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Importance of COVID-19 vaccine efficacy in older age groups
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a b s t r a c t

Importance: An effective vaccine against SARS-CoV-2 will reduce morbidity and mortality and allow sub-

stantial relaxation of physical distancing policies. However, the ability of a vaccine to prevent infection or

disease depends critically on protecting older individuals, who are at highest risk of severe disease.

Objective: We quantitatively estimated the relative benefits of COVID-19 vaccines, in terms of preventing

infection and death, with a particular focus on effectiveness in elderly people.

Design: We applied compartmental mathematical modelling to determine the relative effects of vaccines

that block infection and onward transmission, and those that prevent severe disease. We assumed that

vaccines showing high efficacy in adults would be deployed, and examined the effects of lower vaccine

efficacy among the elderly population.

Setting and participants: Our mathematical model was calibrated to simulate the course of an epidemic

among the entire population of British Columbia, Canada. Within our model, the population was struc-

tured by age and levels of contact.

Main outcome(s) and measure(s): We assessed the effectiveness of possible vaccines in terms of the pre-

dicted number of infectionswithin the entire population, and deaths among people aged 65 years and over.

Results: In order to reduce the overall rate of infections in the population, high rates of deployment to all

age groups will be critical. However, to substantially reduce mortality among people aged 65 years and

over, a vaccine must directly protect a high proportion of people in that group.

Conclusions and relevance: Effective vaccines deployed to a large fraction of the population are projected to

substantially reduce infection in an otherwise susceptible population. However, even if transmission were

blocked highly effectively by vaccination of children and younger adults, overall mortality would not be

substantially reduced unless the vaccine is also directly protective in elderly people. We strongly recom-

mend: (i) the inclusion of people aged 65 years and over in future trials of COVID-19 vaccine candidates;

(ii) careful monitoring of vaccine efficacy in older age groups following vaccination.

� 2021 Elsevier Ltd. All rights reserved.

1. Introduction

At the time of writing, there have been over 100 million

detected cases of coronavirus disease 2019 (COVID-19), resulting

in over two million deaths worldwide. The socioeconomic costs

related to restrictions on work, school, and travel required to slow

the spread of the causative virus (severe acute respiratory syn-

drome coronavirus 2, SARS-CoV-2), are enormous. It is widely

accepted that multiple effective COVID-19 vaccines will be

required to control the pandemic. The pace of COVID-19 vaccine

development has been unprecedented[1]; there are >140 candi-

dates in development, representing a wide range of platforms

and strategies. Importantly, however, the majority of vaccine
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efficacy trials – including the Pfizer and Moderna vaccines

approved in Canada and many other countries – have reported lim-

ited results related to efficacy among people over 70 years and data

on people over 80 years is almost completely lacking [2,3]. In con-

trast, the risks of COVID-19 hospitalization and death are strikingly

higher among the elderly and individuals with medical comorbidi-

ties; the case-fatality rates among those aged <50 years are typi-

cally <0.5%, compared with >10% in people >70 years [4]. In

British Columbia, Canada, the median age of death from COVID-

19 disease is 86 and the case-fatality rate for people over 80 years

exceeds 30% [5]. Other demographic factors, including co-morbid

medical conditions, African descent, and male sex, have also been

reported as important risk factors for severe COVID-19[6,7].

The goal of a vaccine is typically prevention of infection (i.e.,

sterilizing immunity). However, the true value of an effective vac-

cine is prevention of the disease caused by that infection. This may

be achieved directly in the vaccinated person, or indirectly by

reducing transmission through the population. High rates of steril-

izing immunity to SARS-CoV-2 may be difficult to achieve given

that natural immunity from infection with other common CoVs

(e.g., 229E) is incomplete, and neutralizing antibodies to SARS-

CoV-1, Middle East respiratory syndrome CoV, and SARS-CoV-2

are not always induced by infection, and may wane rapidly [8].

Clinical trial results reported to date do not address these ques-

tions around vaccine-induced prevention of onward transmission

[2,3].

Furthermore, COVID-19 vaccination may be less protective

against disease in elderly people than in younger adults, as is seen

for example with some influenza vaccines [9,10,11]. Recent reports

of Phase 3 trials delivered encouraging but inconclusive results on

protection for elderly people. Both mRNA vaccine trials reported

overall protection against symptomatic infection results for sub-

jects over 65 that were similar to those for younger adults. How-

ever, there were limited data for people over 75 years, and

people over 85 years were excluded from both trials. In the Pfizer

trial, among subjects over 75 years, there were zero symptomatic

infections in the vaccine group compared to 5 symptomatic infec-

tions in the placebo group (the groups contained approximately

775 people each) [2]. Results for the Moderna trial were very sim-

ilar: there were zero symptomatic infections in the over-75 vaccine

group versus three symptomatic infections in the corresponding

placebo group (the groups contained approximately 650 people

each) [3].

Here, we apply mathematical modelling to examine possible

outcomes of different vaccination scenarios, distinguishing

between protection against infection, onward transmission, and

disease, and focusing on differential protective effects in the

elderly. Mathematical models have a long track record of use as

tools to examine vaccination policy and are currently being applied

extensively during the Covid-19 epidemic, for example to propose

age-structured vaccine delivery strategies [12].

2. Methods

In order to quantify the benefits of a COVID-19 vaccine, we

modified an established age- and activity-structured mathematical

model originally designed to study vaccination against pandemic

influenza [13]. Briefly, the population was divided into age com-

partments, with people aged 65 years and over further divided into

individuals living in the community and those in care. Within each

age group, individuals were further stratified into five compart-

ments with different contact rates. Infectious contact rates within

and between individuals in all compartments were defined to

mimic interactions in British Columbia, Canada. Full details of the

contact structure are given in the original model publication [13].

Children (17 years old and under) were assumed to be 40% as sus-

ceptible to infection as adults [14,15], and we started simulations

with 0.01% of the population in an infectious class. Within each

compartment, infection followed a susceptible-exposed-infected-

recovered (SEIR) model with two exposed and two infectious com-

partments. Parameters were chosen so that there was a character-

istic delay of 5 days from exposure to infectiousness and an

average infectious period of 6 days. The probability of infection

per contact was set so that the baseline reproductive number

(R0) for the model was 3.5, broadly reflecting estimates established

for SARS-CoV-2. We estimated aggregate infection-fatality-ratios

of 1% among people aged at least 65 years old living independently,

and 15% among those living in care facilities[16]. We then exam-

ined vaccination scenarios distinguishing between protection

against infection, onward transmission, and disease and allowing

for differential vaccine efficacy in people aged 65 years and over.

In these scenarios, we looked at a first-wave epidemic occurring

concurrently with vaccination in a population that is otherwise

entirely susceptible to the disease.

3. Results

We first assumed that the vaccine was administered to 60% of

people aged 18–64 and 80% of people 65 years and older. We

allowed the vaccine to be delivered uniformly in time, over a per-

iod of 10 weeks, concurrent with the COVID-19 epidemic. In dif-

ferent simulations, we distinguished between a sterilizing vaccine

that prevents infection (and therefore onward transmission) and

a disease-attenuating vaccine that prevents mortality but only

partially blocks onward transmission. In the sterilizing vaccine

scenario, we supposed that the efficacy of the vaccine was 90%

among people aged 18–64, but considered different levels of effi-

cacy from 25% to 100% among people aged 65 years and older. In

the attenuating vaccine scenario, we supposed that the vaccine

prevents 40% of onward transmission from people 18–64, while

also preventing mortality with an efficacy of between 25% and

100%. For consistency, the attenuating vaccines were taken to

reduce transmission from people 65 years and older by an

amount equal to the baseline of 40% multiplied by the attenua-

tion factor (the percentage reduction in mortality due to that vac-

cine). Fig. 1 shows the time-course of infections across the whole

population, and predicted mortality among people aged 65 years

and older. We observe that the sterilizing vaccines considered are

more effective in reducing overall infections than the attenuating

vaccines. We also observe that transmission-blocking among peo-

ple aged 65 years and older is not an important effect in terms of

reducing overall infection. However, the ability of a vaccine to

reduce mortality was strongly influenced by its direct effective-

ness in elderly people (Fig. 1b). The transmission-reducing effect

of vaccinating people younger than 65 (sometimes called a

‘‘shielding” effect [17]) reduced mortality from 4% (no vaccine

scenario) to below 3% (either scenario at the level of 25% vaccine

effectiveness among older groups), but in our model, further

reductions required high levels of direct protection in people aged

65 years and older. The sterilizing vaccines generated a greater

reduction in mortality than the corresponding attenuating vacci-

nes, as a result of being considerably more effective in reducing

overall infections. This effect was due to the modeled ability of

the sterilizing vaccines to reduce infections. Nonetheless, both

vaccines strongly reduced mortality when their efficacy was high

in the older groups.

Next, we examined the effect of prioritizing vaccination of older

people. In Fig. 2, we show contour diagrams showing aggregate

population infections, and deaths among people aged �65 years,

for vaccines that are (2a,b) 90% effective for all ages, and (2c,d)
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90% effective in people 18–64 and 50% effective in people aged

�65 years. Contours are drawn across vaccine uptake fractions.

We assume that the vaccine is delivered at a uniform rate, reaching

the indicated vaccine uptake levels after 10 weeks, and that this

process is concurrent with the epidemic. We show results only

for a sterilizing vaccine. In both scenarios, the overall infection rate

is primarily determined by the uptake of vaccination among people

18–64 years old. However, prevention of mortality in the elderly is

strongly determined by vaccination rates among people aged

65 years and older, as well as vaccine efficacy in this group (com-

pare Fig. 2b,d). Finally, we looked at inclusion of vaccination of

children (17 years old and under), in whom current vaccines have

not been tested or recommended to date. We found that this factor

did not contribute substantially to prevention of overall mortality

in any of the scenarios shown in Figs. 1 and 2 (data not shown).

4. Discussion

Given the astronomical COVID-19 fatality rate among elderly

and other high-risk groups, the development of an effective vac-

cine has been a global imperative. Although vaccines have been

licensed based on preventing symptomatic disease, we posit that

the most important goal of a vaccine is prevention of severe dis-

ease and death. Recently published trial results show remarkable

COVID-19 vaccine efficacy. However, it remains possible that,

despite being protective among adults up to age 75, the efficacy

of a COVID-19 vaccine among the elderly will be substantially

lower. This will substantially undermine the population-level ben-

efits of vaccination with respect to hospitalization, ventilator use,

and deaths.

Trial designs that include sufficiently large numbers of high-risk

participants to evaluate outcomes of greatest clinical and public

health importance are feasible. For example, influenza vaccine tri-

als have been successfully conducted specifically to assess efficacy

in elderly residents of nursing homes [18]. Immune responses to

vaccination tend to be higher in females[19], and so sex is impor-

tant to evaluate in COVID-19 vaccine trials [7]. Individuals with

diabetes, chronic kidney disease, or other conditions associated

with impaired immunity, are at high risk for severe COVID-19

and may also produce suboptimal vaccine responses. Further,

availability of licensed vaccines is likely to be limited, at least ini-

tially, resulting in prioritization of people at highest risk of severe

COVID-19, as well as health care workers and other essential ser-

vice providers[20]. In this scenario, high-risk populations are more

likely to benefit from direct vaccination than from indirect protec-

tion by vaccination of lower-risk groups, underscoring the need to

ensure efficacy in the elderly and other vulnerable groups.

Our results strongly underline the importance of accurately

measuring vaccine efficacy in elderly populations. It is imperative,

in our view, to establish the efficacy of new vaccines in preventing

infection, disease and transmission among elderly people, given

that the preponderance of COVID-19-related deaths occurs in

exactly this population. This should be prioritized as vaccines are

rolled out into these populations. The next wave of COVID-19 vac-

cine efficacy studies and trials should seek to establish the param-

eters of vaccine-induced protection among exactly these

vulnerable groups.

Fig. 1. Epidemic time courses under varying vaccine efficacy. Left: Cumulative time-course of total infections across the entire population, assuming fixed efficacy of 90%

among people 3–64 and different levels of vaccine effectiveness in people aged �65 years. Right: Corresponding time-course of cumulative mortality among elderly people.

Solid line: epidemic model with no vaccination. Dotted lines: sterilizing vaccine that prevents infection. Dashed lines: infection-attenuating vaccine that reduces transmission

and mortality as described in the text.
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