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ABSTRACT

Almost a year after the worldwide appearance of the
coronavirus (SARS-CoV-2), several novel vaccines of
diverse platforms have been successfully developed
and administered. Two mRNA vaccines represented
a new type of vaccine that comprised of synthetic
mRNA molecules containing the code sequence
necessary to build the SARS-CoV-2 spike protein.
These mRNA vaccines almost single handedly
carried the brunt of the US COVID-19 immunization
strategy during the past three years. The known and
potential benefits of COVID-19 vaccination outweigh
the risks and adverse complications. The ongoing
COVID-19 pandemic has stimulated unprecedented
research on aspects of the vaccines’ ability to reduce
the risk of severe infection and death. Likewise, basic
immunological studies are pivotal to unraveling
the potential and long-term effects of the vaccines
as well as to be able to make adjustments to new
vaccine development. As the circulating virus strain
continues to evolve, updated vaccines will be critical
to protecting the population, particularly the elderly
and immune compromised.
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INTRODUCTION

Going into the fourth year of COVID-19, vaccination
has become the vanguard of protective measures to
manage the disease, as many countries in the world
have all but given up on mass mitigation schemes
such as masking, regular testing, lockdowns and
other government mandates. The initial vaccines
released in the fall of 2020, both adenovirus and
mRNA vaccine platforms, displayed a remarkable
efficacy in preventing severe infections requiring
hospitalizations and  deaths.[1]  Presently, the
population’s immune situation is vastly different from
what it was in 2019 when SARS-CoV-2 first emerged,
most people now have been vaccinated against the
virus, been infected with it (once or several times),
or both. What we do recognize now is that immune
responses do build up, but primarily against getting
significant or severe infection and not against getting
reinfected in the future. It is clear that for many, if
not most, people, COVID-19 no longer carries the
same risks of adverse outcomes as it did in the early
months of the pandemic. It is vital for all of us to be
fully aware that we are entering a new phase of this
global outbreak, but it is a little bit too early to call
that the pandemic is behind us and that it is time to let
go of caution and resume prepandemic life. We have
to realize that even though cases of COVID-19 are
still lower or milder compared to earlier years, it is still
quite disruptive, can lead to longerterm post-COVID
symptoms, and is very much a risk for those who do
not have the same intact immune systems as others.

Bivalent Covid-19 Vaccine With a Caveat

A couple of years after the start of COVID-19
vaccination, our frenzy for the COVID-19 vaccines
has been restrained for two reasons. Firstly, the
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safeguard against infection for the original strain
of SARS-CoV-2 the vaccines were intended for had
decreased heavily, and many people were susceptible
to reinfection only months later. Secondly, virus
mutations emerged and spread much more rapidly
than most expected, resulting in little protection
against newer mutated SARS-CoV-2 strains. A
specific new variant, called Omicron, was detected
in late 2021.[2] The Omicron variant contained
an alarming number of mutations found mostly in
the spike protein of the virus, which is the primary
target of neutralizing antibodies. Public health
officials were worried that the variant strain posed
a serious threat fo the efficacy of existing COVID-19
vaccines and commercially available monoclonal
antibody preparations. Given the ability to use
mRNA technology to respond quickly to the Omicron
variant, bivalent vaccines were planned and created
to counter this threat. Last October 2022, Pfizer and
Moderna started rolling out the new bivalent vaccine
containing equal amount of mRNA directed against
the original or ancestral strain of SARS-CoV-2 and
the Omicron subvariants (BA.4 and BA.5).[3] The
US Food and Drug Administration (FDA) authorized
the bivalent vaccines with an understanding that they
would target Omicron subvariants BA.4 and BA.5,
which at that time had accounted for more than 95%
of circulating SARS-CoV-2 strains.

Recent studies from the Columbia and Harvard
universities found that the updated bivalent
COVID-19 vaccine boosters intended to protect
people against arising Omicron subvariants did not
appear to provide any better protection than the
original monovalent vaccine did.[4-6] It failed to
promote higher antibody levels or a better immune
response than the original COVID-19 vaccines.
While immunization and boosting protected
vaccinated individuals from getting severely sick,
they were notimmune to COVID-19 infection. So why
are these infections occurring if the bivalent vaccine
was supposed to focus on both Omicron subvariants
better than the original COVID-19 vaccine? The
most likely explanation is due to immune imprinting
phenomenon.[7] The immune systems of individuals
immunized with the bivalent vaccines, all of whom
had formerly been vaccinated, were primed to react
to the original strain of SARS-CoV-2. Hence, the
immune response was skewed towards the epitopes
(antigenic determinants) shared by subvariants BA.4
and BA.5 and the original viral strain, rather than

to the new epitopes on both Omicron subvariants.
Moreover, an observational study of more than
50,000 Cleveland Clinic employees published
recently was conducted to assess effectiveness of
the bivalent booster vaccines against COVID-19
infection between September 2022 and March
2023.[8] It concluded that bivalent booster vaccines
were only 30% effective in preventing infection
against the Omicron subvariants. Current thinking
suggests that the immune imprinting effect could be
limited or lessened by vaccinating people either with
latest Omicron subvariants alone in a monovalent
vaccine formulation or greater quantity of the
Omicron subvariant mRNA than the original viral
mRNA in a bivalent vaccine.[9]

Effect of COVID-19 Vaccination on Long COVID

long COVID is recognized as a major health
burden after infection with SARS-CoV-2 and will
likely cause considerable global morbidity for
many years to come.[10] With a worldwide figure
of COVID-19 infections of more than 500 million
and a conservative prevalence of 20%-30%, more
than 100 million people could be currently aofflicted
by Long COVID globally. Many clinical symptoms
associated with Long COVID have been reported
that can last for months or a few years, and the
common symptoms include, but are not limited to,
extreme fatigue, cognitive difficulties, gastrointestinal
symptoms, headaches, myalgias, arthralgias, and
dyspnea. Factors such as female sex, older age,
high body mass index, severe initial disease and
comorbid conditions seem to be connected with the
risk of Long COVID.[11] Accordingly, COVID-19
vaccination may help prevent or reduce Llong
COVID by eradicating the viral reservoir lingering
in patients’ bodies and clearing viral remnants away
or by resetting dysregulated immune responses.[12]

Current research suggests that they offer significant
protection as well as possible therapeutic effects on
long COVID. Studies have consistently observed
that these vaccines could avert the new onset of
Long COVID as well as exacerbations for people
who already have the postCOVID condition.[13]
In the RECOVER (Researching Covid to Enhance
Recovery) initiative study, National Institutes of
Health researchers parsed through the electronic
health records of more than five million patients who

had been diagnosed with COVID-19 and found
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that immunization with COVID-19 vaccines reduced
the chance that they would develop Long COVID.
[14] The study investigators suggested that having
a complete round of recommended immunizations
may offer the most protection against Long
COVID. A meta-analysis of six studies published in
December 2022 found that one or more doses of a
COVID-19 vaccine were 69% successful in keeping
away symptoms of Long COVID. Furthermore, a
review published in February 2023 concluded
that a number of study results showed a significant
reduction in the incidence of Long COVID among
vaccinated patients.[10] Even a single dose of the
vaccine was found to be protective. Unfortunately,
untrue and uncorroborated assertions made by some
antivaccine groups that the vaccines themselves may
cause Long COVID continue and serve as roadblocks
to affirmative vaccination.

Myocarditis Following mRNA COVID-19
Vaccination

The accelerated development, application and
global deployment of COVID-19 vaccines based on
mRNA technology has been one of the outstanding
successes of the response to the SARS-CoV-2
worldwide outbreak. Overall, their safety profile has
been good with no serious adverse events defected
until the reports of temporally associated cases of
acute myocarditis and pericarditis after the primary
series immunization of the COVID-19 mRNA
vaccines. Reported cases were predominantly in
young adult and adolescent males after the second
dose, with the initial clinical symptom or sign
clustering in the first week after inoculation.[15]
According to the US Centers for Disease Control
and Prevention (CDC), myocarditis and pericarditis
rates are about 12.6 cases per million doses of
the second-dose mRNA vaccine among individuals
aged between 12 and 39 years. Even though the
immunopathologic process for development of this
inflammation-induced heart damage are not clear,
molecular mimicry between the freely circulating
spike protein and self-antigens (eventually causing
adverse autoimmune conditions), induction of
inflammatory cytokines (eg, IL-18 and IL-6) by the
lipid nanoparticles enveloping the fragile mRNA and
preexisting impaired immune regulatory functions
in certain individuals have been proposed.[16,17]
The bases for male predominance in myocarditis

cases are not known, but possible causes relate to
sex hormone differences in immune reaction and
myocarditis.[18] Almost all the patients had all
symptoms and signs resolved and improvement in
diagnostic markers and imaging with or without
medical care. The risk of myocarditis and pericarditis
after mRNA vaccination for COVID-19 has often
been touted as a valid reason not to vaccinate
healthy young and adolescent males against
COVID-19. However, many studies found that the
comparative risks of negative outcomes were worse
from myocarditis from COVID-19 infection and other
viral myocarditis than from vaccination in all patients
older than 12 years of age.[19]

The incidence of myocarditis and pericarditis
is two- to threefold higher after a second dose of
the Moderna COVID-19 vaccine when compared
to the Pfizer/BioNTech COVID-19 vaccine, but
the overall risk has remained exceptionally low.
Hence, previous findings support recommending
that certain populations receives certain vaccines
to maximize benefits as well as minimize possible
postimmunization adverse reactions. Of interest, the
risk of developing myocarditis and pericarditis was
found to be lower following a booster than following
a second primary dose of the COVID-19 mRNA
vaccine.[20] Three possible reasons for this have
been proposed. As a medical precaution, individuals
who were affected by myocarditis or pericarditis after
the second COVID-19 vaccine dose did not receive
a third dose. Also, the timing of vaccination may
be a factor. The first and second primary vaccine
doses were administered approximately three to
four weeks apart, but the time between the second
dose and a booster was about six to twelve months.
The greater risk associated with the Moderna mRNA
vaccines, which have a higher mRNA dose than the
Pfizer/BioNTech mRNA vaccines (100 mcg/dose
vs. 30 mcg/dose, respectively), and the Moderna
mRNA booster which had half of the mRNA content
(50 mcg/dose) of the Moderna primary series
vaccine, may be suggestive of an mRNA dose-
related mechanism.

IgG4 and mRNA COVID-19 Vaccines

Before discussing IgG4 in the context of mRNA
vaccines, it is first necessary to discern the
phenomenon known as IgG4 class switching. The
humoral part of our innate immune system shifts
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towards the IgG4 isotype after continuous or
repeated exposure to a protein antigen. A prospective
research study among beekeepers demonstrated
that initial exposure to an antigen in bee venom
(ie, phospholipase A) elicited precipitating IgG1
and IgG3 isotype antibodies. However, in about six
months of prolonged or repeated exposures, these
antibody isotypes were replaced by IgG4 antibodies
that eventually dominated the serological response.
IgG4 is also the dominant isotype after allergen
desensitization. IgG4's distinction as a blocking
antibody stems from its decreased capacity to elicit
immune system effector reactions. The development
of tolerance to allergens is an essential step in the
success of the allergy desensitization process.

Repeated doses of mRNA vaccines for COVID-19
resultinincreased proportions of anti-spike antibodies
of the IgG4 isotype.[21] IgG4 antibodies are known
to neutralize well and form mixed immune complexes
with IgG1 and IgG3 but, in a pure condition, IgG4
might be inefficientthan IgG 1 and IgG3 antibodies in
facilitating opsonization by phagocytes, complement
fixation and NK cell-dependent elimination of
infected cells. Recent studies have speculated that
the described increase in IgG4 levels detected after
repeated vaccination with mRNA vaccines may not
be a protective mechanism; rather, it constitutes
an immune tolerance mechanism to the viral spike
protein that could stimulate unopposed SARS-CoV2
infection and replication by suppressing immune
antiviral responses.[22,23]

Of interest, the absolute amount of vaccine-
induced and spike-specific IgG1 and IgG3 remained
relatively the same during those experiments.[23] In
the majority of individuals tested, both IgG 1 and IgG3
antibodies were still dominant. The real importance
and possible role of an increased frequency of IgG4
are unclear. Despite IgG4's higher levels following
repeated mRNA vaccinations, the clinical picture
remains not significantly different than when levels
are within normal limits. It appears that IgG4 is a
possible by-product of another ongoing evolutionary
process. So far, the rise in IgG4 levels has not
affected COVID-19 vaccine effectiveness. Further
studies are needed to clarify the relevance of this
finding for future mRNA-based vaccine development
and usage.

On the basis of the findings of recent peer-
reviewed studies and theoretical considerations,
future clinical research needs to evaluate the efficacy

of temporal spreading out of mRNA vaccinations,
possibly no more than once a year. Other strategies
worth investigating would be the use of smaller
quantities of mRNA for vaccine doses as well as
the use of heterologous vaccination by boosting
with non-mRNA vaccines (ie, adenovirus vector and
protein-based vaccines).

The Updated Monovalent COVID-19 Vaccines
of Fall 2023

As we head into the fall and winter seasons,
vaccines continue to be one of the most effective
and safest ways to protect ourselves against severe
COVID illness and Long COVID complications. As
the primary circulating SARS-CoV-2 strain continues
to evolve, updated vaccines remain critical to
promoting the health of the entire community and
continued protection against serious complications
of COVID-19.

Last May, the independent advisory committee
of the FDA unanimously recommended that a new
updated COVID-19 vaccine formulation offered this
fall should target a predominant strain within the
Onmicron variant family and should no longer include
a component focusing on the original strain of the
virus, as last year's fall booster did. The advisory
committee settled on XBB.1.5, which has been the
dominant subvariant in the US for much of this year.
As of September 14, 2023, the FDA approval and
the CDC recommendations apply to the mRNA
vaccines from PfizerBioNTech and Moderna. On
October 3, 2023, another vaccine from Novavax
was authorized by the FDA for emergency use,
providing us a third choice heading into the fall
and winter respiratory diseases season. Unlike the
updated mRNA vaccines, the Novavax vaccine is
a protein-based vaccination that uses an adjuvant
to spur the immune system. Recent published data
have indicated that the new updated monovalent
COVID-19 vaccines could offer additional crossover
protection against currently emerging subvariants
EG.5 (Eris), FL.1.5.1 (Fornax) and B.2.86 (Pirola).
[24,25] Considering that COVID-19 infections,
hospitalizations and deaths continue to affect the
US population and a rise in infections is expected
this fall and winter, the updated COVID-19
vaccines increase immune protection against the
currently circulating subvariants and are predicted
to prevent about 400,000 hospitalizations and
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40,000 deaths over the next couple of years.[26]
Moreover, a research group from the University of
Minnesota reported that COVID-19 vaccine-boosted
participants had the least severe symptoms during
COVID-19 which subsided the quickest over time in
comparison with unvaccinated or unboosted study
subjects.[27]

Though there is no official mandate for COVID-19
vaccination thisfall, there is a broad consensus among
doctors that those who would benefit most from the
updated COVID-19 vaccines are people aged 65
and above, as well as those who are chronically
ill, immunocompromised, pregnant or nursing
home patients. The CDC’s Advisory Committee
on Immunization Practices recommends everyone
6 months and older get the updated COVID-19
mRNA vaccines to protect against potentially serious
outcomes of COVID-19 illness this fall and winter. On
the other hand, the Novavax's updated vaccine is
only approved for adolescents and adults (12 years
and older). The universal recommendation comes as
COVID-19 cases, hospitalizations and deaths are
mounting up, but still remaining much lower than
the levels we had experienced through most of the
COVID-19 outbreak. Many believe that the decision
of whether to vaccinate against COVID-19 should
be based upon the individual’s age, other medical
problems, relative risk from vaccines, how much and
what type of COVID-19 is in the community, and the
patient’s and family’s preference. Hence, it is now
basically an individual choice.

A recent vaccine monitoring survey found that
nearly half of US adults will definitely or probably
get the updated monovalent COVID-19 vaccine,
a pattern that is higher than previous booster
campaigns but lower than the initial primary series
vaccination rollout.[28] Despite solid vaccination
infentions for adults, most parents are not planning
to have their children vaccinated against COVID-19,
despite a universal recommendation from the CDC
and the American Academy of Pediatrics. Fewer

than four in ten parents said they will have their
children vaccinated against COVID-19.

Many concerned medical experts say that several
continuing developments are behind the push for
another round of immunization against COVID-19.
[29] First, COVID-19 continues to be one of the most
significant respiratory diseases in the US. Although
the pandemic was announced to be over last May,
the numbers of severe cases and hospitalizations
have been slowly increasing in recent months.
Second, critical spike protein mutations in the
new variants could lead to immune escape from
protection that had been gained through previous
vaccinations and infections. The majority of the
US population has some immunity due to previous
vaccinations or infection, but new variants have
emerged, and hospital admissions are likely to
increase this fall and winter. And lastly, the immune
response from previous inoculations and infections
declines over time. Regardless of the CDC's recent
universal recommendations, not all experts believe a
new updated COVID-19 vaccine will be necessary
for everyone every year, particularly young healthy
people who have been previously fully vaccinated
or having recovered from infections. Through a
combination of the fact that many people now have
some levels of immunologic protection and the fact
that the Omicron subvariants as a group do not seem
to cause serious disease in most healthy individuals,
the role of booster or updated vaccines has also
evolved.

At one time, the world hoped COVID-19 would
only need a onetime vaccine, but with its ever
evolving nature, it is now become understandable
that it is not the case. The mutating COVID-19 virus
will likely require frequently updated formulations of
the vaccine to keep up our immunologic defenses
and protect vulnerable populations. We may be out
of the pandemic, but the virus is not gone as we
head into another respiratory virus season this fall
and winter.



Current Insights into Covid-19 Vaccination

1257

REFERENCES

1.

Lewis NM, Murray N, Adams K, Surie D, Gaglani M,
Ginde AA, et al. Absolute and relative vaccine effective-
ness of primary and booster series of COVID-19 vaccines
(mRNA and Adenovirus vector) against COVID-19 hospita-
lizations in the United States, December 202 1-April 2022.
Open Forum Infect Dis [Internet]. 2023;10(1). Available
from: http://dx.doi.org/10.1093/cfid/ofac698
Classification of Omicron (B.1.1.529): SARS-CoV-2 vari-
ant of Concern [Internet]. Who.int. [cited 2023 Oct 7].
Available  from:  https://www.who.int/news/item/26-
11-2021-classification-of-omicron-(b.1.1.529)-sars-
cov-2-variant-of-concern

Chalkias S, Harper C, Vrbicky K, Walsh SR, Essink B,
Brosz A, et al. A bivalent omicron-containing boos-
ter vaccine against covid-19. N Engl J Med [Internet].
2022;387(14):1279-91. Available from: http://dx.doi.
org/10.1056/NEJM0a2208343 .

Offit PA. Bivalent covid-19 vaccines - A cautionary tale. N
EnglJ Med [Internet]. 2023;388(6):481-3. Available from:
http://dx.doi.org/10.1056/NEJMp2215780 .

Wang Q, Bowen A, Valdez R, Gherasim C, Gordon A,
Liu L, et al. Antibody response to omicron BA.4-BA.5 biva-
lent booster. N Engl J Med [Internet]. 2023;388(6):567-
9.  Available  from: http://dx.doi.org/10.1056/
nejmc2213907

Collier ARY, Miller J, Hachmann NP, McMahan K,
Liu J, Bondzie EA, et al. Immunogenicity of BA.5 biva-
lent mRNA vaccine boosters. N Engl J Med [Internet].
2023;388(6):565-7.  Available from: http://dx.doi.
org/10.1056/nejmc2213948

Koutsakos M, Ellebedy AH. Immunological imprin-
ting: Understanding COVID-19. Immunity [Internef].
2023;56(5):909-13.  Available from: http://dx.doi.

org/10.1016/.immuni.2023.04.012 .

Shrestha NK, Burke PC, Nowacki AS, Simon JF, Hagen
A, Gordon SM. Effectiveness of the Coronavirus disease
2019 bivalent vaccine. Open Forum Infect Dis [Internet].
2023;10(6). Available from: http://dx.doi.org/10.1093/
ofid/ofad209

Zhou Z, Barrett ), He X. Immune imprinting and implications
for COVID-19. Vaccines (Basel) [Internet]. 2023;11(4):875.
Available from: http://dx.doi.org/10.3390/
vaccines11040875

. Byambasuren O, Stehlik P, Clark J, Alcorn K, Glasziou P.

Effect of covid-19 vaccination on long covid: systematic
review. BMJ Med [Internet]. 2023;2(1):e000385. Available
from: http://dx.doi.org/10.1136/bmjmed-2022-000385

. Tsampasian V, Elghazaly H, Chattopadhyay R, Debski

M, Naing TKP, Garg P, et al. Risk factors associated with
Post—-COVID-19 condition: A systematic review and meta-
analysis. JAMA Intern Med [Internet]. 2023;183(6):566.
Available from: http://dx.doi.org/10.1001/
jamainternmed.2023.0750

. Notarte K|, Catahay JA, Velasco JV, Pastrana A, Ver AT,

Pangilinan FC, et al. Impact of COVID-19 vaccination on
the risk of developing long-COVID and on existing long-
COVID symptoms: A systematic review. EClinicalMedicine
[Internet]. 2022;53(101624):101624. Available from:
http://dx.doi.org/10.1016/j.eclinm.2022.101624

. Watanabe A, Iwagami M, Yasuhara J, Takagi H, Kuno

T. Protective effect of COVID-19 vaccination against long

20.

21.

22.

23.

24.

25.

26.

COVID syndrome: A systematic review and meta-analysis.
Vaccine [Internet]. 2023;41(11):1783-90. Available from:
http://dx.doi.org/10.1016/.vaccine.2023.02.008

. Brannock MD, Chew RF, Preiss A, Hadley EC, Redfield S,

McMurry JA, et al. Long COVID risk and pre-COVID vac-
cination in an EHR-based cohort study from the RECOVER
program. Nat Commun [Internef]. 2023;14(1). Available
from: http://dx.doi.org/10.1038/s41467-023-38388-7

. Mevorach D, Anis E, Cedar N, Bromberg M, Haas EJ,

Nadir E, et al. Myocarditis after BNT162b2 mRNA vac-
cine against Covid-19 in Israel. N Engl J Med [Internet].
2021;385(23):2140-9. Available from: http://dx.doi.
org/10.1056/NEJMoa2109730

. Zhao Y, Kuang M, Li J, Zhu L, Jia Z, Guo X, et al. SARS-

CoV-2 spike protein interacts with and activates TLR41. Cell
Res [Internet]. 2021;31(7):818-20. Available from: http://
dx.doi.org/10.1038/541422-021-00495-9 .

. Hromi¢Jahjefendi¢ A, Sezer A, Aljabali AAA, Serrano-

Aroca A, Tambuwala MM, Uversky VN, et al. COVID-19
vaccines and myocarditis: An overview of current evidence.
Biomedicines [Internet]. 2023;11(5). Available from:
http://dx.doi.org/10.3390/biomedicines11051469

. Bozkurt B, Kamat |, Hotez PJ. Myocarditis with COVID-19

mRNA vaccines. Circulation [Internet]. 2021;144(6):471-
84. Available  from:  http://dx.doi.org/10.1161/
CIRCULATIONAHA.121.056135

. Voleti N, Reddy SP, Ssentongo P. Myocarditis in SARS-

CoV-2 infection vs. COVID-19 vaccination: A systematic
review and meta-analysis. Front Cardiovasc Med [Inter-
net]. 2022;9:951314. Available from: http://dx.doi.
org/10.3389/fcvm.2022.951314 .

Chen C, Fu F, Ding L, Fang J, Xiao J. Booster dose of COVID-
19 mRNA vaccine does not increase risks of myocarditis
and pericarditis compared with primary vaccination: New
insights from the vaccine adverse event reporting system.
Front Immunol [Internet]. 2022;13:938322. Available
from: http://dx.doi.org/10.3389/fimmu.2022.938322
Irrgang P, Gerling J, Kocher K, Lapuente D, Steininger P,
Habenicht K, et al. Class switch toward noninflammatory,
spike-specific IgG4 antibodies after repeated SARS-CoV-2
mRNA vaccination. Sci Immunol [Internet]. 2023;8(79).
Available from: http://dx.doi.org/10.1126/sciimmunol.
ade2798

Kiszel P, Sik P, Miklés J, Kajddcsi E, Sinkovits G, Cervenak L, et
al. Class switch towards spike protein-specific IgG4 antibo-
dies affer SARS-CoV-2 mRNA vaccination depends on prior
infection history. Sci Rep [Internet]. 2023;13(1). Available
from: http://dx.doi.org/10.1038/541598-023-40103-x
Uversky VN, Redwan EM, Makis W, Rubio-Casillas A. IgG4
antibodies induced by repeated vaccination may generate
immune tolerance to the SARS-CoV-2 spike protein. Vac-
cines (Basel| [Internet]. 2023;11(5):991. Available from:
http://dx.doi.org/10.3390/vaccines1 1050991

Moderna clinical trial data confirm its updated COVID-
19 vaccine generates robust immune response in humans
against widely circulating variants. 2023 Aug 17: News
Release.

Novavax’s updated protein-based XBB COVID vaccine
induced neutralizing responses against emerging subva-
riants, including EG.5.1 and XBB.1.16.6. 2023 Aug 22:
News Release.

Wallace M. Evidence to recommendations framework:
2023-2024 monovalent, XBB containing COVID-19


http://dx.doi.org/10.1093/ofid/ofac698
https://www.who.int/news/item/26-11-2021-classification-of-omicron-(b.1.1.529)-sars-cov-2-variant-of-concern
https://www.who.int/news/item/26-11-2021-classification-of-omicron-(b.1.1.529)-sars-cov-2-variant-of-concern
https://www.who.int/news/item/26-11-2021-classification-of-omicron-(b.1.1.529)-sars-cov-2-variant-of-concern
http://dx.doi.org/10.1056/NEJMoa2208343
http://dx.doi.org/10.1056/NEJMoa2208343
http://dx.doi.org/10.1056/NEJMp2215780
http://dx.doi.org/10.1056/nejmc2213907
http://dx.doi.org/10.1056/nejmc2213907
http://dx.doi.org/10.1056/nejmc2213948
http://dx.doi.org/10.1056/nejmc2213948
http://dx.doi.org/10.1016/j.immuni.2023.04.012
http://dx.doi.org/10.1016/j.immuni.2023.04.012
http://dx.doi.org/10.1093/ofid/ofad209
http://dx.doi.org/10.1093/ofid/ofad209
http://dx.doi.org/10.3390/vaccines11040875
http://dx.doi.org/10.3390/vaccines11040875
http://dx.doi.org/10.1136/bmjmed-2022-000385
http://dx.doi.org/10.1001/jamainternmed.2023.0750
http://dx.doi.org/10.1001/jamainternmed.2023.0750
http://dx.doi.org/10.1016/j.eclinm.2022.101624
http://dx.doi.org/10.1016/j.vaccine.2023.02.008
http://dx.doi.org/10.1038/s41467-023-38388-7
http://dx.doi.org/10.1056/NEJMoa2109730
http://dx.doi.org/10.1056/NEJMoa2109730
http://dx.doi.org/10.1038/s41422-021-00495-9
http://dx.doi.org/10.1038/s41422-021-00495-9
http://dx.doi.org/10.3390/biomedicines11051469
http://dx.doi.org/10.1161/CIRCULATIONAHA.121.056135
http://dx.doi.org/10.1161/CIRCULATIONAHA.121.056135
http://dx.doi.org/10.3389/fcvm.2022.951314
http://dx.doi.org/10.3389/fcvm.2022.951314
http://dx.doi.org/10.3389/fimmu.2022.938322
http://dx.doi.org/10.1126/sciimmunol.ade2798
http://dx.doi.org/10.1126/sciimmunol.ade2798
http://dx.doi.org/10.1038/s41598-023-40103-x
http://dx.doi.org/10.3390/vaccines11050991

1258

Current Insights into Covid-19 Vaccination

27.

28.

29.

vaccine. ACIP Meeting News Release; CDC: National Cen-
ter for Immunization and Respiratory Diseases. 2023 Sep
12.

Boulware DR, Murray TA, Proper JL, Tignanelli CJ, Buse
JB, Liebovitz DM, et al. Impact of severe acute respiratory
syndrome Coronavirus 2 (SARS-CoV-2) vaccination and
booster on Coronavirus disease 2019 (COVID-19) symp-
tom severity over time in the COVID-OUT trial. Clin Infect
Dis [Internet]. 2023;76(3):e1-9. Available from: http://
dx.doi.org/10.1093/cid/ciac772

Poll: Nearly half of adults expect to get the new COVID-19
vaccine. KFF Health News. 2023 Sept 27: News Release.
Boyle P. The new COVID boosters: What doctors and pati-
ents need to know. AAMC News. 2023 Sept 14.

@@@@ Open Access This article is licensed under a
s Creative Commons Attribution-NonCommercial-
ShareAlike 4.0 International License, which permits use, share
— copy and redistribute the material in any medium or format,
adapt — remix, transform, and build upon the material, as long
as you give appropriate credit, provide a link to the license, and
indicate if changes were made. You may do so in any reasonable
manner, but not in any way that suggests the licensor endorses
you or your use. You may not use the material for commercial
purposes. If you remix, transform, or build upon the material,
you must distribute your contributions under the same license as
the original. You may not apply legal terms or technological
measures that legally restrict others from doing anything the
license permits. The images or other third party material in this
article are included in the article’s Creative Commons license,
unless indicated otherwise in a credit line to the material. If
material is not included in the article’s Creative Commons license
and your intended use is not permitted by statutory regulation or
exceeds the permitted use, you will need to obtain permission
directly from the copyright holder. To view a copy of this license,
visit https://creativecommons.org/licenses/by-nc-sa/4.0/.



http://dx.doi.org/10.1093/cid/ciac772
http://dx.doi.org/10.1093/cid/ciac772

