
INTRODUCTION 

The infectious severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) has resulted in a global pandemic, causing signifi-
cant disruption and loss of life. In response, there has been an un-
precedented effort for the rapid development of vaccines to pre-
vent coronavirus disease 2019 (COVID-19). As of January 1, 
2021, 60 and 172 vaccines are in clinical and pre-clinical develop-
ment, respectively.1) The United States Food and Drug Adminis-
tration has issued Emergency Use Authorizations approving the 
distribution and use of two vaccines in the United States: the 
BNT162b2 vaccine by Pfizer-BioNTech on December 11, 2020, 
and the mRNA-1273 vaccine from Moderna on December 18, 
2020.2) 

When COVID-19 vaccine programs are implemented, there 
will likely be limited supplies depending on the rates of vaccine 
production, shipping, and distribution and the ability to adminis-
ter vaccines in mass-immunization programs. The World Health 
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Organization (WHO) Strategic Advisory Group of Experts offers 
guidance for prioritizing the allocation of available COVID-19 
vaccines. People considered high-priority groups include essential 
workers to ensure continuity of critical services, people who are 
more likely to be exposed to and spread the virus, and finally, those 
with a higher risk of morbidity and mortality, such as older adults.3) 

The present review discusses COVID-19 vaccine considerations 
for older adults. The general concept of vaccine effectiveness in 
older adults is described, followed by an overview of the types of 
COVID-19 vaccine platforms, before reviewing the currently avail-
able, although somewhat limited, evidence from phase 3 
COVID-19 vaccine trials relevant to older adults.  

VACCINATION EFFECTIVENESS IN OLDER ADULTS 

COVID-19 vaccine trials should demonstrate proof of useful vac-
cine efficacy in terms of protection against severe disease. They 
should also evaluate the duration of protection by providing con-
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tinued blinded follow-up of the vaccine and placebo groups, even 
if there is evidence of short-term efficacy. The WHO recommends 
that vaccines show an estimated risk reduction of at least 50%, with 
sufficient precision to conclude that the true vaccine efficacy is 
above 30%. This is because a vaccine with 50% efficacy may suffi-
ciently reduce the incidence of COVID-19 in those who are vacci-
nated, although the efficacy far above 50% is preferable.4) 

In older adults, immune senescence results in an increased vul-
nerability to respiratory diseases, such as influenza, with a corre-
sponding reduction in vaccine effectiveness. Medical illness, men-
tal and psychosocial health issues, frailty, and functional depen-
dence accelerate changes associated with immune senescence. 
Combined with reduced adaptive immune response, inflammag-
ing (chronic elevation of inflammatory cytokine levels), and un-
der-regulation of cytokine production, older people tend to have 
poorer responses to vaccination. Thus, the goal of vaccination in 
older people is to provide some clinical protection against the dis-
ease rather than inducing sterilizing immunity against infections.5) 

When older people are administered vaccines, antibody re-
sponses are commonly evaluated based on the rates of seroprotec-
tion (titers above 1:40 by hemagglutination inhibition testing) and 
seroconversion (at least a four-fold increase in antibody titer com-
pared to that at baseline).6) 

In influenza vaccine studies, antibody responses in older adults 
were less compared with those observed in younger adults and 
were not the best correlates for immune protection against infec-
tions. Measures of cell-mediated immune responses, such as the 
ratio of interferon-γ to interleukin-10 and the level of cytolytic me-
diatory granzyme B, were better correlated with protection. This 
makes sense as cell-mediated immunity plays an important role in 
preventing respiratory virus infections.7) 

These findings have several important implications. First, the 
evaluation of vaccine efficacy in older people through immunolog-
ical surrogates should measure both antibody and T-cell responses 
to assess the potential for clinical protection. Moreover, vaccine 
development for older people should consider novel approaches 
for antigen presentation, particularly protein content that stimu-
lates cell-mediated immunity, alternative routes of vaccine delivery 
for an augmented vaccine response, use of higher doses, and use of 
attenuated-live viruses or virus-like particles. Adjuvants, or sub-
stances that enhance both humoral and T-cell-mediated responses 
via enhanced antigen presentation, activation and maturation of 
dendritic cells, and production of inflammatory cytokines, may 
also be added to improve immunogenicity.8) 

A review of influenza vaccines in older people found that en-
hanced vaccines using high doses, adjuvants, and intradermal ad-
ministration resulted in 82%, 52%, and 32% greater titers than 

standard-dose vaccines.9) While adjuvants improved vaccine im-
munogenicity, a systematic review and meta-analysis of adjuvanted 
vaccines also showed higher rates of solicited adverse events. How-
ever, these were mostly mild and transient, without causing signifi-
cant safety concerns.10) 

Overall, owing to changes in the immune system with age, trials 
evaluating the response of vaccines in older people should be as-
sessed separately. Immunosenescence leads to defects in innate 
and adaptive immune responses; thus, vaccine responses tend to 
be weaker and decline earlier. Therefore, improved vaccination 
strategies, adjuvants, and vaccines that specifically target the aged 
immune system may be required.11) 

TYPES OF COVID-19 VACCINE PLATFORMS 

Several platforms are being explored for vaccines against SARS-
CoV-2. The four main platforms are virus vaccines, nucleic acid 
vaccines, viral vector vaccines, and protein-based vaccines.12,13) For 
inactivated viral vaccines, the viruses should be completely inacti-
vated to avoid causing disease. However, there is an associated risk 
of vaccine-associated enhanced disease, in which vaccinated peo-
ple develop more severe disease if they encounter an infection. 
Nucleic acid vaccines are based on DNA and RNA segments inte-
grated into a plasmid, which when taken up by host cells, allow the 
virus protein to be manufactured within the cells to mount an im-
mune response. DNA vaccines have a theoretical risk of integrating 
with host cell DNA, although this has not been observed in animal 
or human studies. This is less likely with mRNA vaccines, which 
do not include retrovirus elements for reverse transcription into 
DNA.14) 

Viral vector-based vaccines use viral vectors, such as adenovirus-
es, to introduce genetic sequence coding for the antigen into host 
cells. However, there is a risk of loss of genetic material coding for 
the antigen during manufacturing processes, which may result in 
vaccine failure. Viral proteins produced using recombinant ap-
proaches are available but tend to require adjuvants to develop an 
acceptable immune response. An intermediate between protein 
subunits and inactivated viruses can be achieved by assembling 
proteins into virus-like particles (VLPs), which can mimic the wild 
virus structure but are not infectious owing to the lack of genetic 
material. The “molecular clamp” enables viral proteins to retain 
their shape; thus, VLPs can induce a strong immune response.12,13) 
The route of vaccination is also an important consideration. While 
intramuscular injections can lead to protective IgG antibodies in 
the respiratory mucosa, they are less effective in inducing mucosal 
IgA antibodies or T-cell responses in the lungs. The respiratory 
mucosal route is more adapted to this function, as well as generat-
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ing macrophage-mediated immunity.15) 

Inactivated virus, protein subunit, and nucleic acid vaccines can-
not be administered via the respiratory mucosa as this mode of ad-
ministration may not be safe with immune adjuvants and repeated 
delivery. However, recombinant viral-vectored vaccines, particular-
ly those using human serotype 5 adenovirus (Ad5) or chimpan-
zee-derived adenovirus (ChAd), have been shown to be safe and 
effective for respiratory mucosal vaccination with other vaccines.16) 
Thus, to develop safe and effective COVID-19 vaccines, the vac-
cine platform, adjuvant, excipient, dose, and route of administra-
tion must be considered.17) 

Table 1 summarizes the candidate vaccines and vaccine plat-
forms that are already in phase 2/3 or phase 3 trials (as of January 
1, 2021), along with the age groups of participants to be enrolled. 

EVIDENCE FROM COVID-19 VACCINE TRIALS 
RELEVANT TO OLDER ADULTS 

Evaluation of the results of COVID-19 vaccine trials relevant to 
older adults requires a review of immunogenicity, i.e., the ability of 
vaccines to induce an immune response, and reactogenicity, i.e., 
the likelihood of adverse events owing to the vaccine. 

The two mRNA vaccines, BNT162b2 from Pfizer-BioNTech 
and mRNA-1273 by Moderna, were the first COVID-19 vaccines 
to demonstrate efficacy in phase 3 trials.18,19) In the BNT162b2 
phase 3 study, 43,548 participants were randomized to receive two 
30-µg doses of the vaccine or saline placebo 21 days apart. The 
study enrolled people aged 16 years and older, with 42% of partici-
pants aged above 55 years. The vaccine showed 95% efficacy in 
protecting against SARS-CoV-2 infections, with eight cases occur-
ring in the BNT162b2 group and 162 cases in the placebo group. 
In terms of reactogenicity, the most common adverse events were 
mild to moderate pain at the injection site, fatigue, and headache. 
These adverse events were transient, with a low incidence of seri-
ous adverse events. When the two age groups (16–55 and > 55 
years) were compared, the second dose was associated with more 
local and systemic adverse events, while there was less reactogenic-
ity in the older age group.18) 

In the phase 3 trial of the mRNA-1273 vaccine, 30,420 partici-
pants aged 18 years and older were randomized to receive two 100-
µg doses of mRNA-1273 or saline placebo 28 days apart. The vac-
cine showed an efficacy of 94.1%, with 11 cases occurring in the 
mRNA-1273 vaccine group versus 185 cases in the placebo group. 
The rates of adverse events in the vaccine and placebo groups were 
84.2% and 19.8%, respectively, for the first dose and 88.6% and 
18.8%, respectively, for the second dose. While reactogenicity in-
creased from the first to the second dose, the incidence of serious 

adverse events was low. Similar to the BNT162b2 vaccine, the 
rates of solicited injection site and systemic adverse events were 
higher in the younger (18–65 years) group than in the older (65 
years and above) participants.19) 

For these mRNA vaccines, the higher rate of immunogenicity 
likely translated into the high efficacy rate in reducing SARS-
CoV-2 infection, as seen in the phase 3 studies. While there are 
theoretical concerns regarding reduced immunogenicity with age, 
phase 1 dose-escalation trials of the mRNA-1273 vaccine observed 
similar effective antibody responses in three age groups (18–55, 
56–70, and 71 years and older). The antibody titers measured at 
three different time points (summarized in Table 2) suggested that 
mRNA vaccines are likely to be effective in older people.20,21) 

The other vaccine with published phase 3 results is ChAdOx1 
nCoV-19 (AZD1222), an adenovirus-vectored vaccine by Astra-
Zeneca, with interim results available showing its safety and effica-
cy in 11,636 participants. AZD1222 was compared to a control 
vaccine, in which two doses were administered 28 days apart. 
Among participants receiving two standard doses of AZD1222, 
the efficacy was 62.1% (27 cases in AZD1222, 71 cases in place-
bo). However, a subgroup of participants inadvertently adminis-
tered a lower dose of the vaccine for the first injection showed a 
90.0% efficacy rate (3 cases in AZD1222; 30 cases in placebo).22) 
Unfortunately, the results from the different dosing regimens could 
not be compared owing to effects from multiple confounding fac-
tors, particularly the dosing interval. A longer dosing interval be-
tween both doses may result in better immunogenicity, which was 
generally longer in the low-dose group.23) This uncertainty regard-
ing the optimal dose for AZD1222 requires further study before 
any firm conclusions can be made. 

In terms of safety data, the interim results contained data from 
74,341 person-months of follow-up. There were 175 severe ad-
verse events, of which 84 occurred with AZD1222 and 91 in the 
control group.22) A case of transverse myelitis (an idiopathic 
short-segment spinal cord demyelination) was reported as possibly 
related to the vaccine. Two other cases of transverse myelitis also 
occurred during follow-up, which were unrelated to AZD1222; 
one was deemed unlikely to be vaccine-related as the patient had 
previously undiagnosed multiple sclerosis and the other patient 
had received the MenACWY vaccine. Generally, AZD1222 
showed a good safety profile, with similar rates of adverse events 
across the study arms. The phase 2/3 trial of AZD1222 also 
demonstrated lower rates of solicited local and systemic adverse 
events in the older age group and after the second vaccine dose.24) 

Finally, the Ad26.COV2.S vaccine is an adenovirus serotype 26 
(Ad26) vector by Janssen Pharmaceuticals. This vaccine deserves 
mention as it is planned as a single-dose vaccine, which is likely to 
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improve compliance, particularly for older people. In the phase 
1–2a trial, 805 participants aged 18–55 and 65 years or older were 
randomized to receive Ad26.COV2.S at a dose of 5 × 1010 viral par-
ticles (low-dose) or 1 × 1011 viral particles (high-dose) per millili-
ter or placebo (as one or two-dose regimens). A single dose of 
Ad26.COV2.S resulted in a strong humoral response independent 
of the age group or vaccine dose. These titers further increased and 
stabilized at 71 days follow-up after the first dose, suggesting a du-
rability of response after a single dose. The most frequent systemic 
adverse events were fever, fatigue, headache, myalgia, and injection 
site pain. There was less reactogenicity in the older age group for 
the low dose and after a second dose.25) 

CONCLUSION 

Older people are vulnerable to developing SARS-CoV-2 infections 
and complications; thus, they are a priority group for preventive 
vaccination campaigns. A general understanding of the immune 
response of older people to vaccines and the various COVID-19 
vaccine platforms is required, in addition to current knowledge of 
evidence from ongoing available phase 3 trials of vaccines specific 
to older people to evaluate the risks and benefits of different vac-
cines for this population. 
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