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KEY POINTS

� Older adults are a vulnerable group with a high need for coronavirus disease 2019 (COVID-
19) vaccines, but these individuals are also more prone to the development of vaccine-
related adverse events.

� Older adults with frailty, disability, dementia or living in long-term care facilities need spe-
cial attention in COVID-19 vaccination programs because supporting evidence for the
safety and efficacy of COVID-19 vaccines in these individuals is limited.

� The active involvement of geriatricians in vaccine development and related public-policy
development is important for the success of adult vaccination strategies against COVID-
19 and other communicable and noncommunicable diseases.

� The completion of a primary series of COVID-19 vaccines with a heterologous booster
dose remains the best strategy to reduce the impact of severe acute respiratory syndrome
coronavirus-2 (SARS-CoV-2) infections and transmission.
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INTRODUCTION

Coronavirus disease 2019 (COVID-19), caused by severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2), was first reported in December 2019 and was declared a
global pandemic on March 11, 2020, by the World Health Organization (WHO). By the
end of 2021, there were 288,306,329 confirmed cases and 5,438,835 COVID-19–
related deaths according to the WHO Coronavirus Dashboard.1 The COVID-19
pandemic has substantially affected health care systems and societies across the
world, and this impact will last longer than expected. Public health crises such as
the COVID-19 pandemic and extreme weather have strong adverse impacts on
vulnerable populations, such as children, the disadvantaged, frail older adults, and
people with disability or dementia.2–5 Studies have clearly shown the vulnerability of
these populations when encountering a public health crisis (eg, earthquakes, extreme
weather, and pandemics), and special attention and care plans are needed to tackle
these challenges.6 Older people are generally considered a high-risk population in
clinical services because they are more likely to present atypical symptoms, multimor-
bidity, geriatric syndromes, functional limitations, and unexpected clinical out-
comes.7,8 The knowledge and clinical experiences in the treatment of older people
with acute illnesses can be applied to the COVID-19 pandemic. A recent systematic
review andmeta-analysis included 13,624 older patients with COVID-19 and identified
that approximately half of older patients with COVID-19 had severe illness, one-fifth
were critically ill, and one-tenth died.9 Because of their high disease severity and mor-
tality risk, older people have become the priority in COVID-19 vaccination programs.
The success of COVID-19 vaccine development, together with extensive global

public health efforts (face masks, hand hygiene, lockdowns, and many others),
brought a glimmer of hope to the control of the COVID-19 pandemic. All countries
started their vaccination plans based on the availability and access to COVID-19 vac-
cines, and most countries prioritized older adults and nursing home residents for
vaccination because of their high risk of severe illness and mortality.10 However, the
vaccination strategies also caused some unexpected challenges, because potential
vaccine-related deaths negatively influenced the willingness of many people to
receive COVID-19 vaccines.11,12 The challenges of COVID-19 vaccination in older
adults involve many different issues, including multimorbidity, frailty, disability, and
immunosenescence (a process of immune dysfunction that occurs with age and
inflammaging), which are all important factors for COVID-19 severity, complications,
and the effectiveness of vaccines.13 Nevertheless, the proportion of older adults
included in the available vaccine clinical trials is usually low. For example, only
24.8% of participants in the Moderna vaccine trial were people aged 65 years and
older,14 and only 5% of participants in the Oxford-AstraZeneca trial were people
aged 70 years and older.15 The safety, efficacy, and vaccination strategies of
COVID-19 vaccines in older adults, especially frail older people, have not been well
researched. Therefore, this review focuses on the challenges of COVID-19 vaccines
and related policy development in older adults, with a special focus on those with
frailty, disability, dementia, or living in nursing homes.

CHALLENGES OF VACCINATIONS IN OLDER ADULTS

Although vaccinations have become one of the most widely accepted preventive ser-
vices in the world, and older adults, as a vulnerable population, need those preventive
services most, they are also susceptible to vaccine-related adverse effects.16 Despite
all safety and efficacy concerns, vaccination remains a cost-effective approach to
reduce the burden of communicable and associated noncommunicable conditions.
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Experiences in vaccinations in older adults may provide some insights for COVID-19
vaccine and policy development. The development of vaccines to prevent viral infec-
tions or disease reactivation in older adults, such as influenza or herpes zoster, has
shown that older adults with frailty, disability, dementia, or living in nursing homes
are more susceptible to vaccine-related adverse events, and the risks may sometimes
outweigh the clinical benefits.17

The immune systems of older people differ greatly from those of young adults and
middle-aged people, especially cellular immunity, so the immunogenicity and efficacy
of vaccines usually remain questionable in older people with frailty, disability, and de-
mentia. Most vaccines used in older people are less immunogenic and effective than
those used in younger adults,18 which results from several factors, such as immuno-
senescence, inflammation, and altered immune responses to infections and vac-
cines.19 Hence, older people need special attention in vaccine development. For
example, influenza virus is transmitted via direct contact, droplets, and fomites, and
particularly increases the burden of disease and mortality in those aged 75 years
and older.20,21 However, the effectiveness of influenza vaccine was found to be only
approximately 29% to 48% in elderly individuals.22 The reduced vaccine effectiveness
results in a lower prevention rate of hospital admissions due to influenza among older
adults (37%; 95% confidence interval [CI], 30%–44%) than among younger adults
aged 18 to 64 years (51%; 95% CI, 44%–58%).23 However, the effectiveness of influ-
enza vaccine to prevent any influenza-associated deaths was shown to be well pre-
served (74%; 95% CI, 44.0%–88.4%) for people aged 65 years and older.24 The
reduced vaccine effectiveness in older adults is related to several factors, such as
the virus strain, vaccination rates, seasonal factors, geographic demography, infection
history, and frailty or multimorbidity. Despite all the factors mentioned earlier, older
age is a key player in vaccine effectiveness.25

Current strategies to enhance vaccine immunogenicity and efficacy in older adults
include increasing the vaccine dose or adding appropriate adjuvants to trigger immu-
nostimulation, which are common in vaccine development for older people.21,22 A pre-
vious meta-analysis suggested that a high-dose influenza vaccine was consistently
more effective than a standard-dose influenza vaccine in reducing influenza cases
and influenza-associated clinical complications.26 In addition, the recombinant influ-
enza vaccine using DNA recombination technology to produce influenza hemaggluti-
nin protein in the cell culture instead of growing live influenza virus in embryos has
been developed with success. Recombinant influenza vaccines also included high-
dose vaccines (3 times the influenza antigens). All 3 types of enhanced influenza vac-
cines mentioned earlier induced higher antibody responses than standard-dose vac-
cines, maintained improvements in immunogenicity, and had better protection in
people aged more than 75 years and those with chronic diseases (heart or lung
conditions).22

Similarly, the effects of immune aging have been observed in herpes zoster vac-
cines. The live, attenuated herpes zoster vaccine was the first vaccine developed
for herpes zoster prevention, and it significantly and safely increased varicella zoster
virus–specific T cell–mediated immunity (51.3% effective rate in preventing herpes
zoster; 66.5% effective rate in preventing postherpetic neuralgia).27 However, the
effectiveness of the herpes zoster vaccine was significantly affected by age. The Shin-
gles Prevention Study27 demonstrated that the live, attenuated zoster vaccine
reduced the herpes zoster burden of illness by 61.1% (65.5% in subjects aged 60–
69 years; 55.4% in subjects aged �70 years), the incidence of clinically significant
postherpetic neuralgia by 66.5% (65.7% in subjects aged 60–69 years; 66.8% in sub-
jects aged �70 years), and the incidence of herpes zoster by 51.3% (63.9% in
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subjects aged 60–69 years, but only 37.6% in subjects aged �70 years).28 Another
vaccine against herpes zoster is the recombinant subunit herpes zoster vaccine,
which consists of recombinant varicella zoster virus glycoprotein E and the AS01B
adjuvant system. Varicella zoster virus glycoprotein E is the most abundant glycopro-
tein in cells infected with varicella zoster virus and thus becomes the main target of
varicella zoster virus–specific antibodies and T cells.29 AS01B adjuvant systems
included 2 types of adjuvants, 3-O-desacyl-4’-monophosphoryl lipid A (MPL) and
QS-21, which stimulate virus glycoprotein E–specific CD41 T cell and antibody re-
sponses in animal models.30 The pooled efficacy of the recombinant subunit herpes
zoster vaccine was 91.3%, and the vaccine efficacy was similar across ages ranging
from 50 to 59 years, 60 to 69 years, and 70 years and older.31,32 The experiences in
herpes zoster vaccine development were similar to those of influenza vaccines and
thus may become common challenges in the development of vaccines for older
people.
In pneumococcal vaccination, currently, the 23-valent pneumococcal polysaccha-

ride vaccine against Streptococcus pneumoniae (PPV23) has been replaced by a
13-valent conjugated pneumococcal vaccine (PCV13).33 PPV23 successfully induced
immunity in older adults against pneumococcal diseases, but the protective effects
declined over time. Despite the declining efficacy of PPV23 in older adults, the booster
dose of PPV23 was not recommended for various reasons. PCV13 was originally
developed for young children to overcome the limitations of T cell–independent poly-
saccharide antigens, but it protects against pneumonia only approximately 50% of the
time.34 In 2019, the United States Advisory Committee on Immunization Practice
removed the recommendation for routine PCV13 use among people aged 65 years
and older. In contrast, routine 1-dose PPV23 use for people aged 65 years and older
remains in the recommendations, and only those individuals at risk for exposure to
PCV13 serotypes are recommended to receive PCV13 vaccinations.35 If the decision
is made to administer a PCV13 vaccine, it should be administered at least 1 year
before a PPV23 vaccine. The use of pneumococcal vaccines also reflects the chal-
lenges in vaccination for older adults because of the clinical characteristics, immune
responses, personal risks in the life course, and the efficacy of vaccines in this
population.
CORONAVIRUS DISEASE 2019 VACCINE DEVELOPMENT

The success of COVID-19 vaccine development has been widely recognized as an
important key to ending the pandemic. To date, several different platforms of technol-
ogy have been used to develop COVID-19 vaccines, including DNA, messenger RNA
(mRNA), nonreplicating viral vector, protein subunit, and inactivated vaccines.36–39

Each COVID-19 vaccine platform has its own unique advantages and disadvantages
based on cultivation technology, production speed, large-scale production, vaccine
safety, storage and transportation requirements, and the effectiveness of the immune
response triggered (Table 1).
Protein-based vaccines account for the largest proportion of COVID-19 vaccine

development (35.9%).40 The latest update at the end of 2021 showed that the WHO
has approved 10 COVID-19 vaccines from 8 original vaccines based on 4 vaccine
technological platforms (mRNA, nonreplicating viral vector, inactivated vaccine, and
protein subunit platforms).36,40,41 Recombinant viral vector vaccines consist of repli-
cating and nonreplicating types based on their ability to replicate in host cells. The
adenoviral (Ad) vector is the most commonly used viral vector. A safe viral vector is
a delivery system that contains antigens and molecules that can induce both



Table 1
Overview of the characteristics of major vaccine technology platforms and vaccines used to prevent severe acute respiratory syndrome coronavirus-2
infections

Vaccine
Platform

Existing Vaccine
Examples Approved
by the WHO36,37

Production
Speed36,37

Immune
Response36,37 Advantages36–39 Disadvantages36–39

Traditional
approaches

Live,
attenuated

� Under development Slow Both cellular
and humoral

� Broad antigenic profile
� Strong and long-lasting

immune response

� Safety issues in immunocompromised
and pregnant people

� Require dedicated biosafety facilities
� Can be complicated to scale up

manufacturing
Inactivated � Covaxin (Bharat

Biotech (India))
� Covilo (Sinopharm

(Beijing))
� CoronaVac

(Sinovac (China))

Medium Mostly humoral � Broad antigenic profile
� Safe
� Convenient transport

and storage

� Reduced immune response
� Risk of vaccine-enhanced disease
� Antibody titers reduce over time
� Requirement for biosafety facilities
� Lower purity

Protein
subunit

� Nuvaxovid (Novavax)
� COVOVAX (Serum

Institute of India
[Novavax
formulation])

� MVC-COV1901
(Medigen)a

Medium Humoral � Safe for
immunocompromised
people

� Noninfectious
� Simple and less expensive

to produce
� Targeting key antigens

� Limited capability in
inducing cellular immunity

� Unstable structure, which
may lead to a loss of
immunogenicity

� Several booster doses
and adjuvants are
often needed

� Challenges in
large-scale production

Novel
approaches

Viruslike
particles

� Under development Medium Both cellular
and humoral

� Noninfectious
� Broad antigenic profile
� Safe
� Scalability of production

� Limited immunogenicity
� Lower purity

Nonreplicating
viral vector

� Ad26.COV2.S
(Janssen

Medium Both cellular
and humoral

� Fast to produce
� Reusable platform

� Preexisting immunity
against the vector

(continued on next page)
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Table 1
(continued )

Vaccine
Platform

Existing Vaccine
Examples Approved
by the WHO36,37

Production
Speed36,37

Immune
Response36,37 Advantages36–39 Disadvantages36–39

[Johnson &
Johnson])

� Vaxzevria
(Oxford/AstraZeneca)

� Covishield (Serum
Institute of India
[Oxford/AstraZeneca
formulation])

� Safe
� Strong immune response

� Risk of adverse reactions

Replicating
viral vector

� Under development Fast Both cellular
and humoral

� Fast to produce
� Lower doses/single dose
� Reusable platform
� Strong immune response
� Less infectious

� Preexisting immunity
against the vector

� Risk of adverse reactions

DNA � Under development Fast Both cellular
and humoral

� Fast to produce
� Robust immune response
� Scalable
� Noninfectious
� Reusable platform
� Stable at room temperature

� May need special devices
for storage and transport

� No DNA-based vaccine
has previously been produced

� Potential genome integration risk

mRNA � Spikevax
(Moderna)

� Comirnaty
(Pfizer/BioNTech)

Fast Both cellular
and humoral

� Fast to produce
� Strong immune response
� Noninfectious
� No genome integration risk
� Reusable platform
� Stimulates strong T-cell

response
� Simple formulations

� May need extremely low
temperatures for storage and
transportation

� No mRNA-based vaccine
has previously been produced

a Not approved by WHO until 31 January 2022 (https://covid19.trackvaccines.org/agency/who/) but has been recommended by an independent vaccine prioriti-
zation advisory group to be included in the WHO Solidarity Trial Vaccines (STv).
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antibody-mediated and cell-mediated immune responses. After invading the host
cells, the antigen gene is inserted into the nucleus of the host cells, and the viral pro-
tein is produced on the surface of the host cells to induce host immune responses.
Inactivated vaccines contain completely inactivated or killed pathogens (a part of
the killed pathogen or the whole pathogen) and primarily induce protective antibodies
against epitopes on hemagglutinin glycoprotein on the surface of the virus. Compared
with live, attenuated vaccines, inactivated vaccines usually induce a weaker immune
response, so an adjuvant is usually needed to increase the effectiveness of the im-
mune response. The manufacturing principles of recombinant protein-based (protein
subunit) vaccines are to identify the required pathogenic protein from the virus coat,
implant the DNA sequence for the target protein into a cell culture, and purify the target
protein for the vaccines. The human immune system detects the viral protein when the
vaccine is injected and generates an immune response against future infections.
Protein-based vaccines are generally safe because they contain noninfectious protein
subunits and induce sufficient antibody-mediated immune responses, but they also
need adjuvants to induce long-lasting immune responses. The mRNA vaccines
include mRNA molecules encoding antigens to induce target protein production
without affecting the DNA of host cells. The mRNA vaccine is composed of mRNA
encapsulated in lipid nanoparticles, which protects the RNA structure and facilitates
host cell absorption. After the mRNA vaccine is injected into muscle, the cells translate
it into spike proteins. The produced spike proteins further emerge on the surface of cell
membranes and are secreted into body fluids for immunostimulation.
Two mRNA-based COVID-19 vaccines were approved for emergency use authori-

zation (EUA) by the US FDA on 11 December 2020 (BNT162b2) and 18 December
2020 (mRNA-1273) to control the COVID-19 pandemic.36–39 BNT162b2 is an
mRNA-based vaccine encoding the SARS-CoV-2 receptor binding domain that was
jointly developed by BioNTech in Germany and Pfizer in the United States.
BNT162b2 is a lipid nanoparticle–formulated, nucleoside-modified RNA vaccine that
works against the S protein of the SARS-CoV-2. The mRNA in BNT162b2 encodes
a SARS-CoV-2 full-length spike protein modified by 2 proline mutations to ensure
that the protein remains in the prefusion conformation. BNT162b2 was approved by
the WHO on 31 December 2020 and has been approved in 122 countries.42 mRNA-
1273, another mRNA-based vaccine developed by Moderna, was approved by the
WHO on 30 April 2021 and has been approved in 83 countries.42 The mRNA-1273 vac-
cine contains a lipid nanoparticle-encapsulated nucleoside-modified mRNA that en-
codes the full-length spike protein of SARS-CoV-2, S(2P), a prefusion protein that is
stabilized after replacing S protein residues 986 and 987 with the 2P mutation. The
spike glycoprotein is the primary vaccine target, because it is essential for the virus
to attach and enter host cells. mRNA-1273 triggers a neutralizing antibody response
and eliminates the virus by inducing CD41 T cell and CD81 cytotoxic T-cell
responses.43,44
CORONAVIRUS DISEASE 2019 VACCINE ACCEPTANCE

Although COVID-19 vaccines are an effective strategy to control the COVID-19
pandemic, a significant proportion of people refuse COVID-19 vaccination, even
though the benefits of vaccinations have been clearly demonstrated. A global survey
of potential acceptance of COVID-19 vaccines from 19 countries in mid-2020 showed
that 71.5% of participants reported positive attitudes toward COVID-19 vaccination
(ranging from 65.2% in Sweden to 88.6% in China).45 However, another systematic
review included data from 33 countries at the end of 2020 and identified high variability
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in COVID-19 vaccine acceptance rates across countries.46 COVID-19 vaccine accep-
tance rates were particularly low in the Middle East, Eastern Europe, and Russia
(<60%). In contrast, high acceptance rates were noted in east and southeast Asia
(>90%).46 It was estimated that a 60% to 75% vaccination rate of all populations is
needed to slow or stop the transmission and community spreading of COVID-
19.47–49 In the older population, the vaccination rate is higher than that in adults or
younger populations. In the United States, approximately 99.9% and 98.1% of older
adults aged 65 to 74 and 75 years and older, respectively, have received at least 1
dose of a COVID-19 vaccine, and 89.7% and 84.4% of them were fully vaccinated.
However, only 74.6% and 82.7% of people aged 25 to 39 and 40 to 49 years have
received at least 1 dose of a COVID-19 vaccine.50 In the United Kingdom, nearly
95% of older adults aged 65 years old and older have received a full dose of a
COVID-19 vaccine.51

To improve the overall vaccination rates to increase herd immunity against COVID-
19, it is important to explore vaccine acceptance in different regions and the reasons
for rejection. A systematic review of 15 studies found that ethnicity, working status,
religiosity, politics, sex, age, education, and income status were all predisposing fac-
tors to accept or refuse COVID-19 vaccination.52 The most common reasons to
decline COVID-19 vaccination were attitudes against vaccinations in general, con-
cerns about safety because of the short development process, beliefs that vaccines
were unnecessary because of the harmless nature of COVID-19, general distrust,
doubt about the provenience of vaccines, and a lack of faith in vaccine efficacy.53,54

In addition, the limited number of older individuals in clinical trials is a strong reason
to reject COVID-19 vaccination because these individuals are at high risk for severe
illness and vaccine-related adverse events.55 Older adults’ decisions for COVID-19
vaccination, especially for those with cognitive impairment, physical disability, frailty,
and/or low sociocultural status, may be influenced by their family members or peers.
Limited access to facilities for vaccinations is another obstacle for frail older adults to
receive COVID-19 vaccines. A well-designed health care system and an effective pub-
lic health system are critical to identify people in need and provide necessary services.
In addition to compulsory measures, effective education and adequate information
strategies for the target population are important to improve vaccination rates.56
CHALLENGES OF CORONAVIRUS DISEASE 2019 VACCINATION IN OLDER ADULTS

The successful development of COVID-19 vaccines has strengthened pandemic
control strategies; the WHO aimed to achieve 70% vaccination coverage by mid-
2022, and older people were prioritized for vaccination to reduce mortality, severe
morbidity, and related hospitalizations.57 Most countries prioritized older adults for
COVID-19 vaccinations because of their vulnerability and susceptibility to infec-
tions.58 The WHO published a framework to guide mass vaccination policies59 and
to encourage countries to publish and monitor the progress of their vaccination pro-
grams.60 Hasan and colleagues61 reviewed 15 national policies and summarized
critical elements for successful vaccination policies, including equitable access
and vaccination scheduling, vaccination locations, coordination with cold chain
infrastructure, planning for staff for vaccinations, and community engagement to
enhance the efficiency of vaccination strategies.61 Among these strategies, the ca-
pacity to provide COVID-19 vaccinations is the most critical, and creating facilities
for and access to mass COVID-19 vaccination should be the priority.62 In many
countries, locations such as large public venues, hospitals, clinics, pharmacies,
and even malls are used to increase vaccination accessibility.61 Incorporating
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routine vaccines such as influenza, pneumococcal, or herpes zoster vaccines with
COVID-19 vaccines is also an effective approach.63

Despite the challenges in public policy for mass COVID-19 vaccination in older
adults, special challenges related to the health characteristics of older adults remain.
In real-world practice, frail older people or nursing home residents were earmarked as
having first priority for COVID-19 immunization, but they were not included in any
phase of the clinical trials of COVID-19 vaccine development.64 A recent review of
12 COVID-19 therapeutic or prophylactic trials showed that the average age of
enrolled participants was 20 years younger than the average age of participants in
large observational studies, and none of those trials reported on cognitive perfor-
mance or functional outcomes, the foremost determinants of the health of older peo-
ple.65 Concern regarding the underrepresentation of older or frail populations in the
trials included that the validity of vaccines for these vulnerable groups may be
compromised.66 Although 42.2% of the Pfizer/BioNTech vaccine trial participants
were aged 55 years old and older, less than 5% of individuals were older than
75 years.67 Approximately one-quarter of Moderna vaccine trial participants were
aged 65 years and older,14 but the Oxford-AstraZeneca vaccine trial enrolled only
5% participants aged 70 years old and older.15 The Oxford-AstraZeneca vaccine trial
further excluded those with cognitive impairment and frailty,15 the individuals poten-
tially most susceptible to SARS-CoV-2 infections.68 An observational study on a
long-term care facility disclosed that SARS-CoV-2 infection-naive residents showed
delayed, lower responses to COVID-19 vaccines, which were less effective in antag-
onizing the spike protein of viral variants.69

Because of the lack of evidence on the safety and efficacy in this special population,
postmarket surveillance for COVID-19 vaccines is an important alternative to examine
the safety and efficacy of these vaccines. The Norwegian government received 100
reports of suspected vaccine-related deaths after providing BNT162b2 mRNA vac-
cines for approximately 35,000 nursing home residents,70 and 10 probable and 26
possible vaccine-related fatal events were concluded after careful cross-
examinations by experts. The vaccine-related fatality risk may be related to the exist-
ing frailty and disability, instead of older age itself. However, public attention related to
postvaccination deaths substantially increased the hesitancy of nursing home staff to-
ward COVID-19 vaccination,71 as well as the lay public. The vulnerable groups
needing vaccines are also those susceptible to adverse reactions. A study reported
the favorable effects of BNT162b2 mRNA COVID-19 vaccines in older adults with
frailty or living in long-term care facilities,72 but the small sample size (134 residents
from 5 long-term care facilities) and inclusion criteria (58.2% participants infected
by SARS-CoV-2) meant that concerns were not completely addressed. In particular,
the study concluded that only previous SARS-CoV-2 infection status was associated
with vaccine immunogenicity.
A large prospective cohort study based on more than 10,000 care home residents

reported that COVID-19 vaccines (BNT162b2 and Oxford-AstraZeneca) significantly
reduced the transmission of COVID-19 but did not eliminate the infection risk.73

Because of the lack of well-designed research, a study used a mathematical model
to examine the roles of vaccine coverage in nursing homes and showed that
increasing vaccine coverage of the nursing home staff, not vaccination of the resi-
dents, was the key to reducing symptomatic cases among nursing home residents.74

A study of 2501 nursing homes in the United States supported the results of this
analysis and showed that vaccinations for both residents and care staff significantly
reduced SARS-CoV-2 infections in both residents and nursing staff, especially in
nursing homes with fewer certified beds and higher numbers of nursing staff.75
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Although vaccinations did not entirely prevent postvaccination breakthrough SARS-
CoV-2 infections, these breakthrough infections were mostly mild or asymptom-
atic.76 More research efforts in COVID-19 vaccine development and vaccination
strategies among older persons with frailty, disability, dementia, long-term care fa-
cility residence, or home-bound status are needed.77

Although the WHO and most countries emphasized the importance of increasing the
coverage of primary vaccination series to control the COVID-19 pandemic, break-
through infections by SARS-CoV-2 variants such as Delta or Omicron triggered the
need for booster doses. A recent systematic review and meta-regression analysis
showed that the average declines in vaccine effectiveness over 6 months for symptom-
atic COVID-19 and severe COVID-19 in all age groups were 25.4% and 8.0%, respec-
tively.78 In particular, among persons aged 50 years old and older, the vaccine
effectiveness decreased by 32% for symptomatic COVID-19 and by 10% for severe
COVID-19.78 A booster dose is recommended for individuals who have completed their
primary vaccination series because of waning vaccine effectiveness over time, as well
as the threats fromOmicron and Delta variants. In 2022, an updated revision of theWHO
Strategic Advisory Group of Experts summarized 2 key findings to recommend a
booster dose. First, within the priority-use group, increasing the primary vaccination se-
ries coverage rate had a greater impact on reducing hospitalizations and deaths per
dose than the use of an equivalent vaccine supply to increase the booster-dose
coverage rate. Second, across priority-use groups, increasing the booster-dose
coverage rate for higher priority-use groups yielded greater reductions in severe disease
and deaths than the use of an equivalent vaccine supply to increase the primary vacci-
nation series coverage rates of lower priority-use groups.79

Although the optimal interval to administer the booster dose has yet to be deter-
mined, an interval of 4 to 6 months after the completion of the primary vaccination se-
ries is a widely accepted scheme. The next challenge for the booster dose is the
choice of using homologous or heterologous vaccines. A phase 1/2, open-label clin-
ical trial conducted at 10 sites in the United States compared the serial use of homol-
ogous and heterologous boosters of BNT162b2, mRNA-1273, and Ad26.COV2.S
vaccines, and disclosed acceptable reactogenicity and humoral immunogenicity for
all combinations except for spike-specific T-cell responses in the homologous
Ad26.COV2.S-boosted subgroup.80 Another study in the Netherlands also found
that heterologous regimens significantly increased immunogenicity and reactogenicity
compared with homologous regimens in health care workers who received the
Ad26.COV2.S vaccine as the initial vaccine.81 Compared with homologous booster
groups, the heterologous booster groups showed superior responses of antispike
immunoglobulin G antibodies 28 days after the booster dose among those who had
received 2 doses of CoronaVac.82 In addition, 2 studies also found that participants
who received a booster dose of the BNT162b2 vaccine had significantly lower rates
of SARS-CoV-2 infections and severe illness than those who did not receive a booster
dose.83,84 The WHO reviewed available evidence and recommended that either ho-
mologous or heterologous schedules should be used. They also provided 3 heterolo-
gous schedules of primary and booster vaccination series: (1) initial doses of
inactivated vaccines, with vectored or mRNA vaccines considered for subsequent
doses; (2) initial doses of vectored vaccines, with mRNA vaccines considered for sub-
sequent doses; and (3) initial doses of mRNA vaccines, with vectored vaccines
considered for subsequent doses. Similar to the WHO recommendation, the US gov-
ernment recommended an interval of at least 5 months for mRNA vaccine (BNT162b2
and mRNA-1273) boosters.85 Specifically, a booster can be given at least 2 months
after receiving a primary Ad26.COV2.S vaccine.
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THE ROLE OF GERIATRICIANS IN VACCINE DEVELOPMENT AND POLICY MAKING

Older people with frailty, disability, dementia, or living in nursing homes need spe-
cial attention during the COVID-19 pandemic because of their high risk of infections,
severe illness, mortality, lower vaccine responses, and vaccine adverse events, as
well as their reduced access to health care services, reduced daily activities, and
adverse impacts from activity restriction and lockdowns.86 Some unique issues
for vaccine development, clinical trial designs, outcome measurements, safety is-
sues, and postmarket surveillance should be addressed to improve vaccine devel-
opment and related vaccination policy making.87 Involving geriatricians in COVID-
19 vaccine-development and policy-making processes is important because of
the special health and socioeconomic characteristics of older people, especially
those with frailty, disability, dementia, or living in nursing homes.88 It may be argued
that including frail older people in vaccine clinical trials may delay vaccine develop-
ment because this would likely lead to poorer safety or efficacy profiles, but these
individuals are usually the prioritized group for vaccination. With the active partici-
pation of geriatricians in the vaccine-development and policy-making processes,
the clinical trial design may be modified to include certain subsamples to examine
the safety and efficacy of COVID-19 vaccines in this vulnerable group, and the
development of vaccination policies may be improved with input from these
professionals.64

SUMMARY

The success of COVID-19 vaccine development through various technological plat-
forms has substantially relieved the impacts of the COVID-19 pandemic, because
COVID-19 vaccines not only have prevented COVID-19 transmission but also have
reduced the rates of severe COVID-19 and mortality. Special attention to older adults
with frailty, disability, or dementia or living in nursing homes is needed in vaccine
development, clinical trial designs, and vaccination policies. Despite the abovemen-
tioned concerns, the completion of a primary series of COVID-19 vaccines with heter-
ologous booster doses in intervals of 4 to 6 months remains the best strategy to
reduce the impact of SARS-CoV-2 infections and to obtain immunity against
COVID-19 transmission.

CLINICS CARE POINTS
� Older adults with frailty, disability, dementia, or living in nursing homes are vulnerable to
SARS-CoV-2 infections, but are also susceptible to vaccine-related adverse events. More
clinical attention should be paid and more thorough explanations should be provided to
vaccinees and their families.

� Limited evidence confirms the safety and efficacy of COVID-19 vaccinations for frail older
adults in long-term care settings, and all necessary infection controls should be
maintained after vaccinations, especially the care staff in long-term care settings.

� The completion of a primary series of COVID-19 vaccines with heterologous booster dose in
intervals of 4 to 6 months remains the best strategy to reduce the impact of SARS-CoV-2
infections and to obtain immunity against COVID-19 transmission.

� Active involvement of geriatricians in vaccine development and related public-policy
development is important for the success of adult vaccination strategies against
COVID-19.
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