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ARTICLE INFO ABSTRACT

Keywords: COVID-19 is pandemic, and likely to become endemic, possibly returning with greater virulence. Outlining po-

COV}D'IQ tential public health actions, including hygiene measures, social distancing and face masks, and realistic future

gubhc l?ealth advances, this paper focuses on the consequences of taking no public health action; the role of natural changes
revention

such as weather; the adverse public health consequences of lockdowns; testing for surveillance and research
purposes; testing to identify cases and contacts, including the role of antibody tests; the public health value of
treatments; mobilising people who have recovered; population (a synonym for herd) immunity through vacci-

Disease control
Population immunity

Herd immunity
Pandemic nation and through natural infection; involving the entire population; and the need for public debate. Until there
Epidemic is a vaccine, population immunity is going to occur only from infection. Allowing infection in those at very low

risk while making it safer for them and wider society needs consideration but is currently taboo. About 40-50%
population immunity is sufficient to suppress an infection with a reproduction number of about 1 or slightly more.
Importantly, in children and young people COVID-19 is currently rarely fatal, roughly comparable with influenza.
The balance between the damage caused by COVID-19 and that caused by lockdowns needs quantifying. Public

debate, including on population immunity, informed by epidemiological data, is now urgent.

1. Introduction

In public health, as in chess, planning well-ahead is essential. Many
leaders, however, are hesitant about articulating long-term plans for
tackling the COVID-19 pandemic. Discussing future options might
distract from the stay-at-home and social distancing messages. Leaders
are focused on immediate tasks including ‘the peak’ of hospitalisations
and deaths, but reaching it will mean negotiating treacherous downhill
terrain [1].The COVID-19 pandemic has placed us in zugwang-a position
in chess where every move is disadvantageous where we must examine
every plan, however unpalatable.

Curative treatments and vaccines may be long-delayed and lock-
downs harm the public’s physical and mental health and not just the
economy. Mass testing will not be feasible globally especially in many
low and middle-income countries, as it is in the well organised, advanced
economies like the US and Germany. We need to think beyond these
interventions.

An overview of public health options is summarised in Table 1,
constructed around the classic public health triad of primary (stop it
occurring), secondary (pick it up early) and tertiary prevention (mini-
mise the consequences) and interventions on the viral agent, host/
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population and environment [2]. This classification is normally applied
to individuals but in this paper I also use it for populations. This analysis
fits with the WHO strategy update published on 14 April 2020(3) and
subsequent updates on its website, and an outline of options by Bedford
et al. [4].

I focus on 10 core public health issues considering their relevance to
population immunity, commonly called herd immunity, and used here as
a better synonym. This is the protection from a contagious disease that
the community enjoys because a high proportion of people are immune,
thereby impeding transmission of infection from person to person. It is
normally invoked through vaccination but also occurs naturally [5,6].

Many important matters are in the table that are not fully discussed in
this paper e.g. that research on the transmission, infective dose and
changing genetics, and especially virulence of the virus (agent), is
essential (column 1, Table 1). Pinpointing the causes of the high risk in
older populations, males, and people with cardiovascular disorders and
type-2 diabetes is paramount. I assume that interventions targeted on the
host/population including hygiene measures, avoiding handshaking and
social distancing will be prolonged, that lockdowns will be imposed
perhaps intermittently and with variable intensity, and that the role of
face masks and temperature checks in public life will become clearer

Received 27 May 2020; Received in revised form 7 July 2020; Accepted 8 July 2020

Available online 15 July 2020

2666-5352/© 2020 The Author(s). Published by Elsevier Ltd on behalf of The Royal Society for Public Health. This is an open access article under the CC BY-NC-ND

license (hitp://creativecommons.org/licenses/by-ne-nd/4.0/).



R.S. Bhopal

Table 1
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The levels of prevention in relation to the causal triad of virus (agent), the human host and the environment (physical and social) and the control of Covid-19, applied at
both individual and population levels (or both).

Levels of prevention

The causal triad of agent, host and environment

Virus (agent)

Human host

Environment (physical and social)

Prevention before disease occurs
(primary)

Minimise the adverse effects of
infection upon individuals and
communities through early detection
once it has occurred in individuals or
populations (secondary)

Reduce adverse consequences for
individuals and populations already
affected (tertiary)

Research and actions to reduce the risk of
cross-species crossover of microbes
Genetic and other research on viral
transmission, role of asymptomatic people
in transmission, duration of infectivity,
role of super spreaders, infective dose,
virulence factors and pathogenesis

Public health actions, therapies and
vaccines guided by the above research

Research on how the virulence of the virus
is changing over time to prepare early for
future waves

Research on how the virus is transmitted
Research on the infective dose

Research on whether people who are
shedding the virus after recovery are still
infective.

Implement acquired knowledge on how to
reduce transmission, virulence and severe
pathogenicity of the virus.

In future, measures to reduce the virulence
and pathogenicity of the virus.

Social/physical distancing

Lockdowns restricting movement of
individuals and populations

Hand hygiene, including avoiding touching
the face

Cough hygiene (including face coverings/
masks)

Research on efficacy of different kinds of
facemasks for use in public settings
Personal protective equipment for
healthcare and social care staff and others at
high risk of acquiring or transmitting
infection

Vaccination (in future) to induce personal
and population (herd) immunity

Shielding of people at high risk e.g. the
elderly and those with underlying disorders,
especially immune disorders, diabetes,
cardiovascular diseases and chronic
respiratory disorders

Isolation of suspected cases and quarantine
of definitive cases to prevent transmission to
uninfected people

Genetic, clinical, epidemiological and other
research to establish susceptibility factors to
guide preventive strategies

Testing for early detection of individual
cases and their contacts for early detection
and optimal management

Facemasks for people shedding the virus to
reduce transmission to others

Hygiene measures as above in primary
prevention

Devise new treatments to reduce adverse
consequences including long-term disability
and death.

Treatment to reduce morbidity and
mortality and reduce transmission through
prolonged coughing and sneezing
Population (herd) immunity from natural
infection

Consider allowing acquisition of population
immunity from natural infection more safely
e.g. in young, healthy people

Accept varying levels of the reproductive
rate in different subpopulations e.g. higher
in younger people and lower in older people
At the frontline give preference to people
who have recovered and will have higher
immunity than those who have not been
infected

Public health surveillance & research,
including analysis by subpopulations e.g. by
sex, age group, social-economic group,
ethnic group etc

Global cooperation in developing
interventions

Physical, social and legislative environment
that allows everyone to participate fully in
the measures required, especially incentives
for self-isolation and quarantine

Health services, care services and isolation/
quarantine services

Improved housing (including housing the
homeless)

Environment reorganised to enforce or
promote social/physical distancing e.g. 2 m
markings on the floors of shops

Closure of public places (lockdown) on an
intermittent and variable basis according to
resources and local context

Hygiene facilities in public places
Workplaces where social/physical
distancing and hygiene measures are in place
Manufacturing and distributing protective
equipment

Maintenance of an environment that
minimises diseases e.g. reduced air pollution
and avoidance of further climate change
through greenhouse gases

Reduce impact of inequity in the incidence of
infection by social and environmental
change

Surveillance as above with special
consideration to people who are seriously ill
and in health and social care facilities
Temperature and other measurements in
public places and workplaces for early
detection

Apps that alert people they have been near
someone who has developed COVID-19
Hygiene measures in environments e.g.
cleaning metal and plastic surfaces
Comprehensive health and other care,
including financial help, for all people within
a country

Reduce inequity in adverse impacts of
COVID-19 infection by social and
environmental change

Surveillance as above, especially of
outbreaks to identify risk factors, both in
care settings and in population settings
Hygiene and other measures as above for
primary and secondary prevention in
settings where the infection has already
occurred

Comprehensive health and other care,
including financial help and housing, for all
people to stop or reduce morbidity and
mortality from the infection including from
indirect effects e.g. starvation
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(column 2, Table 1) [7,8]. Public health surveillance systems and
epidemiological research must be strengthened with more accurate data
on incidence, prevalence, and death rates examined by both de-
mographic variables including age, sex, socio-economic status and eth-
nicity/race and clinical risk factors (column 3, Table 1). Environmental
changes, permitting behavioural changes including social distancing and
hygiene, especially in overcrowded housing and working settings, will be
needed (column three, Table 1) as will effective, comprehensive
healthcare together with financial aid for industries (column 3, Table 1).

2. Allowing the pandemic to unfold naturally

Early and even ongoing trivialisation of COVID-19 as ‘just like flu’
was incorrect for it is somewhat less severe in children but much more
severe in older people (Table 2) [9].The World Health Organisation
(WHO) estimates that about 20% of those diagnosed become seriously ill,
5% critically, and 3% die. [3] (As the number of people infected is usually
unknown the infection fatality rate is variably estimated at between 0.1
and 0.5%.) If 60-80% of the world’'s population was infected without
interventions there could be about 5-6 billion people infected with
COVID-19, one billion seriously sick and up to 30 million dead prema-
turely. There will be indirect consequences from the infection and eco-
nomic damage e.g. starvation, homelessness, poverty and mental health
and physical morbidity and death. The collateral damage will be

Table 2

Nlustrative data from the USA, Centres for Disease Control up from 1st February
2020 to 8th of May 2020 to show the numbers and proportions of deaths from
COVID-19 and influenza (data for the age groups from 0 to 14 years combined
and percentages calculated by RSB).

Country and COVID- COVID-19 as a influenza- influenza as a

age-group 19 proportion of all  number of proportion of

(denominator -number deaths deaths? deaths

of deaths) of deaths”  (denominator) (denominator)

Us

0-14 years 9 0.16 % 81 1.47%
(5520)

15-24 years 42 0.66% 41 0.64%
(6385)

25-34 years 278 1.5% 130 0.60 %
(13,532)

35-44 years 707 3.62% 206 1.05%
(19,539)

Data on intermediate age groups at the website below

75-84 years 10,196 5.73% 1308 0.76%
(177,917)

85 years and 11,458 7.35% 1210 0.54%
over
(225,944)

All ages 37,308 5.18% 5846 0.81%
(719,438)

https://www.cdc.gov/nchs/nvss/vsrr/COVID19/.
(accessed 13/5/2020).
Relevant notes of explanation from the website.
Number of deaths reported in this table are the total number of deaths received
and coded as of the date of analysis and do not represent all deaths that occurred
in that period.
Data during this period are incomplete because of the lag in time between when
the death occurred and when the death certificate is completed, submitted to
NCHS and processed for reporting purposes. This delay can range from 1 week to
8 weeks or more, depending on the jurisdiction, age, and cause of death.
% Influenza death counts include deaths with pneumonia or COVID-19 also listed
as a cause of death.
4 population is based on 2018 postcensal estimates from the U.S. Census Bureau
[91.

? Deaths with confirmed or presumed COVID-19, coded to ICD-10 code U07.1.
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especially high in low and middle income countries and in children [10].
That happened with the Spanish flu epidemic in 1918/19 [11]. The
COVID-19 pandemic arises during one of the most prosperous periods in
human history permitting a more vigourous response than in 1918.
Allowing the pandemic to unfold uncontrolled would rapidly produce
population immunity, but this is not a palatable public health response,
hence is not in Table 1.

3. Role of natural forces, like seasonal change

Pandemics can fizzle out. We hope this will happen with COVID-19.
This is not a public health intervention and not in Table 1. In the Span-
ish flu epidemic there was a respite before the virus returned more
virulently [11]. Summers might bring respite even if lockdowns are
relaxed but the virus seems to survive and be contagious in most climates.
Infection in summer may be less common and less severe than in winter
because other respiratory infections are less common and being outdoors
presents lower risk of acquiring infection than indoors. In very hot cli-
mates, however, people go indoors to escape the heat.

4. Lockdowns

Lockdowns are important in primary, secondary and tertiary pre-
vention (Table 1, column 3). Most nations are applying strict lockdowns
for 6-8 weeks, but as the WHO emphasises, this merely provides time to
reduce the reproduction rate of infection (R) from about three to less than
one [3]. The lockdown in Wuhan, China was severe and strict from 23
January-8 April, about 12 weeks. However, life there is not normal even
now and the infection has recurred. Hubei province, where Wuhan is, has
about 60 million people in China i.e. less than 5% of the population. The
province, unlike countries, had access to the resources of the nation to
survive.

Some economies cannot sustain even 6-8 week lockdowns and they
are being lifted or breaking down within weeks e.g. after three weeks in
Ghana, and some places are resisting them e.g. Brazil [12]. Prolonged
lockdowns may cause more morbidity and mortality than COVID-19,
especially in the poorest countries, where the populations are relatively
young on average and at little risk of death. We must evaluate the health
consequences of lockdowns, assessing the benefits and costs 2. Lock-
downs are likely to become variable and local, depending on circum-
stances. Mixing amongst local populations is already occurring and
widespread international travel is returning.

A UK-based strategy has suggested easing lockdowns when wide-
spread testing is in place and when the number of daily deaths is below
500 (182,500 deaths annually), and relaxing most measures when deaths
are fewer than 100 (36,500 deaths annually) [13]. The UK Government
seems to be following this approach in England, with more cautious
approaches in Scotland, Wales and Northern Ireland. During lockdowns
population immunity is being acquired slowly, and those at highest risk
of severe morbidity and death are being shielded. Population immunity
will be accelerated as lockdowns are eased.

5. Testing: surveillance, research, isolation and contact tracing

Testing is vital for both primary, secondary and tertiary prevention,
and helps identify places where the disease has not yet occurred (Table 1,
column 2). WHO has emphasised testing as key until a vaccine or a cure
are discovered(3) but the reasoning is seldom explicit to the public.

Testing in selected populations is essential for public health surveil-
lance and medical research to establish the incidence, prevalence and
outcomes of the disease (Table 1, column 3) [14,15]. Such data help
adjust our plans through feedback including indicating the proportion of
the population that has acquired the infection and is potentially immune.

The benefit of detecting the virus or the viral antigen in suspected
cases is accurate diagnosis for clinical management (including protection
of frontline staff) and to permit isolation/quarantine of proven cases.
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Tracing of contacts becomes possible so they can be isolated to minimise
spread. This is better than asking everyone with respiratory symptoms to
isolate without doing tests but it requires extensive public health in-
frastructures (in addition to apps) and access to laboratories and testing
kits (column 3, Table 1). To work, both testing and feedback of results
must be prompt. Testing helps control the acquisition of population
immunity.

Testing for virus and antigen is also useful to check whether people
recovering from COVID-19 can return to normal without infecting others
or harming themselves by premature activity (tertiary prevention) (col-
umn 2, Table 1). People who have recovered will need to be careful as
their immunity may be partial and some may continue to shed the virus
[16]. Some recovered people, especially in essential services who have
already returned to work, may be shedding virus but whether these
people are contagious needs research.

5.1. Antibody testing

Immunity to respiratory viruses is complex but cellular responses by
macrophages and lymphocytes, including T-cells, are critical [17].
Antibody, whether IgM or IgG, is a marker of potential immunity but its
absence does not necessarily imply lack of immunity. People who have
recovered from proven COVID-19 must be partially immune [18]. Adults
with mild or even asymptomatic illnesses may not mount a strong anti-
body response but like children probably have a strong, innate defence
system [17,18].

We need an accurate antibody test to identify, retrospectively, people
who have been infected and several are available. When the population
prevalence is about 5% as is the case in many countries, even at 99%
sensitivity and specificity only about 82% of positive tests are correct
(predictive power of a positive test) [14]. Higher accuracy could be
achieved by using more than one kind of test. People who have
self-isolated because of typical COVID-19 symptoms and have antibody
have probably had COVID-19 and are partially immune. Some false
positives and false negatives are still inevitable [14,15]. Nonetheless,
antibody tests are invaluable for measuring the prevalence of population
immunity (Table 1, column 3). Surprisingly, the accuracy of a test
required to measure prevalence is usually different from the accuracy
required for clinical practice [14].

6. Mobilising people who have recovered

We need to normalise recovered people, especially those delivering
essential services. The concept of immunity passports has been discussed.
Immunity passport implies a guarantee that cannot be given but a cer-
tificate indicating that a person has had the infection, has recovered
clinically and is likely to be partially or wholly immune is more accurate
[19].

The number of eligible people globally could soon be in the hundreds
of millions so the clinical, ethical, legal, and practical issues arising need
urgent consideration [20-22]. I have called for public debate including a
citizen’s jury [19].

7. Treatment for COVID-19 in relation to public health

The ideal treatment would be preventative i.e. it would stop the
infection occurring (Column 1, Table 1). Such treatment would, however,
need to be extremely safe, especially in young people without underlying
disorders where COVID-19 is rarely fatal (Table 2) [9]. It would probably
be unaffordable for low-and middle-income countries. More likely,
treatments may attenuate the illness, reducing the duration and fatality
of the infection [23,24]. They could be valuable in public health in
reducing the transmission of disease, especially to healthcare workers
(column 2, Table 1). This will slightly slow the acquisition of population
immunity.
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8. Immunity in those at high risk because of comorbidities

People with comorbidities, who are usually in the older age groups,
are most severely affected by COVID-19, and especially if they have
cardiovascular disorders, type 2 diabetes, hypertension, and chronic
respiratory disorders [25,26]. Clearly, public health interventions should
promote control of risk factors that lead to these diseases e.g. smoking,
physical inactivity, high levels of alcohol consumption, high levels of salt
and exposure to air pollution (column 2, Table 1). People in these groups
could minimise their risk of exposure to COVID-19, await effective
vaccination and benefit indirectly as population immunity through nat-
ural infection increases (Column 2, Table 1) [27,28].

9. Involving the entire population especially those most
vulnerable

As the WHO has emphasised the strategy for controlling COVID-19
needs to be global, and reach out to everyone (Column 1, Table 1).
TheWHO has emphasised the needs of populations in crowded circum-
stances, including asylum seekers, refugees and migrants, where the
infection can spread readily [3,29]. Regulations and laws making it
illegal or difficult to house, employ or provide health and other services
to vulnerable people (e.g. undocumented migrants, who cannot access
public funds), need to be reviewed, especially as international travel is
problematic [30]. The pandemic hits minorities and migrants hard, given
their greater overcrowding in homes and workplaces, relative poverty,
the difficulties of understanding and acting upon social distancing
guidelines, and the propensity to cardiovascular diseases and type 2
diabetes [31-33]. Large numbers of such populations are being infected
but being relatively young, comparatively fewer will die from COVID-19,
thereby contributing disproportionately to population immunity.

10. Population (herd) immunity via vaccination

Vaccination is the acceptable way of gaining population immunity,
and our main hope for controlling the pandemic (columns 1 and 2,
Table 1) [6,34,35]. Numerous trials to develop a vaccine are underway
and the WHO has set up a vaccine task force [3]. We cannot, unfortu-
nately, pin all hopes on vaccines as they may only work for a short time
especially if the virus evolves new strains. A vaccine that is effective,
proven to be safe, manufacturable in billions of doses and available
globally is unlikely this year, and may take years, even decades. Proven
safety is essential especially in children or young people [9]. Serious
illnesses or deaths in young people following immunisation, whether
coincidental or causal, could impede vaccination. In people over 70-years
of age, or the immunosuppressed, where the vaccine is needed most, a
strong immune response is unlikely. Efficacy of vaccines needs to be
demonstrated in older groups and in those with underlying disorders.

11. Population immunity through natural infection

The technical phrase is herd immunity, with connotations of animals,
rather than humans. Herd immunity provokes hostility and controversy
as it is usually interpreted as allowing the pandemic to unfold without
interventions. The concept needs revisiting. If safe and effective vaccines
and life-saving preventative and therapeutic medications are not found,
lengthy lockdowns prove impossible, and the pandemic does not disap-
pear spontaneously, population immunity is the only, long-term solution
(column 2, Table 1).

Everyone infected and achieving any degree of immunity contributes
to population immunity [6], and this is likely to be through a combina-
tion of cellular and antibody-based (humoral) responses. The duration of
such immunity is unknown although it is reasonable to assume it will last
this season with some long-term benefits given exposure to the same or
similar strains of the virus.

Through social distancing and lockdown measures most societies
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have brought the reproduction number from about three[36] to about
one or less. The proportion of the population required to be immune to
control an infection is called the herd (population) immunity threshold. It
is difficult to calculate this number exactly in real world circumstances.
To control an infection with an R of about 1 and even somewhat higher
we need about 50% of the population to have immunity (unlike measles
where over 90% is needed) [5,6]. Currently, the prevalence of COVID-19
infection is variably estimated from 1 to 20% according to locality and
work settings. However, if COVID-19 becomes endemic, the proportion
of the population with immunity will rise fast, especially where lock-
downs have been lifted [12]. This immunity will be helpful, though not
fully protective, as new strains of COVID-19 will probably emerge, so
people will be re-infected but probably less severely so, as is the case for
influenza.

Opening up the economy, schools, colleges and social life is accepting
that many people will become infected even with test, track and isolate
strategies. Most young people will probably acquire the infection, often
without a diagnosis as they will be asymptomatic or mildly affected.
Given this, we need to minimise the already low risks of adverse effects in
young people (Table 2), especially by identifying the reasons why a few
become seriously ill [37,38]. Hygiene and some social distancing mea-
sures will continue to be required in homes as children and young people
return to nurseries/school/colleges [4,7,8]. Some young people with
immunity related disorders could be advised not to return to school or
university presently, while awaiting the rise of population immunity in
their classmates, which will protect them indirectly.

Young people present risks of transmitting COVID-19 to people in
their household, especially parents and grandparents who have under-
lying disorders or are in the oldest age groups. Home school may be
needed for children in these exceptional circumstances. Teachers and
others in close contact with children and young people, especially those
in older age groups and with chronic disorders, need shielding and/or
personal protection equipment.

We need excellent facilities for diagnosis, isolation, quarantine, and
treatment for these young people and their contacts as they return to
normal life. The public will need to be informed frankly about the risks by
comparing those of COVID-19 with infections they are familiar with e.g.
influenza (Table 1) [9].

The idea of COVID-19 ‘parties’ by young people has been met with
shock. Intermingling is inevitable as workplaces, schools, colleges and
universities are reopened. Young people will make decisions that are
logical for them given their risks and life circumstances. Could we
consider allowing young people without underlying disorders to get COVID-
19 naturally while shielding those most at risk through continued social
distancing and isolation? [13,27,28] Young people might prefer this
route rather than remaining in lockdown or acquiring the infection in
riskier circumstances e.g. while travelling abroad. Such people could be
given advice and lightly monitored to minimise adverse effects. This is
not unprecedented. Chickenpox parties were occurring even in the 1980s
even though such infections posed risk to pregnant women and the ethics
have been considered [39].

The acquisition of COVID-19 naturally by the young and healthy is,
arguably, the safest way towards the goal of about 50% population im-
munity while protecting those most at risk and maximising benefits for
society, whether in terms of the economy or achieving the full potential
of future generations [27,28]. This question poses ethical, legal, logistical
and clinical challenges similar to those arising in the proposal to test
COVID-19 vaccines in healthy volunteers [40].

12. Conclusions

Allowing the COVID-19 pandemic to run its course uncontrolled must
not be permitted. None of the responses of countries internationally are
optimal as partly reflected in their variability [41,42]. COVID-19 has
placed us in zugzwang so we need precise and detailed plans and
well-calculated series of moves that minimise the harms, tailored for each
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country and region according to their context and resources. The
pandemic needs to be prevented from returning year-on-year, potentially
more severely, especially in young people and children, and mandating
repeated lockdowns [3]. We urgently need to consider all reasonable
public health actions and plans (Table 1).

Hope in natural forces, effective and safe vaccines and curative
treatments is important but, given uncertainty, we need to consider
other, admittedly difficult, paths. Adults should now reflect on and
debate, together with their elected policymakers and scientific advisers,
the balance of risks they accept for themselves, versus the risks imposed
to wider society, and thus directly inform potential strategies. Covid-19 is
having a major impact on children and their voice needs to be heard [43].
Ageism must be avoided whether through shielding or workplace policies
that might inadvertently cause harm. Everyone has the right to balance
risks and benefits in relation to their own quality of life. This pandemic is
complex while the messages being given to the public are overly
simplistic. We need global and national leadership, imagination, courage
and honest public discussion to shape and influence our future [1,13].

Funding
There was no external funding for this work.
Declaration of competing interest

The author declares that he has no known competing financial in-
terests or personal relationships that could have appeared to influence
the work reported in this paper.

Acknowledgements

Professor Martin McKee posed the questions on 7 April 2020 that
initiated this paper on 8 April 2020. I thank him for his feedback at that
time. T am grateful to professional colleagues Will Tapsfield, Anand
Bhopal, Sunil Bhopal Jay Bagaria, Viola Priesmann, Jason Yap, Sarah
Dalglish, David McCoy, Laurence Gruer, George Davey Smith, Liam
Smeeth, Joan Barry, Neil French, John Teare, Paul Roderick, and Paolo
Vineis for detailed critical scrutiny of earlier dtafts from a medical and
public health perspective. Roma Bhopal, Sanjoy Das, Mark Wilson, and
Ulrike Wilson provided viewpoints from the perspective of members of
the general public. Roma Bhopal also helped find age-specific data and
helped with proofreading and editing. People acknowledged are not
responsible for any of the viewpoints expressed here (and may not agree
with me).

References

[1] Scottish Government, COVID-19 — A Framework for Decision Making, The Scottish
government, Edinburgh, 2020.

[2] R.S. Bhopal, Concepts of Epidemiology : Integrating the Ideas, Theories, Principles
and Methods of Epidemiology, third ed. ed., Oxford University Press, New York, NY,
2016.

[3] WHO. COVID-19 Strategy Update, WHO, Geneva, 2020. https://www.who.int

/publications/i/item/covid-19-strategy-update—14-april-2020. accessed 3/7/

2020.

J. Bedford, D. Enria, J. Giesecke, D.L. Heymann, C. Thekweazu, G. Kobinger, et al.,

COVID-19: towards controlling of a pandemic, Lancet 395 (10229) (2020)

1015-1018.

[5] M.G.M. Gomes, R. Aguas, R.M. Corder, J.G. King, K.E. Langwig, C. Souto-Maior, et
al., Individual variation in susceptibility or exposure to SARS-CoV-2 lowers the herd
immunity threshold, MedRxiv (2020) 2020, 04.27.20081893.

[6] P.Fine, K. Eames, D.L. Heymann, “Herd immunity™: a rough guide, Clin. Infect. Dis.

52 (7) (2011) 911-916.

Maclntyre CR. Case isolation, contact tracing, and physical distancing are pillars of

COVID-19 pandemic control, not optional choices. The Lancet Infectious Diseases.

https://doi.org/10.1016/.

[8] D.K. Chu, E.A. AKl, S. Duda, K. Solo, S. Yaacoub, H.J. Schiinemann, et al., Physical

distancing, face masks, and eye protection to prevent person-to-person transmission

of SARS-CoV-2 and COVID-19: a systematic review and meta-analysis, Lancet 395

(10242) (2020) 1973-1987.

S. Bhopal, J. Bagaria, R. Bhopal, Children’s mortality from COVID-19 compared

with all-deaths and other relevant causes of death: epidemiological information for

[4

[

7

[

9

—_



R.S. Bhopal

[10]

11
[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]
[20]
[21]
[22]

[23]

[24]

[25]

[26]

decision-making by parents, teachers, clinicians and policymakers, Publ. Health 185
(2020) 19-20.

T. Roberton, E.D. Carter, V.B. Chou, A.R. Stegmuller, B.D. Jackson, Y. Tam, et al.,
Early estimates of the indirect effects of the COVID-19 pandemic on maternal and
child mortality in low-income and middle-income countries: a modelling study,
Lancet Global Health 8 (7) (2020) e901-e908.

W.J. Liu, Y. Bi, D. Wang, G.F. Gao, On the centenary of the Spanish flu: being
prepared for the next pandemic, Virol. Sin. 33 (6) (2018) 463-466.

Editorial (anonymous), COVID-19 in Brazil: ;so what? Lancet 395 (10235) (2020)
1461.

L.A.S. Mulheirn, L. Insall, J. Browne, C. Palmou, A Sustainable Exit Strategy:
Managing Uncertainty, Minimising Harm. Report, Tony Blair Institute for Global
Change, London, 2020. https://institute.global/policy/sustainable-exit-strate
gy-managing-uncertainty-minimising-harm. accessed 3,/7,/2020.

N. Kumleben, R. Bhopal, T. Czypionka, L. Gruer, R. Kock, J. Stebbing, et al., Test,
test, test for COVID-19 antibodies: the importance of sensitivity, specificity and
predictive powers, Publ. Health (2020), https://doi.org/10.1016/
j.puhe.2020.06.006.

M. Andersson, N. Low, N. French, T. Greenhalgh, K. Jeffery, A. Brent, et al., Rapid
roll out of SARS-CoV-2 antibody testing—a concern, BMJ 369 (2020) m2420.

L. Lan, D. Xu, G. Ye, C. Xia, S. Wang, Y. Li, et al., Positive RT-PCR test results in
patients recovered from COVID-19, J. Am. Med. Assoc. 323 (15) (2020)
1502-1503.

J.E. Kohlmeier, D.L. Woodland, Immunity to respiratory viruses, Annu. Rev.
Immunol. 27 (1) (2009) 61-82.

R. Carsetti, C. Quintarelli, I. Quinti, E. Piano Mortari, A. Zumla, G. Ippolito, et al.,
The Immune System of Children: the Key to Understanding SARS-CoV-2
Susceptibility? the Lancet Child & Adolescent Health, 2020, https://doi.org/
10.1016/52352-4642(20)30135-8.

R. Bhopal, Patients who have recovered from covid-19: issuing certificates and
offering voluntary registration, BMJ 369 (2020) m2590.

Phelan AL. COVID-19 immunity passports and vaccination certificates: scientific,
equitable, and legal challenges. Lancet. doi.org/10.1016/50140-6736(20)31034-5.
G. Persad, E.J. Emanuel, The ethics of COVID-19 immunity-based licenses
(“Immunity passports™), J. Am. Med. Assoc. 323 (22) (2020) 2241-2242.

B. Fraser, Chile plans controversial COVID-19 certificates, Lancet 395 (10235)
(2020) 1473.

Y. Wang, D. Zhang, G. Du, R. Du, J. Zhao, Y. Jin, et al., Remdesivir in adults with
severe COVID-19: a randomised, double-blind, placebo-controlled, multicentre
trial, Lancet (20) (2020) 3102231029, https://doi.org/10.1016,/50140-6736.

P. Horby, W.S. Lim, J. Emberson, M. Mafham, J. Bell, L. Linsell, et al., Effect of
dexamethasone in hospitalized patients with COVID-19: preliminary report,
MedRxiv (2020), 10.1101/2020.06.22.20137273.

K.J. Clerkin, J.A. Fried, J. Raikhelkar, G. Sayer, J.M. Griffin, A. Masoumi, et al.,
Coronavirus disease 2019 (COVID-19) and cardiovascular disease, Circulation 141
(2020) 1648-1655, https://doi.org/10.1161/CIRCULATIONAHA.120.046941.
https://www.ahajournals.org/doi/pdf/.

Clark A, Jit M, Warren-Gash C, Guthrie B, Wang HHX, Mercer SW, et al. Global,
regional, and national estimates of the population at increased risk of severe

[27]

[28]
[29]

[30]

[31]
[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]
[40]

[41]

[42]

[43]

Public Health in Practice 1 (2020) 100031

COVID-19 due to underlying health conditions in 2020: a modelling study. Lancet
Global Health. doi.org/10.1016/52214-109X(20)30264-3.

P.M. McKeigue, H.M. Colhoun, Evaluation of "stratify and shield" as a policy option
for ending the COVID-19 lockdown in the UK, MedRxiv (2020) 2020,
04.25.20079913.

G.D. Smith, D. Spiegelhalter, Shielding from covid-19 should be stratified by risk,
BM.J 369 (2020) m2063.

Islam MM, Yunus MDY. Rohingya refugees at high risk of COVID-19 in Bangladesh.
Lancet Global Health. doi: 10.1016/52214-109X(20)30282-5.

R. Bhopal, COVID-19: immense necessity and challenges in meeting the needs of
minorities, especially asylum seekers and undocumented migrants, Publ. Health
(182) (2020) 161-162.

K. Khunti, A.K. Singh, M. Pareek, W. Hanif, Is ethnicity linked to incidence or
outcomes of covid-19? BMJ 369 (2020) m1548.

C.W. Yancy, COVID-19 and african Americans, J. Am. Med. Assoc. 323 (19) (2020)
1891-1892, 2020.

N. Bhala, G. Curry, A.R. Martineau, C. Agyemang, R. Bhopal, Sharpening the global
focus on ethnicity and race in the time of COVID-19, Lancet (20) (2020)
31102-31108, https://doi.org/10.1016/50140-6736.

L.O. Gostin, D.A. Salmon, The dual epidemics of COVID-19 and influenza: vaccine
acceplance, coverage, and mandates, J. Am. Med. Assoc. (2020), https://doi.org/
10.1001/jama,2020.10802.

F.-C. Zhu, Y.-H. Li, X.-H. Guan, L.-H. Hou, W.-J. Wang, J.-X. Li, et al., Safety,
tolerability, and immunogenicity of a recombinant adenovirus type-5 vectored
COVID-19 vaccine: a dose-escalation, open-label, non-randomised, first-in-human
trial, Lancet 395 (10240) (2020) 1845-1854.

Y. Liu, A.A. Gayle, A. Wilder-Smith, J. Rocklov, The reproductive number of COVID-
19 is higher compared to SARS coronavirus, J. Trav. Med. 27 (2) (2020) oi.org/
10.1093/jtm/taaa021.

Riphagen S, Gomez X, Gonzalez-Martinez C, Wilkinson N, Theocharis P.
Hyperinflammatory shock in children during COVID-19 pandemic. Lancet.
202010.1016/50140-6736(20)31094-1.

Gotzinger F, Santiago-Garcia B, Noguera-Julidn A, Lanaspa M, Lancella L, Calo
Carducci FI, et al. COVID-19 in Children and Adolescents in Europe: a
Multinational, Multicentre Cohort Study. The Lancet Child & Adolescent Health.
doi.org/10.1016/.

E. Jamrozik, How to hold an ethical pox party, BMJ 44 (4) (2018) 257-261.

N. Eyal, M. Lipsitch, P.G. Smith, Human challenge studies to accelerate coronavirus
vaccine licensure, J. Infect. Dis. 221 (11) (2020) 1752-1756.

Saw Swee Hock School of Public Health, COVID-19: Country Journeys, University
of Singapore National, Singapore, 2020. https://sph.nus.edu.sg/wp-content/
uploads/2020/06/COVID-19-Science-Report-Country-Journeys-30-Jun. pdf.
accessed 3/7/2020.

A. Sheikh, A. Sheikh, Z. Sheikh, S. Dhami, D. Sridhar, What's the way out? Potential
exit strategies from the COVID-19 lockdown, J. Glob. Health. 10 (1) (2020),
010370.

H. Clark, A.M. Coll-Seck, A. Banerjee, S. Peterson, S.L. Dalglish, S. Ameratunga, et
al., A future for the world’s children? A WHO UNICEF Commission, Lancet 395
(10224) (2020) 605-658.






