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ABSTRACT

The public health benefits of herd immunity are often
used as the justification for coercive vaccine policies. Yet,
'herd immunity" as a term has multiple referents, which
can result in ambiguity, including regarding its role in
ethical arguments. The term "herd immunity’ can refer
to (1) the herd immunity threshold, at which models
predict the decline of an epidemic; (2) the percentage of
a population with immunity, whether it exceeds a given
threshold or not; and/or (3) the indirect benefit afforded
by collective immunity to those who are less immune.
Moreover, the accumulation of immune individuals

in a population can lead to two different outcomes:
elimination (for measles, smallpox, etc) or endemic
equilibrium (for COVID-19, influenza, etc). We argue
that the strength of a moral obligation for individuals to
contribute to herd immunity through vaccination, and
by extension the acceptability of coercion, will depend
on how "herd immunity’ is interpreted as well as facts
about a given disease or vaccine. Among other things,
not all uses of ‘herd immunity" are equally valid for all
pathogens. The optimal conditions for herd immunity
threshold effects, as illustrated by measles, notably do
not apply to the many pathogens for which reinfections
are ubiquitous (due to waning immunity and/or antigenic
variation). For such pathogens, including SARS-CoV-2,
mass vaccination can only be expected to delay rather
than prevent new infections, in which case the obligation
to contribute to herd immunity is much weaker, and
coercive policies less justifiable.

INTRODUCTION
Herd immunity is often invoked as an ethical justi-
fication for vaccination and/or coercive vaccine
mandates.'” However, the term ‘herd immunity’
has multiple referents,* which can result in ambi-
guity, including regarding the role of herd immu-
nity in ethical arguments and policy debates. For
example, ‘herd immunity’ can refer to (1) the
herd immunity threshold (HIT) at which models
predict the decline of an epidemic, sometimes even-
tually resulting in elimination; (2) the percentage
of a population with immunity, whether or not it
exceeds a given threshold; or (3) the indirect benefit
afforded by (the sum of) individual immunity to
non-immune people (also known as a ‘herd effect’).’
The accumulation of immune individuals in a
population (herd immunity in the second sense
above) can lead to two different outcomes. First,
for pathogens such as measles or smallpox where
immunity from infection or vaccination is highly
effective at preventing (re)infection (sometimes
referred to as ‘sterilising’ immunity), accumulation
of immune individuals can result in elimination,
that is, the sustained reduction of local transmis-
sion to zero. Maintaining R, the average number of
secondary cases per infection, below 1 by keeping
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the immune fraction above a particular ‘herd immu-
nity threshold’ (herd immunity in the first sense),
is often understood to be a necessary condition for
elimination in such circumstances.®

Second, for pathogens where immunity from
infection or vaccination is relatively ineffective at
preventing subsequent (re)infection, accumulation
of immune individuals results in the development
of an endemic equilibrium.” Rather than being elim-
inated, such pathogens continue to circulate, often
mutate, and (re)infect members of the population
whose immunity wanes over time; examples include
respiratory syncytial virus (RSV), influenza viruses,
seasonal coronaviruses and SARS-CoV-2 .”” The
absence of elimination should not be confused
with the absence of herd immunity, and indeed the
term ‘herd immunity’ is often used to describe the
accumulation of immunity in a population due to
endemic viruses.®

In the endemic equilibrium case, herd immu-
nity (in the second sense) nevertheless produces
important benefits. For example, average severity
of disease will be lower due to the sum benefits of
individual immunity. This is what makes the differ-
ence between the high total mortality in the first
wave of a pandemic (eg, COVID-19) or epidemic
(eg, smallpox in the newly colonised Americas)'
and the lower mortality in subsequent waves, even
in the absence of vaccination.'' There may also be
some indirect protection of non-immune individ-
uals (herd immunity in the third sense above) but
this is often a relatively minor phenomenon for
many pathogens because reinfections of immune
individuals, although asymptomatic or minimally
symptomatic, are often transmissible.'> '3

Ambiguities about the referent(s) of the term
‘herd immunity’ in a particular context have the
potential to undermine the validity of ethical
arguments, including those which inform policy
decisions. Specifically, where it is claimed that indi-
viduals have a moral obligation to contribute to
herd immunity this may be used to justify coercive
policies (ie, if one is obligated to do something one
is less entitled to not do it, and so coercion is more
acceptable from an ethical standpoint). Since the
meaning of a term is arguably partly determined
by its use, and since usage may vary, our intention
here is not to argue that one particular meaning
of the term is correct and the others mistaken.*
However, we will analyse two case studies to show
that (1) the extent to which one has a moral obli-
gation to contribute to herd immunity depends on
the meaning of the term herd immunity, (2) the
claim that the benefits of reaching an HIT entail
special moral obligations is often misguided, and
(3) that moral obligations to contribute to herd
immunity in an endemic equilibrium are weak or
non-existent.

636 @

Bullen M, et al. J Med Ethics 2023;49:636—641. doi:10.1136/jme-2022-108485

BM)


http://www.instituteofmedicalethics.org
http://jme.bmj.com
http://orcid.org/0000-0003-1071-5651
http://crossmark.crossref.org/dialog/?doi=10.1136/jme-2022-108485&domain=pdf&date_stamp=2023-08-24

Original research

Table 1 Comparison between features of vaccines for measles and
COVvID-19
Measles COVID-19
Vaccine prevents severe disease. Yes Yes*
Vaccine prevents transmission. Yes Not
Indirect protection of non-immune individuals Yes Not
(‘herd effect).
Mass vaccination results in elimination via herd ~ Yes No
immunity.
Immunity after infection prevents reinfection/ Yes No
transmission.
Vaccine available for higher risk groups. No (eg, Yes (eg, older
infants) adults)

*Severe disease is nevertheless more common after COVID-19 vaccination than
after measles vaccination.

tCurrent vaccines for COVID-19 provide partial and transient reduction in infection
and onward transmission; however, this effect is not sustained for long periods of
time.

Case 1: diseases eliminable by herd immunity

The concept of an HIT is attractive from a public health policy
perspective and is used to set vaccination targets for certain
diseases.” It is often linked with the goal of eliminating transmis-
sion of a pathogen in a particular population and thus is primarily
relevant for vaccines or diseases where immunity generally
prevents (re)infection (‘sterilising’ immunity) and transmission
to others. An example is measles vaccines—although postvacci-
nation measles infections do (rarely) occur, the vaccine is highly
effective at preventing transmission to others (see table 1).'* The
basic account is as follows:

Predicted HIT

» The fraction of immune individuals at which models predict
that R (the average number of secondary infections per case)
will fall below 1.

» Simple models calculate this threshold based on 1-1RO0,
where RO (the basic reproduction number) is the average
number of secondary cases expected to be cause by intro-
duction of the pathogen into fully susceptible population.

Since predictions are not always accurate, there is also the:

Observed HIT:

» The fraction of immune individuals at which R<1in a given
population in a given state at a given time.

One of the key public health benefits of maintaining R<1 is
that, if this is maintained, the disease will be eliminated (ie, local
transmission of infection will fall to zero).

In order to characterise individual moral obligations to
contribute to this phenomenon, a few clarifications are needed.
First, since no vaccine is 100% effective, if all immunity is from
vaccination the percentage of individuals who need to be vacci-
nated to reach the HIT is higher than the HIT. Second, for
many relevant pathogens, population immunity is a combination
of postvaccination and postinfection immunity. In most cases,
an individual with postinfection immunity provides at least as
much public health benefit as an individual with postvaccination
immunity. "

Third, the percentage of immune individuals being above the
HIT will suppress R below 1 under certain conditions. RO, from
which the HIT is calculated, is a descriptive statistic derived
from observations of the early phases of specific real world
epidemics.'® Although it is often (arguably incorrectly) described
as a property of the pathogen, it is impossible to isolate the

transmissibility of a microbe from the context of its hosts and
environment (ie, the contexts in which real world epidemics
occur).'® The observed RO for any given pathogen thus varies
in different populations, different methods for deriving RO
produce widely divergent values, and transmission patterns may
vary over time.”

Standard HITs are derived from simplistic infectious disease
models that assume, for example, random mixing (each person
in a population is equally likely to have contact with another
person) and the absence of seasonality. However, the percentage
of immune individuals required to suppress R below 1 will be
inaccurately estimated by such models insofar as infections
cluster together (mixing is non-random) or environmental and
behavioural changes take place in winter (seasonal changes affect
transmission); either of these factors, among others, can cause an
unaccounted-for increase in transmission.

Fourth, it would be a mistake to conflate reaching the HIT
with elimination. Even if we assume the basic account above
holds, reaching the HIT is not the point at which elimination
occurs and infections disappear. Just above the threshold, R is
slightly below 1. This means that an infected person will, on
average, transmit infection to slightly less than one other person.
In most epidemics in sizeable populations a large number of
cases (thus often considerable harm) will continue to occur after
R reaches 0.99, even if it is maintained below 1, although fewer
cases will occur over time. Moreover, the progression from
reaching the HIT to elimination is not guaranteed and may in
some cases be hindered by factors including waning immunity,
altered patterns of contact in the population and (re)introduc-
tion of (new) strains of the pathogen.'®

Moral obligations to contribute to elimination via herd immunity
We assume that the primary source of moral obligations in the
context of vaccine-preventable diseases is the reduction of harm (or
risk, ie, the probability of harm) to others. Although some authors
claim that one should contribute to herd immunity whether or not
one’s individual contribution reduces harm,® the ultimate source
of moral obligation entailed by such claims is presumably that the
collective benefit of herd immunity consists in the reduction of (the
probability of) harm. Moral reasons involving avoidance of harm
provide a basis for coercive policies insofar as they align with Mill’s
harm principle that restriction of people’s freedom of action may
only be justified to prevent harm to others.” !

This leads to questions about the degree to which specific vaccines
prevent harm to others (and thus the degree to which coercion might
be justified on the harm principle) and about whether the collective
benefit of elimination entails an additional (special) moral obligation
to contribute to herd immunity over and above one’s obligation to
become immune in order not to infect those with whom one comes
into contact. The answer to such questions partly depends on the
meaning of ‘herd immunity’.

Consider the moral obligations of a non-immune person P in
three different populations:

» In population L, the percentage of immune individuals is
below the HIT and there are cases of the disease in the
community.

» In population M, the HIT has been exceeded and there are
still cases of the disease in the community.

'‘Some alternative justifications for coercion are either indirectly related
to harm avoidance (eg, the goal of reducing strain on the health system)
or invoke other potential sources of moral obligation (eg, support for
public health norms). These will be returned to later in the discussion.
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» In population N, the HIT has been exceeded and the disease
has been eliminated.

On the threshold view, there are special moral obligations for
person P to become immune in population L but not M because
of the benefits of reaching an HIT. This is because, on this view,
R falls below 1 when the HIT is reached. If this is maintained,
the infection will be eliminated from the population. However,
the difference between populations L and M can be that between
R=0.99and R=1.01. Even if the HIT is true, it is not clear that
this is a difference of much ethical significance, since in either
case an infected individual will infect on average approximately
one other person in the population. Incidence may remain
similar in both populations, and only after a protracted period
will a noticeable difference in infections be observed, provided
conditions are stable over time.

A deeper problem is that the idea of a threshold does not
reflect many of the complex realities of disease transmission.
No well-defined threshold exists at a particular point in time
and space such that one person is the difference between
population L and population M; as such, there is no clear
distinction between these populations on which to base an
obligation.

More plausible might be a scalar view of moral obligation,
according to which the strength of one’s obligation to become
immune tracks the degree to which this would reduce risk to
others. While it might not be possible to have a high level of
certainty regarding all factors relevant to risk, individuals can
still develop reasonable heuristics, for example, high commu-
nity transmission will be correlated with a higher probability
of infection and frequent contact with high-risk people will
be correlated with harmful outcomes. On this view, one has a
(slightly) stronger obligation to become immune in population
L than in population M because the risk to others of remaining
non-immune is (slightly) higher in the former than in the latter.
On this view, too, the threshold per se is irrelevant.

Suppose instead, on the elimination view, one has a moral
obligation to contribute to the elimination of a disease and asso-
ciated harms. This might seem to capture an important aspect
of the HIT—that maintaining immunity above the observed
threshold will result in elimination. This view suggests that
person P in both populations L and M has an obligation to
become immune because elimination has not been achieved.
Again, this makes moral obligation contingent on local risk
regardless of whether the HIT has been exceeded. On this view,
however, a non-immune person would no longer have a moral
obligation to become immune once the disease is eliminated
from the local population (eg, in population N). Or, such obliga-
tions may cease when the disease is eradicated worldwide (and
is thus unlikely to be reintroduced to populations where it is
eliminated) as illustrated by smallpox.

On each of these views, there is no clear link between the goal
of reaching an HIT and moral obligations to become immune.
However, the scalar view can explain why moral obligations
might vary instrength at different levels of herd immunity
because, for example, risks to others fall as an increasing frac-
tion of people become immune. Where herd immunity refers
to the indirect protection of vulnerable individuals by people
with immunity, this entails a moral obligation to contribute to
the reduction of risk for this group, although on the scalar view
one might think that this obligation becomes weaker (though

Note that since samples of smallpox virus are maintained in high
biosafety-level laboratories, there remains a small risk of reintroduction
of this virus into the human population.

not absent) at high levels of herd immunity where the risk is
small - although this arguably ignores overdetermination.”
More broadly, this view will partly turn on empirical estimates of
risk to others, which might not track herd immunity in a purely
linear manner,”** and these empirical aspects of the problem
arguably warrant further investigation. In any case, the scalar
view significantly deflates any special moral claim attributed to
the HIT or elimination, even for diseases that are, in principle,
amenable to elimination via herd immunity.

Case 2: endemic equilibrium

Apart from elimination, an alternative outcome of the accu-
mulation of herd immunity is some degree of endemic equilib-
rium. This equilibrium reflects the balance that arises between
pathogen and population when naturally acquired or vaccine-
induced immunity does not prevent infection and/or transmis-
sion of infection to others (ie, immunity is non-sterilising), even
if it reduces individual risk of disease. Reinfection, or postvacci-
nation infection, occurs because (1) immunity wanes over time
(even if it was sterilising initially this is no longer the case after,
for example, several months), and/or (2) new variants of the
pathogen evolve (ie, there is antigenic variation) and previously
acquired immunity is less protective against infection with new
variants (though it may still prevent severe disease).

Under such conditions, (re)infection of previously exposed
or vaccinated individuals is common and the pathogen will
continue to circulate even in the context of universal vaccination
or previous infection, meaning elimination through exceeding a
calculated HIT is an impossible goal. Many pathogens demon-
strate this pattern, including influenza viruses, RSV, seasonal
coronaviruses and SARS-CoV-2." %

Endemic equilibria are dynamic, that is, unstable, in part
because they can be disrupted by changes in population immu-
nity or the pathogen. For example, population immunity can be
eroded by the interruption of transmission of endemic pathogens
for extended periods of time. This erosion of herd immunity (or
the accrual of ‘immunity debt’) occurred, for example, for RSV as
a result of public health measures adopted during the COVID-19
pandemic. As a result, larger-than-usual ‘rebound’ epidemics
occurred when RSV was reintroduced to populations where
previous years’ usual winter epidemics (and the accumlated herd
immunity response thereto) had been suppressed.>* Similarly,
endemic equilibrium can be disrupted by the evolution of new
variants of a pathogen that are more able to infect individuals
with some degree of immunity to previous variants.”

Remarkably, considerable intellectual and political effort was
wasted during the recent pandemic in speculation about whether
supposed HITs to COVID-19 had been ‘reached’ (either via
infection or vaccination) and whether this would result in elimi-
nation of the virus.'® It has been recognised for decades that rein-
fection is a common phenomenon with endemic coronaviruses
in humans and that this is partly explained by partial immune
cross-protection between different coronavirus variants.”® %/
Moreover, many experts predicted that vaccine-derived immu-
nity would follow a similar pattern to postinfection immunity,
preventing severe disease on (re)infection but not preventing
infection or transmission."” Under these conditions, elimination
via herd immunity is impossible.'®

fiFor simplicity, we leave out other possibilities such as a dose-response
effect where immunity protects against low-dose exposure but not
higher dose exposures.

VSee, for example: https://www.statnews.com/2020/05/22/the-world-
needs-covid-19-vaccines-it-may-also-be-overestimating-their-power/
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It is now widely recognised that SARS-CoV-2 follows this
pattern (as summarised in table 1). Reinfections and postvac-
cination infections are common, becoming more frequent over
time since last exposure or vaccination (suggesting waning of
immunity)."”® *® Analyses of related coronaviruses suggest that
once an endemic equilibrium is established, a median timeframe
for reinfection may be around 1-2 years.”” Vaccination or immu-
nity from past infection reduces severity but does not provide
durable protection against infection or transmission to others.*
More specifically, current COVID-19 vaccines have partial
effectiveness against infection lasting up to several months, after
which there is no residual protection against infection®' and no
difference in transmission risk.>* It is therefore expected that
SARS-CoV-2 will follow a similar pattern to viruses like RSV
which is known to cause repeated reinfections and settle into an
endemic equilibrium punctuated by annual seasonal epidemics.®

Moral obligations in endemic equilibrium

How should we understand moral obligations in an endemic
equilibrium state where elimination cannot be achieved by herd
immunity?

Under conditions similar to those presented by SARS-CoV-2,
all living people will eventually be (re)infected by current and/
or subsequent variants of the virus in question. Vaccination can
delay infection by perhaps a few weeks or months, but it cannot
prevent infection.®® Nor does vaccination reduce the probability
of transmission of (postvaccination) infections to a significant
degree.’? Under such conditions, to what extent do people have
an obligation to get vaccinated in order to protect others?

There are several reasons to think that there is no, or at most
a very weak, moral obligation to be vaccinated for the sake of
others in an endemic equilibrium. Individual vaccination (or
receiving an additional ‘booster’ dose of vaccine) can at most
delay one’s next infection. Thus, as opposed to vaccines that
largely prevent a vaccinated person from becoming infected and
infecting others, vaccines that delay infection provide only a
temporary reduction in the risks imposed on others—and vacci-
nation alone cannot prevent individuals from imposing risks of
infection.

At the collective level, mass vaccination temporarily ‘tops up’
herd immunity but likewise can only delay a high cumulative
incidence of infections. Herd immunity is constantly waning and
being replenished by (re)infections. The primary goal of vacci-
nation programmes under such conditions may therefore be to
vaccinate those at highest risk of severe disease, including, for
example, older adults whose immunity has waned.

Non-immune (or less immune) people arguably have at most
a very weak moral obligation to be vaccinated to contribute to
herd immunity under such conditions. First, because any protec-
tion of others is partial and short lived. As suggested, insofar
as vaccines temporarily delay infection, low-risk individuals
likely to transmit infection to those at higher risk in the near
future may have a weak obligation to get vaccinated, but this
may need to be balanced against any risks posed to these low-
risk individuals by each act of vaccination.** Second, all people
will eventually become infected and thereby contribute to the
replenishment of herd immunity regardless of whether or not
they have previously been vaccinated.

Third, because of overdetermination of the risk of infection.
People face risks of infection from vaccinated and unvaccinated
individuals, from those with more immunity and those with less
or no immunity. Whether a given individual I, gets vaccinated
makes very little difference to whether (or the time at which)
person P gets infected, assuming that P has contact with many

other potentially infectious individuals I, I, I,, etc. Under this
assumption, person P’s probability of infection approaches
100% over time (eg, perhaps over a period of around 1-2years
for endemic coronaviruses). One way of thinking about this is
that their risk of infection is overdetermined, since each of many
contacts with others is potentially sufficient to cause P to become
infected.?” Under these conditions, it is difficult to justify a moral
requirement for I, to get vaccinated.

The only situation in which individual vaccination might make
a material difference is where person P has contact with one or
very few people; under such conditions it might make sense for
those people to take special precautions before visiting. But here
vaccination might not be the most important precaution, in part
because it only temporarily reduces transmission of the relevant
pathogen to others. Moreover, a person who is vulnerable to
one respiratory virus is likely vulnerable to many so it is arguably
more important not to visit vulnerable individuals while one is
symptomatic (or likely to be asymptomatically infected) with any
virus than it is to be vaccinated against one particular virus.

The observation that one has no strong moral reason to be
vaccinated for the sake of others in an endemic equilibrium
should not give way to nihilism about herd immunity for such
pathogens. Herd immunity (in the second sense) is a powerful
force in transforming a devastating initial epidemic into milder
seasonal epidemics. Vaccination can reduce the individual risk
of severe disease during this transformation, but over and above
this individual benefit it provides minimal protection to others.

Other possible reasons to contribute to herd immunity

Some might think that there are other potential justifications
for coercive vaccine policies.” Such justifications might rest on
claims that individuals are morally obligated to get vaccinated
(and contribute to herd immunity in the second sense) in order
to improve public health by taking reasonable steps to reduce
their individual contribution to the burden of the relevant
disease (and thereby, for example, flatten the curve of a particular
epidemic). Alternatively, the promotion of vaccination as a social
norm might be considered to be sufficient to justify mandatory
policies. We consider each of these potential justifications below.

Flattening the curve

The flatten the curve argument contends that individuals are
morally obligated to minimise their personal risk of infection
and serious illness in order to reduce strain on the health system.
This is an extension of the harm principle in that one could
conceivably harm others by consuming a finite health resource
and thereby depriving someone else of it—a risk that might be
salient in public health emergencies such as large epidemics.
However, flattening the curve (of healthcare-requiring infec-
tions over time) is subject to the same implications as other harm
prevention arguments discussed above: its strength depends
on local quantitative assessments of risk, and it provides much
weaker reasons for people at low baseline risk of healthcare use
to get vaccinated. In addition, the argument is time sensitive in
that it applies only during the period between epidemic recog-
nition and one seroconversion interval (the time between vacci-
nation and protection from dieasse) prior to the peak epidemic
demand on healthcare resources.*

"We thank an anonymous reviewer for raising these potential
justifications.
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Improving population health

The population health argument broadens the case even further,
claiming that individuals are morally obligated to get vaccinated
as long as the collective outcome is a net health benefit in the
population, irrespective of the extent to which individual contri-
butions are likely to reduce harm to others (eg, via short term
reduction in peak healthcare demand). On this view, the collec-
tive benefit (i.e., less cases of symptomatic illness as a result of
herd immunity in the second sense) might be thought to justify
requiring that every individual in the population comply with
vaccination.

While many people working in public health might support this
view as a justification for policy in general, using the improve-
ment of public health to justify (highly) coercive policy may lead
to more troubling implications. For example, since reducing the
burden of sexually transmitted infections (STI) would go a long
way to improving public health in many societies, this argument
might imply that it would be ethically acceptable to mandate
that all eligible citizens engage in yearly STI checks, with fines or
other punishments for those who fail to comply. Assuming that
such conclusions are unacceptable, the goal of improving public
health might provide ethical reasons for policies that promote
or subsidise vaccination, but it would not provide support for
coercive policies such as vaccine mandates. Moreover, in the
context of diseases like COVID-19, where individual risk factors
for severe disease are well known, the population health argu-
ment might provide strong reasons for older adults or those
with comorbidities including obesity to get vaccinated (since
they account for the majority of health burden caused by the
disease) but much weaker reasons for young healthy people to
get vaccinated.

In general, the population health approach need not view
populations as homogeneous. As more is learnt about risk factors
for vaccine-preventable disease (or vaccine side effects), more
precise policies should focus the use of vaccines where they can
be expected to produce the most benefit (and no unacceptable
risks). Examples of such approaches are policies recommending
vaccines based on group characteristics such as age, pregnancy,
ethnicity, or travel plans. Where risk factors are well described,
such ‘precision public health” approaches arguably strike a better
balance between benefits and risks than universal policies."

Upholding social norms

Another possible source of obligation might be the importance
of acting in accordance with social norms. One might argue that
individuals ought to be vaccinated to support the practice of
vaccination in general, regardless of their individual risk to self
or to others (and regardless of their contribution to herd immu-
nity in any sense). By getting vaccinated, individuals are publicly
supporting the vaccine in question and perhaps reinforcing the
notion of vaccination as a routine social duty. However, since
social norms can produce a range of ethically good or bad
outcomes, compliance with or promotion of norms per se cannot
be sufficient source of moral obligation, nor can such compli-
ance be the justification of coercive policies. To be a source of
positive moral reasons, a social norm must produce net (public
health) benefits—in the context of vaccination, this means that
the norm (eg, universal vaccination with a given vaccine) must
reduce harm.

"In settings where population differences are unclear there might be a
stronger case for universal vaccination provided there is evidence for
(likely) group benefit; however, as more data on intrapopulation differ-
ences become available vaccine policy should be adjusted accordingly.

While social norms making vaccination the default often do
produce (net) benefits, they can also produce little or no benefit
or even net public health harm. An example of no benefit is
the norm of routinely revaccinating young adults with tetanus
vaccines after potential re-exposure to the pathogen.®® An
example of harm is undermining trust in vaccines; this occurred,
for example, when uptake of dengue vaccines among children
was followed by revelations that some children faced significant
risks as a result of these vaccines, resulting in major declines in
trust in vaccination in relevant communities.>” ¥

CONCLUSIONS

We have argued that the strength of moral obligations to
contribute to herd immunity through vaccination will partly
depend on how the term is interpreted, and that not all inter-
pretations are equally valid or useful in a given setting. For
pathogens that are in principle eliminable via herd immunity,
individuals arguably have obligations to contribute to this
phenomenon, but the strength of obligations of non-immune
individuals might be thought to decline as herd immunity
increases. In the case of endemic diseases like COVID-19, herd
immunity is best understood as a dynamic equilibrium between
the pathogen and population where transmission may be slowed
but the pathogen cannot be eliminated through vaccination
and/or natural immunity. Under these conditions infections can
only be delayed rather than prevented, and so the net benefit to
others of vaccination is much less, and coercive vaccine policies
less justifiable as a result.

Contributors All authors listed contributed to the planning and writing of
the submitted manuscript. EJ is the senior author and overall guarantor of the
publication.

Funding This research was funded in whole, or in part, by Wellcome Trust (203132
and 221719). The Trust and Confidence research programme at the Pandemic
Sciences Institute at the University of Oxford is supported by an award from the Moh
Foundation.

Competing interests None declared.
Patient consent for publication Not applicable.
Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Data sharing not applicable as no data sets
generated and/or analysed for this study.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution 4.0 Unported (CC BY 4.0) license, which permits
others to copy, redistribute, remix, transform and build upon this work for any
purpose, provided the original work is properly cited, a link to the licence is given,
and indication of whether changes were made. See: https://creativecommons.org/
licenses/by/4.01.

ORCID iD
Matthew Bullen http://orcid.org/0000-0003-1071-5651

REFERENCES

1 Fox JP, Elveback L, Scott W, et al. Herd immunity: Basic concept and relevance to
public health immunization practices. Am J Epidemiol 1971;94:179-89.

2 Betsch C, B6hm R, Korn L, et al. On the benefits of explaining herd immunity in
vaccine advocacy. Nat Hum Behav 2017;1.

3 Giubilini A, Douglas T, Savulescu J. The moral obligation to be vaccinated:
Utilitarianism, Contractualism, and collective easy rescue. Med Health Care Philos
2018;21:547-60.

4 Fine P, Eames K, Heymann DL. Herd immunity": A rough guide. Clin Infect Dis
2011;52:911-6.

5 JohnTJ, Samuel R. Herd immunity and herd effect: New insights and definitions. £ur J
Epidemiol 2000;16:601-6.

6 Randolph HE, Barreiro LB. Herd immunity: Understanding COVID-19. Immunity
2020;52:737-41.

7 Thieme HR, Yang J. An Endemic model with variable re-infection rate and applications
to influenza. Math Biosci 2002;180:207-35.

640

Bullen M, et al.J Med Ethics 2023;49:636—-641. doi:10.1136/jme-2022-108485


https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
http://orcid.org/0000-0003-1071-5651
http://dx.doi.org/10.1093/oxfordjournals.aje.a121310
http://dx.doi.org/10.1038/s41562-017-0056
http://dx.doi.org/10.1007/s11019-018-9829-y
http://dx.doi.org/10.1093/cid/cir007
http://dx.doi.org/10.1023/a:1007626510002
http://dx.doi.org/10.1023/a:1007626510002
http://dx.doi.org/10.1016/j.immuni.2020.04.012
http://dx.doi.org/10.1016/s0025-5564(02)00102-5

19
20

21

22

23

Agoti CN, Mwihuri AG, Sande CJ, et al. Genetic relatedness of Infecting and
Reinfecting respiratory syncytial virus strains identified in a birth cohort from rural
Kenya. J Infect Dis 2012;206:1532-41.

Edridge AWD, Kaczorowska J, Hoste ACR, et al. Seasonal Coronavirus protective
immunity is short-lasting. Nat Med 2020;26:1691-3.

Berlinguer G. The interchange of disease and health between the old and new worlds.
Am J Public Health 1992;82:1407-13.

Madhi SA, Kwatra G, Myers JE, et al. Population immunity and COVID-19 severity with
Omicron variant in South Africa. N Engl J Med 2022;386:1314-26.

Cohen C, Kleynhans J, von Gottberg A, et al. SARS-Cov-2 incidence, transmission,
and Reinfection in a rural and an urban setting: Results of the PHIRST-C cohort study,
South Africa, 2020-21. Lancet Infect Dis 2022;22:821-34.

Hall VJ, Foulkes S, Charlett A, et al. SARS-Cov-2 infection rates of antibody-positive
compared with antibody-negative health-care workers in England: A large,
Multicentre, prospective cohort study (SIREN). Lancet 2021;397:1459-69.

Rota JS, Hickman CJ, Sowers SB, et al. Two case studies of modified measles in
vaccinated physicians exposed to primary measles cases: High risk of infection but
low risk of transmission. J Infect Dis 2011;204 Suppl 1(suppl_1):5559-63.

Leung T, Campbell PT, Hughes BD, et a/. Infection-acquired versus vaccine-acquired
immunity in an SIRWS model. Infect Dis Model 2018;3:118-35.

Delamater P, Street E, Leslie T, et al. Complexity of the basic reproduction number
(RO). Emerging Infectious Disease Journal 2019;25:1.

Li J, Blakeley D, Smith RJ. The failure of RO. Comput Math Methods Med
2011;2011:527610.

Morens DM, Folkers GK, Fauci AS. The concept of classical herd immunity may not
apply to COVID-19. / Infect Dis 2022;226:195-8.

Mill JS. On Liberty. London: J.W. Parker and son, 1859.

Roberts D, Jamrozik E, Heriot GS, et al. Quantifying the impact of individual and
collective compliance with infection control measures for ethical public health policy.
Sci Adv 2023;9.

Brewer NT, Moss JL. Herd immunity and the herd severity effect. The Lancet Infectious
Diseases 2015;15:868-9.

Jamrozik E, Handfield T, Selgelid MJ. Victims, vectors and villains: Are those who

opt out of vaccination morally responsible for the deaths of others. / Med Ethics
2016;42:762-8.

Lavine JS, Bjornstad ON, Antia R. Immunological characteristics govern the transition
of COVID-19 to Endemicity. Science 2021;371:741-5.

24

25

26

27

28

29

30

31

32

33

34

36

37

38

Original research

Hatter L, Eathorne A, Hills T, et al. Respiratory syncytial virus: Paying the immunity
debt with interest. The Lancet Child & Adolescent Health 2021;5:e44-5.

Goldberg Y, Mandel M, Bar-On YM, et al. Waning immunity after the BNT162b2
vaccine in Israel. N Engl J Med 2021;385:e85.

Callow KA, Parry HF, Sergeant M, et al. The time course of the immune response to
experimental Coronavirus infection of man. Epidemiol Infect 1990;105:435-46.
Equia RT, Crawford KHD, Stevens-Ayers T, et al. A human Coronavirus evolves
Antigenically to escape antibody immunity. PLoS Pathog 2021;17:€1009453.

Hall VJ, Foulkes S, Saei A, et al. COVID-19 vaccine coverage in health-care workers in
England and effectiveness of BNT162b2 mRNA vaccine against infection (SIREN): A
prospective, Multicentre, cohort study. The Lancet 2021;397:1725-35.

Townsend JP, Hassler HB, Wang Z, et al. The durability of immunity against
Reinfection by SARS-Cov-2: A comparative evolutionary study. Lancet Microbe
2021;2:e666-75.

Thompson MG, Burgess JL, Naleway AL, et al. Prevention and Attenuation

of COVID-19 with the BNT162b2 and mRNA-1273 vaccines. N Engl J Med
2021;385:320-9.

Nordstrom P, Ballin M, Nordstrom A. Risk of infection, Hospitalisation, and death
up to 9 months after a second dose of COVID-19 vaccine: A retrospective, total
population cohort study in Sweden. The Lancet 2022;399:814-23.

Singanayagam A, Hakki S, Dunning J, et a/. Community transmission and viral

load Kinetics of the SARS-Cov-2 Delta (B.) variant in vaccinated and Unvaccinated
individuals in the UK: A prospective, longitudinal, cohort study. Lancet Infect Dis
2022;22:183-95.

Chadeau-Hyam M, Wang H, Eales O, et al. SARS-Cov-2 infection and vaccine
effectiveness in England (REACT-1): A series of cross-sectional random community
surveys. Lancet Respir Med 2022;10:355-66.

Offit PA. Covid-19 boosters — where from here? N Engl / Med 2022;386:1661-2.
Ridenhour B, Kowalik JM, Shay DK. Unraveling RO: Considerations for public health
applications. Am J Public Health 2014;104:e32-41.

Slifka AM, Park B, Gao L, et al. Incidence of tetanus and diphtheria in relation to adult
vaccination schedules. Clin Infect Dis 2021;72:285-92.

Jamrozik E, Heriot G, Bull S, et al. Vaccine-enhanced disease: Case studies and ethical
implications for research and public health. Wellcome Open Res 2021;6:154.
Larson HJ, Hartigan-Go K, de Figueiredo A. Vaccine confidence Plummets in

the Philippines following Dengue vaccine scare: Why it matters to pandemic
preparedness. Human Vaccines & Immunotherapeutics 2019;15:625-7.

Bullen M, et al.J Med Ethics 2023;49:636-641. doi:10.1136/jme-2022-108485

641


http://dx.doi.org/10.1093/infdis/jis570
http://dx.doi.org/10.1038/s41591-020-1083-1
http://dx.doi.org/10.2105/ajph.82.10.1407
http://dx.doi.org/10.1056/NEJMoa2119658
http://dx.doi.org/10.1016/S1473-3099(22)00069-X
http://dx.doi.org/10.1016/S0140-6736(21)00675-9
http://dx.doi.org/10.1093/infdis/jir098
http://dx.doi.org/10.1016/j.idm.2018.06.002
http://dx.doi.org/10.3201/eid2501.171901
http://dx.doi.org/10.1155/2011/527610
http://dx.doi.org/10.1093/infdis/jiac109
http://dx.doi.org/10.1126/sciadv.abn7153
http://dx.doi.org/10.1016/S1473-3099(15)00054-7
http://dx.doi.org/10.1016/S1473-3099(15)00054-7
http://dx.doi.org/10.1136/medethics-2015-103327
http://dx.doi.org/10.1126/science.abe6522
http://dx.doi.org/10.1016/S2352-4642(21)00333-3
http://dx.doi.org/10.1056/NEJMoa2114228
http://dx.doi.org/10.1017/S0950268800048019
http://dx.doi.org/10.1371/journal.ppat.1009453
http://dx.doi.org/10.1016/S0140-6736(21)00790-X
http://dx.doi.org/10.1016/S2666-5247(21)00219-6
http://dx.doi.org/10.1056/NEJMoa2107058
http://dx.doi.org/10.1016/S0140-6736(22)00089-7
http://dx.doi.org/10.1016/S1473-3099(21)00648-4
http://dx.doi.org/10.1016/S2213-2600(21)00542-7
http://dx.doi.org/10.1056/NEJMe2203329
http://dx.doi.org/10.2105/AJPH.2013.301704
http://dx.doi.org/10.1093/cid/ciaa017
http://dx.doi.org/10.12688/wellcomeopenres.16849.1
http://dx.doi.org/10.1080/21645515.2018.1522468

	Herd immunity, vaccination and moral obligation
	Abstract
	Introduction
	Case 1: diseases eliminable by herd immunity
	Moral obligations to contribute to elimination via herd immunity

	Case 2: endemic equilibrium
	Moral obligations in endemic equilibrium
	Other possible reasons to contribute to herd immunity
	Flattening the curve
	Improving population health
	Upholding social norms



	Conclusions
	References


