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Key Points

e Reaching a critical population immunity threshold to eliminate ongoing SARS-CoV-2 transmission
is not likely achievable, due to a variety of factors including waning immunity and the
emergence of new variants that escape immunity from prior infection and vaccination.

e As such, population immunity should be thought of as being a continuum (i.e. decreasing rates
of infection and/or severe disease with increasing immunity within the population).

e There is currently a lack of a definitive correlate of protection for SARS-CoV-2 (immunological
marker associated with protection from an infectious agent following previous infection or
vaccination), which limits the ability to determine the extent of population immunity.

e Vaccinations will likely continue to play an ongoing role in sustaining a level of immunity in the
population required to maintain endemic equilibrium and minimize the negative consequences
of SARS-CoV-2 infection.

Background

Population immunity refers to a proportion of the population that is immune to infection (either
through vaccination or prior infection), with higher levels leaving fewer people susceptible to being
infected and transmitting to others.'® Current evidence indicates that while eradication or elimination
of SARS-CoV-2 does not appear feasible, the level of immunity in the population will play a crucial role in
disease control and the transition to an endemic state in which SARS-CoV-2 will be consistently present
in a population in a “maintenance” phase, but still experience waves due to seasonality or new
variants.*®

In this context, population immunity should be considered as something that is “continuous” and
dynamic (i.e. level of immunity in the population is proportional to decreases in incidence of infection
and may vary across regions or sub-populations) as opposed to dichotomous (i.e. whether or not it can
be achieved). Public Health Ontario’s (PHO) Evidence Brief on “What does it mean for COVID-19 to be
‘endemic’ and when will we get there?” provides an overview of the literature on this topic.® This
document describes considerations for population immunity including disease severity and duration of
immunity as it relates to COVID-19 becoming endemic and the challenges of determining population
immunity due to lack of a definitive correlate of protection (CoP) for COVID-19 at this time.
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Methods

This document summarizes relevant literature that was previously included as part of PHO’s Evidence
Brief on Endemicity and a recent systematic review of the literature on SARS-CoV-2 correlates of
protection (CoP).>® PHO Library Services conducted updated searches of the literature in Ovid MEDLINE,
Embase, Scopus, Global Health and preprints for both of these topics on January 25, 2022. The Public
Health Agency of Canada Omicron Monitoring Report was also reviewed for vaccine effectiveness
literature.’

Critical Vaccine Threshold and Waning of Immunity

The population immunity or ‘herd immunity’ threshold is achieved when there is sufficient immunity in
the population (whether through vaccination or prior infection) such that each person who acquires the
infection transmits it to less than one person on average.® The critical vaccine threshold required to
achieve population immunity incorporates a measure for vaccine effectiveness (VE) and surpassing this
threshold theoretically results in a decline in the incidence of infection (see Appendix for calculations
and assumptions).® The population immunity threshold for COVID-19 includes the proportion of the
population that requires vaccination in order to achieve this threshold. Estimating this threshold is
imprecise given the dynamic nature of virus transmission, uncertainty of level of immunity due to
infection, changes in implementation and adherence to public health measures, uncertainties in vaccine
effectiveness (including against transmission), waning of immunity and emergence of new variants of
concern (VOC) with increased transmission, severity and immune escape . Additionally, because
currently available vaccines do not result in sterilizing immunity (i.e. where an individual’s immune
system is able to prevent a virus from replicating), SARS-CoV-2 will continue to circulate in the
population, particularly in individuals that are unvaccinated, medically vulnerable or
immunocompromised, thereby providing the virus potential to evolve and/or evade immune
responses.?

For these reasons, meeting the threshold needed to eliminate ongoing transmission of SARS-CoV-2
infection will not be achievable. Instead, SARS-CoV-2 will become endemic meaning that while overall
rates may become stable, the incidence may not necessarily be low and there will be peaks of infection
due to seasonality, new variants and/or the unclear effects of waning of immunity and long-term
durability of protection with resulting disease not necessarily being mild.!* Population immunity
estimates will vary based on the above assumptions and also depending on the variant. For example,
assuming a VE of 87% against Delta and a reproduction number (RO) of 6.3, the critical vaccination
threshold was estimated at 96.7% of the total population, which is practically impossible to achieve
especially as not all age groups are currently eligible for vaccination (e.g. less than 5 years old).}? A
Spanish study estimating population immunity for Delta using RO of 4.02—-8.96 found that this would
result in a population immunity threshold of 90% but that since vaccines do not completely prevent the
transmission of the virus, even with 90% vaccine coverage, the population immunity threshold would
unlikely be reached.’® Another study using a model incorporating waning of immunity, a similar RO of 6
for Delta and VE of 80%, and assuming 83% population immunity (64% from vaccination and 19% from
infection) concluded that elimination of COVID-19 would be highly unlikely.* An American study
estimating population immunity to SARS-CoV-2 over 2020-21 found that while 86% of the population
has a history of infection or vaccination, when accounting for waning of immunity, the effective
protection rate against infection for with prevalent strains as of October 31 2021 was 50% and 77%
against severe disease.”
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In light of these considerations, a review of the evidence for vaccination strategies to increase
population immunity emphasized that vaccination targets should be set to levels to reduce disease
burden to a level that is manageable for a country’s healthcare system with minimum public health
measures in place. In order to protect vulnerable populations at risk of severe outcomes, targets should
be higher for these groups over and above that for the general population.'®

These observations are particularly relevant in the context of the Omicron variant which has higher
transmissibility (i.e. a higher reproductive number) than Delta, potentially due to a combination of
factors including immune escape, inherent transmissibility, and other differential characteristics such
as shortened serial interval (time from symptom onset in the index case to symptom onset in a
secondary case).'”'8 VE against symptomatic disease after time has elapsed from an mRNA primary
series appears to be very low for Omicron and modest following a booster,19-22 VE against
hospitalization is 52-78% after 2 doses of mRNA vaccine increasing to about 90% after 3 doses which
further supports setting vaccination targets aimed at reducing hospitalizations to avoid overwhelming
healthcare capacity.?%2%-24

Vaccinations will continue to play an ongoing role in sustaining a level of immunity in the population
required to maintain endemic equilibrium which is reached when RO is less than or equal to one. This is
due to the possibility of COVID-19 re-infection with different variants, that mild or asymptomatic
infection may result in more rapid waning of immunity than symptomatic or severe disease and
evidence showing that vaccination is safer than infection.>?>2% However, since waning of vaccine-derived
immunity and correlates of protection are not well understood and it is unknown what level of
protection current vaccines may provide against new VOCs, there is uncertainty around optimal booster
schedules including which populations will require boosters, whether the aim is to prevent infection,
hospitalization or other outcomes and the potential for updated vaccines targeted at VOCs.®

Correlates of Protection

A correlate of protection (CoP) is an immunological marker associated with protection from an
infectious agent following previous infection or vaccination.?’ Being able to identify a SARS-CoV-2 CoP
would enable a better understanding of the extent of immunity at an individual and population level,
which could be used to help inform vaccine schedules, public policy and adaptations to policy in
response to new VOC in order to maintain an endemic state. There are different immune markers that
can be CoPs; however, because cellular immunity is difficult to measure in clinical laboratories, antibody
CoPs are the most common and easily measured.

A recent systematic review of the literature found that while an antibody CoP for SARS-CoV-2 may exist,
there is currently no defined single correlate or protective threshold value. Without a defined CoP,
serology tests which detect antibodies against SARS-CoV-2 in an individual can only be used to evaluate
prior exposure to SARS-CoV-2 or COVID-19 vaccine and should be interpreted with caution with respect
to immunity.®
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However, the review indicated that if an antibody CoP exists and could be identified, it would likely have
the following characteristics:®

Is relative, where higher levels of antibody are correlated with higher levels of protection, rather
than absolute, where protection is achieved above a defined threshold;

Is specific to an outcome such as infection, symptomatic infection, or severe disease;

Is specific to a SARS-CoV-2 lineage; for example, while there is currently a lack of data regarding
an Omicron-specific CoP, studies suggest that a relatively higher concentration of antibody may
be required to protect against Omicron compared to other variants.

Without a definitive CoP, it is difficult to measure the level of population immunity and therefore
challenging to determine when the level of population immunity falls below the critical threshold where
boosters or additional interventions may be required.

Population Immunity and Endemicity

In addition to the considerations described in the above sections, the literature also underscores several
other factors related to population immunity which favour the high likelihood of SARS-CoV-2 becoming
endemic as opposed to being eliminated.® These factors include:

Low and variable global vaccine coverage; currently, 39.4% of the world’s population has not
been vaccinated against SARS-CoV-2 and only 9.7% of people in low-income countries have
received at least one dose,?®

Virus evolution leading to SARS-CoV-2 variants with increased immune escape potential,

Availability of variant-based vaccines which may provide better VE against Omicron and other
new variants in the future.?®*

Summary and Implications

Considerations for Population Immunity and Endemicity

Reaching a critical population immunity threshold against SARS-CoV-2 infection will not be
achievable given factors such as the uncertainty about the level of immunity due to infection,
lack of non-sterilizing immunity resulting from currently available vaccines, waning of immunity,
and the emergence of new variants of concern (VOC) as well as the unknown role of animal
reservoirs and/or human-to-animal transmission. In the context of SARS-CoV-2 becoming
endemic, the notion of population immunity should be thought of as being “continuous” (i.e.
level of immunity in the population required to achieve a desired outcome, such as acceptable
level of infection or severe disease) and something that can be localized and vary by region.

Several studies have emphasized the importance of maintaining a sufficient level of immunity in
the population in order to facilitate a lower risk transition to endemicity where waves of
infection would have progressively smaller peaks and runaway outbreaks could be avoided once
public health measures are minimized. High levels of population immunity will also be crucial in
maintaining endemic equilibrium in the future >#16



e More research is required in order to establish a SARS-CoV-2 CoP. Serosurveys, which measure
antibody levels against SARS-CoV-2 in the population, can be used to understand what
proportion of the population have been exposed to COVID-19 or have been vaccinated, but have
limited utility in assessing population immunity. Additionally, historical serosurveys based on
previous waves of infection may not be useful in informing population level protection against
new VOCs which have the ability to evade immune response.

e  While there is uncertainty around optimal booster schedule and the availability of variant-
specific vaccines in the future, vaccinations will likely continue to play an ongoing role in
sustaining a level of immunity in the population required to maintain endemic equilibrium and
minimize the negative consequences of SARS-CoV-2 infection. Vaccination targets should be
aimed at reducing the burden of severe disease (e.g. requiring hospitalization) and minimizing
transmission to vulnerable groups to avoid overwhelming healthcare capacity in the context of
minimum public health measures. Higher target vaccination coverage may be required in certain
populations.
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Appendix
Calculation of Herd Immunity Threshold®

Herd immunity (HI):
HI=(1 ! )
I Ro

The threshold for vaccination (V.) required to achieve herd immunity is as follows and incorporates a
measure for vaccine effectiveness:®

V.=(1 ! E
c_( -R_O)/

Vc = critical vaccination level, which refers to the proportion of the population that must be vaccinated
to achieve the threshold of herd immunity.

RO = basic reproduction number, which refers to the number of transmissions or secondary cases
generated by a typical infectious person when the rest of the population is susceptible. R can change
over time (Rt) as a result of immunity due to infection in the population and implemented public health
control measures.

E = vaccine effectiveness against transmission.
The formula for herd immunity threshold is built on the following assumptions:®°3132
e Infection is transmitted from person-to-person with no animal reservoirs.

e There is homogeneity in transmission and susceptibility to infection across the population.

e Herd immunity is impacted by distribution of immunity in the population. If groups at high
risk of transmitting an infection attain a high level of immunity through vaccination, herd
immunity may still be achieved despite a lower level of vaccine coverage for groups that do
not engage in high-risk behaviours. However, this may result in clusters of unvaccinated
persons who remain at risk of outbreaks.

e Vaccination prevents transmission in addition to protecting from infection.

e Herd immunity will depend on the nature of the immunity induced by the vaccine,
including the extent to which vaccination prevents transmission and the duration of such
protection.

e Vaccination protects everyone to the same extent.

e Vaccination is administered uniformly throughout the population.

e Vaccination will be effective against variants that arise from mutations over time.
e Members of a population interact randomly.

e The reproduction rate of the infection remains stable.

e The herd immunity threshold is agnostic to source of immunity, whether it be from infection or
immunization.
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