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ABSTRACT
The novel coronavirus outbreak was declared a pandemic in March 2020. We are reviewing the COVID-19 
vaccines authorized for use in the United States by discussing the mechanisms of action, administration, 
side effects, and efficacy of vaccines developed by Pfizer, Moderna, and Johnson & Johnson. Pfizer and 
Moderna developed mRNA vaccines, encoding the spike protein of SARS-CoV-2, whereas Johnson & 
Johnson developed an adenovirus vector-based vaccine. Safety has been shown in a large cohort of 
participants in clinical trials as well as the general population since emergency approval of vaccine 
administration in the US. Clinical trial results showed the Pfizer and Moderna vaccines to be 95.0%, and 
the Johnson & Johnson vaccine to be 66.0% effective in protecting against moderate and symptomatic 
SARS-CoV-2 infection. It is important to keep medical literature updated with the ongoing trials of these 
vaccinations, especially as they are tested among different age groups and upon the emergence of novel 
variants of the SARS-CoV-2 coronavirus.
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Introduction

The SARS-CoV-2 virus is responsible for the COVID-19 
pandemic that has infected hundreds of millions and 
resulted in millions of deaths worldwide.1 In the majority 
of the patients, SARS-CoV-2 presents as a respiratory infec-
tion causing fever, chills, cough, difficulty breathing, and 
other associated symptoms.2,3 Serious COVID-19 infection 
resulted in the use of ventilator support and organ 
damage.4 As a result of the rapid spread and burden of 
disease of the novel coronavirus, researchers and pharma-
ceutical companies had to develop vaccines using preexist-
ing or novel technologies rapidly. In the U.S., there are 
currently three vaccines being administered broadly. These 
vaccines were developed by Pfizer-BioNTech, Moderna, and 
Johnson & Johnson. Pfizer-BioNTech and Moderna devel-
oped mRNA vaccines targeting the surface protein of 
SARS-CoV-2. Johnson & Johnson used preexisting technol-
ogy with an adenovirus vector to trigger an immune 
response and offer protection for subsequent infection.5 

Currently, data from clinical phase III trials have been 
released and show that these vaccines are effective in pre-
venting infection and disease.6 The Pfizer-BioNTech 
BNT162b2 vaccine was approved by the FDA on August 
23, 2021, after meeting the FDA requirements for efficacy, 
manufacturing, and safety.7 This review will evaluate cur-
rent data showing the efficacy of these three vaccines in 
preventing coronavirus infection. Additionally, new variants 
of SARS-CoV-2 have emerged recently. Each vaccine has 
had differing responses to the variants that will be discussed 
as well as other differences between the vaccines, such as 
administration and adverse effects.8

Pfizer–BioNTech mRNA COVID-19 vaccine BNT162b2

Development

Pfizer’s COVID-19 vaccine was the quickest vaccine to be 
developed, taking just about 7 months after its phase I/II 
trial took place in May 2020 for the FDA to allow for its 
emergency use in December 2020.8 The previous record set 
by pharmaceutical company Merck took 4 years to develop 
the world’s first effective vaccine against mumps in 1967. 
With cases nearing 5 million and deaths just shy of 150,000 
globally in May 2020, Pfizer began Phase I/II testing. The 
study included 45 participants divided into three groups, 
with each group containing 15 participants. Group 1 was 
supplied two 10 μg doses, separated by 21 days. Group 2 
was given 2 30 μg doses, separated by 21 days. Group 3 was 
administered a single 100 μg dose. To compare the immuno-
genicity of the vaccine to individuals who recovered from 
infection, human convalescent sera (HCS) were extracted 
from 38 patients 14 days after the PCR-confirmed diagnosis. 
The receptor-binding domain (RBD) is part of the virus that 
binds to a receptor within the host and facilitates entry of the 
virus into host cells. The RBD IgG is sufficient for serological 
testing because neutralizing antibodies can act here and pre-
vent SARS-CoV-2 entry into host cells. Remarkably, HCS 
revealed an RBD-binding IgG concentration of 602 U ml−1 
compared to group 2, which showed an RBD-binding IgG 
concentration of 16,166 U ml-1. Group 1 demonstrated an 
RBD IgG concentration of 5,880 U ml−1 d. Group 3 displayed 
an RBD-binding IgG concentration of 1,260. All RBD-bind-
ing IgG concentrations were measured 35 days after admin-
istration of the first dose. These findings demonstrated that 
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the Pfizer vaccine was effective in producing antibodies 
against SARS-CoV-2 signifying a pivotal moment in the 
fight against the pandemic.8

With the success of the Phase I/II trial, Pfizer and 
BioNTech were approved to proceed to phase III testing. 
As the ability of the BNT162b2 vaccine to produce neu-
tralizing antibodies to the RBD of SARS-CoV-2 was now 
well established, the phase III trial would determine the 
safety and efficacy of the vaccine. A total of 43,448 parti-
cipants 16 years or older were gathered and received the 
vaccine. Of which, 21,720 received 2 30 μg doses of the 
BNT162b2 vaccine separated by 21 days and 21,728 
received placebos.9

Figure 1 explains the developmental milestone of Pfizer- 
BioNTech mRNA vaccine. On January 12, 2020, the genetic 
sequence of SARS-CoV-2 was made public.5 In late April, 
Pfizer and BioNTech began phase I/II testing in Germany 
with 12 participants dosed with BNT162. Phase I/II testing 
in the US begun less than two weeks later with 360 subjects 
receiving doses. In late July 2020, Pfizer announced that 
they will start phase III testing with 2, 30 µg doses admi-
nistered to over 30,000 subjects. In November 2020, Pfizer 
concluded phase III testing and announced an efficacy of 
95.0%. On December 11, 2020, the FDA authorized emer-
gency use of BNT162b28 and on August 23, 2021, the US 
FDA approved the Pfizer vaccine making it the first 
approved COVID-19 vaccine.10

Mechanism of action

The Pfizer and Moderna vaccines express similar mechanisms 
of action. The vaccine contains a nucleoside-modified mRNA 
that encodes the SARS-CoV-2 spike glycoprotein and is deliv-
ered in lipid nanoparticles for more efficient delivery into host 
cells.11 The mRNA specifically encodes for the S2-P antigen, 
consisting of the SARS-CoV-2 glycoprotein with a transmem-
brane anchor. Binding antibody responses against S2-P were 
used as a method of evaluating efficacy. The vaccine’s goal is to 
elicit both B- and T-cell responses against the spike protein. As 
per published data, the vaccine was successful in inducing 
antibody responses to both full-length S2-P and receptor-bind-
ing domain. The potent lipid-nanoparticle delivery system 
used by the vaccine in combination with the use of modified 
nucleotides that avoid early activation of interferon-associated 
genes are unique features that contribute to its efficacy.12 The 
mRNA vaccine intends to produce prolonged protein expres-
sion, induction of antigen-specific T-follicular helper cells, and 
activation of germinal center B cells.13

Efficacy

In a study conducted by Polack et al., among 36,523 partici-
pants with evidence or no evidence of existing or previous 
SARS-CoV-2 infections, 8 cases were observed in participants 
who received the vaccine (at least 7 days after administration of 
the second dose) and 162 cases were observed in placebo 

Preclinical 
Stage

•January 12, 2020: SARS-CoV-2 genetic sequence made public.
•March 17, 2020: Pfizer and BioNTech announce plans to develop and test candidate 
vaccine. 

Phase 1/2

•April 22, 2020: Pfizer and BioNTech announce start of first clinical trial for lead 
vaccine candidate.

•April 23, 2020: Phase I/II begins in Germany.
•May 4, 2020: Phase I/II begins in the U.S.

Phase 3

•July 27, 2020: Pfizer and BioNTech enroll 43,000+ participants in the phase III trial.
•November 18, 2020: Pfizer and BioNTech conclude phase III study and announce 
95% efficacy against SARS-CoV-2.

Emergency 
Authorization of 

Vaccine Use

•November 18, 2020: Pfizer and BioNTech submit Emergency Use Authorization 
(EUA to FDA).

•December 11, 2020: FDA authorizes emergency use of BNT162b2.
•August 23, 2021: FDA officially approves the vaccine for use in the US.

Figure 1. Timeline of BNT162b2 vaccine development for COVID-19.8,9
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recipients, equating to a 94.6% efficacy against infection.14 

While not the primary focus of the study, a vaccine efficacy 
of 52.0% was observed which demonstrates the early protection 
against infection the BNT162b2 vaccine provides 12 days after 
the first dose. This 52.0% efficacy is based on the occurrence of 
39 cases in the BNT162b2 vaccine group and 82 cases in the 
placebo group between the time of administration of the first 
dose and second dose.14 The Pfizer Phase III study includes 
over 46,000 participants globally, and on November 18, 2020, 
efficacy data were sufficient for the FDA to grant an EUA for 
vaccine administration in the US. The study assesses infections 
occurring 7 and 14 days after the second dose in participants 
who have either not had or had a previous infection. The 
results found a 95.0% efficacy in preventing infection 7 days 
after second dose administration in participations, with these 
results being pivotal in the FDA granting an EUA for the 
vaccine in the US.14 On March 31, 2021, Pfizer and 
BioNTech announced a remarkable 100% vaccine efficacy in 
young adolescents after a phase 1/2/3 trial that involved the 
administration of the BNT162b2 vaccine in over 2000 adoles-
cents aged 12–15.15

Effectiveness against multiple genetic variants of SARS- 
CoV-2

The first case of a mutant variant reported in the United States 
was December 29, 2020, in Denver, Colorado. Cases caused by 
two common mutant variants of SARS-CoV-2 were initially 
arose in the United Kingdom and South Africa. Since then, 
there have been many reports of several other mutant variants 
globally. These variants have caught public attention for two 
reasons: A.) uncertainty of the vaccine coverage against these 
mutants and B.) the ability for these mutants to spread more 
rapidly. The latter has been explored by Tian et al., who 
demonstrated that the B.1.1.7 variant, which contains the 
mutation N501Y, a mutation in the spike protein that allows 
for binding to the host cell receptor angiotensin-converting 
enzyme (ACE2) showed 4 times higher binding affinity to 
ACE2 than the wild-type virus.16 This significant finding, 
among other factors, contributes to the ability of these variants 
to spread faster. As the cases of variants increase globally, a 
question that has dominated headlines was how effective cur-
rently available vaccines will be against these variants. 
Common among several variants is the N501Y mutation, a 
mutation in a gene that codes for the receptor-binding domain 
(RBD) that is selectively targeted by the BNT162b2 vaccine. In 
January 2021, Xuping et al. extracted serum from patients 
vaccinated with the BNT162b2 vaccine and measured the abil-
ity of their antibodies to neutralize variants expressing the 
N501Y mutation.17 Despite the N501Y mutation found within 
the spike protein, which is targeted by the BNT162b2 vaccine, 

this study demonstrates that there is no reduction in the 
efficacy of the BNT162b2 vaccine against mutant strain 
N501Y relative to the original strain.17 Given these findings, 
there is no current indication for the need to develop a new 
vaccine against these mutant strains. It is important to mention 
that as more mutant variants continue to be discovered, more 
research needs to be conducted to identify potential changes in 
vaccine coverage and spreading rates.

In Israel, the Pfizer vaccine efficacy was determined in indivi-
duals ages 16 and up, a population of approximately 6.5 million 
people. The goal was to approximate the efficacy of the two-dose 
regimen. The authors interpreted data from January 24 to April 
23, 2021. Within this time, there were 232,268 infections, 7694 
hospitalizations, 4481 critical hospitalizations, and 1113 deaths. By 
April 3, 2021, 72.1% of individuals in this age group had received 
both Pfizer vaccine doses. Additionally, infected individuals were 
tested for the prevalence of variant strains. Of these samples, 
94.5% were the B.1.1.7 variant. The authors concluded that the 
B.1.1.7 variant was the predominant strain in Israel. After both 
doses were administered, the data showed that the Pfizer vaccine 
was effective in all ages for asymptomatic and symptomatic infec-
tion, hospitalization, and death, including infections with the 
B.1.1.7 variant. In individuals above the age of 16, the vaccine 
was 95.3% effective in preventing infection, 91.5% for asympto-
matic infections, 97.0% for symptomatic infections, 97.2% for 
hospitalizations, 97.5% for critical hospitalizations, and 96.7% 
effective in preventing death. Critical hospitalizations were 
defined as situations requiring the use of a mechanical ventilator 
or the occurrence of organ failure. There were zero deaths in 
individuals 16–44, and the mortality incidence rate was 0.1 out 
of 100,000 persons per day. This showed that the two-dose Pfizer 
vaccine was effective in preventing asymptomatic and sympto-
matic infection, hospitalization, and death in regard to SARS- 
CoV-2 as well as the B1.1.7 variant.18,19

A booster, or third dose, of the vaccine was approved for use 
in patients over 60 in Israel on July 30, 2021. The immuno-
genicity of the booster was analyzed by Bar-On et al. and 
showed a lower rate of infection in participants receiving the 
booster. Additionally, incidence of severe infection was 
decreased by a factor of 19.5 in the booster group.20 The safety 
profile was also similar to the already reported systemic reac-
tions in previous clinical trials, with preliminary results show-
ing no increased risk of adverse events or systemic reactions 
caused by the third booster dose.21

Efficacy of Pfizer vaccine on B.1.617.2 strain

The first case of infection caused by the Delta variant, 
B.1.617.2, was reported in India in October 2020.22 This 
mutant variant has been dubbed the “Double Mutant” because 
of two mutations found in the RBD. Research has suggested 

Table 1. Pfizer-BioNTech efficacy against variant of concern: Delta B.1.617.218,23–25.

Variant Country Efficacy against symptomatic Infection Efficacy against severe or fatal infection

B.1.617.2 Qatar 53.5% 89.7%
United Kingdom 88.0% 93.1%
United States 75.0% 93.0%
Israel 40.5% 91.4%
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that these mutations resulted in increased binding capacity to 
the ACE2 receptor resulting in increased transmissibility. The 
impact these mutations have on current vaccines is still being 
researched; however, research in several countries has shown a 
decline in efficacy against the Delta variant, which has been 
categorized as a variant of concern by the World Health 
Organization. In Qatar, vaccine efficacy against B.1.617.2 infec-
tion was found to be 64.2% 14 days after the first dose and 
53.5% 14 days after the second dose in preventing hospitaliza-
tion and death. The vaccine was less effective in preventing 
infection but was able to prevent the worst outcomes of hospi-
talization and death.23 In the United Kingdom, there was a 
33.5% efficacy after the first dose and 59.8% efficacy after the 
second dose against the B.1.617.2 variant in preventing symp-
tomatic infection.24 In the United States, there has been further 
analysis of the B.1.617.2 variant. After two doses, there was an 
initial 88.0% protection against symptomatic infection in the 
first month and a progressive decline to 47.0% efficacy after five 
months. In the first month after vaccination, there was a 75.0% 
efficacy in preventing moderate-to-severe infection. In all ages, 
the vaccine was 93.0% in preventing hospitalization. These 
results raise the question whether the gradual decline in effi-
cacy is due to the decreasing antibody response over time or 
the mutations in the B.1.617.2 variant allowing for immune 
evasion.25 In Israel, sampling of infected patients showed a 
high prevalence of the Delta strain, and efficacy showed a 
39.0% efficacy against asymptomatic infection, 40.5% against 
symptomatic infection, 88.0% against hospitalization, and 
91.4% against severe or critical cases.18 Table 1 presents efficacy 
values for symptomatic B.1.617.2 infection and severe or fatal 
infection requiring hospitalization.

Safety profile: side effects and contraindications

Safety results from the phase III trial were obtained up to 
14 weeks after the second dose was administered to capture 
potential delayed adverse reactions. Tolerability to the vaccine, 
defined as local and immediate reactions, and systemic adverse 
effects in individuals after receiving the second dose are shown 
in Table 2. The most common local reaction reported among 
participants was mild-moderate pain at the site of injection, 
which lasted up to one week. Younger patients reported pain 
at the site of injection (83.0% after the first dose, 78.0% after the 
second) more frequently than older patients (71.0% after the first 
dose, 66.0% after the second dose).4 Systemic reactions were far 
more common in the second dose and again, more common in 
younger participants than in older patients with the most com-
mon adverse effects including fatigue, headaches, and less fre-
quently reported fever (≥38°C). Of the older adults, 39.0% 
reported headaches, 51.0% reported fatigue and 11.0% reported 
fever. Of the younger patients, 52.0% reported headaches, 59.0% 
reported fatigue and 16.0% reported fever.4 It should be noted 
that the reports of fatigue and headache were commonly 
reported among placebo participants as well (23.0% and 24.0% 
respectively).10,14 In a study published in the British Journal of 
Anesthesia, Lene H. Garvey and Shuaib Nasser discuss the 
occurrence of two anaphylactic responses seen in two National 
Health Service workers who received the BNT162b2 vaccine on 
the second day of the vaccine trial.26 The anaphylactic response 

was potentially linked to the role polyethylene glycols (PEG) 
might have played in these reactions. PEG is a component of 
the BNT162b2 vaccine and is used as an adjuvant, helping the 
body produce a stronger immune response. Anaphylactic 
responses seen in patients with PEG allergies are typically 
major systemic reactions with a rapid onset. Due to the rapid 
nature as well as the severity of the anaphylactic response 
observed in the two NHS workers, Garvey and Nasser emphasize 
that the role of PEG cannot be overlooked.

Myocarditis has been reported after administration, espe-
cially after the second dose. In adults, the prevalence of 
myocarditis was 3.5 cases per 1 million doses. When dis-
cussing vaccines, a risk and benefit analysis is always neces-
sary and the FDA and CDC determined the efficacy of the 
vaccine in preventing hospitalization and mortality offset the 
increased risk of myocarditis.27 Another rare AE reported 
was Bell’s Palsy. Bell’s Palsy has previously been associated 
with administration of other viral vaccines, in addition to 
SARS-CoV-2. Renoud et al. compared this to cases of Bell’s 
Palsy associated with other viral vaccines and did not find an 
increased or disproportionate risk of contracting Bell’s Palsy 
with the Pfizer-BioNTech vaccine.28 As the vaccine distribu-
tion increases globally, the adverse effects should continue to 
be carefully monitored. Contraindications to the BNT162b2 
vaccine, as highlighted in FDA guidelines include those with 
known severe allergic reactions to any components of the 
Pfizer-BioNTech vaccine.27

Administration

According to FDA guidelines, the BNT162b2 vaccines are 
administered as a series of two intramuscular (deltoid) injec-
tions of 0.3 mL separated by 3 weeks.27 The BNT162b2 vac-
cines are distributed in thermal containers in dry ice. Once 
received, according to FDA storage guidelines, vials may be 
stored in ultra-low temperature freezers −80°C to −60°C for up 
to six months or in common hospital freezers between −25°C 
and −15°C for up to two weeks. If needed, vials may be kept in 
special transport thermals for up to 30 days (refilled every 
5 days with dry ice). Vials may be thawed at room temperature 
(25°C) for no more than 2 hours or thawed in refrigerators (2° 
C-8°C) for no more than 5 days.27

Table 2. Tolerability and systemic adverse effects experienced by Pfizer vaccine 
recipients after second dose10.

Individuals 
18 to 55

Individuals 
55 and older

Mild to 
moderate

Severe (symptoms 
prevent daily 

activity)
Mild to 

moderate

Severe (symptoms 
prevent daily 

activity)

Tolerability (Local and immediate reactions)
Injection 

Site 
Pain

76.6% 1.2% 65.7% 0.5%

Erythema 5.4% 0.5% 6.8% 0.5%
Swelling 5.9% 0.3% 7.3% 0.2%

Systemic Reactions
Headache 48.5% 3.2% 38.4% 0.5%
Fatigue 54.8% 4.6% 47.7% 2.8%
Myalgia 37.3% 2.2% 27.8% 1.0%
Vomiting 1.7% 0.2% 0.6% 0.1%
Fever 30.2% 1.2% 21.5% 0.3%
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According to the FDA, the full list of ingredients of the 
BNT162b2 vaccine includes: mRNA, lipids, potassium chlor-
ide, monobasic potassium phosphate, sodium chloride, dibasic 
sodium phosphate dihydrate, and sucrose.27

Moderna COVID-19 vaccine (mRNA-1273)

Development

Moderna was one of the first pharmaceutical companies to 
pledge to develop a vaccine against COVID-19. On February 
7, the first batch of the Moderna vaccine was developed and 
ready to use for analytical testing. The NIH was an early 
proponent of the mRNA-1273 vaccine, given that it worked 
in collaboration with Moderna in investigating the mRNA 
sequence for COVID-19 virus.29 On March 16th, the first 
patient in Phase 1 clinical trials was dosed with the mRNA- 
1273 vaccine. One month later, BARDA announced a grant of 
up to $483 million to accelerate the development of the vac-
cine. On May 1, Moderna in collaboration with Lonza 
announced a strategic partnership to develop around 1 billion 
mRNA-1273 vaccine doses per year. On May 12, Moderna 
received the FDA Fast Track designation for mRNA-1273, as 
the global need for a vaccine increased. Vaccine trial results 
were published in the New England Journal of Medicine and 
were well received internationally. After positive results from 
the Phase 1 and Phase 2 trials, BARDA continued their sup-
port, and Phase 3 trials of the mRNA-1273 vaccine began on 
July 26, 2020. Moderna signed an initial supply agreement with 

the U.S. government to provide the first 100 million doses of 
mRNA-1273 vaccine. After the first analysis of the Phase 3 trial 
was released on November 16, 2020, it was determined that the 
Moderna vaccine has a longer shelf life at refrigerated tem-
peratures. This finding was significant, as it positively influ-
enced the logistics of distributing the vaccine. On November 
30th, 2020, Moderna filed for Emergency Use Authorization 
with the U.S. FDA, and received approval shortly after.29

The U.S. CDC Advisory Committee on Immunization 
Practices has recommended the use of the Moderna vaccine 
in individuals 18 years and older. Adolescents were 
included in the Phase 2/3 trials, and results are yet to be 
published. In the meanwhile, the Moderna mRNA-1273 
vaccine is currently undergoing Phase 1/2 trials in Japan, 
led by Takeda Pharmaceutical Company. In recent months, 
clinical data suggesting that there are new variants of 
COVID-19 has emerged. On January 25, 2021, Moderna 
published results from in vitro neutralization studies from 
sera from infected individuals indicating that the vaccine 
has activity against variants identified in the U.K. and the 
Republic of South Africa.29 On May 10, 2021, the FDA 
granted approval for the emergency use of Moderna vaccine 
in adolescents between 12 and 18 years of age.10

Figure 2 explains the developmental milestone of the 
Moderna mRNA vaccine. The duration of time from the start 
of Phase 1 trials to FDA approval for the Moderna vaccine was 
approximately 9 months. Prior to the initiation of clinical trials, 
the NIH and Moderna worked in tandem to finalize the mRNA 
sequence for COVID-19. Phase 1 and Phase 2 study subjects 

Preclinical Stage

•January 13, 2020: The NIH and Moderna's Infectious Disease team finalized the 
mRNA-1273 sequence.

•March 04, 2020: The FDA completed review of IND filed by NIH for mRNA-1273 
and granted permission to proceed to clinical trials.

Phase 1/2

•The NIH announced that Emory University would begin enrolling healthy adult 
volunteers from ages 18 to 55 years in Phase 1, and then added age cohort of 56 and 
above.

•Moderna announced positive Phase 1 data for mRNA-1273.
•Cohort of younger adults and sentinel group of older adults enrolled in Phase 2.

Phase 3

•July 2020: Phase 3 study begins in collaboration with NIH and BARDA.
•December 31 2020: Interim safety and primary efficacy results from Phase 3 COVE 
study of mRNA-1273 vaccine were published in New England Journal of Medicine.

Emergency 
Authorization of 

Vaccine Use

•November 2020: Moderna announced primary efficacy analysis of Phase 3 COVE 
study and filed for Emergency Use Authorization with the FDA.

•December 18: FDA authorizes use of mRNA-1273 for individuals 18 or older.

Figure 2. Timeline of Moderna’s mRNA-1273 vaccine development for COVID-19.11,27
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included healthy adult volunteers from ages 18–55. After 
Moderna published primary efficacy results of Phase 3 studies 
in late November, the FDA announced emergency use author-
ization shortly thereafter.11,29

Mechanism of action

The Pfizer and Moderna vaccine both use mRNA technology 
and are considered to have similar mechanisms of action.30 

This mechanism is discussed on page 5.

Efficacy

The Moderna mRNA-1273 vaccine is 94.1% effective at pro-
tecting against symptomatic COVID-19 after administration of 
the second dose. The vaccine’s efficacy in the age cohort of >65 
appears to be slightly lower, at 86.4%. There were no significant 
differences in efficacy across ethnic and racial groups. The 
Phase 3 COVE trial was selected for cohorts that have risk 
factors to severe COVID-19 infection such as chronic lung 
disease, cardiac disease, severe obesity, liver disease, or infec-
tion with human immunodeficiency virus. The trial enrolled 
30,240 volunteers. Participants were randomly assigned to 
either the control group or to receive two doses of mRNA- 
1273. Symptomatic illness was confirmed in 185 participants in 
the control group, whereas it was confirmed in 11 participants 
in the vaccinated group. Vaccine efficacy was 94.1% in this 
study. Serious adverse effects were rare, with incidence being 
similar in both the control and vaccinated group. Overall, the 
COVE trial provides evidence of efficacy among adult trial 
participants against COVID-19.31

Effectiveness against multiple genetic variants of SARS- 
CoV-2

Recent reports about variants in the United Kingdom (B.1.1.7 
lineage) and in South Africa (B.1.351 lineage) raised concerns 
about these new variants evading the Moderna vaccine.32 This 
led Moderna researchers to investigate the efficacy of the vac-
cine against new variants. Serum neutralizing activity was 
evaluated against the B.1.1.7 and B.1.351 variants. Results 
indicate that the vaccine maintains its neutralizing activity 
against the B.1.1.7 variant. However, a decrease in titers of 
neutralizing antibodies was reported against the B.1.351 var-
iant. Protection against the B.1.351 variant by the Moderna 
mRNA vaccine remains to be seen.32

Efficacy of Moderna vaccine on B.1.617.2 (Delta) strain

There are currently limited studies on the effectiveness of the 
Moderna vaccine against the Delta lineage of SARS-CoV-2. 
One published study found that the Delta strain is 6.8-fold 
more resistant to neutralization by sera from individuals who 
have received both doses of the vaccine. Overall, all vaccinated 
individuals were able to neutralize the Delta strain by the time 
of the conclusion of the study. Further studies investigating the 
effectiveness of the Moderna vaccine on the Delta and other 
emerging strains will be beneficial for the vaccine 
manufacturer.33 A study performed by the Mayo Clinic 

Health System investigated the efficacy of the Moderna vaccine 
against the Delta variant. This study was conducted from 
January to July 2021, in which individuals infected with the 
Delta variant in geographic areas that Mayo Clinic locations 
covered increased sevenfold. The study, which has not been 
peer-reviewed at this time, suggests that the Moderna vaccine 
efficacy against the Delta variant is 76.0%. Despite reduced 
efficacy against acquiring infection, the vaccine is maintaining 
90.0–95.0% efficacy against hospitalization and death across all 
publicly available studies.34

Safety profile: side effects and contraindications

The safety profile of the Moderna vaccine was and is continu-
ously being assessed by monitoring local and systemic adverse 
events for 7 days after each injection, adverse reactions 28 days 
after each reaction, and adverse reactions leading to disconti-
nuation from a dose. Medically related adverse effects will 
continue to be monitored through day 759. Local adverse 
effects were identified as pain, erythema, swelling, and lympha-
denopathy. Systemic adverse effects were identified as fever, 
headache, fatigue, myalgia, arthralgia, nausea/vomiting, and 
chills.31 As per study results, local adverse events at the injec-
tion site occurred significantly more frequently in the mRNA 
group compared to the placebo group. Similarly, systemic 
adverse events occurred more frequently in the mRNA group 
after dose 1 and dose 2 when compared to the placebo group. 
Moderate-to-severe systemic side effects such as fever, myalgia, 
and arthralgia were noted in about 50.0% of study participants 
in the mRNA vaccine group after the second dose. However, 
these systemic side effects were resolved within day 2 after 
receiving the vaccine.

A severe or immediate allergic reaction such as urticaria, 
lymphedema, respiratory distress, or anaphylaxis after a pre-
vious dose or to an mRNA component of the Moderna vaccine 
serves as a contraindication.31

Adverse effects of the second dose of the Moderna vaccine 
are contrasted between the two age groups shown in Table 3. 
These adverse effects include local and immediate reactions, 
including injection site pain, erythema, swelling, and systemic 
adverse effects including headache, fatigue, myalgia, nausea, 
and fever.20

Administration

The Moderna vaccine is administered through an intramuscu-
lar (IM) injection in the deltoid muscle. The dosage per injec-
tion is 0.5 mL and is scheduled as a 2-dose series separated by 
28 days. Each vial contains 10 doses, and it is imperative to not 
mix with a diluent or combine residual vaccine from different 
vials. The vaccine must be initially delivered in a freezer or 
refrigerator at a temperature between −13 and 5°F. Vaccine 
vials then may be stored in a refrigerator at a temperature 
between 36 and 46°F for up to 30 days before the vials are 
punctured. Unpunctured vials may be held at room tempera-
ture between 46 and 77°F for up to 12 hours.35 Ingredients 
include mRNA, lipids, tromethamine, acetic acid, sodium acet-
ate trihydrate, and sucrose.35
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Johnson & Johnson SARS-CoV-2 Vaccine

Development

The emergence of the novel coronavirus disease prompted a 
rapid response from major pharmaceutical companies. 
Johnson & Johnson pledged over $1 billion toward the develop-
ment of a vaccine in conjunction with the Biomedical Advanced 
Research and Development and the U.S. Department of Health 
and Human Science. On March 30, 2020, a lead vaccine candi-
date was announced. The vaccine was designed with AdVac 
technology previously used by Johnson & Johnson for the devel-
opment of an Ebola vaccine during the West Africa Ebola 
epidemic.36 In July 2020, Phase I and II trials were combined 
as part of an accelerated vaccine development timeline to assess 
vaccine safety and determine the appropriate dosage with parti-
cipants from the United States and Belgium. After Phase I/IIa 
trials were completed, Phase III officially started September 27, 
2020, with 44,325 participants from several countries, including 
the U.S., Brazil, and South Africa. Preliminary outcomes to 
determine the efficacy of the vaccine have been published as of 
February 9, 2021, with researchers evaluating the prevalence of 
moderate and severe infection after 14 and 28 days of vaccine 
administration.37

After preliminary Phase III results were released, the U.S. 
Food and Drug Administration unanimously approved an 
Emergency Use Authorization for the Johnson & Johnson 
vaccine to be used in the United States. This would be the 
third vaccine approved for use in the U.S., following the Pfizer 
and Moderna two-dose regimen vaccines. As of May 2021, the 
Johnson & Johnson vaccine is being manufactured on a wide 
scale and doses are being administered to eligible individuals.38

Globally, the Johnson & Johnson vaccine has also been 
approved for use. South Africa began the administration of 
the vaccine on February 17, 2021. South Africa approved the 
Johnson & Johnson vaccine earlier due to the emergence of a 
more contagious variant of COVID-19, the South African 
variant 501.V2. The South African government initially had 
purchased AstroZeneca’s vaccine, but early trials showed that 
the AstraZeneca vaccine did not provide the same level of 
protection against mild, moderate, and severe coronavirus 
infection that the Johnson & Johnson vaccine did. Key aspects 
of the Johnson & Johnson vaccine that allowed for its rapid 
approval were that it is only required as a single-dose and could 

be stored at higher temperatures than its competitors, allowing 
for easier implementation in rural and underdeveloped com-
munities that do not have access to the freezers and technology 
required to store mRNA vaccines.39 Bahrain was the next 
country to authorize its use on February 25, 2021, approving 
vaccination for individuals 65 or older and those with preexist-
ing conditions.40

Johnson & Johnson officially announced a lead candidate 
for their vaccine using an adenovirus vector. Phase 1 and 2 
started in July 20202 and were combined to determine safety 
and dosage in the United States and Belgium. Phase 3 started 
September 7, 2020, with the goal of determining vaccine effi-
cacy. Phase 3 was the Ensemble trial and approximately 44,000 
individuals participated. In February 2021, the U.S. FDA issued 
an emergency use authorization of the Johnson & Johnson and 
vaccine administration began, with this timeline being shown 
graphically in Figure 3.22

Table 4 summarizes the key clinical trials for the Pfizer, 
Moderna, and Johnson & Johnson vaccines and includes the 
timeline for Phase 3 clinical trials and the approval of an 
Emergency Use Authorization for each vaccine by the US 
Food and Drug Administration.

Mechanism of action

The Johnson & Johnson (Janssen) Vaccine is a product of a 
recombination and replication-incompetent human adeno-
virus type 26 vector that expresses the SARS-CoV-2 spike 
antigen. The adenovirus is normally responsible for symptoms 
similar to the common cold and serves as the viral vector. 
Adenovirus type 26 is a naturally occurring virus and occurs 
in low prevalence in humans. Without replication, the virus is 
unable to propagate within its host. A replication gene is 
deleted in the vaccine, so it is incapable of replicating within 
humans and causing infection. As a result, it is an appropriate 
method to deliver genetic material encoding the spike antigen 
into human cells. The spike (S) antigen is what is responsible 
for the immune protection offered by the vaccination. 
Protective antibodies are produced and protected from future 
infection.28 An immune response is mounted against the S 
antigen and results in a vaccine-induced antibody response 
against the spike protein in SARS-CoV-2.41

Table 3. Tolerability and systemic adverse effects experienced by Moderna vaccine recipients after second dose35.

Individuals 18 to 64 Individuals 65 and older

Mild Severe (resulting in debilitating symptoms) Mild Severe (resulting in debilitating symptoms)

Tolerability (Local and immediate reactions)
Injection Site Pain 90.1% 4.6% 83.4% 2.7%
Erythema 9.0% 2.0% 7.4% 2.1%
Swelling 12.6% 1.7% 10.8% 1.9%

Systemic Reactions
Headache 62.8% 5.0% 46.4% 3.0%
Fatigue 67.6% 10.6% 58.4% 6.9%
Myalgia 61.3% 10.0% 46.9% 5.6%
Nausea 21.3% <0.1% 11.8% 0.3%
Fever 17.4% 1.6% 10.2% 0.5%
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Efficacy

Currently, Johnson & Johnson vaccine is in a Phase 3 trial, 
entitled “Ensemble,” determining the efficacy of the single- 
dose regimen. “Ensemble II” is also undergoing to evaluate 
the efficacy of the vaccine in a dual-dose regimen, but 
results are not expected until late 2021.42 Ensemble is a 
randomized, double-blind, and placebo-controlled study 
including participants from the United States, South 
Africa, Mexico, Brazil, Peru, Argentina, Colombia, and 
Peru. Of 44,325 participants, all individuals above the age 
of 18 were included, and outcomes will be measured span-
ning 2 years. Researchers are evaluating the efficacy of the 
vaccine in preventing moderate and severe infections. 
Moderate infection is defined as a respiratory rate less 
than or equal to 20 breaths per minute, pneumonia, short-
ness of breath, difficulty breathing, fever, sore throat, and 

chills. Severe infection is defined as respiratory failure, 
presence of shock, intensive care unit admission, organ 
failure, and death.37

For protection against moderate infection, efficacy was 66.9% 
14 days after vaccination and 66.1% 28 days after vaccination. 
Against severe infection, efficacy was 76.7% 14 days after vaccina-
tion and 85.4% 28 days after vaccination. Primary outcomes were 
released on January 5, 2021, and there were no COVID-19 asso-
ciated hospitalizations or deaths in participants who received the 
Johnson & Johnson vaccine. Researchers also found no differences 
in safety and efficacy in different age groups.36

Primary vaccine trial data from Ensemble showed that vac-
cine was approximately 66.0% effective in the prevention of 
moderate infection 14 and 28 days after vaccine administration. 
The vaccine was approximately 80.0% effective in preventing 
severe infection 14 and 28 days after vaccine administration.43 

Preclinical Stage

•January 2020: Johnson & Johnson commits $1 billion to the deve lopment of a SARS-
CoV-2 vaccine in conjunction with the BARDA and the U.S. Department of Health 
and Human Science

•March 30, 2020: A lead vaccine candidate is announced using a genetically modified 
adenovirus vector.

Phase 1/2a

•Combined Phase 1 and 2 trials to determine safety and dosage
•July 20, 2020: Phase 1/2 trial begins with participants in the U.S. and Belgium. 

Phase 3

•Evaluation of vaccine efficacy
•September 7, 2020: Ensemble Study of approximately 44,000 part icipants begins.
•April 21, 2021: Phase 3 efficacy data released.

Emergency 
Authorization of 

Vaccine Use

•February 2021: U.S. FDA isssues emergency use authorization of the Johnson & 
Johnson Vaccine in and vaccine adm inistration in the U.S. begin s. 

Figure 3. Timeline of Johnson & Johnson vaccine development for COVID-19.37,38

Table 4. Summary of key clinical trials for Pfizer, Moderna, and Johnson & Johnson SARS-CoV-2 Vaccines9,29,38.

Key clinical trials for Pfizer, Moderna, and Johnson & Johnson vaccine candidates

Pfizer–BioNTech mRNA COVID-19 Vaccine 
BNT162b2

● Phase 3 trial began July 27, 2020, with over 43,000 participants and concludes November 18, 2020.
● Results show 95.0% efficacy against serious COVID-19 infection, defined as requiring hospitalization.
● FDA approved Emergency Use Authorization (EUA) for Pfizer vaccine on December 11, 2020.
● Full FDA approval for vaccine in the US on August 23, 2021.

Moderna mRNA-1273 COVID-19 Vaccine ● Phase 3 trial began July 2020, called the COVE study.
● The COVE trial showed 94.1% efficacy in protecting against symptomatic infections and showed no deviation in 

cohorts with risk factors for severe COVID-19 infections.
● FDA approves EUA for Moderna vaccine on December 18, 2020.

Johnson & Johnson Adenovirus Type 26 
COVID-19 Vaccine

● Ensemble Phase 3 trial began September 7, 2020, with 44,000 participants.
● Ensemble trial shows 66.1% protection against moderate COVID-19 infection and 85.4% protection against severe 

infection with no hospitalizations or deaths in participants.
● FDA approves EUA for Johnson & Johnson vaccine on February 27, 2021.
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In the phase III study, 39,321 participants were given the 
Johnson and Johnson vaccine or a placebo in an international, 
randomized, and double-blind trial. The study assessed preven-
tion of moderate-to-severe infection within 14 and 28 days of 
vaccine administration. Within 14 days, there was 66.9% efficacy 
in preventing moderate infection and 66.1% efficacy within 
28 days. Protection against critical infection was 76.7% within 
14 days and 85.4% within 28 days.44 These results show that the 
vaccine is effective in preventing the most serious outcomes, 
which are admission into the ICU and death.45 This is important 
because the onset of coronavirus pandemic had overwhelmed 
hospitals globally. Preventing moderate and severe infections 
would reduce the number of hospitalizations and reduce the 
burden of COVID-19 on the healthcare infrastructure.

Effectiveness against multiple genetic variants of SARS- 
CoV-2

The Johnson & Johnson phase 3 trial occurred later than 
Moderna’s and Pfizer’s. As a result, results were able to evaluate 
the efficacy of the vaccine to new variants of SARS-CoV-2. In 
South Africa, a new and more contagious variant entitled 501Y. 
V2 has been discovered. 501Y.V2 is a variant of the B.1.351 
lineage. In the Ensemble study by Johnson & Johnson, various 
strains were identified in COVID-19 positive participants. In 
the United States, 96.4% of COVID-19 infections were due to 
the original Wuhan-H1 variant D614G. In Brazil, 69.4% were 
from the P.2 lineage and 30.6% were due to Wuhan-H1 
D614G. In South Africa, 94.5% of variants identified were 
501Y.V2. These results show the evolution of the pandemic 
due to multiple genetic variants and the necessity of emerging 
vaccines to be effective against different variants. In the US and 
Brazil, efficacy was similar to the initial study at approximately 
66.0% against moderate infection and 80.0% against severe 
infection. However, the vaccine efficacy on the South African 
variant was only 52.0% after 14 days and 73.1% after 14 days. 
For severe infection, efficacy was 64.0% after 14 days and 81.7% 
after 28 days. These results are important as South Africa has 
adjusted their vaccine implementation and focus toward the 
Johnson & Johnson vaccine to combat the 501Y.V2 variant.43 

In terms of neutralizing antibodies and immunogenicity of the 
vaccine, preliminary studies by Johnson & Johnson show there 
is a 1.6-fold reduction in neutralizing antibodies to the Delta 
variant, but there is still strong evidence the vaccine can 

prevent hospitalization and death, which are the most impor-
tant goals of vaccination.46,47 These preliminary studies cur-
rently show that the single-dose vaccine efficacy is high in 
preventing mortality due to the Delta variant despite lower 
neutralizing antibody levels.

Safety profile: side effects and contraindications

Contraindications to the Johnson & Johnson vaccine include 
individuals with a known history of a severe allergic reaction to 
the ingredients of the vaccine. There is not enough data to 
guide the administration of the vaccine to pregnant women.48

Local adverse reactions were measured in a cohort of vac-
cine recipients, with 2,036 individuals ages 18 to 59 and 1,320 
individuals ages 60 and above. Table 5 shows the prevalence of 
local adverse reactions and whether mild symptoms were 
experienced or severe symptoms were expressed in each age 
group. In this group, only one serious adverse event was 
recorded, with one patient experiencing a hypersensitivity 
reaction to the vaccine, resulting in facial swelling with no 
other debilitating symptoms.49 The most common side effect 
was injection site pain. Thrombotic events were also studied in 
vaccine recipients. There were six thrombotic events recorded, 
occurring as a deep vein thrombosis. However, further analysis 
suggested that these events were not related to the Johnson & 
Johnson vaccine.36

Adverse effects experienced by recipients of the Johnson 
& Johnson vaccine are listed in Table 5, with the majority 
of individuals aged over 18 experiencing local and immedi-
ate reactions such as injection site pain, erythema, swelling, 
and systemic reactions including headache, fever, fatigue, 
and myalgia. These symptoms were reported to be mild in 
most participants, with less than 1% of the cohort experi-
encing debilitating symptoms that impeded the ability to 
carry out daily tasks or required hospitalization.23 

Additional serious AEs have also occurred. The FDA has 
issued changes to the EUA fact sheet warning of the poten-
tial but rare risk of Guillain-Barré syndrome (GBS) and 
thrombosis with thrombocytopenia syndrome (TTS). In 
the US, as of September 15, 2021, over 15 million doses 
have been administered, and there have only been 47 con-
firmed cases of thrombosis with thrombocytopenia syn-
drome. This is a rare occurrence noted in women under 
the age of 50. Relative to the mRNA vaccines, significant 

Table 5. Tolerability and systemic adverse effects experienced by Johnson & Johnson vaccine recipients43.

Individuals 18 to 59 Individuals 60 and older

Mild Severe (resulting in debilitating symptoms) Mild Severe (resulting in debilitating symptoms)

Tolerability (Local and immediate reactions)
Injection Site Pain 58.6% 0.4% 33.3% 0.2%
Erythema 9.0% 0.3% 4.6% 0.1%
Swelling 7.0% 0.2% 2.7% 0.2%

Systemic Reactions
Headache 44.4% 0.9% 30.4% 0.4%
Fatigue 43.8% 1.2% 29.7% 0.8%
Myalgia 39.1% 1.4% 24.0% 0.2%
Nausea 15.5% 0.1% 12.3% 0.2%
Fever 12.8% 0.3% 3.1% 0.1%
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risk of developing myocarditis has not been reported.50 

Guillain-Barré syndrome (GBS) is a neurological disorder 
that has been reported as a post-vaccine complication of 
the Johnson & Johnson vaccine. According to the CDC 
Vaccine Adverse Events Reporting System, 7.8 GBS cases 
per million vaccine doses were found in males and females. 
Similar to the myocarditis risk seen in mRNA vaccines, the 
CDC determined the possible benefits of the vaccine in 
preventing hospitalization and mortality was more signifi-
cant than the risk of developing TTS or GBS.51

Johnson & Johnson vaccine administration halt in the 
United States

On April 13, 2021, the administration of the Johnson & 
Johnson vaccine was halted due to the incidence of cerebral 
venous sinus thromboses (CVST). There were six reported 
cases, all women ages 18 to 48, and all had received the 
Johnson & Johnson vaccine 6 to 13 days before the onset of 
CVST symptoms. The FDA advised a halt in vaccine 
administration while also assuring that this was an extre-
mely rare occurrence as over 7 million doses had already 
been administered in the United States. Johnson & Johnson 
vaccine administration was paused until April 23 after the 
FDA and CDC analyzed whether the vaccine did increase 
the risk for thromboses and other blood disorders and will 
continue to monitor adverse events. The FDA and CDC 
concluded that the vaccine is safe and effective, with the 
risk of CVST and thrombosis-thrombocytopenia syndrome 
being determined to be extremely low relative to the ben-
efits of receiving the vaccine.52

Administration

The key difference between the Johnson & Johnson vaccine 
from others currently being used is that it is delivered as a 
single dose. Administration occurs through an intramuscular 
(IM) injection at a dose of 0.5 mL. Each vial contains approxi-
mately 5 doses.51

Vaccine vials can also be stored in refrigerators at higher 
temperatures, unlike the Pfizer and Moderna vaccines. 
Punctured multi-dose vials are stored at 36 to 46°F and 
unpunctured vials can be stored at 47 to 77°F for up to 
12 hours. After the first puncture of the vial, it should be stored 
at 36 to 46°F for up to 6 hours or at room temperature, 77°F, 
for up to 2 hours. Vials should be thrown away if they are not 
used within this window.51 The vaccine ingredients are com-
posed of citric acid monohydrate, trisodium citrate dihydrate, 
ethanol, 2-hydroxypropyl-β-cyclodextrin, polysorbate-80, and 
sodium chloride. No preservatives, eggs, or latex have been 
added to the formulation.51

Conclusion

Throughout this article, data including the efficacy, mechanism 
of action, administration, safety, and development of the three 
vaccines currently in use in the US were reviewed and sum-
marized. Pfizer and Moderna shared many commonalities 
including efficacy, with both companies demonstrating the 

efficacy of approximately 95.0% in preventing infection during 
early clinical trials. Mechanisms of actions and administration 
were also a common point, with both companies delivering 
two separate doses of mRNA vaccines to develop an immune 
response. The Johnson and Johnson vaccine was shown to have 
significantly lower efficacy than both Pfizer and Moderna in 
preventing infection with approximately 66.0% efficacy. The 
Johnson and Johnson vaccine also differed from Pfizer and 
Moderna in that it did not utilize mRNA technology, rather 
involving the single-dose administration of a mutated adeno-
virus to replicate an immune response to the virus. The efficacy 
of all three vaccines against variants, especially the emerging 
variant must be a topic of further research, as it could elucidate 
a need for additional dose administration. All three vaccines 
have very high effectiveness in preventing hospitalization and 
death, which are the most important goals of vaccination. The 
swift response of pharmaceutical companies to the COVID-19 
pandemic cannot be undermined and as vaccine distribution 
increases globally, the fight against a virus that has taken nearly 
millions of lives looks to finally be tilting in humanity’s favor.
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