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Abstract

Decisions about how to go about the necessary task of re-opening our
society in the midst of the Covid-19 (CV19) have been paralyzed by our
extremes. But we can neither afford to insist on a zero-risk response,
nor can we pretend that the risk does not exist. What is needed are
tools to rationally triage the risk. To this end, we propose a novel ‘risk
index’, which is the intersection of two components of risk: 1) the risk
of an individual becoming infected due to action X’; and 2) the likely
probability of death (or serious harm) if that individual develops CV19.
The risk index allows risk to be compared across different scenarios,
and may reveal that seemingly very different situations constitute
similar degrees of risk. With risk measured in this way, one can then
contrast different levels of risk against the social benefits of absorbing
that risk, allowing actions to be sorted into those that are tolerable,
debatable, or acceptable. While these concepts are presented in
abstract based on approximate estimates of risk and influenced by
our judgements about social desirability, the concept itself can be
refined as more accurate approximations of risk and broadly accepted
values of social desirability are derived empirically. In short, this is a
tool intended to provide a useful empirical framework for rationale
decision making about CV19.
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Accepting risk is rationale and unavoidable

The current Covid-19 (CV19) public discussion has taken
on absolutist shades, ranging between arguments in favor
of ever longer massive national shutdowns to arguments in
favor of a return to pre-CV19 interactions. These arguments are
ultimately arguments about risk tolerance but are seldom
framed that way. We would argue that a reasoned approach
to risk and our tolerance of risk can help us sort through the
options available and to chart a path forward.

Consider, by way of illustration, a recent example. In the third
week of May, a music concert was hosted by the Tupelo Music
Hall in Derry New Hampshire'. At first glance, this seemed
to be a dangerous proposition. But the details of the event
were reassuring: It was to be held outdoors at a rented drive-
in movie theater. Guests would be admitted after presenting
their email confirmation at the gates, guests would park and
watch the show from their cars or, if they preferred, while
sitting on their own lawn chairs set up next to their cars. And
other than going to the bathroom (ventilated portable toilets),
social spacing was enforced. Food and drink could be ordered
online in advance in the show but was delivered by concert
staff who were wearing face masks.

So, while it is true that hosting the event incurred more risk
than not hosting the event, in this instance, the organizers had
been deliberate, thoughtful, and cautious about their risk mitiga-
tion strategies, and were aligned with guidelines issued by the
State of New Hampshire’. Overall their plan seemed reasonable.

What the plan highlights is a tolerance of risk. Certainly, all
concert goers would have faced less risk had they stayed home.
But they, and the state, judged that risk to be acceptable, and
the concert went on. Far from being an outlandish exception,
this example illustrates an important general point: we accept
risks all the time. That is why it is legal to drive a motorcycle,
to skydive, to smoke, to drink soda, to buy sailboats, to kiss a
stranger in a night club, or to own a pet tarantula. And we make
finely tuned decisions about these risks. While it is legal to drive
a motorcycle, even though for every mile driven motorcycle
drivers have a 35-fold greater risk than car drivers, it is illegal to
drive a motorcycle without a helmet in most states (though
ironically not in New Hampshire)’. Everything we do involves
parsing risk, deciding what is acceptable to us based on other
values (e.g., the pleasure of driving a motorcycle) and what
crosses a line of intolerable risk (e.g., driving a motorcycle
while intoxicated). CV19 is a particular kind of risk—one
that is shared because the disease is contagious, and one
where we confer risk on each other. It is not, however,
unique in that respect. Kissing in bars is a good example
of a shared risk: it may result in cold sores (Herpes simplex
infections; common but not life threatening) or bacterial
meningitis (Neisseria meningitidis infections; rare but lethal).

The Tupelo Music Hall concern therefore constituted a
pragmatic example of the kind of social experiments that are
urgently needed to help us learn how to reopen our society. Such
experiments are all variations on the same theme: how do we
balance the risk of an action against the value of that action?
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But answering that question is impossible unless we first
have a better way of measuring risk.

The proposed risk index

Aiming to help organize our thinking on this, we suggest
that we can conceptualize risk from CV19 as having two
components. These are:

1) the probability of getting infected by doing action ‘X’; and

2) the likelihood of dying if one becomes infected.

The intersection of these factors yields a conjoint risk index
as shown in Figure 1.

Using best guesses, we could populate the matrix with a set of
scenarios illustrating several combinations of risk and vulner-
ability. For convenience, we color code these combinations from
highest to lowest risk index (red>orange>yellow>green>blue).
For simplicity, we plot the gradations by primary colors and
first order combinations (red and yellow make orange; blue
and yellow make green), but obviously the risk index is actually
a continuum.

The risk index is bounded by two extreme scenarios. On the
bottom left we envision a child at an outdoor playground.
Children are rarely (but not never) harmed by CV19, and the
risk of transmission when outdoors is low*. With mitigation, this
risk could be lower still. For example, kids could wear masks,
sanitize hands after play, and we could limit how many play
at a given time to reduce crowding.

By contrast, the top right presents the opposite extreme and
a worst-case scenario. Here, we can imagine an adult who is
unknowingly infected with CV19, who now goes to visit their
hypertensive and diabetic grandmother at a nursing home. Indoor
transmission is very efficient and the odds are high that the
grandmother will not survive an encounter with CV19.

In both cases, the risk index considers the risk solely from
the perspective of the individual absorbing the risk (the child
or the grandmother). But the framework provides a reminder
that we exist in a complicated web of relationships, and that
our actions have consequences beyond ourselves. In this way,
the framework allows one to separately infer the risk to a hypo-
thetical child or grandmother in isolation, or to model the impact
of sequential interactions.

Advantages and implications of the risk index

This approach has close similarities to the theory underly-
ing Disability Adjusted Life Years (DALYs)’. The DALY is a
population level index that measures the impact of any given
disease as the combined effect of the total number of years of
life lost due to that condition, plus the number of years lived
with varying degrees of disability. As with our proposed risk
index, it is a way of comparing the net impact of different
diseases and can be a valuable tool for public health decision
making. Indeed, the DALY is the foundation for the Institute
of Health Metrics and Evaluation (IHME) Global Burden of
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Figure 1. Estimating the risk index.

Disease Study®. Other disciplines in public health also index
outcomes in different ways.

The key advantage of using a risk index is that it becomes
possible for risk to be compared across different individuals and
different scenarios. Within the limits of our approximations,
the risk index suggests that scenarios that differ markedly
in their details, may actually present similar levels of risk.
This makes the concept of risk fungible. For example, by
taking some best guesses, this model suggests that sending
teens back to high school is roughly the same as an elderly
person going to the supermarket while wearing a mask.

A further advantage is that the risk index allows us to
hypothesize about the potential effectiveness of different risk
mitigation strategies. For simplicity, we have assumed that the
impact of risk mitigation strategies is equivalent across each
of our scenarios, but in reality, this is surely not the case.
Different scenarios present different opportunities for risk
mitigation strategies, and these may be variably effective, which
would be represented by expanding or reducing the risk of
transmission.

For example, much attention has focused on the value of
reopening schools’. Yet the traditional schooling model remains
a high transmission proposition. In the base case, schools are
characterized by kids clustered in classes, gyms and cafeterias (or

just huddled over shared smartphones), and systematically shar-
ing saliva deliberately (by kissing) or inadvertently (via aerosols,
droplets, or shared water bottles). But varying degrees of
mitigation are certainly possible. Kids can wear masks; schools
may alternate in person vs. distance learning week by week;
classes taught by elderly/infirm faculty could all go online (to
protect the faculty from the students); the semester could be
compressed; windows could be open where possible; and so
forth. In fact, there are many ways of reducing the risk index
while still largely benefitting from the in-person interactions
that add value to student education and satisfy the importance
of social engagement in the lives of teens.

While it is theoretically possible to reduce the level of harm if
infected (i.e., moving to the left on the X axis), in practice this
may not be realistic within the time scale of an epidemic. For
example, we know that hypertension, obesity and diabetes
increase the risk of CV19 death®. But we do not know whether a
radical diet and exercise regimen would reduce CV19 fatality
rates at an individual level, and accomplishing that at scale and
in within the time scale of an epidemic would be immensely
challenging. Thus, for practical purposes, the risk mitigation
strategies focus only on reducing the risk of transmission (i.e.,
moving down on the Y axis).

There may be situations for which there are no effective or
practical risk mitigation strategies at all. But that too is an
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acceptable limitation. This is a starting point for risk assessment
that is immediately useful when limited to educated guesses,
but which becomes more useful and precise when those
approximations are replaced by better estimates of actual risk
and actual harm. The index is a place to begin discussions and
to draw approximate conclusions, not a place to end. It is also
an opportunity to identify situations where more precise data
from research would be particularly important, making this a
helpful tool to guide research.

Taking the next step: integrating the risk index with
the value of different actions

While useful by itself, the risk index is more useful for
answering an even more important question: does the value
of a given action justify that risk? This is shown in Figure 2,
where the Y axis is the risk index as estimated from Figure 1,
and the new X axis plots the perceived societal value for each
action.

In this schema, the easiest decision is to open playgrounds.
Kids benefit from freedom, exercise and social interac-
tion and parents need their kids to play and to be happy and
to have a break from child care. Moreover, playgrounds
exist already and have minimal opening costs. Conversely,
opening state or national parks are somewhat more expensive
and are not immediately accessible in the same way that play-
grounds are, making them of slightly lower value to society,
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particularly during the lock down. Opening playgrounds is
a low risk/high value proposition, colloquially known as a
‘no brainer’. It does not, however, mean that those kids can later
visit their grandmother at the nursing home.

While this is certainly debatable, the social value of
opening indoor bars seems to us far lower than playgrounds,
even though the economic value of bars may be consider-
able.While their value to society can be argued, from the
perspective of the risk index, spending a Friday night in
intimate contact with a crowd of strangers is an ideal strategy
for spreading the coronavirus. Moreover, it is hard to envision
many strategies for risk mitigation that would be acceptable.
Patrons cannot drink beer while wearing masks, and masks are a
barrier to social intimacy, and thus undermine a key reason
why people go to bars. Outdoor bars would be safer, but that
puts the drinking out on the street in most cases, which has its
own negative consequences. However, one could legitimately
reframe this analysis more discretely in terms of economic
value (removing elements of moral judgement), social equity, or
many other potential permutations of value.

Through these risk index/value combinations we can begin to sort
actions into those that are acceptable, debatable, or intolerable.
In all likelihood, we will spend a lot of time discussing actions
that fall into the debatable range, which is precisely the point.
This is what rational decision making looks like.

e

\

FIGURE 2: Using the risk index and societal values to guide decisions
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Figure 2. Using the risk index and societal values to guide decisions.
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Conclusions: Opening society means making
thousands of individual risk/value assessments

We fully recognize that this approach leaves many questions
unanswered and rests on assumptions about deriving risk
index that here are only approximate. However, the goal in
proposing this framework is not to categorically rank all
different levels of risk or value and thereby answer all
potential questions. Rather, the framework is merely a way to
start the types of reasoned conversations that must occur if we
want to open society in a way that maximizes benefits while
minimizing risks.

Currently, our debate on when and how to reopen society has
been paralyzed by our absolutist extremes. While it seems
certain that the lock down was essential for buying us valuable
time to figure out how we respond to the CV19 strategy, this
has had devastating consequences to our economy and cannot
be sustained indefinitely. But denying the risk of CVI9
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is also a mistake, which if pursued will result in death on
a scale that the US has never seen before (including the
1918 influenza pandemic) and may also result in economic
collapse. Neither extreme is tenable.

Rather, we suggest that our way forwards lies somewhere
in the rational middle. It means we must accept gradually
increasing levels of risk, ideally validated by a rigorous testing
strategy to allow us to gauge the impact of these decisions
and to shift our strategies if our assumptions later prove to be
wrong. To escape the polarizing paralysis, we are convinced
that we can - and indeed must - take this kind of approach to
reopen our society. Otherwise, we risk consigning millions to
economic destitution by trying to live in a zero-risk world that
simply does not now, and has never, existed.
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Bayarmagnai Weinstein
Department of Environmental Health Sciences, School of Public Health, University at Albany,
Rensselaer, New York, NY, USA

The authors recommended a framework to help individuals and policymakers to engage in
reopening society amidst the COVID-19 pandemic with a benefit-risk balance. At a minimum, this
provides an actionable blueprint that can be modified to each user’s context.

The conceptual basis of the risk index in this article corroborates and warrants the
acknowledgment of Blumenshine and Diderichsen's conceptual framework to delineate the
potential causes of disparities in death due to respiratory pandemic as following:

1. likelihood of being exposed to the infectious agent

2. likelihood of contracting the disease, upon exposure to the infectious agent

3. likelihood of receiving timely and effective treatment after disease has developed
(Blumenshine et al.,2008’; Diderichsen et al.,2001°).
In Gil and Salea's framework (Figure 1 & 2) the acceptability of risk and perceived value of actions
associated with re-opening of selected businesses appear to be modified using remediation
measures. I concur with Amrita Rao to clarify the reliability and feasibility of common remediation
strategies for direct actions.

In my view, the recommended framework accounts for the extrinsic factors, such as population
density (indoor vs outdoor), type of business (school vs cruise ship), household structure, and age
(nursing home and family visits). Even though, prior studies show that vulnerability to COVID-19
has been further defined by intrinsic individual characteristics as following:

> health risk behaviors (i.e., smoking, excessive alcohol consumption)

o comorbidities (i.e., cardiovascular diseases, obesity, diabetes)

> difficulty to social distancing due to inability to afford unemployment resulting in the
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reduced exertion of protective measures, healthcare access
o progression of the pandemic over time

> availability and the efficacy of the COVID-19 vaccine

Since the reliability of this one-size-for-all framework would be largely modified by the individual’s
intrinsic risk factors as specified above, the authors could have provided or proposed future work
to develop user-friendly guidance on how to tailor the framework to individual circumstances.

Also, for future work, it will be interesting to see if the conceptual model would indicate the data
and methods that could bring this to the next level.

References

1. Blumenshine P, Reingold A, Egerter S, Mockenhaupt R, et al.: Pandemic influenza planning in
the United States from a health disparities perspective.Emerg Infect Dis. 2008; 14 (5): 709-15
PubMed Abstract | Publisher Full Text

2. DIDERICHSEN F, EVANS T, WHITEHEAD M: The Social Basis of Disparities in Health. 2001. 12-23
Publisher Full Text

Is the topic of the opinion article discussed accurately in the context of the current
literature?
Partly

Are all factual statements correct and adequately supported by citations?
Partly

Are arguments sufficiently supported by evidence from the published literature?
Partly

Are the conclusions drawn balanced and justified on the basis of the presented arguments?
Yes

Competing Interests: No competing interests were disclosed.
Reviewer Expertise: Epidemiology and Clinical Research

I confirm that I have read this submission and believe that I have an appropriate level of
expertise to confirm that it is of an acceptable scientific standard.

Reviewer Report 15 February 2021
https://doi.org/10.5256/f1000research.26867.r78046
© 2021 Rao A. This is an open access peer review report distributed under the terms of the Creative Commons

Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the
original work is properly cited.

Page 8 of 11


http://www.ncbi.nlm.nih.gov/pubmed/18439350
https://doi.org/10.3201/eid1405.071301
https://doi.org/10.1093/acprof:oso/9780195137408.003.0002
https://doi.org/10.5256/f1000research.26867.r78046
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

F1000Research 2020, 9:572 Last updated: 19 MAR 2021

Amrita Rao
Department of Epidemiology, Johns Hopkins Bloomberg School of Public Health, Baltimore,
Maryland, USA

In this Opinion Article, the authors argue that much of the public debate around what should and
should not be allowed during the COVID-19 pandemic is really an argument about risk tolerance.
They note that all decisions made, at the individual and societal level, are a balancing act of how
risky an activity might be and how willing we are to absorb that risk. They propose the creation of
a risk index that takes into account risk of becoming infected from a certain action, X, and the
probability of death or serious harm from participation in that action. Measuring risk in this way,
the authors argue, will allow for the rational weighing of risk against the social benefits of
absorbing that risk. This article is compelling and clearly written.

From a communication standpoint, I think the use of the two axes and the simplicity of Figure 1 is
very useful. It helps us understand the relative risk of different actions in clear terms. It would be
helpful, though, to further delineate what the mitigation strategies are and what they might look
like.
o Would the mitigation strategies themselves be different in various contexts? For example,
mask use at outdoor bar vs. at outdoor national park?

> Can we somehow create a guide for the relative importance of different mitigation
strategies (e.g. masks vs. sanitizing)?

To me, I think there are two questions that should play into the risk index: 1) What is the relative
risk of different actions? and 2) If I choose to do a certain action, which mitigation strategies
should I prioritize?

The risk index, as I have read it, answers question 1, but I think these gray areas around
mitigation strategies is where additional value could be added in terms of helping people make
risk-mitigating decisions. The authors argue that this framework at least allows us to start from
the same place and have a rational conversation about what is acceptable/debatable/intolerable,
but I wanted to see a bit more here.

The discussion of DALYs was crucial. The authors clearly describe the conceptual similarities
between the risk index and the use of DALYs and the advantages of their risk index for different
individuals and different scenarios.

Is the topic of the opinion article discussed accurately in the context of the current
literature?
Yes

Are all factual statements correct and adequately supported by citations?
Yes

Are arguments sufficiently supported by evidence from the published literature?
Yes
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A conceptual framework for reopening our society during the Covid-19 pandemic is a well written
insight for a new approach to systematically re-opening our society in the midst of the Covid-19
(CV19). Authors propose tools to rationally triage the risk to be compared across different
scenarios. The risk should be builded based on two components: 1) the risk of an individual
becoming infected due to action X’; and 2) the likely probability of death (or serious harm) if that
individual develops CV19.

As this is a theorical approach and I considered correct and interesting.
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