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Abstract: The COVID-19 pandemic has disproportionately impacted frail older adults, 
especially residents of long-term care (LTC) facilities. This has appropriately led to prior-
itization of frail older adults and LTC residents, and those who care for them, in the 
vaccination effort against COVID-19. Older adults have distinct immunological, clinical, 
and practical complexity, which can be understood through a lens of frailty. Even so, frailty 
has not been considered in studies of COVID-19 vaccines to date, leading to concerns that 
the vaccines have not been optimally tailored for and evaluated in this population even as 
vaccination programs are being implemented. This is an example of how vaccines are often 
not tested in Phase 1/2/3 clinical trials in the people most in need of protection. We argue that 
geriatricians, as frailty specialists, have much to contribute to the development, testing and 
implementation of COVID-19 vaccines in older adults. We discuss roles for geriatricians in 
ten stages of the vaccine development process, covering vaccine design, trial design, trial 
recruitment, establishment and interpretation of illness definitions, safety monitoring, con-
sideration of relevant health measures such as frailty and function, analysis methods to 
account for frailty and differential vulnerability, contributions in regulatory and advisory 
roles, post-marketing surveillance, and program implementation and public health messa-
ging. In presenting key recommendations pertinent to each stage, we hope to contribute to 
a dialogue on how to push the field of vaccinology to embrace the complexity of frailty. 
Making vaccines that can benefit frail older adults will benefit everyone in the fight against 
COVID-19.
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As the COVID-19 pandemic has evolved, it has become clear that outcomes are 
highly age-dependent. Mortality increases exponentially with age after 50, and most 
fatalities have occurred in those over age 80.1,2 Even so, outcomes have varied 
across the full spectrum of asymptomatic to catastrophic illness in every age group 
including the oldest old. This variability in health status and outcomes can be 
understood through a lens of frailty, which is a state of increased vulnerability to 
adverse health outcomes.3 Frailty tends to increase with age but goes beyond simple 
time-based measures to understand the variability in health status and vulnerability 
among people of the same chronological age.4

Frailty is increasingly a focus of the public, health care professionals, decision 
makers and regulators. All want to know how well a given intervention, treatment 
or vaccine is likely to work across the spectrum of frailty. In the case of vaccination 
against COVID-19, there is particular interest in understanding how to protect those 
most at risk, which importantly includes the oldest and frailest adults, and notably 
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those who reside in long-term care facilities (LTCFs). 
Because of this, in many jurisdictions, frail LTCF residents 
(and those who care for them) are priority groups for 
vaccination.5–7

Prioritizing frail older adults for vaccination stands 
in opposition to the observation that, as with most 
clinical trials, to date, COVID vaccine trials have gen-
erally excluded frail older adults and residents of 
LTCF.8,9 This knowledge gap between what we need 
to know and what the trials are telling us could be 
addressed by conducting appropriate studies in this 
population. That prospect, though desirable, is in no 
way guaranteed. We argue that intentional thought 
about frailty would be beneficial across all stages in 
the processes of vaccine development, testing and 
implementation. A starting point is the observation that 
trial author groups generally have not included geriatri-
cians, despite otherwise representing (appropriately) 
large study teams with diverse expertise. This is perhaps 
not surprising due to the historical observation that the 
field of vaccinology has long centred around pediatrics 
and public health; given the focus on vaccines for 
infants and children as undeniably critical aspects of 
preventive care, the field of pediatric vaccinology is 
much more developed than the more emerging one of 
geriatric vaccinology.

Why is this important? Older adults are not simply adults 
who have been alive for more years. There is an interesting 
distinction to be made between age and aging. Whereas age 
implies the simple passage of chronological time, aging 
brings the added meaning of increased risk of failure over 
time. If we see the human body as a complex system, an 
aging system will have increasing risk of failure over time 
(just as would be the case for a complex mechanical system 
such as a car). One way to understand this is through the 
accumulation of deficits, which contributes to this increased 
risk of failure – this accumulation of deficits has the added 
benefit of being quantifiable, as is done in the frailty index.

Geriatricians are frailty specialists. In the context of this 
paper’s discussion and recommendations, a geriatrician is 
a clinician and/or academic with special training and exper-
tise in the care of frail older adults and in understanding 
principles of aging in relation to vaccines. As vaccines are 
developed and targeted to older adults, there are many 
important roles for geriatricians across all stages in vaccine 
development, testing and implementation (Figure 1).

Vaccine Design
Immune responses tend to wane and become dysregulated 
with age, through processes known as immunosenescence. 
Notably, immunosenescence does not occur uniformly 

Figure 1 Roles for geriatricians arise across all stages in vaccine development, testing and implementation.
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across all older adults as they age. Indeed, this variability 
is hypothesized to be a contributor to frailty itself.10,11

It is thus important to design vaccines to overcome and 
stimulate immune responses that may be dysregulated and 
immunosenescent. Advances in nucleic acid, vector and 
adjuvanted vaccine platforms offer rich opportunities in 
this area. Newer adjuvants may overcome age-related 
defects in innate immunity including frail 
individuals.12,13 Cell-mediated immunity (CMI) is particu-
larly important in the setting of frailty and immunosenes-
cence so vaccines should be designed to optimize CMI 
responses.11,14 Along with this, vaccine immunogenicity 
trials need to include measures of CMI that better reflect 
the immune responses of frail older adults. A small but 
growing community of geriatric (and geriatrician) immu-
nologists bring an important perspective to this basic 
science work. For example, the decline in CMI responses 
to influenza vaccination appears to be a limitation of 
current influenza vaccines.15 In contrast, COVID-19 
RNA vaccines stimulate a robust CMI response that is 
associated with the preserved 95% protection rates against 
COVID-19 observed in older adults in the Phase III 
trials.16

Key recommendation: COVID-19 vaccine design 
should account for immunosenescence and the importance 
of cell-mediated immune responses in frail older adults.

Trial Design
Clinical trials are designed with the intent of isolating the 
effect of intervention being studied; in order to achieve 
this, recruitment generally focuses on healthy (and more 
often young) volunteers, and participants with underlying 
health complexity are often excluded. This age discrimina-
tion can be direct (eg, arbitrary age cutoffs) or indirect (eg, 
exclusions on the basis of comorbidities, disability, medi-
cation use, or failing to adapt procedures and materials for 
sensory impairments).17 Excluding older and frailer indi-
viduals may be quite appropriate in early phase (I–II) 
studies, where basic questions about safety and dose find-
ing are being asked. However, in later phases (II-III) when 
questions turn to optimizing immune responses, efficacy 
and safety in the target populations, excluding older and 
frail participants is problematic. If vaccines are not eval-
uated in populations most at risk, questions about their 
efficacy, safety, immunogenicity and reactogenicity will 
remain unanswered until they are deployed in these real- 
world populations in the rollout of vaccination programs. 
Innovative clinical trial designs, such as adaptive, cluster 

or pragmatic clinical trials, offer the opportunity to better 
study frail individuals.18 Relevant to the challenge of 
immunosenescence, evidence from other vaccines suggests 
that frail older adults may benefit from higher doses of 
antigen (eg, high-dose influenza vaccine)19–21 or inclusion 
of adjuvants to stimulate immune responses (eg, adju-
vanted influenza vaccine, recombinant shingles 
vaccine).13,18,22,23 If we do not include older frail partici-
pants in vaccine studies, this opportunity to optimize the 
products for their needs will be missed.

Key recommendation: Particularly in later phases, vac-
cine trials should be designed to include (and not explicitly 
exclude) frail older people.

Trial Recruitment
Beyond defining appropriate inclusion and exclusion cri-
teria, recruitment can be a particular challenge for frail 
older adults. Practical factors should be considered: geo-
graphy, transportation, messaging, access to recruitment 
and clinical sites, and facilitating the consent processes 
for people with sensory and/or cognitive impairment. 
Geriatricians can help overcome barriers to recruitment 
in frail older adults including cognitive impairment, 
dementia, visual impairment, hearing impairment, dysmo-
bility, consideration of goals of care, and caregiver con-
cerns. These issues present important challenges at any 
time but have presented unique barriers during COVID 
times. For example, recruiting frail participants for in- 
person visits during a lockdown or “shelter in place” 
advisory in the surrounding community24,25 and conduct-
ing virtual information and consent discussions where 
technology (eg, tablet devices) may be unfamiliar or pre-
sent barriers due to sensory impairments are all very real 
considerations.26 Even so, when means of working around 
these barriers are developed, the payoff will be much 
better population representativeness. Overcoming these 
sorts of barriers is part of the routine skill set of geriatri-
cians in clinical settings (even pre-COVID). Considering 
the setting of recruitment is essential. For example, study 
recruitment within long-term care facilities could help 
facilitate safe, pragmatic and respectful access to relevant 
potential participant populations. As with any margina-
lized population, relationships of trust are key to inclusion 
and recruitment. A trusted clinician and/or LTCF medical 
director who is embedded in a potential study setting is 
well positioned to work from this place of trust and open 
communication to help reach potential participants. 
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Geriatricians are likely to be such people or to know these 
networks well.

Key recommendation: Recruitment of frail older adults 
will be optimized when we consider how to best reach 
targeted participants and start with a relationship of trust.

Establish and Interpret Illness 
Definitions
As is foundational to geriatric medicine, but perhaps less 
well known outside it, older adults tend to present differ-
ently with acute illness compared with younger adults; this 
is particularly the case when these older adults are frail 
and/or who live with dementia. These “atypical presenta-
tions” of illness, such as delirium, functional decline and 
reductions in mobility, are actually more the norm than the 
exception when frail older adults are ill.27 This can be 
perplexing until we think back to the complex system 
analogy. The highest order functions of our human com-
plex system include complex cognition and divided atten-
tion, opposable thumbs and the use of tools, and upright 
bipedal ambulation.28 When the vulnerable complex sys-
tem of the frail older adult is under stress, these may be 
some of the first things to go.29 When these high-order 
functions fail, we see acute confusion (delirium), func-
tional decline and falls.28 The frailer an older adult is, 
the more prone to these “atypical” presentations they 
will be.

In COVID-19 vaccine trials, illness case definitions are 
critical because they are the mechanism through which 
potential cases of infection are identified; importantly, 
this is the foundation upon which vaccine efficacy (VE) 
calculations are based.30–32 If cases are missed due to not 
meeting inappropriately rigid case definitions, the trial will 
not result in an accurate measure of VE. In the case of 
COVID-19, a frail older adult may thus present with 
symptoms that are outside the usual testing criteria in 
any clinical setting or clinical trial.33,34 In addition to 
tending to presenting atypically, older adults living with 
underlying cognitive impairment or dementia may have 
difficulty recognizing or communicating their 
symptoms.35 A geriatrician will be well positioned to 
help design trial case definitions to pick up on these 
atypical presentations.

Key recommendation: Atypical presentations of illness 
(more common in frail older adults) should be considered 
in COVID-19 vaccine trial case definitions, which are the 
foundation of vaccine efficacy calculations.

Safety Monitoring
Including geriatricians on Data and Safety Monitoring 
Boards (DSMB) would be important for trials conducted 
in frail older adults. Just as it would be unthinkable to do 
a study in children with no pediatrician expertise in eval-
uating potential adverse events, the same should apply for 
the geriatric population. This is particularly important 
given the arguments presented above that older adults are 
not simply adults who are older and illness presentations 
are often unique to this population. Also, frail older adults 
are a group which also has a high level of background 
events. Including geriatricians in the trial study team will 
add useful expertise in interpreting the numerous adverse 
events that occur following the intervention. Adverse 
event rates are much higher in older adults, especially in 
frail older adults than younger individuals. The volume 
and types of events need careful evaluation by clinicians 
who understand this population. All of these factors pre-
sent challenges to interpreting potential safety signals and 
to defining and implementing appropriate pause rules, and 
geriatricians stand to contribute important expertise.

Key recommendation: When a study includes frail 
older adult participants, a geriatrician should be on the 
DSMB.

Health Measures Used in Vaccine 
Trials
Geriatricians are also well positioned to assist with the 
measures of health (both baseline and outcomes) that are 
used in clinical trials. It is feasible to include validated 
health outcome measures relevant to older adults in vac-
cine clinical trials.36,37 As a starting place, it is important 
to include measures of frailty; otherwise, it is not possible 
to evaluate outcomes by level of frailty, generate VE 
estimates across frailty categories or adjust VE estimates 
for frailty, which has been shown to be both highly 
informative and feasible in studies of influenza and 
shingles.13,38 This is becoming increasingly important 
for regulators as well, so consideration of frailty in vac-
cine trials will set the stage for this aspect of regulatory 
approval. Outcomes measured in clinical trials are often 
not the ones that are valued and relevant to older adults. 
This is the case even for mortality; despite being seen as 
the worst-case scenario in most trials, many older adults 
themselves value outcomes such as functional indepen-
dence and quality of life over quantity of life, so including 
these measures helps to more clearly measure (and allow 
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communication of) benefits in these domains.39,40 This, in 
turn, can help inform public health messaging – for exam-
ple in the case of influenza, advocacy groups representing 
older adults develop messages centered around 
AVOIDing frailty (including through vaccination)41 and 
preventing persistent functional disability following 
recovery from an acute infection by promoting adult 
vaccination.42 Rapid assessment methods for evaluating 
function are available and may be well suited to this 
purpose.43,44

Key recommendation: Measures of health and out-
comes (eg, frailty and function) that are relevant to frail 
older adults should be included in COVID-19 vaccine 
trials.

Analysis Methods to Account for 
Frailty and Differential Vulnerability
Even when frailty has not been included up front in 
a complex trial design, it may be possible to retrospec-
tively generate a frailty measure using data that have 
already been collected. In the case of clinical trials where 
baseline health and symptom data have been collected, it is 
possible to create a deficit accumulation frailty index mea-
sure. This has been demonstrated, for example, in the 
shingles vaccine literature13,45 and in cardiovascular clin-
ical trials.46–48 This allows determination of the spectrum 
of frailty represented among the trial participants as well 
as estimates of stratified VE by level of frailty.13 In other 
cases (such as observational studies) where individual- 
level health data are less well characterized, propensity 
scores and other complex statistical methods may be 
applied to generate estimates of differential 
vulnerability.49–52 In either case, geriatricians with exper-
tise in frailty measurement would be well positioned to 
contribute to the study team.

Key recommendation: Even when a measure of frailty 
has not been included up front in a clinical trial of 
COVID-19 vaccines, efforts should be made to account 
for frailty in statistical analyses (eg, use of 
a retrospectively generated frailty index or propensity 
score with stratified estimates of vaccine efficacy, immu-
nogenicity, reactogenicity and safety).

Regulatory and Advisory 
Contributions
Given the recognition that frail older adults are a key 
target population for COVID vaccination, it would be 

reasonable to expect that geriatricians may be involved 
in informing regulatory decisions and advisory body 
recommendations. The Centers for Disease Control 
Advisory Committee on Immunization Practices COVID- 
19 vaccines work group includes a geriatrician representa-
tive of the American Geriatrics Society,6 and advocating 
for increased contributions to these activities in other 
jurisdictions is a reasonable goal.

Key recommendation: When regulatory and advisory 
decisions are being made concerning vaccines targeting 
frail older adults, geriatrics expertise should be included.

Post-Marketing Surveillance
Just as study design is critical in early phases of vaccine 
testing, once vaccines are in general use, Phase IV and 
other observational studies benefit from similar considera-
tions of how to best define study populations, measure and 
account for frailty, and consider relevant geriatric out-
comes. Again, geriatricians are well positioned to contri-
bute this expertise. For example, these have been 
important considerations in influenza burden of disease 
and VE surveillance, with frailty and function being key 
embedded measures in the Canadian Immunization 
Research Network’s Serious Outcomes Surveillance 
Network. Over a decade of active hospital-based surveil-
lance for influenza, this geriatric focus has allowed con-
sideration of the importance of frailty for influenza 
outcomes and VE and also exploration of the true burden 
of influenza in older adults by tracking relevant outcomes 
following the acute illness episode itself, such as persistent 
declines in function and frailty.38,53,54

Key recommendation: Post-implementation surveil-
lance and evaluation of COVID-19 vaccines should incor-
porate relevant health and outcome measures, such as 
frailty and function.

Program Implementation and 
Communication
Clear and consistent communication is essential for successful 
vaccine program implementation. This includes communica-
tion relating to existing knowledge and evidence gaps perti-
nent to older age and frailty and addressing special concerns 
that arise in this population. Examples include management of 
comfort during vaccination, potential for reactogenicity in 
already frail vaccine recipients (although evidence from 
COVID-19 and other vaccines suggests that reactogenicity 
tends to be lower with increasing age and frailty),13,30–32,55 
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and concerns about serious adverse events occurring in the 
setting of a population with high background events.56 This 
age- and frailty-specific communication is important to help 
inform and guide immunization practice across settings; inte-
grating this messaging within primary care is particularly 
essential, and geriatricians are likely to have existing colla-
borative relationships with primary care and long-term care 
clinicians. Again, trust is important – although vaccine hesi-
tancy is generally lower among older adults, it is present in the 
older age groups and also among substitute decision makers 
(SDMs) and LTCF staff who engage with older persons with 
cognitive impairment, impacting decision-making capacity to 
make vaccination decisions.57,58

It is also important to have open lines of communica-
tion with frailty stakeholders, such as non-governmental 
organizations and advocacy groups.41,42,59–61 Existing 
relationships, which geriatricians may already have estab-
lished, are helpful.

Key recommendation: Communication of age- and 
frailty-specific knowledge and evidence gaps is important 
to maintain trust in public health messaging about 
COVID-19 vaccination.

Frail older adults, especially those who live in long- 
term care facilities, have been among the most impacted to 
date by the COVID-19 pandemic. They are thus 
a vulnerable population who have been appropriately 
prioritized for COVID-19 vaccination. Even so, many 
knowledge gaps remain relating to the use of COVID-19 
vaccination in this population. Given older adults’ distinct 
immunological, clinical, and practical complexity, there 
are important roles for geriatricians at every step from 
COVID-19 vaccine development to testing and program 
implementation. It is our hope that the key recommenda-
tions presented here (summarized in Box 1) will stimulate 
discussion and action in ongoing efforts to use vaccination 
as a critical element in the battle against COVID-19.
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Box 1 Summary of 10 Key Recommendations for Involving 
Geriatrics Expertise in COVID-19 Vaccine Development, 
Evaluation and Program Implementation

1. COVID-19 vaccine design should account for immunosenescence 
and the importance of cell-mediated immune responses in frail 

older adults.

2. Particularly in later phases, vaccine trials should be designed to 
include (and not explicitly exclude) frail older people.

3. Recruitment of frail older adults will be optimized when we 

consider how to best reach targeted participants and start 
with a relationship of trust.

4. Atypical presentations of illness (more common in frail older adults) 

should be considered in COVID-19 vaccine trial case definitions, 
which are the foundation of vaccine efficacy calculations.

5. When a study includes frail older adult participants, a geriatrician 

should be on the DSMB.
6. Measures of health and outcomes (eg, frailty and function) that 

are relevant to frail older adults should be included in COVID-19 

vaccine trials.
7. Even when a measure of frailty has not been included up front in 

a clinical trial of COVID-19 vaccines, efforts should be made to 

account for frailty in statistical analyses (eg, use of 
a retrospectively generated frailty index or propensity score with 

stratified estimates of vaccine efficacy, immunogenicity, reacto-

genicity and safety).
8. When regulatory and advisory decisions are being made concern-

ing vaccines targeting frail older adults, geriatrics expertise should 

be included.
9. Post-implementation surveillance and evaluation of COVID-19 

vaccines should incorporate relevant health and outcome mea-

sures, such as frailty and function.
10. Communication of age- and frailty-specific knowledge and evi-

dence gaps is important to maintain trust in public health messa-

ging about COVID-19 vaccination.
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