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Challenges in creating herd immunity to SARS-CoV-2

infection by mass vaccination

Vaccines to protect against severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) have risen up
the agenda of most policy makers and individuals as
the second wave of COVID-19 in northern hemisphere
countries grows and there is increasing pressure on
health-care systems. For any licensed vaccine, efficacy and
duration of protection are key issues. Vaccine efficacies
to protect against infection above 80% are desirable,’
but duration of protection will remain uncertain for a
number of years post licensure of COVID-19 vaccines.
Preliminary evidence suggests waning antibody titres in
those who have recovered from SARS-CoV-2 infection,?
but antibodies are only one part of the human immune
response and acquired immunity to reinfection or
the prevention of disease when reinfected.* Data
on immunity to other coronaviruses suggest that
immunity to SARS-CoV-2 might be short lived, perhaps
12-18 months in duration.® Whether past infection will
prevent severe COVID-19 on re-exposure to SARS-CoV-2
is not known at present.

Presently 45 candidate COVID-19 vaccines are in
clinical trials in humans and ten of these vaccines are
in phase 3 trials,”® with expectations that some results
might be announced before the end of 2020. If the
results of the phase 3 trials are satisfactory, wide-scale
deployment of COVID-19 vaccines is not expected until
mid to late 2021.” Developing the structure of a within-
country immunisation programme will be crucial,
including defining priorities for receiving vaccination,
solving distribution challenges, and encouraging public
acceptance of vaccination. Addressing vaccine hesitancy
will require good communication strategies on the value
of being protected as an individual and the benefits for
the community in reducing viral transmission.®

Many governments have plans for the priorities for
vaccine distribution once supplies of COVID-19 vaccines
become available.” Priority groups for vaccination
typically start with front-line health-care staff, those
working in essential services, those with health
conditions that predispose to severe morbidity from
infection, and then moving down the age groups from
old to young in accordance with case fatality rates. A
focus on immunisation in care homes for older people

is planned in many countries, given the high number of
COVID-19 deaths in these facilities during the first wave.

There is less clarity about the main priority of mass
vaccination in the shorter term. Is it to minimise net
mortality per year, or is it to maximise the average
number of years of life gained by an individual receiving
the vaccine? To maximise the average years of life gained,
calculations need be made using demographic and
epidemiological data. For example, with the recorded
case fatality rates in the UK during the first COVID-19
wave and with the UK demography, we estimate that
vaccinating people older than 70 years in the UK saves
more lives than focusing on those aged 50-70 years
(appendix). The reason for this is the steep rise in the case
fatality rates in the very oldest age groups (appendix). We
suggest that governments should therefore minimise
mortality in the short term, unless vaccine supplies are
short of what is required to protect the entire population
for 1 year or more. Such calculations should be expanded
to include other statistics, such as years of disability-
adjusted life-years gained and impacts related to
minimising symptoms of long COVID-19,” influenced by
vaccinating different age groups.

An additional complexity in evaluating these options
is the extra burden imposed by COVID-19 on health
provision for patients who need urgent treatment for
other conditions such as cancer, which have implications
for net mortality. COVID-19 has had a negative impact
on survival rates for cancer due to the reduced provision
of services for patients during the pandemic. Modelling
estimates suggest there could be 6270 excess deaths in
cancer patients over 1 year of the COVID-19 epidemic
in the UK and 33890 such deaths in the USA.** More
encouragingly, analysis of more than 21000 hospital
admissions of patients with COVID-19 showed that,
between March and June, 2020, in the UK, death rates in
intensive care had halved from 41% to 21%."

How much vaccine is required by any given coun-
try year by year to create herd immunity to block
SARS-CoV-2 transmission, and how long this will take
requires calculations with clearly defined assumptions.
Vaccine delivery will probably scale up only gradually as
manufacturing capabilities develop over 12-24 months
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post licensure of a COVID-19 vaccine. As such, the impact
of vaccination on the transmission of SARS-CoV-2
will start slowly and build up over a few years to reach
target coverage levels. The amount of vaccine required
for a defined population will depend on evidence from
phase 3 COVID-19 vaccine trials on efficacy and what
can be assumed about the average duration of vaccine
protection—it will be an assumption until the findings
of phase 4 trials on duration of both protection against
infection and severe disease are reported. For a vaccine
with 100% efficacy that gives life-long protection, the
level of herd immunity as a proportion of the population,
p., required to block transmission is [1-1/R ], where R, is
the basic reproduction number.”® Given an R, value before
lockdowns in most countries of between 2.5 to 3.5, we
estimate the herd immunity required is about 60-72%.
If the proportional vaccine efficacy, €, is considered, the
simple expression for p. becomes [1-1/R;]/e. If we
assume € is 0-8 (80%), then the herd immunity required
becomes 75-90% for the defined range of R, values.
For lower efficacies, the entire population would have
to be immunised. These overall estimates ignore
heterogeneities that can make these figures lower or
higher in specific locations.”*®

These calculations become more complicated if
we assume immunity is short lived.* Calculations of
the proportion of the population that will need to be
immunised year by year with a COVID-19 vaccine of
defined properties can be derived from transmission
models of SARS-CoV-2 (appendix). The simple equation
for coverage p,becomes a more complicated expression
that involves the rate at which people are immunised,
€, the magnitude of R, and the average duration
of protection provided by the vaccine (figure). The
surface plotted in the figure shows the percentage of
the population in year 1 that must be vaccinated and a
similar plot of the percentage that must be vaccinated
once the system equilibrates after a few years. A rough
idea of this time is given by numerical evaluations of
the model and gives equilibration by the end of year 2
(appendix). The percentage of the population that must
be vaccinated inyear 1is much larger than the percentage
that must be vaccinated once the system has stabilised
after a few years, since most of the population will be
susceptible as mass immunisation starts, but after a few
years, hopefully, a high proportion will be immunised
such that effective herd immunity is created. What is
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clear from our estimates based on the assumptions that
efficacy is satisfactory (>80%) but duration of protection
is short (1-2 years), is that a large proportion of the total
population would need to be vaccinated if there is to
be any chance of getting herd immunity to block the
continued transmission of SARS-CoV-2. If the vaccine is
protective over a longer duration than natural infection,
then our estimates will be too pessimistic.

What the duration of immunity is for a given COVID-19
vaccine will only be resolved once community-wide
vaccination programmes progress. Phase 3 trials will tell us
about efficacy and safety, but well designed phase 4 trials
are essential based on representative and large numbers
of those vaccinated and follow up over time. These
studies will record any serious adverse events and
identify whether repeatedly exposed individuals acquire
coronavirus infections, particularly SARS-CoV-2, and if
they do, what is the severity of disease. These cohort-
based longitudinal studies will need careful planning
and sustained funding, probably from governments
with industry contributing. These studies should be
targeted at those vaccinated in high-risk groups, such
as the individuals older than 70 years and those with
comorbidities that predispose to severe disease. Since
repeated vaccination of individuals as they age is likely to
be required for SARS-CoV-2 control, the pharmaceutical
industry should focus on improving the efficacy of the
initially licensed COVID-19 vaccines over the coming years.

Figure: Impact of vaccine efficacy and duration of protection on what percentage of the population must be
vaccinated in the first year (A) and when the system approaches equilibrium in 2-3 years under continued

vaccination (B)

(A) The percentage of the population who must be vaccinated, p,(1) x 100, for the first year of vaccination as a

function of vaccine efficacy, €, and protection duration (D=1/y,), for R,=2-5. Here the fraction who must be

vaccinated within 1year, p (1), is defined in the appendix. If the value is greater than 100%, vaccination must take
place more frequently than annually. (B) The percentage requiring vaccination in the population once the system
has reached a new equilibrium after a few years of mass vaccination, as a function of vaccine efficacy and

protection duration, for R,=2-5. R =basic reproduction number.
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What happens if countries do not reach high vaccine
coverage levels? First, SARS-CoV-2 will become endemic
but at a low level, the precise level depending on the
degree of vaccine uptake, with peaks in winter and
troughs in summer in the northern hemisphere.”
Second, policy makers will have to consider whether to
mandate vaccination and to create a certificate to record
immunisation for school, college, or university, and the
workplace. Given vaccine hesitancy, the creation of herd
immunity by vaccination is likely to be challenging in
many countries. A further problematic issue for policy
makers and vaccine producers is to carefully track the
molecular evolution of SARS-CoV-2. Vaccine efficacy
will depend on a stable virus target, unless we move to a
situation such as that for influenza A vaccination where
vaccine composition varies depending on which strains
are predicted to be dominant in any given year. Research
shows continued viral evolution of SARS-CoV-2* and
this aspect needs to be tracked carefully. Taking novel
vaccines successfully through phase 1 to phase 3 trials
within a year has been an outstanding achievement,
but equally challenging over the coming year will
be persuading governments and populations to use
COVID-19 vaccines effectively to create herd immunity
to protect all.
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More support needed for UK charity-funded medical research

The integral role of medical research charities
in UK research and development is under threat from
the financial impact of the COVID-19 pandemic. Such
a threat exists because of the contribution medical
research charities make to UK life sciences. Members

of the Association of Medical Research Charities
(AMRCQ) invested £1-9 billion in 2019 alone.! This
represented 51% of publicly funded UK medical research
and exceeded the £1-1 billion invested by the National
Institute for Health Research* and £800 million by the
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