Covid-19
and severe Covid-19 were continuously moni-
tored by the data and safety monitoring board
from randomization onward.

EFFICACY ASSESSMENTS
The primary end point was the efficacy of the
mRNA-1273 vaccine in preventing a first occur-
rence of symptomatic Covid-19 with onset at
least 14 days after the second injection in the
per-protocol population, among participants who
were seronegative at baseline. End points were
judged by an independent adjudication committee
that was unaware of group assignment. Covid-19
cases were defined as occurring in participants
who had at least two of the following symptoms:
fever (temperature >38°C), chills, myalgia, head-
ache, sore throat, or new olfactory or taste dis-
order, or as occurring in those who had at least
one respiratory sign or symptom (including cough,
shortness of breath, or clinical or radiographic
evidence of pneumonia) and at least one naso-
pharyngeal swab, nasal swab, or saliva sample
(or respiratory sample, if the participant was
hospitalized) that was positive for SARS-CoV-2
by reverse-transcriptase—polymerase-chain-reac-
tion (RT-PCR) test. Participants were assessed for
the presence of SARS-CoV-2-binding antibodies
specific to the SARS-CoV-2 nucleocapsid protein
(Roche Elecsys, Roche Diagnostics International)
and had a nasopharyngeal swab for SARS-CoV-2
RT-PCR testing (Viracor, Eurofins Clinical Di-
agnostics) before each injection. SARS-CoV-2—
infected volunteers were followed daily, to assess
symptom severity, for 14 days or until symptoms
resolved, whichever was longer. A nasopharyn-
geal swab for RT-PCR testing and a blood sam-
ple for identifying serologic evidence of SARS-
CoV-2 infection were collected from participants
with symptoms of Covid-19.

The consistency of vaccine efficacy at the pri-
mary end point was evaluated across various
subgroups, including age groups (18 to <65 years
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of age and 265 years), age and health risk for
severe disease (18 to <65 years and not at risk;
18 to <65 years and at risk; and >65 years), sex
(female or male), race and ethnic group, and risk
for severe Covid-19 illness. If the number of
participants in a subgroup was too small, it was
combined with other subgroups for the sub-
group analyses.

A secondary end point was the efficacy of
mRNA-1273 in the prevention of severe Covid-19
as defined by one of the following criteria: respi-
ratory rate of 30 or more breaths per minute;
heart rate at or exceeding 125 beats per minute;
oxygen saturation at 93% or less while the par-
ticipant was breathing ambient air at sea level or
a ratio of the partial pressure of oxygen to the
fraction of inspired oxygen below 300 mm Hg;
respiratory failure; acute respiratory distress syn-
drome; evidence of shock (systolic blood pressure
<90 mm Hg, diastolic blood pressure <60 mm Hg,
or a need for vasopressors); clinically significant
acute renal, hepatic, or neurologic dysfunction;
admission to an intensive care unit; or death.
Additional secondary end points included the
efficacy of the vaccine at preventing Covid-19
after a single dose or at preventing Covid-19 ac-
cording to a secondary (CDC), less restrictive
case definition: having any symptom of Covid-19
and a positive SARS-CoV-2 test by RT-PCR (see
Table S1 in the Supplementary Appendix, avail-
able at NEJM.org).

STATISTICAL ANALYSIS

For analysis of the primary end point, the trial
was designed for the null hypothesis that the
efficacy of the mRNA-1273 vaccine is 30% or
less. A total of 151 cases of Covid-19 would pro-
vide 90% power to detect a 60% reduction in the
hazard rate (i.e., 60% vaccine efficacy), with two
planned interim analyses at approximately 35%
and 70% of the target total number of cases
(151) and with a one-sided O’Brien-Fleming
boundary for efficacy and an overall one-sided
error rate of 0.025. The efficacy of the mRNA-
1273 vaccine could be demonstrated at either the
interim or the primary analysis, performed when
the target total number of cases had been ob-
served. The Lan-DeMets alpha-spending func-
tion was used for calculating efficacy boundar-
ies at each analysis. At the first interim analysis
on November 15, 2020, vaccine efficacy had been
demonstrated in accordance with the prespeci-
fied statistical criteria. The vaccine efficacy esti-

mate, based on a total of 95 adjudicated cases
(63% of the target total), was 94.5%, with a
one-sided P value of less than 0.001 to reject the
null hypothesis that vaccine efficacy would be
30% or less. The data and safety monitoring
board recommendation to the oversight group
and the trial sponsor was that the efficacy find-
ings should be shared with the participants and
the community (full details are available in the
protocol and statistical analysis plan).

Vaccine efficacy was assessed in the full analy-
sis population (randomized participants who re-
ceived at least one dose of mRNA-1273 or pla-
cebo), the modified intention-to-treat population
(participants in the full analysis population who
had no immunologic or virologic evidence of
Covid-19 on day 1, before the first dose), and the
per-protocol population (participants in the mod-
ified intention-to-treat population who received
two doses, with no major protocol deviations).
The primary efficacy end point in the interim
and primary analyses was assessed in the per-
protocol population. Participants were evaluated
in the treatment groups to which they were as-
signed. Vaccine efficacy was defined as the per-
centage reduction in the hazard ratio for the
primary end point (nRNA-1273 vs. placebo). A
stratified Cox proportional hazards model was
used to assess the vaccine efficacy of mRNA-1273
as compared with placebo in terms of the per-
centage hazard reduction. (Details regarding the
analysis of vaccine efficacy are provided in the
Methods section of the Supplementary Appendix.)

Safety was assessed in all participants in the
solicited safety population (i.e., those who re-
ceived at least one injection and reported a solic-
ited adverse event). Descriptive summary data
(numbers and percentages) for participants with
any solicited adverse events, unsolicited adverse
events, unsolicited severe adverse events, serious
adverse events, medically attended adverse
events, and adverse events leading to discontinu-
ation of the injections or withdrawal from the
trial are provided by group. Two-sided 95% exact
confidence intervals (Clopper—Pearson method)
are provided for the percentages of participants
with solicited adverse events. Unsolicited adverse
events are presented according to the Medical
Dictionary for Regulatory Activities (MedDRA), ver-
sion 23.0, preferred terms and system organ
class categories.

To meet the regulatory agencies’ requirement of
a median follow-up duration of at least 2 months
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30,420 Participants underwent
randomization (1:1)

15,210 Were assigned to receive
two doses of MRNA-1273,
100 pg each

15,210 Were assigned to receive
placebo

15,185 Were included in the
safety analysis

15,181 Received at least one
dose and were included
in the full analysis set

29 Did not receive any
injection

15,170 Received at least one
dose and were included
in the full analysis set

40 Did not receive any
injection

15,166 Were included in the
safety analysis

14,550 Were included in the
modified intention-to-
treat population

631 Were SARS-CoV-2—-positive
at baseline or had missing
data and were excluded

14,598 Were included in the
modified intention-to-
treat population

572 Were SARS-CoV-2—-positive
at baseline or had missing
data and were excluded

416 Were excluded from per-protocol analysis
6 Received an incorrect mRNA injection
168 Discontinued without receiving dose 2
93 Received dose 2 outside dose 2 window
138 Did not receive dose 2, or were out
of window for per-protocol analysis
11 Had other major deviations from protocol

525 Were excluded from per-protocol analysis
7 Received incorrect injection
231 Discontinued without receiving dose 2
109 Received dose 2 outside dose 2 window
154 Did not receive dose 2, or were out
of window for per-protocol analysis
24 Had other major deviations from protocol

14,134 Were included in the
per-protocol analysis

14,073 Were included in the
per-protocol analysis

Figure 1. Randomization and Analysis Populations.

The data cutoff for the primary analysis occurred on November 25, 2020. The full analysis population consisted of participants who un-
derwent randomization and received at least one dose of MRNA-1273 or placebo; the modified intention-to-treat population comprised
participants in the full analysis population who had no immunologic or virologic evidence of Covid-19 on day 1, before the first dose;
and the per-protocol analysis population included participants in the modified intention-to-treat population who received two doses,
with no major protocol deviations. The safety population included all participants who received at least one injection. Among partici-

pants who received an incorrect injection, three participants in the mRNA-1273 group received at least one dose of placebo and no dose
of MRNA-1273 and were included in the placebo safety population, and three received one dose of placebo and one dose of MRNA-1273
and were included in the mRNA-1273 safety population; in the placebo group all seven received mRNA-1273 and were included in the
mRNA-1273 safety population. Participants who received dose 2 outside the window for the per-protocol analysis are those who did not
receive the second dose between 7 days before and 14 days after day 29.

after completion of the two-dose regimen, a sec-
ond analysis was performed, with an efficacy
data cutoff date of November 21, 2020. This
second analysis is considered the primary analy-
sis of efficacy, with a total of 196 adjudicated
Covid-19 cases in the per-protocol population,
which exceeds the target total number of cases
(151) specified in the protocol. This was an in-
crease from the 95 cases observed at the first
interim analysis data cutoff on November 11,
2020. Results from the primary analysis are pre-

sented in this report. Subsequent analyses are
considered supplementary.

RESULTS

TRIAL POPULATION

Between July 27, 2020, and October 23, 2020, a
total of 30,420 participants underwent random-
ization, and the 15,210 participants in each
group were assigned to receive two doses of ei-
ther placebo or mRNA-1273 (100 wg) (Fig. 1).
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Table 1. Demographic and Clinical Characteristics at Baseline.*

Placebo mRNA-1273

Characteristics (N=15,170) (N=15,181)
Sex — no. of participants (%)

Male 8,062 (53.1) 7,923 (52.2)

Female 7,108 (46.9) 7,258 (47.8)
Mean age (range) —yr 51.3 (18-95) 51.4 (18-95)
Age category and risk for severe Covid-19 — no. of participants (%)

18 to <65 yr, not at risk 8,886 (58.6) 8,888 (58.5)

18 to <65 yr, at risk 2,535 (16.7) 2,530 (16.7)

=65 yr 3,749 (24.7) 3,763 (24.8)
Hispanic or Latino ethnicity — no. of participants (%)

Hispanic or Latino 3,114 (20.5) 3,121 (20.6)

Not Hispanic or Latino 11,917 (78.6) 11,918 (78.5)

Not reported and unknown 139 (0.9) 142 (0.9)
Race or ethnic group — no. of participants (%)

White 11,995 (79.1) 12,029 (79.2)

Black or African American 1,527 (10.1) 1,563 (10.3)

Asian 731 (4.8) 651 (4.3)

American Indian or Alaska Native 121 (0.8) 112 (0.7)

Native Hawaiian or Other Pacific Islander 32 (0.2) 35(0.2)

Multiracial 321 (2.1) 315 (2.1)

Other 316 (2.1) 321 (2.1)

Not reported and unknown 127 (0.8) 155 (1.0)

Baseline SARS-CoV-2 status — no. of participants (%)§

Negative 14,598 (96.2) 14,550 (95.8)
Positive 337 (2.2) 343 (2.3)
Missing data 235 (1.5) 288 (1.9)

Baseline RT-PCR test — no. of participants (%)

Negative 14,923 (98.4) 14,917 (98.3)
Positive 95 (0.6) 87 (0.6)
Missing data 152 (1.0) 177 (1.2)

Baseline bAb anti-SARS-CoV-2 assay — no. of participants (%)

Negative 14,726 (97.1) 14,690 (96.8)
Positive 303 (2.0) 305 (2.0)
Missing data 141 (0.9) 186 (1.2)

Risk factor for severe Covid-19 — no. of participants (%)

Chronic lung disease 744 (4.9) 710 (4.7)
Significant cardiac disease 744 (4.9) 752 (5.0)
Severe obesity 1,021 (6.7) 1,025 (6.8)
Diabetes 1,440 (9.5) 1,435 (9.5)
Liver disease 96 (0.6) 100 (0.7)
Human immunodeficiency virus infection 87 (0.6) 92 (0.6)

Total
(N=30,351)

15,985 (52.7)
14,366 (47.3)
51.4 (18-95)

17,774 (58.6)
5,065 (16.7)
7,512 (24.8)

6,235 (20.5)
23,835 (78.5)
281 (0.9)

29,148 (96.0)
680 (2.2)
523 (1.7)

29,840 (98.3)
182 (0.6)

329 (L.1)

29,416 (96.9)
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Table 1. (Continued.)

Characteristics

Body-mass index9|
No. of participants
Mean +SD

Placebo mRNA-1273
(N=15,170) (N=15,181)
15,007 14,985
29.3+6.7 29.3+6.9

Total
(N=30,351)

29,992
29.3+6.8

* Internet-based randomization was used to assign participants to treatment groups on the basis of information entered by the investigator

regarding the participant’s age and coexisting conditions. Percentages are based on the full analysis population; baseline demographics

and characteristics for the per-protocol population are provided in the Supplementary Appendix. Percentages may not total 100 because of
rounding. The abbreviation bAb denotes binding antibody concentration, and RT-PCR reverse-transcriptase polymerase chain reaction.
7 Risk was based on a stratification factor from the Internet-based interactive response system used for randomization; participants who were
younger than 65 years of age were categorized as at risk for severe Covid-19 illness if they had at least one of the risk factors specified in the

trial protocol at screening.

i Race or ethnic group was reported by the participant. Participants could be included in more than one category.

§ Baseline SARS-CoV-2 status was positive if there was immunologic or virologic evidence of previous illness with Covid-19, as defined by

a positive RT-PCR test or a positive bAb against SARS-CoV-2 nucleocapsid assay result that was above the limit of detection or by a lower
limit of quantification at day 1. Baseline SARS-CoV-2 status was negative if there was a negative RT-PCR test and negative bAb against

SARS-CoV-2 assay result at day 1.

9§ The body-mass index is the weight in kilograms divided by the square of the height in meters.

More than 96% of participants received the sec-
ond dose (Fig. S1). Common reasons for not re-
ceiving the second dose were withdrawal of
consent (153 participants) and the detection of
SARS-CoV-2 by PCR before the administration
of the second dose on day 29 (114 participants:
69 in the placebo group and 45 in the mRNA-
1273 group). The primary efficacy and safety
analyses were performed in the per-protocol and
safety populations, respectively. Of the partici-
pants who received a first injection, 14,073 of
those in the placebo group and 14,134 in the
mRNA-1273 group were included in the primary
efficacy analysis; 525 participants in the placebo
group and 416 in the mRNA-1273 group were
excluded from the per-protocol population, in-
cluding those who had not received a second
dose by the day 29 data cutoff (Fig. 1). As of
November 25, 2020, the participants had a me-
dian follow-up duration of 63 days (range, 0 to
97) after the second dose, with 62% of partici-
pants having more than 56 days of follow-up.
Baseline demographic characteristics were
balanced between the placebo group and the
mRNA-1273 vaccine group (Table 1 and Table S2).
The mean age of the participants was 51.4 years,
47.3% of the participants were female, 24.8%
were 65 years of age or older, and 16.7% were
younger than 65 years of age and had predispos-
ing medical conditions that put them at risk for
severe Covid-19. The majority of participants
were White (79.2%), and the racial and ethnic

N ENGLJ MED 384;5
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proportions were generally representative of U.S.
demographics, including 10.2% Black or African
American and 20.5% Hispanic or Latino. Evi-
dence of SARS-CoV-2 infection at baseline was
present in 2.3% of participants in the mRNA-
1273 group and in 2.2% in the placebo group, as
detected by serologic assay or RT-PCR testing.

SAFETY

Solicited adverse events at the injection site oc-
curred more frequently in the mRNA-1273 group
than in the placebo group after both the first
dose (84.2%, vs. 19.8%) and the second dose
(88.6%, vs. 18.8%) (Fig. 2 and Tables S3 and S4).
In the mRNA-1273 group, injection-site events
were mainly grade 1 or 2 in severity and lasted
a mean of 2.6 and 3.2 days after the first and
second doses, respectively (Table S5). The most
common injection-site event was pain after in-
jection. Delayed injection-site reactions (those
with onset on or after day 8) were noted in 244
participants (0.8%) after the first dose and in 68
participants (0.2%) after the second dose. Reac-
tions were characterized by erythema, indura-
tion, and tenderness, and they resolved over the
following 4 to 5 days. Solicited systemic adverse
events occurred more often in the mRNA-1273
group than in the placebo group after both the
first dose (54.9%, vs. 42.2%) and the second
dose (79.4%, vs. 36.5%). The severity of the so-
licited systemic events increased after the second
dose in the mRNA-1273 group, with an increase
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Figure 2. Solicited Local and Systemic Adverse Events.

of either the placebo or the mRNA-1273 vaccine.

Shown is the percentage of participants who had a solicited local or systemic adverse event within 7 days after injection 1 or injection 2

in proportions of grade 2 events (from 16.5%
after the first dose to 38.1% after the second
dose) and grade 3 events (from 2.9% to 15.8%).
Solicited systemic adverse events in the mRNA-
1273 group lasted a mean of 2.9 days and 3.1
days after the first and second doses, respec-
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tively (Table S5). Both solicited injection-site and
systemic adverse events were more common
among younger participants (18 to <65 years of
age) than among older participants (265 years
of age). Solicited adverse events were less com-
mon in participants who were positive for SARS-
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CoV-2 infection at baseline than in those who
were negative at baseline (Tables S6 and S7).
The frequency of unsolicited adverse events,
unsolicited severe adverse events, and serious
adverse events reported during the 28 days after
injection was generally similar among partici-
pants in the two groups (Tables S8 through S11).
Three deaths occurred in the placebo group (one
from intraabdominal perforation, one from car-
diopulmonary arrest, and one from severe sys-
temic inflammatory syndrome in a participant
with chronic lymphocytic leukemia and diffuse
bullous rash) and two in the vaccine group (one
from cardiopulmonary arrest and one by sui-
cide). The frequency of grade 3 adverse events in
the placebo group (1.3%) was similar to that in
the vaccine group (1.5%), as were the frequencies
of medically attended adverse events (9.7% vs.
9.0%) and serious adverse events (0.6% in both
groups). Hypersensitivity reactions were report-
ed in 1.5% and 1.1% of participants in the vac-
cine and placebo groups, respectively (Table S12).
Bell’s palsy occurred in the vaccine group (3 par-
ticipants [<0.1%]) and the placebo group (1 partici-
pant [<0.1%]) during the observation period of
the trial (more than 28 days after injection).
Overall, 0.5% of participants in the placebo
group and 0.3% in the mRNA-1273 group had
adverse events that resulted in their not receiving
the second dose, and less than 0.1% of partici-
pants in both groups discontinued participation
in the trial because of adverse events after any
dose (Table S8). No evidence of vaccine-associated
enhanced respiratory disease was noted, and
fewer cases of severe Covid-19 or any Covid-19
were observed among participants who received
mRNA-1273 than among those who received
placebo (Tables S13 and S14). Adverse events
that were deemed by the trial team to be related
to the vaccine or placebo were reported among
4.5% of participants in the placebo group and
8.2% in the mRNA-1273 group. The most com-
mon treatment-related adverse events (those re-
ported in at least 1% of participants) in the pla-
cebo group and the mRNA-1273 group were
fatigue (1.2% and 1.5%) and headache (0.9% and
1.4%). In the overall population, the incidence of
treatment-related severe adverse events was
higher in the mRNA-1273 group (71 participants
[0.5%]) than in the placebo group (28 partici-
pants [0.2%]) (Tables S8 and S15). The relative

incidence of these adverse events according to
vaccine group was not affected by age.

EFFICACY

After day 1 and through November 25, 2020, a
total of 269 Covid-19 cases were identified, with
an incidence of 79.7 cases per 1000 person-years
(95% confidence interval [CI], 70.5 to 89.9)
among participants in the placebo group with
no evidence of previous SARS-CoV-2 infection.
For the primary analysis, 196 cases of Covid-19
were diagnosed: 11 cases in the vaccine group
(3.3 per 1000 person-years; 95% CI, 1.7 to 6.0)
and 185 cases in the placebo group (56.5 per
1000 person-years; 95% CI, 48.7 to 65.3), indi-
cating 94.1% efficacy of the mRNA-1273 vaccine
(95% CI, 89.3 to 96.8%; P<0.001) for the preven-
tion of symptomatic SARS-CoV-2 infection as
compared with placebo (Fig. 3A). Findings were
similar across key secondary analyses (Table
$16), including assessment starting 14 days after
dose 1 (225 cases with placebo, vs. 11 with
mRNA-1273, indicating a vaccine efficacy of
95.2% [95% CI, 91.2 to 97.4]), and assessment
including participants who were SARS-CoV-2
seropositive at baseline in the per-protocol anal-
ysis (187 cases with placebo, vs. 12 with mRNA-
1273; one volunteer assigned to receive mRNA-
1273 was inadvertently given placebo], indicating
a vaccine efficacy of 93.6% [95% CI, 88.6 to
96.5]). Between days 1 and 42, seven cases of
Covid-19 were identified in the mRNA-1273
group, as compared with 65 cases in the placebo
group (Fig. 3B).

A key secondary end point evaluated the effi-
cacy of mRNA-1273 at preventing severe Covid-
19. Thirty participants in the trial had severe
Covid-19; all 30 were in the placebo group (indi-
cating vaccine efficacy of 100% [95% CI, could
not be estimated to 1.0]), and one death among
these participants was attributed to Covid-19
(Table S16). The vaccine efficacy to prevent
Covid-19 was consistent across subgroups strati-
fied by demographic and baseline characteristics
(Fig. 4): age groups (18 to <65 years of age and
>65 years), presence of risk for severe Covid-19,
sex, and race and ethnic group (non-Hispanic
White and communities of color). Among par-
ticipants who were positive for SARS-CoV-2, by
serologic or virologic testing, at baseline (337 in
the placebo group and 343 in the mRNA-1273
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Figure 3 (facing page). Vaccine Efficacy of mRNA-1273
to Prevent Covid-19.

Shown is the cumulative incidence of Covid-19 events

in the primary analysis based on adjudicated assess-
ment starting 14 days after the second vaccination in
the per-protocol population (Panel A) and after ran-
domization in the modified intention-to-treat popula-
tion (Panel B) (see the Supplementary Appendix). The
dotted line in Panel A indicates day 42 (14 days after
vaccination 2), when the per-protocol follow-up began,
and arrows in both panels indicate days 1 and 29, when
injections were administered. Tick marks indicate cen-
sored data. Vaccine efficacy was defined as 1 minus the
hazard ratio (mRNA vs. placebo), and the 95% confi-
dence interval was estimated with the use of a stratified
Cox proportional hazards model, with Efron’s method
of tie handling and with treatment group as a covariate,
with adjustment for stratification factor. Incidence was
defined as the number of events divided by number of
participants at risk and was adjusted by person-years.
Symptomatic Covid-19 case accrual for placebo and vac-
cine in the modified intention-to-treat population is dis-
played (does not include asymptomatic cases of SARS-
CoV-2 detected at the day 29 by nasopharyngeal swab).

group), one case of Covid-19 was diagnosed by
RT-PCR testing in a placebo recipient and no
cases were diagnosed in mRNA-1273 recipients
(Table S17). Among participants who were nega-
tive for SARS-CoV-2 at baseline (by RT-PCR or
antibody testing), in addition to symptomatic
Covid-19 cases 39 (0.3%) in the placebo group
and 15 (0.1%) in the mRNA-1273 group had
nasopharyngeal swabs that were positive for
SARS-CoV-2 by RT-PCR at the second dose visit
(surveillance swab) but had no evidence of
Covid-19 symptoms (Table S18).

DISCUSSION

The COVE trial provides evidence of short-term
efficacy of the mRNA-1273 vaccine in preventing
symptomatic SARS-CoV-2 infection in a diverse
adult trial population. Of note, the trial was
designed for an infection attack rate of 0.75%,
which would have necessitated a follow-up peri-
od of 6 months after the two vaccine doses to
accrue 151 cases in 30,000 participants. The
pandemic trajectory accelerated in many U.S.
regions in the late summer and fall of 2020, re-
sulting in rapid accrual of 196 cases after a
median follow-up of 2 months. It is important to
note that all the severe Covid-19 cases were in

the placebo group, which suggests that mRNA-
1273 is likely to have an effect on preventing
severe illness, which is the major cause of health
care utilization, complications, and death. The
finding of fewer occurrences of symptomatic
SARS-CoV-2 infection after a single dose of
mRNA-1273 is encouraging; however, the trial
was not designed to evaluate the efficacy of a
single dose, and additional evaluation is war-
ranted.

The magnitude of mRNA-1273 vaccine effi-
cacy at preventing symptomatic SARS-CoV-2 in-
fection is higher than the efficacy observed for
vaccines for respiratory viruses, such as the in-
activated influenza vaccine against symptomatic,
virologically confirmed disease in adults, for
which studies have shown a pooled efficacy of
59%.* This high apparent efficacy of mRNA-
1273 is based on short-term data, and waning of
efficacy over time has been demonstrated with
other vaccines.? Also, the efficacy of the vaccine
was tested in a setting of national recommenda-
tions for masking and social distancing, which
may have translated into lower levels of infec-
tious inoculum. The efficacy of mRNA-1273 is in
line with that of the recently reported BNT162b2
mRNA vaccine.' The COVE trial is ongoing, and
longitudinal follow-up will allow an assessment
of efficacy changes over time and under evolving
epidemiologic conditions.

Overall, the safety of the mRNA-1273 vaccine
regimen and platform is reassuring; no unex-
pected patterns of concern were identified. The
reactogenicity associated with immunization
with mRNA-1273 in this trial is similar to that
in the phase 1 data reported previously.>* Over-
all, the local reactions to vaccination were mild;
however, moderate-to-severe systemic side ef-
fects, such as fatigue, myalgia, arthralgia, and
headache, were noted in about 50% of partici-
pants in the mRNA-1273 group after the second
dose. These side effects were transient, starting
about 15 hours after vaccination and resolving in
most participants by day 2, without sequelae.
The degree of reactogenicity after one dose of
mRNA-1273 was less than that observed for the
recently approved recombinant adjuvanted zoster
vaccine and after the second mRNA-1273 dose
was similar to that of the zoster vaccine.”’?
Delayed injection-site reactions, with an onset
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Placebo mRNA-1273
Subgroup (N=14,073) (N=14,134) Vaccine Efficacy (95% Cl)
no. of events/total no.
All patients 185/14,073 11/14,134 4B 941 (89.3-96.8)
Age '
18 to <65 yr 156/10,521 7/10,551 B! 95.6(90.6-97.9)
=65 yr 29/3552 4/3583 ————m— | 86.4(61.4-952)
Age, risk for severe Covid-19 E
18 to <65 yr, not at risk 121/8403 5/8396 —m! 959 (90.0-98.3)
18 to <65 yr, at risk 35/2118 2/2155 —I—E 94.4 (76.9-98.7)
=65 yr 29/3552 4/3583 — = | 864 (61.4-952)
Sex E
Male 87/7462 4/7366 —&, 95.4 (87.4-98.3)
Female 98/6611 7/6768 —B- 93.1(85.2-96.8)
At risk for severe Covid-19 :
Yes 43/3167 4/3206 —® 909 (74.7-96.7)
No 142/10,906 7/10,928 = 95.1(89.6-97.7)
Race and ethnic group E
White 144/8916 10/9023 —= ! 93.2(87.1-96.4)
Communities of color 41/5132 1/5088 —IE 97.5 (82.2-99.7)
(I) 2I5 5I0 7I5 1(!)0
Figure 4. Vaccine Efficacy of mRNA-1273 to Prevent Covid-19 in Subgroups.
The efficacy of the RNA-1273 vaccine in preventing Covid-19 in various subgroups in the per-protocol population
was based on adjudicated assessments starting 14 days after the second injection. Vaccine efficacy, defined as 1
minus the hazard ratio (MRNA-1273 vs. placebo), and 95% confidence intervals were estimated with the use of a
stratified Cox proportional hazards model, with Efron’s method of tie handling and with the treatment group as a
covariate, adjusting for stratification factor if applicable. Race and ethnic group categories shown are White (non-
Hispanic) and communities of color (all others, excluding those whose race and ethnicity were both reported as un-
known, were not reported, or were both missing at screening). Data for communities of color were pooled owing to
limited numbers of participants in each racial or ethnic group, to ensure that the subpopulations would be large
enough for meaningful analyses.

8 days or more after injection, were uncommon.
The overall incidence of unsolicited adverse
events reported up to 28 days after vaccination
and of serious adverse events reported through-
out the entire trial was similar for mRNA-1273
and placebo. A risk of acute hypersensitivity is
sometimes observed with vaccines; however, no
such risk was evident in the COVE trial, although
the ability to detect rare events is limited, given
the trial sample size. The anecdotal finding of a
slight excess of Bell’s palsy in this trial and in
the BNT162b2 vaccine trial arouses concern that
it may be more than a chance event, and the
possibility bears close monitoring.’®

The mRNA-1273 vaccine did not show evi-
dence in the short term of enhanced respiratory
disease after infection, a concern that emerged
from animal models used in evaluating some
SARS and Middle East respiratory syndrome
(MERS) vaccine constructs.?*? A hallmark of
enhanced respiratory disease is a Th2-skewed

immune response and eosinophilic pulmonary
infiltration on histopathological examination.
Of note, preclinical testing of mRNA-1273 and
other SARS-CoV-2 vaccines in advanced clinical
evaluation has shown a Thl-skewed vaccine re-
sponse and no pathologic lung infiltrates.>2¢8
Whether mRNA-1273 vaccination results in en-
hanced disease on exposure to the virus in the
long term is unknown.

Key limitations of the data are the short dura-
tion of safety and efficacy follow-up. The trial is
ongoing, and a follow-up duration of 2 years is
planned, with possible changes to the trial de-
sign to allow participant retention and ongoing
data collection. Another limitation is the lack of
an identified correlate of protection, a critical
tool for future bridging studies. As of the data
cutoff, 11 cases of Covid-19 had occurred in the
mRNA-1273 group, a finding that limits our
ability to detect a correlate of protection. As
cases accrue and immunity wanes, it may be-
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come possible to determine such a correlate. In
addition, although our trial showed that mRNA-
1273 reduces the incidence of symptomatic
SARS-CoV-2 infection, the data were not suffi-
cient to assess asymptomatic infection, although
our results from a preliminary exploratory anal-
ysis suggest that some degree of prevention may
be afforded after the first dose. Evaluation of the
incidence of asymptomatic or subclinical infec-
tion and viral shedding after infection are under
way, to assess whether vaccination affects infec-
tiousness. The relatively smaller numbers of
cases that occurred in older adults and in par-
ticipants from ethnic or racial minorities and
the small number of previously infected persons
who received the vaccine limit efficacy evalua-
tions in these groups. Longer-term data from
the ongoing trial may allow a more careful
evaluation of the vaccine efficacy in these
groups. Pregnant women and children were ex-
cluded from this trial, and additional evaluation
of the vaccine in these groups is planned.

Within 1 year after the emergence of this
novel infection that caused a pandemic, a patho-
gen was determined, vaccine targets were identi-
fied, vaccine constructs were created, manufac-
turing to scale was developed, phase 1 through
phase 3 testing was conducted, and data have
been reported. This process demonstrates what
is possible in the context of motivated collabora-
tion among key sectors of society, including aca-
demia, government, industry, regulators, and the
larger community. Lessons learned from this
endeavor should allow us to better prepare for
the next pandemic pathogen.
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Medical News & Perspectives | JAMA LIVE HIGHLIGHTS
Experts Discuss COVID-19—Vaccine Doses, Virus Variants, and More

AMA Live Highlights features com-

ments from livestream interviews by

JAMA Network Editor in Chief Howard
Bauchner, MD. His discussions with experts
inclinical care, public health, and health policy
focus on critical issues related to the corona-
virus disease 2019 (COVID-19) pandemic.
Comments have been edited for clarity.

Rochelle P. Walensky, MD, MPH

Director of the Centers for Disease Control
and Prevention (CDC) and former chief

of the Infectious Diseases Division

at Massachusetts General Hospital

On leading the CDC: How is it that | make
sure that these incredible scientists, these
incredible civil servants for their entire
career, understand and feel the value
that we should be giving them? They have
been diminished. | think they've been
muzzled. This top-tier agency hasn't really
been appreciated over the last 4 years, and
really markedly over the last year, so | have
to fix that. The good news in my mind is
there hasn't been a mass exodus of the tal-
ent. And so what | need to do is make sure
that those voices get heard again, that I'm
leading with trust, that this science is actu-
ally conveyed.

On CDC communications: | have to
make sure that we're communicating to the
American people. I've done numerous me-
diaappearances where I've heard people say,
“This is the first time we've heard from the
CDCdirector inayear on this show.” Sol want
tobeableto convey, inlayman's terms, what
the science shows, when guidelines change,
when Morbidity and Mortality Weekly Re-
ports are released.

| can do television appearances, | can
do interviews, we can do media briefings,
but science is now conveyed through
Twitter. Science is conveyed on social
media, on podcasts, and in many different
ways, and | think that's critical. As we talk
about vaccine hesitancy, or as we talk
about anti-vaxxers, what's the CDC saying
on Twitter about that? We have to have
a social media plan for the agency.

On emerging virus variants: We
worry about increased transmissibility,
and we've seen that with some of the vari-
ants. We worry about increased morbidity

jama.com

and mortality. We haven't yet seen that,
although I think we should worry about it
because with more disease and more cases,
we're going to have more morbidity and
mortality. And then we worry about how
well and how robust our vaccines and our
therapies are in tackling the variants when
they arise. | think the good news is that the
efficacy of the vaccine is so high that we
have a little bit of a cushion. I just want to
remind people that almost no vaccine we
have is 95% accurate. Will it be 95%?
Maybe. Will it be 70%? Maybe. But our flu
vaccines aren't 75% effective every year,
and we still get them. I'm still currently
pretty optimistic.

Onmonoclonal antibody therapy: It's
been so hard and clumsy toimplement. And
then we have this sort of concernin the back
of our heads—are they going to work on the
variants? If you have a cocktail, maybe that's
alittle bit better. Monoclonal antibodies may
be a step in the path to get us to a better
place, but | don't think that anybody envi-
sions that this is going to be the panacea for
outpatient treatment. It's just too hard.

Full video and audio of this interview are
available online.

Paul A. Offit, MD

Director of the Vaccine Education Center
and professor of Pediatrics in the Division

of Infectious Diseases at the Children’s
Hospital of Philadelphia

On why getting the second vaccine dose
isimportant: When Pfizer did its trial it gave
a first dose and then 3 weeks later it gave a
second dose. In that 3-week period of time
the vaccine was roughly 52% effective. With
Moderna, probably because it was a longer
period of time between dose 1and dose 2,
it was somewhere in the vicinity of 80% to
90% effective in that 4-week period.

After 1dose you have a neutralizing an-
tibody response in your circulation that is
considerably less than after the second dose.
You clearly get a booster dose with a sec-
ond dose, and you get a T-cell response.
You will have longer-term immunity with that
second dose. You can't wait very long.
If you're waiting 2 months, 3 months,
4 months later, | think that's a problem.

On how many people must be vacci-
nated: | would think that if you can vacci-
nate say 60, 65 million people with 2
doses, that we can stop the spread of this.
And to do that we need to be vaccinating at
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least a couple million people a day and
probably closer to 3 million if we're going to
try and stop spread of this virus by summer.

About virus variants and vaccine ef-
fectiveness: What we need to do initially is
to see whether or not the sera that are ob-
tained from people who are immunized with
these mMRNA vaccines neutralize that virus
variant. If people who are vaccinated with
these mRNA vaccines who are then ex-
posed to these variant viruses get sick, then
we're going to have to have essentially amul-
tivalent vaccine strategy whereiit's not just,
for example, 1 mRNA in there, but also the
variant strains.

Fullvideo and audio of thisinterview are
available online.

Christopher W. Seymour, MD, MSc
Associate professor of Critical Care
Medicine and Emergency Medicine

at the University of Pittsburgh

and a JAMA associate editor

On anticoagulants in COVID-19: We see
coagulation abnormalities in these patients.
When you round on these patients in your
unit, you're seeing maybe more deep vein
thrombi or arterial thrombi that you hadn't
before. And so there's good scientific ratio-
nale to move forward with trials of systemic
anticoagulation and then, as we move out
of the [intensive care unit], different
approaches to prophylaxis. There will be
side effects when you give a blood thinner.
But the question is whether those side
effects are balanced by the potential ben-
efit to the patient from the drug. Three
groups are working together to understand
the best way to treat patients with heparin.

Onwhat's unique about COVID-19:I've
been surprised to see the significance and se-
verity of the lung injury. We're really giving
a lot of support to these patients. And it is
justunusual and a bit of areset to think that
you're going to walk into your place of work
and care for 6 people that are proned. It's just
very different. And that may speak to char-
acteristics of the virus, maybe the host tol-
erance, but then also the aggressiveness of
the host response. Very difficult to handle as
an intensivist.

On COVID-19 long haulers: | don't
know yet if the sort of symptomatology that
we describe in the long haulers or the "long
COVID" is actually that different than a bad
case of bacterial pneumonia. In part be-
cause that research is still forthcoming.

JAMA Published online February 10, 2021

| think we're hearing a heck of a lot more
about this because there's way more people
that are getting COVID. And so the fre-
quency of these issues in our population is
much, much more common than perhaps
the elder with bacterial pneumonia, who
then is not themself 6 months later.

Full video and audio of this interview are
available online.

Arnold S. Monto, MD

Thomas Francis Jr Collegiate Professor

of Public Health at the University

of Michigan School of Public Health

and acting chair of the US Food and Drug
Administration’s Vaccines and Related
Biological Products Advisory Committee

On the initial vaccine rollout: | don't think
anybody is ready for this. And I think thisis the
ultimate demonstration of problems with the
American health care system, which is frag-
mented, which probably has some of the
wrong priorities. We're all into billing and ev-
erythingelse. Flu vaccination is probably the
closest thing we have to what we're trying to
do now because people get vaccinated ev-
ery year. Everybody knows where to go and
how to get it. The supplies are there. This is
totally new, and I think we totally underesti-
mated the challenges that this would pro-
vide because we'rereally not as organized as
countries that have health care asamore sys-
tematic component of the government.

About vaccinating pregnant women:
Ithink a pregnant woman should look at her
risk group and get vaccinated as she would
if she were not pregnant. | think that when
vaccine is available for the general public, a
pregnant woman should be vaccinated. By
that time, | hope we have more information
about some of the theoretical risks, and
there are always theoretical risks, espe-
cially about the first trimester. Looking at the
flu story, we've come from most pregnant
women not being vaccinated to pregnant
women being the highest priority.

About vaccination for previously in-
fected people: Goingto the back of the line
if you're infected—that gets to be very cum-
bersome. We've not done it with anything
else simply because it requires an even more
cumbersome system of testing people and
categorizing them. Let's hope we have
enough vaccine to just go ahead and vacci-
nate whoever comes up in line. We know it
is safe for a previously infected individual to
get vaccinated.

About the lack of serious disease
among most children: This is very unusual
for a respiratory virus. Usually, children are
the major sources of not only infection but
transmission in the community. If there's
anything standard about flu pandemics, it's
the fact that young children are at particu-
lar risk of severe morbidity and mortality.
And we saw the opposite here. Maybe it
has to do with some kind of receptor issue.
| hope we can work this out to try to figure
out why this is.

Full video and audio of this interview are
available online.

Nicholas Christakis, MD, PhD, MPH
Sterling Professor of Social and Natural
Science, Internal Medicine, and Biomedical
Engineering at Yale University and author

of Apollo’s Arrow: The Profound

and Enduring Impact of Coronavirus

on the Way We Live

On how hospitals have fared during
COVID-19: Many hospitals, even though
they are providing a crucial service in the his-
tory of our nation in taking care of people
who are sick from a deadly contagion, lost
money. Many hospitals were at the risk of go-
ing out of business. Hospitals make money
from elective procedures and high-value
procedures and, apparently, taking care of
people who are infected with a deadly virus
is not very remunerative. This is no way to
organize a health care system.

On plagues throughout history: We
have to appreciate that we are not the first
ones to be enduring a serious plague. Bad
as it is, the best estimates of the infection-
fatality rate of this pathogen are between
0.5 and 0.8 percent. It's going to be a lead-
ing killer in our society, but it's not as bad a
plague as it could have been. Bubonic
plague would kill 50% of the people in a
city within a couple of months. There's no
sort of God-given reason why this particular
pathogen that we are facing isn't worse. It
could have been so much worse. We need
to cope with it in the wisest way possible,
taking advantage of all of the prior knowl-
edge that our species has accumulated
about how to deal with this.

Fullvideo and audio of thisinterview are
available online. =

Note: Source references are available through
embedded hyperlinks in the article text online.

Editor's Note: For more coronavirus livestream
interviews visit JAMA's COVID-19 Q&A page.
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Last-Mile Logistics of Covid Vaccination — The Role

of Health Care Organizations
Thomas H. Lee, M.D., and Alice H. Chen, M.D., M.P.H.

he development, evaluation, and production

of vaccines for Covid-19 was the remarkable

success story of 2020; the challenge for 2021
is getting those vaccines into the bodies of a critical

mass of the world’s population.
This work is being compared with
managing the last mile in other
business sectors: once companies
get products or information to
regional hubs, they must deliver
them to individual customers
whose settings and habits are
infinitely varied. Effectiveness
in those last steps determines
success.

For Covid vaccination in the
United States, that last mile is a
difficult one. About one third of
U.S. “customers” are unsure that
they want the product and are
worried that vaccination might
be made mandatory. Most of the
others are worried that they can-
not be vaccinated soon enough
because of limited supplies and

uncertainty about how immuni-
zations are being scheduled and
managed.

Vaccination has gotten off to
a faster start where there is tight
integration among public and
private health care stakeholders.
Israel, for example, has universal
insurance coverage and a nation-
wide digital network integrated
with its public health system.
Clinical data are available for
every person, enabling segmenta-
tion of the population by age and
medical condition and reliable
communication with immuniza-
tion candidates. Although Israel
has failed to include most Pales-
tinians in its vaccination program,
by January 17, about 27% of Is-
raeli citizens had been vaccinated,
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as compared with about 4% of the
U.S. population.!

In the United States, however,
public—private health care integra-
tion is a state-by-state, county-by-
county improvisation, and patients
have turned to their health care
providers for information about
vaccination. To respond to these
needs, health care systems are
having to master four types of
new and unfamiliar work.

The first task is earning the
trust of people — both in the pub-
lic and in the health care work-
force — who are reluctant to be
vaccinated. Though shrinking, this
group is still sizable, particularly
in the Black and Latinx commu-
nities, which have been dispro-
portionately affected by Covid.
The proportion of patients saying
they were likely to get vaccinated
increased from 39% during the
week of October 15, 2020, to 64%
during the week of January 3,
2021, according to a survey of
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66,818 patients conducted by Press
Ganey (where one of us is chief
medical officer). Over that period,
the proportion saying they were
likely to be vaccinated was 60%
among White patients but 36%
among Black patients.

Vaccine skepticism is not based
only on mistrust of systems by
communities of color. There is
also a core group of people who
do not trust any vaccine, joined
by skeptics who normally believe
in vaccinations but have lost trust
in the Food and Drug Adminis-
tration because of the political
pressure it faced to approve vac-
cines before the presidential elec-
tion. Strategies and messages may
need to be different for each of
these groups.

In this context, clinicians have
a critical role in addressing vac-
cine reluctance, in part because
of lack of trust in alternative
messengers. Between mid-Novem-
ber and early January, only 37%
of Press Ganey survey respon-
dents indicated that they had
confidence in government advice
on vaccination, but 67% said they
had confidence in their clinician’s
advice.

So it was helpful that the first
person in the United States to
get vaccinated outside a research
trial was Sandra Lindsay, a Black
critical care nurse at Long Island
Jewish Medical Center. Similarly,
the first person in Florida to be
vaccinated was Leon Haley, chief
executive officer of the University
of Florida at Jacksonville and a
Black emergency medicine physi-
cian. Both volunteered to go early
and be interviewed by the media
because of vaccine resistance
among Black Americans, and they
highlighted that they were do-
ing so because, as Lindsay put it,
“I trust science.”

LAST-MILE LOGISTICS OF COVID VACCINATION

Beyond symbolic public events,
many organizations are also urg-
ing their clinicians to do the
“door-to-door fighting” of assess-
ing patients’ attitudes toward vac-
cination and working to persuade
those who are resistant. Some
organizations are intensively sur-
veying their workforces to under-
stand and address where resis-
tance is most intense. A few
organizations are offering em-
ployees financial incentives to get
vaccinated, but most are relying
on behaviorally informed strate-
gies for both employees and pa-
tients.>?

The second task is managing
demand and immunizing people
who are ready to be vaccinated.
Health care organizations got a
taste of the complexity of this
task when they began vaccinat-
ing employees. In this relatively
small population with whom in-
teractions should be reasonably
straightforward, organizations had
to address the same issues they
will face on a much larger scale
in vaccinating the public, includ-
ing communication, prioritization,
and management of the vaccina-
tions themselves.

For example, Geisinger Health
System began planning its pro-
gram for immunizing its work-
force in March 2020.* In addition
to doing the basics, such as ac-
quiring storage for the vaccines
and setting up high-throughput
vaccination sites with Covid pre-
cautions, Geisinger spent months
developing and communicating
plans for who would be immu-
nized first. They developed a
scheduling system for both dos-
es of vaccine and staggered the
scheduling of frontline workers
within each department to reduce
the impact of absences due to side
effects. They developed a digital
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application to manage registra-
tion, eligibility, and scheduling
and integrated that into a multi-
pronged communication program.
And they made clear that unex-
pected issues would be communi-
cated to their Incident Command
Center, a small multidisciplinary
group that could make decisions
quickly for Covid-related problems.

Other large organizations took
similar steps — though they
didn’t all work right away. At
Mass General Brigham, 50,000
people tried to log onto the vac-
cination-scheduling app as soon
as it went live; the app immedi-
ately crashed. Despite similar
problems throughout the coun-
try, by early January, vaccination
of caregivers was well under way
and many organizations were
planning for vaccinating first re-
sponders and the rest of society.
Performing the same functions
for patients as they have for their
workforces will be a consuming
body of work for many months,
and organizations can succeed
only if they are effective in the
third and fourth tasks.

The third task is engaged
communication with the public,
aiming to go beyond answering
“Frequently Asked Questions” to
building trust. For example, the
community-facing Covid-19 site
of Hartford Health has both na-
tionally sourced and locally rele-
vant news items, videos, and pod-
casts about Covid-related issues,
including testing, recovery, and
vaccination.’ Patients can sign up
for vaccine updates by text. The
goal is to provide one-stop shop-
ping for information in various
formats and to allow patients to
have information pushed to them.

Hartford Health’s investment
in this site reflects Covid-induced
insights into the nature of trust.
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Traditional health care is a high-
stakes, low-frequency event, and
patients are somewhat trusting
because they are accustomed to
the trappings of office visits and
the social standing of clinicians.
But in times of turmoil, trust can
also be built through high-fre-
quency, low-stakes interactions —
such as going to an organization’s
website to get questions answered
and needs met, reliably and with
transparency about what is known
and what is not.

Many of the unknowns can be
addressed only by plunging into
the fourth task: regional coordi-
nation with government and other
institutions. Health care provid-
ers have had to innovate and im-
provise to fill the gaps resulting
from a long-standing underinvest-
ment in our public health system
and the enormity of vaccinating
every American rapidly. Working
with local government to set up
sites for vaccinations at locations
such as sports arenas and shop-
ping malls and publicizing priori-
tization frameworks are two key
steps. Another is facilitating infor-
mation flow. For example, Inter-

LAST-MILE LOGISTICS OF COVID VACCINATION

mountain Health developed an
interoperable interface with the
Utah immunization registry that
gives clinicians from different
health organizations real-time ac-
cess to its patients’ vaccine in-
formation — helping to ensure
that people receive their second
dose of the right vaccine at the
right time.

These are just a few examples
of the work needed to bridge the
divide in the United States be-
tween private and public sectors
and between health care and pub-
lic health. The government may
be purchasing, allocating, and dis-
tributing the vaccine, but last-mile
logistics depend heavily on the
private sector. Neither government
nor private organizations can be
successful on their own.

All four tasks represent new
types of work for U.S. health
care organizations, but the skills
they learn as they adapt will
make them better organizations in
general. To be speedy and equi-
table in crossing that last mile,
they have to build trust, manage
operations well, communicate
more effectively, and collaborate
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with other public and private en-
tities. Covid vaccination is pro-
viding a stress test that will help
organizations prepare for other
challenges that lie ahead.

Disclosure forms provided by the authors
are available at NEJM.org.

From Press Ganey and Harvard Medical
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This article was published on January 27,
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