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TRANSLATIONAL PERSPECTIVE
RNA Vaccines for COVID-19
5 Things Every Cardiologist Should Know
Chien-Jung Lin, MD, PHD,a,b Robert P. Mecham, PHD,b Douglas L. Mann, MDa
T he development of a safe and effective
vaccine against severe acute respiratory
syndrome-coronavirus-2 (SARS-CoV-2) is

critical for ensuring worldwide public health, as well
as potentially ending the coronavirus disease-2019
(COVID-19) pandemic. Four vaccine candidates have
finished or are currently in phase 3 trials in the United
States (Table 1), with many more ongoing internation-
ally. These vaccines were developed using various
technology platforms, including ribonucleic acid
(RNA), deoxyribonucleic acid (DNA), recombinant
protein, inactivated virus, live attenuated virus, and
vector-dependent vaccines (1). There was tremen-
dous excitement in November when both Pfizer and
Moderna announced encouraging preliminary results
of >90% efficacy with their RNA vaccine candidates
against SARS-CoV-2. Insofar as RNA vaccines are rela-
tively new and may be unfamiliar to the cardiovascu-
lar community, here, we will briefly review 5 things
cardiologists should know about COVID-19 RNA vac-
cines so that they are better prepared to care for their
patients.

WHAT IS AN RNA VACCINE? HOW IS IT

DIFFERENT FROM TRADITIONAL VACCINES?

Traditional vaccines use pathogens (live, attenuated,
or inactivated), their components (recombinant pro-
tein, subunit, polysaccharide, or conjugate), or toxins
(toxoid) to elicit host immune responses. Although
these approaches provide durable protection against
various diseases and have had significant public
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health benefits, their major limitation in the current
global pandemic is that they can be challenging to
develop and manufacture at scale quickly. RNA vac-
cines, in contrast, provide a platform that can be
designed and mass-produced rapidly. Although no
RNA vaccines have been approved to date for human
use, some have finished phase 3 enrollment, most
notably 2 candidates targeting SARS-CoV-2 from
Moderna (Cambridge, Massachusetts (mRNA-1273)
and Pfizer/BioNTech (New York, New York; Mainz,
Germany)(BNT162b2).

Two types of RNA vaccines have been developed
thus far: self-amplifying or replicon RNA vaccines and
nonreplicating messenger RNA (mRNA) vaccines. The
current phase 3 trial candidates from Pfizer and
Moderna use nonreplicating RNAs that are directly
injectable. Additional candidates that use RNA repli-
con vaccines are in earlier phase clinical trials.
Because RNA-degrading enzymes quickly destroy
naked RNA, RNA delivery into host cells requires
packaging into lipid nanoparticles for improved sta-
bility in the body. The active component of RNA
vaccines is synthetic mRNAs that encode a disease-
specific antigen that elicits antigen-specific immune
responses. Both Moderna’s mRNA-1273 and Pfizer/
BioNTech’s BNT162b2 encode the spike protein of
SARS-CoV-2, which binds angiotensin-converting
enzyme 2 and is responsible for viral entry into
cells. Preclinical studies established that antibodies
binding to the spike protein, primarily its receptor-
binding domain, neutralize the virus by preventing
it from binding to angiotensin-converting enzyme 2
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AB BR E V I A T I O N S

AND ACRONYM S

COVID-19 = coronavirus

disease 2019

DNA = deoxyribonucleic acid

mRNA = messenger

ribonucleic acid

RNA = ribonucleic acid

SARS-CoV-2 = severe acute

respiratory syndrome

avirus 2
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on host cells. The synthetic mRNAs are modified so
that they can be efficiently translated by the cellular
translation machinery. The nascent translated pro-
tein undergoes post-translational modifications and
can be secreted or alternatively presented on the cell
surface by the cell’s major histocompatibility com-
plex, which allows the host to mount a targeted im-
mune response directed against the viral protein (2).
Foreign RNA also stimulates the innate immune sys-
tem (interferon type I response) that, in turn, boosts
the adaptive immune response. After translation, the
synthetic mRNA is degraded by host enzymes so that
it does not interact with the host genome.

The RNA vaccine approach has several practical
advantages. First, RNA can be produced in the labo-
ratory from a DNA template, using readily available
materials that are faster to prepare than conventional
vaccine production requiring the use of chicken eggs
or other mammalian cell expression systems engi-
neered to produce protein antigens. With RNA vac-
cines, the specific amino acid sequence that
determines the antigenic protein’s immune speci-
ficity can be easily adapted to the pathogen’s genetic
code. This inherent versatility has contributed to the
unprecedented speed of a candidate vaccine’s
entering a phase 1 trial (March 16, 2020, for Moderna’s
mRNA-1273), <10 weeks after the viral genome
sequence became available (on January 10, 2020).

RNA vaccines, however, are not without potential
shortcomings. As no RNA vaccine has yet been
approved, we do not know the long-term safety and
efficacy of this new technology. Both Pfizer’s and
Moderna’s candidates require 2 rounds of injections
to be effective. Multiple injections could create issues
with noncompliance and logistical issues to ensure
that each person receives 2 injections of the same
RNA vaccine. Also, the temperature requirements for
vaccine stability are potentially problematic. Pfizer/
BioNTech’s BNT162b2 requires storage and shipping
at ultralow temperature (�94�F), whereas Moderna’s
mRNA-1273 requires �4�F. Once thawed, they are
stable in a refrigerator for 24 h (Pfizer) to 7 days
(Moderna) or at room temperature for 2 h (Pfizer) to
6 h (Moderna). Because of the stringent cold tem-
perature requirement, freezer farms are currently
being built for vaccine storage and distribution.
However, many hospitals, particularly those in rural
areas, may not have ultra-low-temperature freezers,
which could create inequities in distributing the
vaccine. Pfizer is reported to be developing special
shipping containers to meet potential logistical
challenges.
HOW DO THE SIDE EFFECTS AND

SAFETY PROFILES OF RNA VACCINES

COMPARE WITH

TRADITIONAL VACCINES?

Vaccine side effects are common but are
generally not severe. Traditional vaccines
using egg cultures can provoke allergic re-
actions secondary to the egg proteins. The
in vitro production of RNA vaccines circum-
vents this problem. Neither Moderna’s nor

Pfizer/BioNTech’s candidate demonstrated severe
adverse events in respective phase 1 studies, and no
pre-specified trial halting rules were met (3,4). Fever
or chills were reported in 40% to 60% of study par-
ticipants in both phase 1 trials. Almost all participants
reported some systemic symptoms after 2 doses.
However, the reported adverse events (fatigue, fever,
chills, headache, myalgia, nausea, and pain) are
mostly (>80%) mild or moderate and are generally
similar to side effects from other vaccine classes (5).
Of note, side effects from the RNA vaccines do not
appear to include common cardiopulmonary symp-
toms such as chest pain, dyspnea, lower extremity
swelling, or palpitations. It is also important to
recognize that the safety issues that temporarily
halted COVID-19 vaccine trials were not associated
with either of the lead RNA vaccine candidates
(Table 1). From a long-term safety perspective, RNA
vaccines appear to be safe; as they are not made with
pathogens, they are noninfectious. Furthermore,
synthetic mRNAs do not integrate into the host
genome, so the risk for long-term mutations in host
DNA should not occur. However, 1 of the unintended
consequences of RNA vaccines is that the foreign
mRNA strands may elicit an unintended immune re-
action (interferon type I response), leading to fevers
or chills. These reactions can be minimized by
modification and purification of the RNA molecules
during manufacturing.

WHAT ARE THE KNOWN UNKNOWNS WITH

RNA VACCINES?

There are currently no approved RNA vaccines for use
in humans. Accordingly, the risk and safety profile of
RNA vaccines in different groups of individuals re-
mains unclear. Subgroup analysis from a larger data-
set and post-marketing surveillance may be required.
Furthermore, both ongoing RNA vaccine phase 3 trials
excluded pregnant or breastfeeding women, immu-
nocompromised or immunosuppressed patients, and

coron



TABLE 1 Comparison of Current Phase 3 COVID-19 Vaccine Trials in the United States

Developer Pfizer/BioNTech Moderna AstraZeneca/Oxford Janssen

Candidate BNT162b2 mRNA-1273 AZD1222 JNJ-78436725

Subject age 12 yrs or above 18 yrs or above 18 yrs or above 18 yrs or above

Enrollment 43,998 (estimated) 30,000 (estimated) 40,051 (estimated) 60,000 (estimated)

Recruitment status Recruiting Finished recruiting Recruiting Recruiting

Platform RNA RNA Non-replicating adenovirus engineered to
express spike protein

Non-replicating adenovirus
engineered to express spike
protein

Dosing Two IM doses of 30 mg,
3 weeks apart

Two IM doses of 100 mg,
4 weeks apart

Two IM doses of 5 x 1010 viral particles,
4 weeks apart [Some participants in UK
received a half dose (2.5 x 10^10 viral
particles) first dose]

Single IM dose of 5 x 1010 viral
particles

Trial number NCT04368728 NCT04470427 NCT04516746 NCT04505722

Notes Concluded trial; reported 95%
efficacy on 11/18/20

Interim analysis reported 94.5%
efficacy on 11/16/20

Interim analysis reported 62 (full dose)-
90% (half dose first dose) efficacy on
11/23/20

Briefly paused due to unexplained
illness in a participant. Currently
resumed after FDA safety review.

FDA ¼ U.S. Food and Drug Administration; IM ¼ intramuscular; RNA ¼ ribonucleic acid.
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children <12 years of age (<18 years for mRNA-1273).
As noted earlier, some mRNA vaccine platforms
induce potent type I interferon responses associated
with inflammation and the potential to develop
autoimmunity. Further study will be required to
define the safety and efficacy of RNA vaccines in
vulnerable populations. Another unknown is whether
the immune response with RNA vaccines will confer
long-term immunity against SARS-CoV-2 or whether
the protection will be short lived.

WHICH PHASE 3 RNA VACCINE TRIALS

ARE ONGOING?

As of this writing, 2 RNA vaccine phase 3 trials are
concluding in the United States.

Moderna’s mRNA-1273 is a lipid nanoparticle–
encapsulated, nucleoside-modified RNA encoding
the viral spike protein. Two intramuscular doses are
administered 4 weeks apart. mRNA-1273 entered the
phase 3 COVE (A Study to Evaluate Efficacy, Safety,
and Immunogenicity of mRNA-1273 Vaccine in Adults
Aged 18 Years and Older to Prevent COVID-19) trial on
July 27, 2020 (NCT04470427). This is a randomized,
double-blind, U.S. trial that has enrolled >30,000
subjects. Demographics include 37% nonwhite sub-
jects, 47% women, and 25% >65 years of age. Primary
outcomes are COVID-19 occurring 14 days after the
second dose, adverse events leading to withdrawal,
solicited local and systemic adverse reactions, and
unsolicited adverse events. On November 16, 2020, an
interim analysis of 95 confirmed cases revealed the
vaccine to be 94.5% effective in preventing COVID-19.
Eleven of the subjects (all in the placebo group) had
severe disease. The safety data after a median follow-
up of 2 months are expected before the end of 2020.
Pfizer/BioNTech’s BNT162b2 is also a lipid
nanoparticle–formulated, nucleoside-modified RNA
vaccine. The RNA encodes full-length viral spike
protein, whereas its cousin candidate BNT162b1 en-
codes the spike protein’s receptor-binding domain.
BNT162b2 outperformed BNT162b1 in its safety pro-
file. The phase 2/3 trial was also started on July 27,
2020, and is a 120-site international study with a
majority of subjects from the U.S. (NCT04368728).
The vaccine is given intramuscularly in 2 doses
3 weeks apart. More than 43,000 subjects were
enrolled. Reportedly, 42% of enrolled subjects glob-
ally and 30% in the United States are from racially
diverse backgrounds. The primary efficacy endpoint
is confirmed COVID-19 diagnosis 7 days after the
second dose. On November 18, 2020, Pfizer/BioNTech
concluded their Phase 3 trial and reported a 95% ef-
ficacy in preventing COVID-19 from an analysis of 170
confirmed cases. Efficacy in those age 65 or above was
>94%. No serious safety concerns were reported.
After a median follow-up of 2 months, the safety data
are expected by the third week of November 2020.

WHAT WILL HAPPEN NEXT?

The U.S. Food and Drug Administration (FDA) re-
quires COVID-19 vaccines to be at least 50% more
effective than placebo, comparable with flu vaccines
over the past decade (efficacy ranging from 19% to
60%). In contrast, the World Health Organization
has set a higher benchmark of 70% efficacy and
protection duration for 1 year. The >90% efficacy
reported by both developers in their interim ana-
lyses clearly meets and exceeds worldwide regula-
tory efficacy standards if confirmed in the full trial
results. To ensure a vaccine’s safety, the FDA also
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mandates a median follow-up of 2 months after the
last vaccine dose to assess a vaccine’s risk-benefit
profile. Pfizer reported no serious safety concerns
and has submitted application for an emergency use
approval (EUA) from the FDA, which will allow
immediate use of the vaccine. FDA has announced
an advisory committee meeting on December 10,
2020 to discuss the vaccine candidate. Moderna is
expected to conclude its Phase 3 trial and apply for
the EUA in the upcoming weeks. At that point the
companies will seek emergency use approval from
the FDA, which will allow immediate use of the
vaccine. Operation Warp Speed is a partnership
among the U.S. Department of Health and Human
Services, the U.S. Department of Defense, and the
private sector that aims to deliver 300 million doses
of COVID-19 vaccines by January 2021. Operation
Warp Speed has been providing support to vaccine
developers to expedite their research and develop-
ment. By mass-producing the vaccines while being
tested, the timeline between the demonstration of
efficacy and the vaccines’ availability is greatly
diminished (6). The Department of Defense is
providing logistical support and will facilitate dis-
tribution of the vaccine.
Vaccines will be effective only if people are willing
to be vaccinated. Given the politicization of the
COVID-19 pandemic, it is not at all surprising that
many people may be hesitant to receive an FDA-
approved vaccine, let alone a type of vaccine that
has never been used before in humans. To this end,
we hope that this brief primer will be useful to car-
diologists who are caring for patients during the
pandemic and who may be asked by their patients
whether they should take the vaccine against SARS-
CoV-2.
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