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There are potentially promising mitigation activities for epidemic and pandemic
scenarios that are not currently the subject of significant research effort. Large epidemics
and pandemics pose risks that are important to mitigate, even if the likelihood of the
events is low and uncertain. While some efforts are the subject of extensive funding and
consideration, other approaches are neglected. Here, we consider such neglected
interventions which could significantly reduce the impact of such an epidemic or
large-scale pandemic. These are identified via a narrative literature review of extant
literature reviews and overviews of mitigations in epidemic and pandemic situations,
followed by consideration of the economic value of information of further study of
heretofore neglected interventions and approaches. Based on that analysis, we considered
several classes of mitigations, and conducted more exploratory reviews of each. Those
discussed include mitigations for (i) reducing transmission, such as personal protective
equipment and encouraging improved hygiene, (ii) reducing exposure by changing norms
and targeted changes for high-risk or critical professions and activities, (iii) reducing
impact for those infected, and (iv) increasing large scale resilience using disaster and
infrastructure continuity planning. Some proposed mitigations are found to be of low
marginal value. Other mitigations are likely to be valuable, but the concepts or
applications are underdeveloped. In those cases, further research, resources, or
preparation are valuable for mitigating both routine and extreme disease outbreak events.
Still more areas of research are identified as having uncertain value based on specific but
resolvable uncertainties. In both of the latter cases, there is no guarantee that mitigations

identified as worthy of further consideration will be valuable, but the argument for

further research is clear.

High-consequence, low probability events are worth at-
tention even when they are not imminent or occurring. This
research is not specific to, and predates, the outbreak of
COVID-19, but was made especially relevant by recent
events and developments.

There has been quite little work on considering how to
mitigate unlikely but worrisome worst case disease out-
breaks. More salient and less extreme threats, such as pan-
demic influenza, have received attention from sources in
government! and public health? sources. In addition to fo-
cusing on less extreme potential events, most efforts focus
primarily on biological research to enhance countermea-
sures, both preventative and responsive, and often assume
the availability of supplies, personnel, and other resources.
However, worst case tail-risk pandemics are highly uncer-
tain and less well investigated.3 This leaves a gap in the
literature that is particularly broad with regard to mitiga-
tion useful in worst case events. Such events pose particular
challenges,* which need to be addressed, and recent events
with COVID-19 have made this even more clear.

The primary goal of public health is promoting and en-
suring health, including preventing disease. Public health

also involves response to health disasters and disease when
necessary. This secondary goal of response is also often only
partially successful, especially when responding to epi-
demics. In extreme cases, public health infrastructure may
not be sufficient, and systemic breakdown may not be
graceful. While these worst case events are unlikely, they
could occur if there is a 1) serious failure of the system,
2) an unexpected convergence of disasters, and/or 3) a
pathogen of high pandemic potential. While the mitiga-
tions considered in the paper may be useful in less extreme
cases, they provide a focus and framework for the mitiga-
tions being considered.

For case one, there are scenarios where it is no longer
possible to prevent an outbreak, but it is still possible, and
critical, to reduce mortality and assist in triage-based plan-
ning.® The world has already seen local cases of such fail-
ure, and international response has helped contain many
such events. At the same time, systems fail, and contem-
plating when and how they do so is critical both for prevent-
ing such failures, and for preparing for those (hopefully un-
likely) cases of failure to respond successfully.

Case two, of compounding failures and unfortunate
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events, can be addressed by mitigating convergent risks.”
Resilience to global catastrophe requires understanding
failure modes for complex interconnected systems.8% Plan-
ning should therefore include understanding viability and
availability of countermeasures even in extreme scenarios.
Convergent risks include diseases that result from or con-
tribute to infrastructural failure or failure of transport sys-
tems, or where inadequate response capacity accelerates
outbreak severity.

Lastly, for case three, the paper focuses on pathogen
types identified by Adalja et al.10 as having high pandemic
potential. This class of pathogens has several of the fol-
lowing characteristics: an “absence of an effective or widely
available medical countermeasure, an immunologically
naive population, virulence factors enabling immune sys-
tem evasion, and respiratory mode of spread.” For this rea-
son, similar to other warnings about complex system fail-
ures,8 Adalja et al. recommends “a focused approach with
some flexibility.”10

This paper identifies low cost preparatory mitigations
which have the potential to significantly reduce risks in sce-
narios up to and including worst-case global pandemics,
and which seem valuable to investigate further in the near-
term. The classes of intervention we discuss focus on very-
low-cost, potentially high-impact interventions, many of
which can be mounted even if the healthcare system is over-
whelmed. The mitigations can have high expected value
even if the events in question are rare, but many invest-
ments proposed here for mitigating worst-case scenarios al-
so have benefits for non-emergency cases, for smaller scale
emergency response, and/or where supplies and personnel
are limited.

METHODOLOGY

The current research intends to identify high value, low cost
work that is both neglected and that can be useful in the
near term. We therefore exclude research on technologies
still being developed, those that are high cost, and those
exclusively in the purview of health authorities or govern-
ments. While these excluded areas are some of the most im-
portant, we exclude them to allow identification of inter-
ventions that remain unexplored. As noted, this review is
intended to address a number of gaps in the response lit-
erature. Literature reviews can serve many purposes,!! and
here they are used in two different ways, first a narrative
meta-review focused on public health response literature,
then an exploratory review of methods to address the chal-
lenges identified.

The first review is of the public health response litera-
ture, which itself surveys other literature on interventions
or makes policy recommendations. Following that review,
we use a framework, explained below, to identify areas for
further work that are potentially high value. The approach-
es span several very different areas of academic and applied
research, from clinical medical research to public health,
and from systems engineering to risk mitigation.

After intervention types and specific examples are iden-
tified, they are discussed and the second, exploratory review
of the literature on each is presented. This review identifies
specific approaches which seem likely to merit further re-

search. Given the broad scope, and the focus on areas and
approaches where little work has been done so far, this
second identification and review is necessarily non-com-
prehensive. In addition, because there can be no literature
about ideas which have not been explored, it focuses on ex-
tant literature which implies that these approaches could be
useful.

INITIAL NARRATIVE REVIEW

In order to identify interventions that fit the above criteria,
we present a brief narrative review of key public health lit-
erature on preparation, interventions, and response activi-
ties. 12-16 This allowed identification of classes of approach
and tools that are already the subject of extensive research,
and others that are at least somewhat underutilized. In the
following section on intervention types, we present a sum-
mary of the classes of intervention we will consider further.
Many of these are gaps which have long been noted by oth-
ers, but recent events, and our review, indicate that most
have not been remedied.

FRAMEWORK

Following the initial literature review, we used a Value-of-
Information approach proposed by Manheim!7 which sug-
gests focus areas and intervention types for neglected sce-
narios, with potentially high impact. This approach sug-
gests focusing on interventions where there is a clear causal
connection to risk reduction. It also leads to considering
ideas that are viable (even) in worst case scenarios, and to
investigating ideas with uncertain impacts.

“Health care systems are not prepared for such out-
breaks in virtually all countries, vaccines are difficult to
develop, and (treatments) are unavailable.”

-Orton et al.18

The lack of preparation noted in the above quote sug-
gests that there may be value in considering mitigations
which are feasible with minimal resources and without ex-
tensive training or equipment. Despite uncertainty about
how likely the most worrying cases are, diminishing mar-
ginal returns make well-explored approaches likely to have
diminishing marginal value, while highly flexible interven-
tions that are found to be effective and low-cost are nearly-
certain to be cost effective. Given the focus on marginal
usefulness and value of research, we also highlight inter-
ventions that are worth further attention in advance of an
outbreak. The combination of uncertain risk and diminish-
ing returns for investigating well-explored approaches is a
reason to focus on these otherwise neglected approaches.

In considering the interventions, we are wary of assum-
ing that there is “low-hanging fruit” that has mysteriously
been ignored. We instead see clear reasons that these ap-
proaches are relatively neglected. First, other techniques
are often available and more effective in less extreme cases.
Second, most research attempts to focus on the most likely
cases, where the novel interventions would be least mar-
ginally beneficial. Third, the benefits of many of the pro-
posed mitigations are uncertain, and there is little reward
for finding approaches less effective than current standards.
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Finally, many of the approaches do not directly prevent or
treat disease, making them difficult to justify as medical or
clinical research, and are not typically within the broad um-
brella of health security,!9 or they lie in the gap between
biosecurity and biodefense.20 Despite these drawbacks, fur-
ther investigation is warranted both due to value-of-infor-
mation,!” and also from a cost-effectiveness perspective,2!
since the costs to prepare and consider how to deploy them
in the future is relatively small compared the the expected
impact, even given the low likelihood of such events.

In addition to the above-mentioned concerns about the
uncertainty of the risk, and of the impact, there is a more
general concern in policy analysis that it is important to un-
derstand the theory of impact and how the intervention will
achieve the desired objective when considering interven-
tions.18:22,23 Doing so prevents a wide class of failures, from
conflating correlation and causation, to choosing metrics
that worsen the problem, which can be problematic.24 To
address this challenge, we ensured that the interventions
have one of two causal impacts. First, the interventions ei-
ther reduce the transmission of the disease in the popula-
tion, or reduce the impact. Transmissibility reduction can
be achieved by reducing the probability that a given inter-
action causes infection (transmissibility reduction), or ei-
ther reducing the number of interactions, or changing who
is exposed to limit further exposure (exposure reduction).
Impact mitigation involves either directly mitigating the
symptoms and mortality rates of a disease, or reducing the
large-scale impact of an epidemic.

INTERVENTION TYPES

Before discussing the interventions individually in the fol-
lowing section, the table below lists the intervention classes
discussed in the paper. For each class of intervention, the
table includes the causal impact that allows them to miti-
gate the risk. Finally, the table suggests what the need is,
ie, what is required for the interventions to be viable in a
pandemic, or what research is needed to find out if the ap-
proach is viable (Table 1).

Note that while some social distancing?’ and self-isola-
tion26 would happen naturally due to fear in the extreme
cases, this is not an unmitigated benefit, per our later dis-
cussion. In worst-case scenarios, distancing and isolation
could accelerate failure of critical systems and procure basic
necessities. In such a scenario, planned transmission reduc-
tion activities could have further deleterious effects. To ad-
dress this, we also discuss transmission reduction interven-
tions that encourage distancing that minimizes the spread
of a disease in the worst cases and still allows continued
provision of basic services. We also discuss impact mitiga-
tion to insulate critical systems and prevent complex sys-
tems failures that could result from large-scale disruptions.

TRANSMISSIBILITY-REDUCTION
INTERVENTIONS

For many highly transmissible diseases, such as smallpox,
mumps, and rubella five to seven infections would be
caused by one infected person,27 if the exposed population

Table 1. Intervention types

Intervention

Class Causal impact Need
Personal Transmissibility
Protective Reduction
. Prevent worst-
Equipment (Reduce
. . case shortages
(Facemasks, infectiousness
Gloves) of contacts)
Education (most
effective
Improved approaches and
hygiene Transmissibility techniques)
(Handwashing, Reduction worst-case
cough (Reduce supply
etiquette, food infectiousness shortages (soap
preparation, of contacts) or alcohol based
etc.) hand cleaners,
cleaning
agents.)
Changing Exposure
Norms (Self- X
N Reduction .
Isolation, Education,
(Reduce .
Personal Behavioral
. number and
distance, . . Change
intensity of
Reduced
. contacts)
crowding)
Targeted Transmissibility
. and Exposure
professions / X
e Reduction
activities
(Reduce
(Restaurant .
exposure to/ Planning
workers, .
from most likely
personal care .
- and highest
providers,
consequence
teachers)
vectors)
Impact
Mitigation
Home (Reduce Education,
supportive care lethality / Supplies
intensity of
infection)
Impact
Mitigation
Planning and (Reduce impact, Planning,
resilience prevent Education
secondary
breakdowns)

was unvaccinated and had never before been exposed to the
disease - as would be the case for a novel disease. More
transmissible pathogens, like measles or pertussis, can
spread to more than a dozen individuals per infected person
in similar circumstances. Unchecked transmission causes
rapid exponential growth in the number of cases, and for
fatal diseases, fatalities. The rate of spread, however, is a
function of both the disease characteristics and the popu-
lation behavior. This means the rate of spread is (approxi-
mately) halved if only half as many people are exposed to
the disease due to reduced contact rates, or if the probabil-
ity of transmission per contact is cut in half. Even in cases
where transmission cannot be reduced sufficiently to stop
further spread, slowed progression gives other forms of re-
sponse more time to be effective.

There are a variety of approaches to reduce transmission.
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While medical approaches are being “debated ad-nause-
um,”28 other approaches have received less attention and
research. Several low-cost non-medical countermeasures
that would reduce spread have been recommended widely,
for example by the WHO,2? including personal protective
equipment (PPE) like masks and gloves, reduction in the
need for crowded public spaces, enhanced hygienic mea-
sures like frequent cleaning of door handles and other pub-
lic surfaces, and similar measures.

Despite the utility of these approaches in all cases, in ex-
treme scenarios there will be insufficient quantities of med-
ical supplies, drugs, hospital space, and trained practition-
ers to implement most recommendations.?8 In the realm
of non-medical countermeasures, much discussion has fo-
cused on how to motivate people to deploy countermea-
sures, or to comply with recommendations. Without sup-
plies, education, and planning, however, motivation will
be irrelevant, and in the presence of worst-case epidemics,
motivation will likely not be as formidable a barrier.

PERSONAL PROTECTIVE EQUIPMENT

PPE are items that protect healthy people who interact with
those carrying a disease. The availability of such supplies,
and their use, is critical. At the same time, a few key issues
must be addressed, including availability and relative im-
portance.

Supplies of PPE are potentially limited, especially in the
short term. The pandemic supply chain network has begun
addressing some parts of this, but it is still a work in
progress.30 This also critical because an outbreak can itself
cut off supplies needed to address the disaster, as happened
recently with health supplies provided from the epicenter
of the COVID-19 outbreak.3! Ensuring sufficient supplies
are available where needed is critical, and similar work on
addressing multiple objectives for distributing limited sup-
plies in an emergency is particularly important32

Longer term, for disease spreading more widely, most
PPE items are not produced in sufficient quantities to ad-
dress a larger scale need. This means that in addition to
needing robust distribution networks, during the course of
an outbreak, the demand for supplies might require produc-
tion scale-up. Alternatively, it may be useful to ensure suffi-
cient and/or redundant productive capacity exists. In some
cases, it will be impossible to meet demand. One approach
that potentially avoids both supply issues and logistics is
improvisation: basic versions of some items could be made
from available household supplies. In at least one case, such
improvised supplies were used successfully during the 2014
Ebola outbreak in Liberia.33:34

The types of PPE that are most likely to be needed are
facemasks, (rather than respirators3), eye protection, and
disposable gloves, as well as alternatives to each, or as a last
resort, homemade variants.3¢ Three approaches to consid-
er for each class of items is stockpiling excess in advance,
rapidly scalable production and redundant suppliers, and
enabling the use of improvised alternatives. The resulting
matrix of the nine possible approaches is worth investiga-
tion, and specific recommendations on which to pursue is
beyond the current scope. At the same time, some general
points about viability and effectiveness are worth noting.

For many items, it is unclear how quickly production
could be increased given current production capacities. For
example, there is a significant expected shortfall for respi-
ratory protection devices, ie, facemasks.37 For other items,
the supply may be more flexible, but even if there is suffi-
cient supply for medical workers, Patel et al37 notes that de-
mand from other people would overwhelm the supply.

Rapidly increased demand coupled with limited ability to
scale production means that the prices of these items still
would increase greatly in the event of a pandemic. Because
ability to pay is uneven, this would lead to suboptimal pro-
vision from a social benefit standpoint, and would especial-
ly hurt less-developed countries. Excess production capac-
ities would be helpful in such a case. At the same time, if
sufficient capacity were built as a preventative measure, the
resulting subsidized oversupply would have negative effects
on the market, such as gluts that hurt the industry and re-
duce the long-term ability to supply products. For this rea-
son, careful consideration is needed to understand how ex-
cess capacity could be built without devastating the extant
market, or alternative approaches such as retrofitting other
factories or home-production are needed.

Even when supply is sufficient, logistics are a key con-
cern37 and this is a very general problem, with extensive lit-
erature on the problem and potential mitigations.38 While
ensuring continuity and availability of the international lo-
gistics systems is itself critical, some level of disruption is
almost assured, and so multiple strategies from that liter-
ature are worth consideration. The availability of logistics
networks and planning for worst-case epidemics is critical
for other reasons as well, and will be discussed below as a
form of impact mitigation.

HYGIENE/BEHAVIOR INTERVENTIONS

A variety of interventions target reducing the likelihood of
spread between people in contact with one another, some
relating to hygiene, and others to behavior. In the realm of
hygiene, it is clear that many currently normal behaviors
are conducive to the spread of many diseases, but could
be discouraged. At the same time, changing norms is com-
plex, requiring a combination of authority, informal institu-
tions, and a critical mass to prompt a change. Non-hygien-
ic behaviors that increase risk of infection include touch-
ing food or mucus membranes with unwashed hands, and
other nearly-unconscious behaviors. For example, hand-to-
face contact is common, and in normal situations people
touch potential infectious parts of their face more than a
dozen times per hour.3? Cleaning of surfaces that can trans-
mit infection is also a potentially important possibility, one
which complements improving hygiene.

HAND-WASHING

Hand-washing plausibly reduces rates of transmission of
disease by 50% in the general community,9 but compliance
rates are below 50% even among food-workers,*! day care
workers,*2 and hospital staff.43 Substantially better hygiene
is difficult, and success in increasing hand-washing in hos-
pitals shows that progress is slow, but it is at least some-
what achievable®3 using various methods of encourage-
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ment#4 and education,*> and can be a major factor in reduc-
ing infectiveness.46

Given the ubiquity of soap, supplies should be available
unless supply chains fail severely. The critical factor is
handwashing technique and thoroughness, and there is a
large educational component required to improve hand-
washing technique, once people are convinced of its impor-
tance. For instance, ring wearing makes handwashing sig-
nificantly less effective,4” and the presence of long nails is
similarly problematic, but nail-brushing is effective.4® De-
pending on mode of transmission, education and interven-
tions to spur new norms around ring-wearing and long fin-
gernails during a worst-case outbreak may be useful.

SANITIZATION

In addition to handwashing, other types of cleaning are
important for hygiene. If needed, environmental cleaning
could use soaps, or alcohol, but for surfaces and other ob-
jects better options are available. Sanitizing objects and
surfaces that could harbor pathogens is often done with a
dilute bleach (NaOCl) solution. Sufficient supplies of clean-
ing agents likely exist, but alternative sources may be use-
ful. While it would be inadvisable to reduce chlorine use
in drinking and wastewater treatment, or to attempt home
production, potential sources include industrial processes
such as polyvinyl chloride production.

COUGH ETIQUETTE

Many recommendations for behavior to prevent infections
recommend coughing into a sleeve, hand, or tissue to re-
duce the spread of infections. While these behaviors change
the spatial distribution of particles,4? it is unclear if this
is significant, and is likely less useful than even makeshift
masks. Behavior changes are unlikely to be harmful, and
may be beneficial as long as they do not displace more ef-
fective approaches such as masks. Because of the possible
displacement effect, however, in the event of a respiratory
illness pandemic it should not be a focus for education or
shifting norms, especially if they compete with more effec-
tive alternatives.

STAYING HEALTHY

Encouraging good health generally is a useful way to com-
bat the transmission of infectious disease. For instance, im-
mune systems are more effective when people are well rest-
ed,>5! and eat properly.52 In addition, similar benefits ex-
ist for avoiding smoking and consumption of caffeine,3
as well as avoiding more than a single drink of alcohol.>*
While it may seem obvious, even these easy strategies re-
quire behavioral change. Because of the potential signif-
icant effects on the overall population due to individual
compliance, and the obvious other benefits of healthy be-
havior, this link should be made clearer in health education,
whether relevant to pandemic infections or otherwise.

SOCIAL BEHAVIOR AND NORMS

Earlier studies have looked at how infectious disease out-
breaks can be contained via various forms of isolation or

separation. Unlike those studies, we assume the methods
can be effective and useful during a pandemic. Instead, we
consider what can be done in advance of any such event to
encourage compliance with the interventions. Halloran et
al. note the importance of timely response measures when
discussing the joint effectiveness of medical interventions
along with school closures, or forms of distancing, and em-
phasizes how the timeliness, compliance and effectiveness
of these interventions are connected.>> For this reason,
preparation for encouraging compliance before an out-
break, rather than in response to one, is critical.

Some studies discuss closing or minimizing interaction
in schools, colleges, and (certain types of) workplaces, since
a majority of infections occur in those settings - though ad-
ditional infections occur in homes. The potential issue with
this form of response is that it is unclear that the locations
visited in place of educational or workplace interaction are
less likely to spread disease. Inglesby et al notes that we
have seen too few events to predict how people would re-
spond today.2 Preparation and careful prior consideration
are useful in ensuring, for instance, that we are not replac-
ing transmission in college classrooms with greater trans-
mission in dorms, clubs, and bars in the absence of class-
room time. A parallel situation for school-aged children is
understood to contribute to an acceleration of influenza
spread among adults during the US Holidays and New Year
when children are at home,>¢ though the net effect may be
a reduction in illness due to reduced transmission between
children.

CONTAINMENT

In early stages of spread, self- and public-reporting are use-
ful for identifying infectious individuals. Approaches such
as contact tracing, small scale isolation, and medical care,
as well as more recent approaches like control banding,>7>8
are routinely used and are well-understood, and would be
used in early stages of an outbreak. Later in the course of
a disease, self-reporting and well-established approaches
are unsustainable and possibly even unhelpful. This is be-
cause centralized quarantine becomes infeasible, and be-
cause milder cases are not reported.>®

NORMS FOR INTERACTION

As noted above, closing schools and businesses has unclear
effects on spread, especially when considered at a commu-
nity level. On the other hand, during a severe pandemic, it
is likely that people will avoid interaction where possible,
which is unlikely to lead to more interaction in other loca-
tions. Spontaneous distancing can be assisted with chang-
ing norms of interaction and contact-minimization. This
could be essential in reducing the speed and extent of
spread, and is more feasible than full isolation, as well as
less costly than closing schools and businesses completely.
Norms for interaction during a pandemic will likely dis-
courage handshakes and other physical touch, not eating in
large groups or public places, and increased physical dis-
tance between individuals in public. The efficacy of the last
in unclear,%0 but is potentially helpful. Preparation needed
for encouraging these is minimal, but a better understand-
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ing of how individuals can minimize their risk would be use-
ful in helping people prioritize the changes they promote.

Reducing crowding has long been recommended,®! but
it is often hard to make operational plans that accomplish
the goal. For example, crowding in residences has some-
times been a factor in the spread of disease®? - but self-
isolation is unlikely to be possible elsewhere. For instance,
Donnelly et al.63 performed contact tracing for SARS, and
in that case some clusters in SARS were due to poor sewage
management and linked ventilation systems,®* factors that
are not controllable by the residents. Reducing such crowd-
ing would have various positive public health and other ef-
fects, but as discussed in a later section regarding location-
based mitigation, it is not clear how response activities can
change this.

It may be important for public events to be cancelled,
postponed, or moved online. Prior planning, especially for
the last case, is useful. Many companies have plans in place
for allowing wider telecommuting in the event of an emer-
gency. In businesses where this is impossible, there are oth-
er ways work can change so that the probability of transmis-
sion and infection is minimized. Moving work from indoors
to larger outdoor areas may sometimes be feasible, which
can reduce disease transmission due to close quarters. As
noted above, PPE and better hygienic behaviors are poten-
tially helpful, but they are neither foolproof, nor guaranteed
to be available or practical.

EXPOSURE REDUCTION INTERVENTIONS

In addition to approaches for reducing transmission rates,
there are interventions that change the course of an epi-
demic by changing who is exposed. In addition to changing
interpersonal norms for transmission reduction, changes to
norms and rules in the labor market are plausibly important
in both reducing spread, and reducing impact. It is clear
both from contact tracing and from mathematical modeling
that some professions and workplaces have an outsized ef-
fect on the transmission of respiratory disease. A related is-
sue is that certain professions are necessary for continued
provisions of basic necessities, though this is discussed in
more detail later.

Given the issues involved, we consider professions, ac-
tivities, and places of high concern, and note where the
challenges in designing effective mitigations exist. As men-
tioned earlier, it is critical to note that naive interventions
targeting populations, events, or locations that are very
likely to spread a disease can easily backfire. For this reason,
careful planning and research are important not only to dis-
cover effective ways to mitigate the problem, but also to en-
sure decisions made based on poor planning do not acceler-
ate spread.

QUARANTINES AND SELF-ISOLATION

Quarantines are often mentioned as a first line of defense
in case of a truly devastating disease. These can take many
forms, including sick people staying in their homes, delays
for entry into a country, and institutional quarantines like
at hospitals. The latter two are difficult to enforce and it
is not clear they have been effective in the past, or would

be effective in the future.®5 The ineffectiveness of other ap-
proaches may make methods for promoting self-isolation
worthy of further consideration, despite the difficulties.
Norms around self-isolation, such as leaving work if ex-
hibiting symptoms, could significantly reduce exposure to a
disease even without enforced quarantines. To support this,
mitigations discussed below seem more promising, espe-
cially once a disease is established.

As a disease spreads, those who are not sure they are in-
fected might do well to stay away from hospitals and oth-
er locations where many sick people are present. More gen-
erally, those who are sick, or may be infectious should be
encouraged to stay away from public gatherings, and to the
extent possible, away from other people.

Depending on the transmission mode of the disease, the
obviousness of symptoms, and the timing of infectiousness,
there may be various difficulties with self-isolation. The
issues include ensuring people self-identify as sick early
enough, that they are able to self-isolate, and that they are
encouraged to do so effectively, and that they are able to do
so.

Especially in the event of a major pandemic, it will be dif-
ficult for people to successfully and safely self-isolate, be-
cause for instance, they would need to leave home to shop
for food or basic supplies. This means self-isolation is un-
likely to happen without messaging, volunteering, and/or
infrastructure explicitly encouraging it. If self-isolation as a
strategy is to be effective, work on investigating how to en-
able it and how to encourage it during a severe pandemic
is warranted. For example, delivery service workers are sus-
ceptible to a disease, and the types of interactions they have
could increase their own risk, thereby spreading the disease
further.

HIGH-TRANSMISSION PROFESSIONS

Different professions have varying impacts on spreading
disease. While a comprehensive identification of profes-
sions that are most important to consider is beyond the
scope of this paper, such work could start with reviewing
contact tracing in recent cases, and considering transmis-
sion dynamics in specific populations. To understand why
identifying professions that are critical as vectors can be
helpful, and what types of mitigations might be identified,
two examples are worth highlighting.

One critical profession is food services and the transport
of food, for two reasons. First, in some types of food ser-
vices, conditions are 1ax0 and transmission may be partic-
ularly likely due to food handling. Second, if a portion of
workers is unable to work due to sickness, or is unwilling
to work due to risks of contracting an infection, it is impor-
tant to prioritize critical systems, first for immediate food
needs, then for an expanding set of systems and infrastruc-
ture needed to continue supply of food. These systems are
potentially very vulnerable,57 as discussed below.

A second important profession is flight attendants®8:69
and other airline workers, who have historically been im-
portant vectors.” Unfortunately, a certain number of air-
line workers per flight is required by law in the United
States,”! and due to tight schedules they are likely to work
long hours and continue working while sick. There are pol-
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icy remedies that could be considered for during an out-
break, including screening of flight personnel, relaxing re-
quirements on flight attendants, reducing the number of
flights, and as mentioned earlier, mandating PPE and prior-
itizing worker health. It is worth noting that public screen-
ing before domestic flights has been proposed, but it is un-
likely to be effective,’2 and if quarantine or similar mea-
sures are considered, it makes little sense to target airline
passengers in particular.

ACTIVITIES WITH HIGH TRANSMISSION POTENTIAL

In early stages of a large-scale epidemic, there would be dis-
ruption of certain activities that typically involve high con-
centrations of people, as discussed above. These extend fur-
ther than cancelling events, however, and may include re-
ducing people’s presence in many venues, from restaurants
to religious services, and from funeral homes to mass tran-
sit. Not only this, but as will be discussed in the section on
impact mitigation, it may be worthwhile to shut down hos-
pitals if they become more likely to spread a disease than to
slow its spread, as could easily happen in an extreme event.

Some activities can be held outdoors, which would limit
disease transmission somewhat, but most would still be
avoided by concerned individuals. Other activities could
continue to a lesser degree with online or otherwise via
remote communication. Yet more activities could be per-
formed in the home instead of in more-crowded venues,
and this could dramatically reduce concentration on city
streets.

At the same time, these approaches are fundamentally
limited. Mass transit would become less valuable with less
congestion, but still some people do not own personal ve-
hicles, and those people may be in jobs that are less able to
telecommute. Perhaps the most problematic of these activi-
ties is healthcare, both because it is a critical mode of trans-
mission, and because the demand would mushroom. To ad-
dress this, we explore remote medicine and home medical
care below.

CRITICAL LOCATIONS AND LOCATION-BASED
MITIGATIONS

Some locations are likely to be critical due to density and
propensity to allow rapid spread. At a small scale, this in-
cludes dorms, barracks, and other areas with high popula-
tion density. Once an infection is found, there is a natural
tendency for others to remove themselves, but if these peo-
ple are already infected, this can further spread a pathogen.

There are heightened concerns of transmission between
attached dwelling units. Overall transmission could be re-
duced if people at high risk of being infected, or whose
jobs are critical, relocated from apartment buildings to va-
cant (or second) single-family homes. If someone is diag-
nosed with the disease, there would likely not be time to re-
locate, but relocation of critical workers might feasibly be
done after news of the pandemic in another region, before it
spreads. Other ways of limiting transmission in residences
of critical individuals and workers should be investigated.
For example, sealing cracks between dwelling units could
plausibly significantly reduce transmission, at least where

there is not a central forced air system with recirculation.

At a larger scale, cities function in similar ways, both in-
creasing risk of transmission, and accelerating spread. Pre-
cisely for this reason, cities may provide a useful focus for
mitigation efforts. On the other hand, crowding in public
places such as busses, trains, supermarkets, or streets, is
an inevitable result of density, and reducing crowding will
be difficult. For this reason, simply recommending reducing
crowding”3 is unhelpful. For this reason, it seems important
to identify and investigate specific opportunities to reduce
crowding and encourage distancing. Such work identifying
specific mitigations is helpful, especially when focused on
places of concern like hospitals,”* but it must be sensitive
to public needs and the realities of daily life.

IMPACT MITIGATION

Reducing the transmission and spread are useful to reduce
the number of infections, but even for those infected, the
impact of a disease can range from an inconvenience to a
major event, or even to death. Impact mitigation at the per-
sonal level involves reducing the impact and mortality of
a disease, while impact mitigation at a systemic level in-
volves mitigating the impact of morbidity and mortality on
the broader society.

INDIVIDUAL IMPACT MITIGATION

At the individual level, the impact of the disease is an issue
of how severe the disease is, how debilitating it is during
its course, and whether and how quickly the individual re-
covers. Many of these impacts can be mitigated. In the case
that a pandemic spreads significantly, many standard care
approaches become infeasible, and alternative approaches
are warranted. Research on planning for and responding
to small scale mass-casualty events and disasters, such as
the Agency for Healthcare Research and Quality (AHRQ)'s
guide” informs our research and suggestions for larger
scale events. After discussing medical care and general ap-
proaches, we discuss a few limitations of the modern health
system, then briefly discuss non-hospital healthcare and
supportive medical care as alternatives that are worth con-
sidering in some cases.

MEDICAL CARE AND GENERAL APPROACHES

Modern healthcare is incredibly effective at treating and
curing most cases of disease, especially if they are diag-
nosed quickly. Work on evaluating clinical efficacy of var-
ious treatments during outbreaks can be critical, and this
type of work is becoming more routine.’® Unfortunately,
people often avoid seeking treatment, either because they
are busy, in some countries because it is too expensive, or
out of fear. During the initial stages of the spread of a nov-
el disease, policies and changes that can be made to en-
sure people seek treatment can be important for both treat-
ment, and for identifying hotspots and mounting preventa-
tive measures. All of these types of interventions are criti-
cal, but are already the subject of considerable research, and
lie entirely outside the scope of the current paper.

In addition to healthcare, overall good health is likely to
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reduce the impact of a disease, in addition to the earlier
point about reducing probability of becoming infected. In
addition to the fact that healthy behaviors reduce all-cause
mortality,”” exercise and not smoking have specifically been
found to reduce infectious disease mortality.”8 In some cas-
es, physical exercise has been tied to specific mechanisms,
such as improved immune response.”® This means the ap-
proaches discussed earlier promoting good health as a way
to resist infection are relevant to reducing impact as well.
It seems unsurprising but clear that people in overall good
health, and who engage in healthy behaviors, are more like-
ly to recover, recover more quickly, and be less likely to die
from most diseases.

HEALTH SYSTEM CAPACITY

Even in developed countries, health systems have limited
capacities. If an outbreak of disease is not quickly con-
tained, the health system could run out of space, caretakers,
and/or supplies. After the spread of a disease, there are fur-
ther concerns that health systems would be overwhelmed.
Increasing capacity as a precaution would be expensive to
the point of being impractical, but some planning for flexi-
bly extending medical care and contingency planning of the
type discussed more broadly later is potentially very valu-
able.

In many pandemic scenarios, a disease could exceed even
the best-case extended capacity of normal medical systems.
Excluding Japan, no OECD country has more than 1 bed
per 100 citizens, and many non-OECD countries have far
fewer.80 As an illustrative example, in the United States,
there is less than one staffed hospital bed per 400 people
- even ignoring the fact that most would be occupied by
other classes of patients, on average an overall morbidity
rate of 0.25% would overwhelm hospitals if all sought treat-
ment, and given the variability between regions, many areas
would be overwhelmed much sooner. While China’s con-
struction of new hospitals in reaction to 2019-NCoV8!
shows that additional space can sometimes be constructed
quickly, this is likely neither viable in other countries, nor
sufficient in extreme cases. Rationing care would be neces-
sary,32 and so other plans would be needed.

Similar concerns exist about medical staffing, since there
are limited numbers of doctors and nurses even in richer
countries. Some of this could be addressed by redirecting
specialists and staff dedicated to less urgent medical needs,
which would require contingency planning, and other ap-
proaches for improving the resilience of these systems are
important83 but limited to providing “surge capacity”
rather than addressing needs far beyond typical usage lev-
els. Not only are space and healthcare staff limited, but in
pandemic scenarios hospitals and healthcare centers may
become epicenters for further spread of a disease. If this is
the case, healthcare centers might be better off shuttered
or limited to non-infectious-disease operations rather than
the status-quo. While that decision is not discussed here,
the potential makes understanding other paths for care
even more important.

NON-HOSPITAL HEALTH CARE

Considering the potential unavailability of standard hospi-
tal-based medical care, it is clear that some form of triage
or alternative care would be helpful in the case of a wide-
spread disease. Outside of the direct need for a pandemic,
other healthcare needs would continue, and would need to
be addressed. Previous work on this topic32 has been criti-
cised for not fully engaging with the ethical concerns creat-
ed by rationing, and for being premature in planning.34 The
current discussion will address neither of these concerns,
except to note that short of embracing nihilism, there is no
justification for engaging in ethical debates while ignoring
the ethical imperative for preparation and planning.82

Itis clear that in a large enough disaster there will simply
be too few resources to go around, and triage is necessary.82
Advance planning cannot eliminate the potential need for
such decisions, but there are a variety of ways that treat-
ment, rather than palliative care, could continue to be ad-
ministered with limited resources, and even without hospi-
tals, during a pandemic event. Automated triage could allow
instructions for treating many common ailments that lead
to emergency care visits at home; infections, cuts, contu-
sions, and similar issues can be treated with first aid rather
than hospital care, and similarly, most broken bones can be
splinted. While burns often require hospital care, first aid is
critical in reducing their impact8 and is still useful if hos-
pital care is unavailable.

For other ailments, basic consultation for emergency
care could occur via video, rather than emergency rooms
or ambulance calls. Administration of medicines can occur
at home, perhaps with telepresence supervision, and rules
on delivery from pharmacies could be relaxed to allow for
this. For abdominal and chest pain, some basic diagnostic
tests could be done at home, and automated diagnostic cri-
teria could be applied to suggest treatment if doctors are
unavailable. It seems little of this is currently done routine-
ly, even though in some cases of acute illness, home provi-
sion of care is already more helpful than hospital care8¢ -
not to mention far less expensive. Even when home care is
inferior, research into the extent to which home care is pos-
sible, and investigation and preparation of resources could
be valuable not only as a contingency, but as a supplement
to current health-care offerings.

The other critical need is diagnosis and treatment of
the epidemic itself. As mentioned above, it is likely that in
an extreme scenario people who are, or might be, infected
should stay away from hospitals. If a disease is very trans-
missible and dangerous, and spread has occurred past the
point where hospitals are overwhelmed or shut down, di-
agnosis becomes far simpler, as it will be a very likely di-
agnosis if symptoms are present. In those cases, basic care
may be possible without medical facilities. If treatments
are known or discovered and can be produced in sufficient
quantities, they can be distributed widely without hospitals.
If not, supportive and symptomatic care will be critical.

SUPPORTIVE AND SYMPTOMATIC MEDICAL CARE

Minimizing disability and mortality is always important,
but in extreme cases it may be a critical avenue to mitigate
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broader impacts. Many infectious diseases with high mor-
tality rates are more survivable and have higher rates of
recovery when symptomatic treatments are available. For
example, Ebola has a mortality rate of 90% when untreat-
ed,87 but as the WHO notes, “rehydration with oral or in-
travenous fluids and treatment of specific symptoms, im-
proves survival.”87:88 Oral rehydration is easy to administer
at home, and in extrema, even intravenous (IV) fluids can be
administered with minimal supplies - though given current
bottlenecks, those supplies are almost guaranteed to be in
short supply.

Most infectious diseases without direct treatments have
similar protocols, with varying ability to administer the
treatments outside of a healthcare setting. For example,
most recommended clinical treatments8? for Middle East
respiratory syndrome-related coronavirus (MERS-CoV) are
infeasible in non-medical settings. Even then, protocols
that are helpful in treating the proximate causes of mor-
tality may be possible without extensive training, including
minimizing blood loss, or prone positioning®® to improve
oxygenation in severe cases. These types of treatments re-
quire guidance, but it is plausible that how-to videos would
be sufficient to somewhat improve survival rates.

Many potential home-care options seem less promising
or pose other problems, but are still worth consideration.
For example, IV supplies are likely to be in short supply in
a pandemic, and as noted above, simple treatments like in-
travenous fluids may be useful for home-care. On the other
hand, phlebotomy requires a degree of training that cannot
easily be dispensed with, and inexperienced persons work-
ing in non-sterile environments seem likely to introduce in-
fections. Relatedly, administration of antibiotics is recom-
mended in a hospital setting, for example to prevent co-in-
fections for Ebola.8” While widespread use would accelerate
serious concerns about antimicrobial resistance, this con-
cern may become less critical during worst-case disasters.

CONTINGENCY PLANNING, RESPONSE, AND RESILIENCE

Depending on the severity of the pandemic and/or the com-
pliance with recommendations, there could be larger scale
disruptions during the course of a pandemic, and more ex-
treme measures may prove necessary. Recommending
putting responsive measures in place after a pandemic has
started, as the CDC did for COVID-19,%! has some benefits,
but these could be enhanced with earlier preparation, well
before a novel threat emerges. In addition, broader prepara-
tion can go as far as enhancing civilization-level resilience.
The latter is a broad topic that is dealt with in other litera-
ture, but some issues are especially likely to be relevant for
biological risks,2 and it is worth highlighting the mitiga-
tions that may apply.

Disaster planning and recovery are a rapidly growing part
of business continuity planning, and can have broader ben-
efits. The World Economic Forum lists spread of infectious
disease as one of the ten highest impact risks,”3 and they
have a report®4 on how businesses should plan to mitigate
impacts to their employees, suppliers, and supply chains.
Many of the mitigations discussed in this paper are helpful
not only for worst-case global pandemics, but for resilience
to smaller or local events, and to a variety of other types

of disasters, up to and including existential risks.9> Such
planning is complementary with many other recommenda-
tions for risk management, and can have broad benefits. For
example, businesses that have contingency plans for work-
force loss due to strikes or mass resignations will be re-
silient to mass absences due to illness as well. For similar
reasons, general efforts to improve business and communi-
ty resilience are likely to be viable in preventing worst-case
events.

On the other hand, typical disaster planning will often
prove insufficient for mitigating (much less frequent) worst
case events. Complex systems can fail suddenly and cat-
astrophically, and plans that allow for operating through
short term interruptions or recovery are likely to prove un-
helpful if the interruptions continue, or lead to longer term
shortages.?%97 For this reason, it may be useful to identify
how to mitigate broader impacts, with particular focus on
maintaining supply chains for critical needs and some mini-
mal communications infrastructure to allow recovery. Keep-
ing in mind the scenarios of concern, one industry that
could be especially important in disaster scenarios is funer-
al and crematory services.

MITIGATING EXTREME IMPACTS ON PRODUCTIVITY,
SOCIETY, AND INDUSTRY

There are a variety of short and medium term needs for sur-
vival and basic human safety, which include heating, cool-
ing, water and food.?8:99 The types of programs already in
place, such as the USDA’s plans for disaster response, are
orders of magnitude too small to address larger risks.100 In
addition to these needs there are a number of critical sys-
tems that allow those needs to be met, including telecom-
munications, power, and transport that allows provision of
needed supplies, which need to be addressed in disaster
planning.

In the case of severe pandemic, people might be unable
(or at least unwilling) to work for weeks or months. During
a widespread event, this could easily lead to the breakdown
of basic services, and a component of worst-case risk miti-
gation is ensuring continuity in the food, water, and related
needs. The impact during a pandemic might span from clos-
ing certain high contact sectors of the economy, discussed
briefly above, all the way to mitigating the impact of losing
the functioning of industrial civilization.

MAINTAINING BASIC SERVICES

Functioning of basic services could break down if there were
insufficient willing and able labor force. Another potential
failure mode is breakdown in trade between countries,
which could be precipitated by fears of disease transmis-
sion. Countries that are dependent on imports of critical
supplies such as food, or energy could be particularly vul-
nerable. Even in these cases, planning can make it possible
to maintain essentially normal standards of living and safe-
ty.

If planned for, continued basic functioning of modern
civilization may be possible with only a few percent of the
current workforce. Essential services include treated water,
sewage, electricity, fuel (natural gas, liquefied petroleum
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gas, fuel oil, etc.), and food production and delivery. There
could be significantly reduced efficiency if such a transition
needed to occur quickly, but in some cases, it may be rela-
tively easy. For example, systems to eliminate much human
interaction are already enabled by online ordering.

Similarly for basic healthcare, there would be reduced ef-
ficiency of healthcare providers coming to people’s hous-
es instead of collecting infectious people together, but
telemedicine may reduce the need for physical interaction
in many cases. As discussed above, several other methods
for expanding the ability for medical care to be provided are
also possible, and are worth consideration.

To allow some degree of continued normalcy, plans are
needed for the possibility that people abandon their jobs.
Some industries would shut down, while others are essen-
tial services and would not be feasible/beneficial to shut
down. In that case, some preparation could make it possible
for emergency responders or workers from other industries
to fill critical vacancies and ensure some continuity. Such
work on ensuring basic provision of these services is to be
addressed by national security research in certain countries,
but this is a fundamental challenge for robustness in com-
plex systems. 101

WORST-CASE RESILIENCE

If other efforts are unsuccessful at curbing spread, and a
worst-case catastrophic disease event pushes past the point
where life-as-usual is possible, there is high value in en-
suring that further collapse does not result. Even when col-
lapse is only local, the knock-on effects of a partial collapse
could make bad scenarios far worse, and worsen disease
spread, so mitigating those risks is particularly important.
This is a broad area of research, but there is no need to
be fatalistic,102 and several points from that literature are
worth noting.

Food Supply and Distribution Systems (FSDS) are neces-
sary for provision of basic supplies, especially for cities. IIn-
terrupting domestic supply chains could exhaust the food
supply available to cities in weeks, while interruptions last-
ing months would require continued international trade to
provide food.103 If disruption lasted longer, or was of broad-
er scope, it would require agriculture not to be interrupted,
which in turn requires water infrastructure, transport of
supplies to farms, and similar.

For this reason, important professions to consider in-
clude transport workers, including truckers and shipyard
workers. Not only can these workers serve as vectors for
the spread of disease between locations, but they are also
necessary. In the worst case, extreme means of supplying
food may be important.1%4 This would still require signif-
icant transportation of food and/or people, and there are
various alternatives for the worst-cases.105

Allowing continuation of communications is critical, and
may be fairly straightforward if planned in advance. For ex-
ample, one possibility is to use hobbyist shortwave radio
systems with generators or independent solar power sys-
tems if grid power fails. More planning for resilience and
worst-case mitigation options could be useful for ensuring
knowledge and availability of such options at the local scale
for disaster recovery, communicating needs, and assisting

with other logistical issues.

CONCLUSIONS AND FUTURE WORK

In the paper, we have reviewed several intervention types
and suggested concrete steps to better understand how to
determine whether they are viable, and how to ensure they
can be deployed. Some of the interventions should be rec-
ommended to planners in the near term, including better
continuity planning for worst-case scenarios. Others are
plausibly valuable avenues of research into how to imple-
ment solutions, such as research on how to provide PPE or
alternatives at scale, research on home medical care, re-
search understanding how to reduce interpersonal expo-
sure, and work on how various norms are likely to change in
a pandemic and what can be done to influence them to re-
duce risk. Lastly, some are preparatory research projects to
identify where further work is or is not likely to be useful.
Examples include professions, activities, and locations of
highest concern and potential mitigations to address them,
the viability of quarantines, and the effectiveness of efforts
to improve hygiene.

The usefulness of many of the mitigations we discuss is
admittedly uncertain, and each is far short of perfectly ef-
fective. For this reason, some of the mitigations here are not
appropriate for response to smaller-scale outbreaks where
there is sufficient time and resources, or where a higher
standard of response activities is possible. This means that
while some of the suggested interventions will be valuable
regardless of the context, others will be inadvisable in less
extreme cases due to the availability of superior alterna-
tives. Similarly, in health care isolation units and diagnostic
laboratory settings, the goal of hygiene is a reduction in
quantities of pathogens and probability of infection mea-
sured in orders of magnitude, rather than a moderate and
uncertain reduction that can be accomplished in the less
ideal context of infectious individuals circulating in the
general population.

Despite this, these more speculative and less effective
interventions are likely to be worthwhile when considered
on a population basis, unless more effective methods are
possible in their place. This leads to recommending pre-
liminary research identifying which of these less-than-ide-
al, unproven interventions are most promising, and how to
maximize the impact of the approaches. Such work makes
it possible to reduce risk in extreme cases while avoiding
actions and approaches that are costly if no pandemic
emerges. 106 Important future work is to quantify the cost of
preparations to reduce the damage of such events.

Despite the availability of approaches that are currently
effective, events around the world have repeatedly shown
that access to additional, lower tech or more resilient ap-
proaches sometimes become necessary. This implies such
research can be highly cost-effective. We have sketched out
how we believe significant improvement is possible in the
near term. Some interventions could help prevent wider
spread, and others are valuable in cases where the disease
is not recognized early enough to prevent global spread.
Research and planning to ensure these interventions are
known about and applied could plausibly reduce mortality
significantly, and make recovery more likely and more
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rapid. If there were extensive use of these interventions
(which is made more realistic due to the fear involved in a
serious event), overall mortality could be substantially re-
duced in the most worrying cases.
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