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Abstract

OBJECTIVE: This study aimed to synthesize available evidence on the
effectiveness and safety of COVID-19 vaccines for frail older adults
through a rapid review, supplemented with geriatricians’ consensus
statements.

METHODS: References were identified through MEDLINE and
Web of Science on 1st February 2021 using relevant terms related to
COVID-19, vaccine, and older adults. Searches were also conducted
on reference lists of review articles and Google Scholar. The content
was updated on 8th April via hand searching. We included studies
on Phase III randomized controlled trials, and data from real world
administration of vaccines. A two-round Delphi study was conducted
with 15 geriatricians to elicit their thoughts and recommendations
regarding COVID-19 vaccination for frail older adults.

RESULTS: Five Phase III randomized controlled efficacy trials reported
vaccine efficacy ranging from 66.7% to 95% among participants aged
16 to 95. The vaccine efficacy for participants aged 65 and above is
94.7% and 86.4% for Pfizer-BioNTech and Moderna respectively.
Sputnik V reported a vaccine efficacy of 91.8% for participants 60
and above. Serious adverse events were reported by 0.27% to 1% of
participants who received at least one dose of the four vaccines. For the
Delphi study, 16 out of 24 statements achieved consensus. The Delphi
panel opined that frail or very old adults, except those with limited
life expectancy, should be vaccinated due to their vulnerability. They
also agree that vaccination decisions should be made by patients when
possible, with the involvement of next-of-kin should the frail older adult
be unable to do so. Lastly, the panel thought that frail older adults should
be included in future clinical trials.

CONCLUSION: In early clinical trials, there is paucity of evidence on
efficacy and safety of current COVID-19 vaccines among frail older
adults. Geriatricians’ consensus indicate that frail older adults should
be vaccinated except where life expectancy is limited. Future trials
assessing efficacy and safety should include frail older adults.
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Introduction

with over 132 million confirmed cases and 2.8 million
deaths worldwide as of 7th of April 2021 (1). Frailty
has been found to be associated with an increase in severity and
risk of adverse events from COVID-19 (2, 3). In Singapore,
one in six citizens is 65 and above (4), and 5.7% of older adults

aged 60 and older are frail (5), which translates to an estimated
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The emergence of COVID-19 had a devastating impact,

35,000 frail older adults in Singapore. Similar to other countries
with high older adult population, this creates an urgency to
vaccinate older adults as soon as possible.

After early data from Phase III trials were published in 2020,
both COVID-19 vaccines Pfizer-BioNTech and Moderna were
given emergency approval to curb the raging pandemic (6,
7). Though trial results are promising, efficacy and safety of
these vaccines on frail older adults is largely unknown. These
studies were conducted in a controlled clinical environment on
relatively healthy individuals with strict inclusion and exclusion
criteria (8, 9). Albeit this mass vaccination program of older
adults is currently underway worldwide. However, with
some emerging reports on the deaths of frail older adults after
vaccination, questions have been raised regarding the safety
(10), efficacy, ethical issues surrounding informed consent (11),
and whether frail older adults should be vaccinated given the
risks.

Thus, the aim of this study is to provide insights into the
question: Are COVID-19 vaccines effective and safe for frail
older adults? Due to the urgent nature of the situation, we chose
to conduct a rapid review and to supplement our findings with
a Delphi study among geriatricians on their views on a) current
evidence of efficacy and safety of COVID-19 vaccination for
frail older adults, b) recommendations on vaccinating older
adults, and ¢) ethical issues around it.

Methods

Rapid Review

A literature search was conducted on 1st of February 2021 in
Medline and Web of Science using a search strategy formulated
with the PICOTS framework (population, interest, comparison,
outcomes, timeframe, settings). Table 1 shows keywords
adopted for the search. Appendix 1 shows the full search
strategy in Medline.

In addition, we also searched Google Scholar using
simplified key words “COVID-19 vaccination(s)” and “older
adults” to identify grey literature, and searched the reference
list of discussion articles relating to COVID-19 vaccines.
The title and abstract of these articles were then subjected
to an initial screening process against a set of inclusion and
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Table 1. Search strategy based on PICOTS

PICOTS
Population

Phenomenon of Interest

01/02/21
Only English publications

Timeframe
Filter

Key words (Combination of Mesh terms and text words)

Aged OR elderly OR seniors OR older adult OR older adults OR older patient OR older patients OR
older people OR older persons OR Aged(MeSH) OR Aged, 80 and over(MeSH)

1)(nCoV* or 2019nCoV or 19nCoV or COVID19* or COVID or SARS-COV-2 or SARSCOV-2

or SARSCOV?2 or Severe Acute Respiratory Syndrome Coronavirus 2 or Severe Acute Respiratory
Syndrome Corona Virus 2).ti,ab kf,nm,oxrx,px. AND 2) (Vaccination or Vaccines)

(1) Taken from https://covid.cadth.ca/literature-searching-tools/cadth-covid-19-search-strings/ on COVID-19 — MEDLINE (13)

exclusion criteria by two reviewers (JG, PL), followed by full-
text screening (see Appendix 2 for full eligibility criteria).

The screening process was conducted by the reviewers
independently in Covidence, a web-based tool (12). In both
screening processes, any disagreements were resolved via
discussion with a third reviewer (PPG). The following data
variables were extracted using Covidence: basic publication
information, information on the study type and design, sample,
vaccine efficacy, and safety (e.g. side effects, adverse effects)
and subsequently exported into a spreadsheet. Meta-analysis
was not possible as the studies had clinical and methodological
heterogeneity, Clinical heterogeneity was evident in the studies
for defining COVID-19 symptoms. For example, the studies
differed in their definition of fever as part of a COVID-19
diagnosis (e.g. AstraZeneca defined it as >37.8, Moderna as
>38, Sputnik V as > 38.5), and number of symptoms (e.g.
AstraZeneca requires one symptom from a list while Pfizer and
Moderna requires two). Also, methodological heterogeneity
was evident across the studies as vaccine efficacy was measured
at different time points for the available vaccines. Pfizer’s
efficacy outcome was a confirmed COVID diagnosis 7 days
after the second dose, Sputnik V was 21 days after the first
dose, and Moderna’s was 14 days after the second dose.

Delphi Study

The Delphi technique is commonly used to gather informed
consensus on a topic that does not have clear evidence (14).
An online Delphi study was used to solicit the opinions of
geriatricians in Singapore on recommendations regarding
COVID-19 vaccination for frail older adults. As in the case
of COVID-19 vaccines, where real world data is still limited,
the available evidence to date would be supplemented with
the clinical expertise of geriatricians to arrive at consensus
statements for guideline development.

Formulation of Statements

Statements for the survey were first drafted by the research
team based on suggestions from a geriatrician and by adapting
statements from other Delphi studies on vaccines (15-17). This
was followed by a presentation of the rapid review results to the
Chapter of Geriatricians COVID-19 Vaccination Workgroup
in Singapore, where they gave their input for the statements
as well. One of the geriatricians provided further advice
regarding statements on ethics. Twenty Delphi statements were

formulated for round 1 of the study. These statements were
divided into three categories: (a) overall literature on COVID-
19 vaccination for frail older adults, (b) clinical opinion and
experience regarding COVID-19 vaccination for frail older
adults, and (c) ethical issues surrounding vaccinating frail older
adults.

Delphi Panel

In Delphi exercises, a minimum of 12 respondents is
generally considered to be sufficient to enable consensus to
be achieved, larger sample sizes can provide diminishing
returns regarding the validity of the findings (18). Nevertheless,
Delphi sample sizes are dependent on group dynamics in
reaching consensus rather than their statistical power (19). As
we were targeting a homogeneous expert group with similar
trainings and experiences, a non-probability purposive sample
of 20 geriatricians were invited via email to participate in
this Delphi study. The geriatricians invited were consultants,
senior consultants, or heads of Geriatric Medicine departments
of public hospitals in Singapore. One of them also heads a
research institute focusing on geriatric research in Singapore.

Delphi Process and Consensus

The panelists were asked to rate the statements on a scale of
1 (strongly disagree) to 7 (strongly agree). An a priori criteria
was used to define consensus, based on the level of agreement
or disagreement, and on the dispersion of responses using the
width of interquartile range (20, 21). Consensus is deemed to
have been achieved if 75% of respondents disagreed (defined
as a rating of 1 and 2) or agreed (defined as a rating of 6 and 7)
with a statement, and if the interquartile range of the response
is 1 or less. Round 2 of the study contained statements that did
not reach consensus in round 1, with some refinements and
additional statements based on the comments provided by the
panelists. Both rounds of the study were conducted via email.
The survey statements for round 1 and round 2 can be found in
Appendix 3.

To complete the Delphi process, participants were required
to respond to both rounds. Those who did not respond to Round
1 were not invited to Round 2. A dropout rate of 20% was
expected over the two rounds, in accordance with previous
Delphi studies (22, 23). We aimed to recruit and complete the
process with at least 12 geriatricians.
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Figure 1. PRISMA Flow-Diagram for Study Selection
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Results

A total of 697 articles were identified using the initial search.
After applying the eligibility criteria to the initial screening and
full-text screening, five articles were included for the review
(8,9, 24-26). Additionally, one article was recommended by
a panelist during the Delphi process (27), while another four
articles were found during the update search in Google Scholar
using the same search strategy on 8th of April (28-31). Figure
1 shows the PRISMA flow diagram of the whole process (32).
Among the included studies, majority of them were peer-
reviewed while a few were pre-prints (see Appendix 4).

COVID-19 Vaccines

Three vaccines (Pfizer-BioNTech, Moderna, and Sputnik
V) had published data on completed Phase III studies (8, 9,
24) while one vaccine (AstraZeneca) had published two sets of
data, one from their UK trial site, and the other from an interim
analysis of Phase I/II/III studies from four trial sites (25, 26).
Some countries that have begun administering Pfizer-BioNTech
and/or AstraZeneca have published their data as well (27-29).

Vaccine Efficacy and Adverse Effects

Studies on the four vaccines included participants aged 16
to 95 years (see Appendix 7 for a breakdown of older adults
involved in each trial), and reported efficacy ranging from
66.7 - 95% (Table 2) (8,9, 24-26). The vaccine efficacy (see
Appendix 6 for a summary of how vaccine efficacy is assessed)
for participants aged 65 and above is 94.7% and 86.4% for
Pfizer-BioNTech and Moderna respectively. Sputnik V reported

COVID-19 VACCINATION FOR FRAIL OLDER ADULTS

a vaccine efficacy of 91.8% for participants aged 60 and above.
At that point in time, vaccine efficacy by age was not available
for AstraZeneca as they combined Phase II/IIT clinical trials
and were measuring participants’ immunogenicity. Common
adverse effects reported across the four vaccines were fatigue,
muscle aches, headaches, and chills. Serious adverse events
such as abdominal pain, angina pectoris, atrial fibrillation, and
myocardial infarction were reported by 0.27-1% of participants
who received at least one dose of the four vaccines (8, 9,
24-26).

Table 2. Overall Vaccine Efficacy (VE)

Vaccine Vaccine Efficacy  Vaccine Efficacy %  Serious Adverse
% (16-95 years) (= 65 years) Events
Pfizer-BioNTech 95 94.7 0.6%
Moderna 94.1 86.4 1%
Sputnik V 91.1 91.8 (=60 years) 0.27%
AstraZeneca 66.7%/76%/81.3% * N.A. 0.7%

* Overall efficacy/Single standard dose/Interval between dose extended to 12+ weeks

Vaccine Effectiveness/Antibody Response

Researchers in England reported a vaccine effectiveness
of 70% among those 80 years and above 28-34 days after
receiving their first dose of Pfizer-BioNTech vaccine, with the
effectiveness increasing to 89% 14 days after receiving the
second dose (28). This cohort received priority vaccination
before 4th of January 2021. For those receiving their
vaccination after this date, where the data is only for one
dose, vaccine effectiveness among those 70 years or older
was found to be at 59% 28-34 days post first dose for Pfizer
BioNTech vaccine and at 60%, 28-34 days for post first dose
of AstraZeneca vaccine. However, at 35+ days post vaccination
(dose 1), the vaccine effectiveness dropped slightly to 57% for
Pfizer BioNTech vaccine, while it increased to 73% for the
AstraZeneca vaccine.

In Scotland, researchers reported a vaccine effectiveness
of 81% for those 80 and above and 79% for those between 65
and 79 years old at 28 to 34 days after one dose of either the
Pfizer BioNTech or AstraZeneca vaccine (29). The vaccine
effectiveness was assessed against hospitalization within 28
days of being tested positive for COVID-19. Of note, the
vaccine effectiveness for those between 65 and 79 years
decreased to 56% after 35 days of receiving one dose of either
the Pfizer-BioNTech or AstraZeneca vaccine. In Israel, Pfizer-
BioNTech vaccine has an overall vaccine effectiveness of 60%
for documented infection, 66% for symptomatic Covid-19, and
78% for hospitalization within 21-27 days of receiving the first
dose, and the respective effectiveness increased to 92%, 94%,
and 87% after 7 days of the second dose (27). Among those
who were 70 and older, vaccine effectiveness was 50% for
documented infection and 64% for symptomatic illness 21 to
27 days after the first dose, rising to 95% and 98% respectively
after 7 days of the second dose.

Additionally, a study on a group (n=100) of older adults (80
- 96 years) indicated that two doses of Pfizer-BioNTech vaccine
elicited a strong humoral immunity and retained broad efficacy
against the Brazilian variant of COVID-19 (31). In another
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Table 3. List of 16 consensus statements ranked from highest to lowest agreement

Statements Agreement (%)
Clinical opinion and experience

Older adults should not be excluded from COVID-19 vaccination on the sole basis of age 100
In principle, the benefits of receiving a COVID-19 vaccination outweigh the risks for frail older adults (except those with limited life 933
expectancy)

Very old adults (at least 80) in Singapore should be given priority in the vaccination exercise 933
Frail older adults residing in long-term care facilities (such as nursing homes) should be given priority in the COVID-19 vaccination exercise 86.7
The risks of COVID-19 vaccination may outweigh the benefits for frail older adults with limited life expectancy (less than 6 months) 86.7
Frail older adults should receive COVID-19 vaccination 80
Frail older adults are vulnerable to the deleterious consequences of COVID-19 80
Overall evidence

There is no evidence to suggest that COVID-19 vaccination in older adults is less effective compared to the general population 80
There is no evidence to suggest that COVID-19 vaccination in older adults is less safe compared to the general population 80
Frail older adults should be included in future clinical trials of COVID-19 vaccination 80
Ethics

Frail older adults with mental capacity should decide on whether to receive the COVID-19 vaccination voluntarily without coercion 100
For frail older adults with limited or no decision-making capacity, the next-of-kin, should they be available, willing, and contactable, should be 100
informed of the frail older adult receiving the COVID-19 vaccine

The mental capacity of the frail older adults should be assessed properly prior to obtaining informed consent on whether they would like to 86.7
receive the COVID-19 vaccination

For frail older adults with limited or no decision-making capacity, the donee(s) and/or nominated healthcare spokesperson (NHS) should make 80
the decision on whether the frail older adult should receive the COVID-19 vaccine

For frail older adult with limited or no decision-making capacity, the next-of-kin, should they be available, willing, and contactable, should be 80
involved in the decision-making process on whether the frail older adult should receive the COVID-19 vaccine

For frail older adults with limited or no decision-making capacity, and no available and contactable next-of-kin, the healthcare team, after 80
weighing the risks and benefits, should make the decision on whether the frail older adult should receive the COVID-19 vaccine in the older

adult’s best interest

longitudinal study of 134 long-term care facilities residents
in Spain, where 44% of residents were classified as frail, two
doses of Pfizer-BioNTech vaccine elicited antibody response
at 21.9 days (average), suggesting antibody response regardless
of frailty, disability, older age, sex, cognitive impairment, or
comorbidities (30).

Delphi Study

The response rates for Delphi survey round one and two
were 75% (15/20) and 100% (15/15) respectively. A total of
16 statements achieved consensus from both rounds, while
eight did not (see Figure 2 for an overview by category). The
16 consensus statements and their percentages of agreement
can be found in Table 3. From Figure 2, the category with the
least consensus was on statements based on clinical opinion
and experience. A list of the remaining statements that did not
achieve consensus can be found in Appendix 5, while the full
list of statements can be found in Appendix 3.

While the consensus is that there is no evidence to suggest
COVID-19 vaccination for older adults is less effective
or less safe compared to the general population, a panelist
acknowledged the need to further investigate reports of deaths
of frail nursing home residents in Europe after vaccination (10).
Additional comments by panelists included the need for an
individualized risk benefit assessment when recommending the
vaccine to frail older adults, and that the prioritization of frail
older adults for vaccination should also consider the probability
of contracting COVID-19. In countries where COVID-19 is
raging, there is a clear benefit to prioritizing frail older adults.

However, for countries with no community spread, the benefits
may not be as clear and may require decisions to be made on a
case-by-case basis.

Figure 2. Consensus by categorie

Ethics 100%

Overall literature availability

0 2 4 6 8 10 12 14 16
Number of Statements
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Discussion

To the best of our knowledge, this is the first rapid review
to summarize evidence on efficacy and safety of COVID-19
vaccines along with consensus statements from geriatricians
based on current evidence.

COVID-19 Vaccination for Frail Older Adults -
Clinical Trial and Real-World Evidence

Though results from Phase III trials showed high efficacy
and low adverse events among the general population, there is
a paucity of information about the effects of these vaccines on
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frail older adults (8, 9, 24-26). Despite the inclusion of older
adults, studies either did not provide sufficient information to
determine the frailty status of participants or had strict inclusion
and exclusion criteria that were likely to exclude frail older
adults in their sample. For example, AstraZeneca’s clinical trial
excluded participants that had a Clinical Frailty Score of 4 or
higher (33). Participants included in the trials for three vaccines
(Pfizer-BioNTech, Moderna, and Sputnik V) were generally
healthy or had chronic comorbidities such as diabetes, obesity,
or heart disease (8, 9, 24). However, the proportion of older
adults with these health issues are not known. Additionally,
frailty indicators such as: (a) level of physical activity, (b)
limitations to activities of daily living, (c) walking speed,
or (d) loss of weight were not reported (34-36). Hence, we
were unable to determine if frail older adults were included
in these trials. The AstraZeneca study combined information
from different trials worldwide, with each trial having slightly
different inclusion criteria (25, 26). Generally, participants
(aside from some diagnosed with HIV) were healthy high-risk
adults (e.g. healthcare workers). Based on the information
reported in these studies, vaccine efficacy among frail older
adults is unknown.

Similarly, real world studies of vaccine effectiveness
reported promising results, but there is insufficient information
on frail older adults (27-29). All three countries with
published data on their vaccination program had large samples
of older adults, and reported positive results such as lower
hospitalization rates and deaths for those who were vaccinated.
However, the proportion of frail older adults in these large
samples is generally unknown. Like other vaccine studies
where older adults tend to be not well studied (37), there
is considerable lack of frail older adults’ representations in
COVID-19 vaccine trials.

To supplement the lack of large data, information from
smaller serological studies that focused on only older adults
could be helpful. For example, a study on older adults (>
80 years) in a hospital in England reported an adjusted
vaccine effectiveness of 71.4% and 80.4% 14 days after one
dose of Pfizer BioNTech or AstraZeneca respectively (38).
Of note, 85% of older adults in this study scored between
5-9 on the Rockwood Clinical Frailty Scale. On the other
hand, heterogeneity of immune responses has been observed
in older populations due to their waning immune response,
with one study reporting 31.3% of those above 80 having no
detectable antibodies despite receiving two doses of Pfizer
BioNTech (39). However, evidence from two other studies
demonstrated that two doses of Pfizer-BioNTech’s vaccine
produces immunogenicity, independent of older adults’ health
conditions (30), and provided strong humoral immunity in older
adults from 80 to 96 years of age (31).

Delphi Study

Overall, the geriatricians agreed that there is currently no
evidence indicating that COVID-19 vaccines would be less
effective and safe for older adults, as well as on the ethical
issues surrounding decision-making for vaccinating frail older

COVID-19 VACCINATION FOR FRAIL OLDER ADULTS

adults. However, they were unable to agree on whether current
evidence is sufficient to guide vaccine recommendations for
both older adults and frail older adults. While they were in
favor of frail older adults being vaccinated, the geriatricians
advised against vaccinating frail older adults with less than six
months life expectancy. They also conflicted over statements
concerning whether certain subgroups of frail older adults
would benefit from the vaccination.

Lastly, the geriatricians indicated that frail older adults
should be included in future clinical trials of the vaccine. Other
geriatricians have also argued that clinical trials of vaccines
have not included frail older adults who are most in need of
the protection (40), raising questions about the safety and
efficacy of these vaccines, and whether they are optimized
for frail older adults who might respond differently compared
to younger adults. The panelists’ responses were consistent
with our findings that there is limited evidence one can draw
upon to make a recommendation on vaccinating frail older
adults. Although the Delphi method has its limitations and not
comparable to evidence-based methods, it is used in health
sciences when there is a lack of evidence from randomized
control trials due to a new phenomenon or exclusion of certain
population in trials as a result of ethical or pragmatic reasons
(14). As COVID-19 is a new phenomenon with limited
evidence, geriatricians are the source of information that
others might refer to when treating older adults. Hence, the
collective statements would serve as a guide in terms of clinical
considerations.

In sum, data from Phase III clinical trials provided limited
evidence on the effects of the four vaccines on frail older
adults. However, emerging real-world evidence shows benefits
of vaccination for Pfizer-BioNTech (30, 31). Meanwhile,
additional information on effectiveness and safety of Moderna,
Sputnik V, and AstraZeneca vaccine on frail older adults is
needed.

Limitations

There are several limitations to note in this study. Firstly,
due to the rapid nature of the review, we are likely to have
missed articles (41). Also, by restricting the eligibility criteria
to Phase III studies in peer-reviewed journals and pre-prints
of articles, vaccines such as Johnson & Johnson and Sinovac
were not included in our review. Secondly, quality appraisal of
the studies was not conducted in this rapid review due to time
constraints, but it enabled capturing of pre-prints of relevant
publications that have not been peer-reviewed. Third, attrition
in the Delphi process might have led to response bias (42).
Fourth, the criteria for consensus was subjective and thus open
to bias (43). Lastly, experts’ opinions were also subjective and
at risk of error (44) .

Conclusion

Our rapid review of Phase III studies indicate that there
is currently limited information available on the efficacy
and safety of COVID-19 vaccination for frail older adults.
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Geriatricians from our Delphi panel indicated that frail or very
old adults, except those with limited life expectancy, should be
vaccinated as they are the most vulnerable group and at a higher
risk of complications and death due to COVID-19. Lastly, the
panel indicated that frail older adults should be included in
future clinical trials of the vaccine.
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