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Abstract

COVID-19 severity is heterogeneously distributed over age strata, but current mitigation strategies are
homogeneously applied to all population. Social-distancing and stay-home are effective conservative
approaches but lack economic sustainability on long term. Conversely, herd-immunity is a nonrestrictive
strategy which can cost remarkable number of human lives and can melt the healthcare system down.
Here | propose an Age Adaptive Social Distancing (AASD) engineering strategy to mitigate COVID-19
outbreak. AASD is based on the scientific evidence that the fatality rate grows nonlinearly with age, hence
also the containing strategy should adapt nonlinearly. Essentially, AASD suggests that ‘silent spreaders’
(age 0-39) should avoid/minimize direct and indirect contacts with individuals in ‘dangerous zone’ (age
40+). The rationale is: 0-19 should follow parents strategy, healthy 20-39 (low fatality rate) might conduct
screened life under active surveillance, to sustain economy and acquire rational immunity; 40-59 should
respect social distancing (waiting a therapy); 60+ should stay at home (waiting a vaccine). This might save
human lives, reduce healthcare demand and improve economic sustainability. The final take-home
message is that future studies should design precision and personalized strategies for specific contagious
diseases that integrate different social constrains, active surveillance and contact tracing.

Introduction

The world, the entire humanity is currently abused by a horrible pandemic which is causing pain, panic,
psychological and economic misery. Although different articles warned about coronavirus risk'3, the
international community did not take this too seriously. Western governments currently struggle to find
new solutions to contrast the COVID-19 outbreak. We do not have neither cure nor vaccine. Only the
implementation of strategies to keep social distance can help to mitigate the epidemic® Chinese
government successfully implemented a restrictive stay-home measure (an isolation measure according
to which people lock themselves at home to avoid contagion) that in few months controlled COVID-19
outbreak in its own territory>®. Now the challenge for China is to avoid the return of the epidemic.
European states are unable to respond in a coordinated and effective fashion. Most European countries
initially delayed any containing action because of the heavy economic impact of the stay-home strategy.
COVID-19 contagion in Italy is around 10 days ahead of other Western countries and was at the beginning
unsuccessfully approached with a non-restrictive strategy that lead to an irrepressible exponential
contagion growth, which is currently causing thousands of deaths and is melting the Italian healthcare
system down’®, Then Italian government, on March 7, followed the example of China and turned to the
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stay-home strategy to induce an inversion of the exponential growth and to control the contagion speed
(flatten the epidemic curve). But this is weakening Italian economy and causing large psychological
distress, opening the way to a dangerous economic recession and crisis, which is for the moment
contained by the European Central Bank (ECB) mainly via quantitative easing strategy. Other European
countries are experiencing the same Italian horrifying path and are moving all towards restrictive
strategies such as social-distancing (people avoid contacts by keeping a fair distance that minimizes
contagion) or stay-home. How long will ECB be able to sustain economy also in case of lockdown of all
main European countries? If COVID-19 pandemic leads to a global economy collapse many lives will be
lost, probably not less than COVID-19 could ever take away alone, indeed there is a strong correlation
between income per capita and indicators of population health®.

UK was the only country in the world that at first considered to approach the problem from a different
and controversial standpoint. UK government initially sustained that the epidemic should not be opposed
but rather left to act (or even voluntarily accelerated if possible) in order to induce herd-immunity, which
(trivially simplified) emerges when at least 60% to 70% of the population isimmune. Their hope, according
to the UK government office for science, was to buffer the growth and flatten the epidemic curve without
need to introduce social restrictions that could evidently depress economy. Herd-immunity is a
spontaneous mechanism that happens in nature and suppresses epidemics in animal species. In humans,
herd-immunity is a strategy generally realized by vaccination and its induction by social-exposure to
contagion was considered controversial because: i) there are not previous evidences of success for COVID-
19 and the cost of human lives in UK could be estimated as hundreds of thousands deaths; ii) the direct
impact on economy might be contained (in respect to the other available strategies) but the traumatic
loss of lives and the ‘tsunami’ impact on the healthcare system might cause a systemic shock in UK.
Nothing is really in the middle of these opposite strategies at the moment. We urge to design new
strategies that allow to save human lives while containing the economic impact.

Results

At the beginning of the outbreak in China, specific knowledge about COVID-19 was not available, therefore
stay-home strategy was the only reasonable solution. Now we lack good data!®*? on many aspects, but
an incontrovertible and unique feature of COVID-19 epidemic is emerging by analyzing the naive case
fatality rate (NCFR, the ratio between deaths and cases) for China and Italy in fig. 1. | acknowledge that
the NCFR is just a naive approximation of the real case fatality rate (CFR). For instance, many studies stress
that the NCFR does not account for two factors!*4: i) underreporting cases (e.g. asymptomatic) that
causes overestimation; ii) the time delay to death (some confirmed cases of today might die after several
days) that causes underestimation. | would add a new third factor, which | did not find in previous
literature: healthcare capacity saturation can led to CFR overestimation. Indeed, the number of freely
available acute-care/ICU beds is an important factor to decide who should be hospitalized, and therefore
impacts the estimation of CFR in situations such as Italian COVID-19 outbreak’. Unfortunately, the
adjustment of CFR on healthcare saturation would require a separated study and does not significantly
influence the conclusions of this essay. Nevertheless, a recent study on the accurate estimation of the
age-specific case fatality ratio (CFR) - accounting for both underreporting of cases and time delay to death
- concluded that overall CFR among all infections in Hubei, China, was 1.6% (1.4-1.8%) and increased
considerably for the elderly®®. Hence, regardless of the precision of the CFR estimation, a milestone
concept that we can certainly gain on the COVID-19 epidemic is this CFR nonlinear growth over age strata.
In fig. 1, the nonlinear fatality trend is confirmed with both Chinese and Italian data: an evidence that the
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conceptual bases of AASD are robust and are respected regardless of the population in analysis. Lastly, a
further evidence at support of AASD is that in Italy, on March 26, we count 6801 confirmed deaths on all
population, but 0 deaths in the age range 0-29, which also reports only 5% of confirmed COVID-19 cases
on the total 73780 ones.

The main goal of this study is to suggest engineering principles that can be used to design the first adaptive
mitigation strategy specific for COVID-19 outbreak. This strategy which is named AASD is based on two
important scientific evidences that emerge from fig. 1. i) NCFR is growing nonlinearly with the age
therefore also the strategy should adapt nonlinearly to increase efficiency; ii) we can simplify (but not
oversimplify) by drawing two important age-zones of the disease: one at low CFR which is the silent-
spreader zone (39- age); the other at relatively high and high CFR which is the dangerous zone (40+). The
definition of a silent-spreader zone is supported by evidences provided in two studies of data from China.
One concludes that symptomatic infection rises steadily as age increases'?, the other concludes that 86%
of infections went undocumented and that, per person, these undocumented infections were 55% as
contagious as documented infections??. By inference, if we put the two findings together, we can conclude
that the 39- might be a ‘silent-spreader’ zone (fig. 1) with low fatality and low symptomatic events. Hence,
a key understanding of this study is that it does not make sense to depress economy potentially by
homogenous social distancing and certainly by stay-home strategy. This is also confirmed by another
recent study’® that using network epidemics computational modelling concludes: i) passive social distance
strategies are not enough to contain the epidemic; ii) a full confinement (stay-home) is not feasible and
will not solve the problem, without active measures in place after the confinement, since there would be
a new outbreak®®. Hence, here | propose that the constraint of the mitigation strategy should adapt to the
disease characteristic and in this case we can clearly design a soft and variable containing constraint
tailored for COVID-19.

As a consequence of the previous data analysis, the first engineering principle | propose is to design an
adaptive COVIDE-19 mitigation strategy to minimize the impact of the silent-spreader zone on the
dangerous zone, for instance by means of rigid separation. Indeed, the high number of deaths in Italy in
comparison to other countries might be also associated to the high intergenerational tie in Italian
families® and not only to healthcare saturation’. Most dramatically, in the light of current policy measures
— in particular, school closures and stay-home — taken around the world, social structures might quickly
reshuffle if grandparents move in with or visit their grandchildren to accommodate families’ need for
childcare®. Understanding better how such intergenerational interaction relates to CFRs is therefore a
key and pressing concern for policymaking?®.

The second engineering principle is to exploit the economic productivity and potential of part of the silent-
spreader zone. Indeed, the cases in the range 20-39 have fatality which is around 0.2% (it might be even
lower because of many asymptomatic cases!?: it is higher than, but of comparable magnitude with,
common seasonal flu which is estimated around 0.1%. 20-39 is also a portion of population that can work
and therefore actively support economy. Hence, 20-39 represents the pivotal part of the population that
- in the extreme need to save economy while minimizing deaths - can conduct what | define screened life,
which aims to gain what | name rational immunity. Screened life means that 20-39 can work and live
normal life under active surveillance and contact tracing, but their direct and indirect interactions with
individual in the danger zone should be totally avoided. For instance, supermarkets should open one day
for 20-39 only, the day after might (this decision is matter of hygiene experts) be closed, then open the
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subsequent day for 40+, in a continuous rotational cycle. 0-19 should follow the strategy of their parents.
Strict separation of 20-39 and 40+ should be enforced also in the work space and any shared environment.
The goal of screened life is to offer the opportunity to 20-39 to develop a rational immunity (at low CFR
risk), which is the type of immunity that aims to reduce their silent spreader status and therefore their
impact on the dangerous zone contagion. 20-39, in relation with economic possibility of healthcare
system, could be also weekly monitored by tests for positive or recovered conditions, this will progress
with future availability of low cost tests for detection of ongoing infection (generally based RNA in salivary
swab) or recovered state (generally based on antibodies in blood serum). In few words, screened life aims
to produce a rational immunity in 20-39 that reduces the silent intergenerational contagion which can put
at risk the 40+, meanwhile 20-39 could normally work to participate to economic sustainability. Of course,
individuals at risk for pre-existing diseases or that live at home with parents 40+ should be excluded. My
proposal is an extreme solution, it remains with a ‘question mark’ in fig.1, and depending on the cases can
be replaced also with active social distancing. Indeed, there might be issues associated with short-lived
immunization and virus mutation. Although previous literature suggests this is a minor worry*’!8, we urge
longitudinal serological studies to determine the duration of immunity to COVID-19%°, because this is a
fundamental information to design mitigation strategies. Finally, most likely a natural process of acquired
immunity is already in action in the range 20-39 (see our previous considerations that a large
asymptomatic and undocumented infection number seems concentrated in 39-), hence a screened life
strategy would not really significantly change the numbers from what they are now in this age range.
Confirmed cases between 40 and 59 years old present NCFR certainly higher and not comparable with
seasonal flu (fig.1). Although current data lack quality'®?%, and true CFR might be also lower for this
specific age strata, we must design a mitigation strategy that protects them. Hence, individuals in this age
range should follow social distancing strategy (waiting for a possible therapy that reduces their risk) and
support economy working from home or from any protected environment where they do not interact
with silent spreaders such as 20-39. The range 60+ should follow a rigid separation from all the other age
strata, and should follow stay-home strategy (waiting for a vaccine or very effective therapies), since they
are the ones with a significantly increased NCFR in comparison to seasonal flu, that can be considered a
baseline. According to AASD schools and universities can remain open, but their access is discouraged to
individuals 40-59 (in social distancing) and prohibited to 60+ (in stay-home) that should do remote
teaching or job when possible. If their work environment is not properly isolated, all the school/university
personnel 40+ that cannot perform remote job, should be substituted by 39- personnel. Students 20+ that
live with parents 40+ should also follow remote teaching regime. In general, 0-19 should follow the same
strategy of their parents if they live with them and minimize their interaction by social distancing of other
0-19 individuals, in order to avoid silent spreading to the 40+ dangerous zone. Finally, the age ranges that
| propose are indicative and can be modified by governments in relation with the specific characteristics
of the outbreak on their territory. For instance the current range 20-39 can be reasonable adjusted to 18-
39 to match the fact that legal age in many countries is 18 years old.

At this stage we have to move an important concern: CFR is not clearly the only variable to quantify the
impact of the COVID-19 outbreak, and we now particularly focus to study its impact on Italian population
(data on March 17 are used, see Methods), due to the healthcare saturation problem emerged in Italy.
Fig. 2a reports the mortality percentage by age (number of deaths with a certain age divided by the total
number of deaths) and we notice a huge peak (96%) of mortality in the 60+ in comparison to the rest. This
confirms that the AASD strategy is well-posed because it suggests rigid stay-home isolation for 60+
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individuals. Fig. 2c reports the percentage of confirmed infected cases by age strata (number of cases with
a certain age divided by the total number of cases), which is another important variable because it is
associated with the maximum possible load of the healthcare system. This is also another key factor that
we want to minimize by the proposed AASD strategy. Fig. 2c shows that AASD does not put a constraint
only on the 11% of the population that is confirmed, hence this unconstrained part of the population
minimally contributes to overload the healthcare system. Indeed, now | provide some quantitative
estimations of the mitigation impact of AASD on number of deaths and confirmed cases, by evaluating
the reduction due to AASD of these important variables. | consider two worst-case scenarios using a linear
mitigation-effect impact analysis (see Methods) imposed on March 17 ltalian data. This is a naive
modelling because it is neglecting many other factors associated with the internal mechanisms and
dynamics of the epidemics, but it is adequate to estimate worst-case scenarios. Indeed, the aim of this
study is not to provide advanced modelling, but to present an innovative idea of adaptive mitigation
strategy that could be further explored in future studies, when the available data will be more accurate
and reliable®?, Data reliability/standardization is unfortunately one of the main bottleneck we currently
face, as many experts commented®?2, To implement the linear mitigation-effect impact analysis, | define
a mitigation-effect factor mef that for each age strata can take a value between 0 (total suppression) and
1 (no mitigation effect). The first worst-case scenario assumes that AASD does not have effect on 0-19
(mefl=1) and 20-39 (mef2=1), while AASD has moderate social-distancing effect on 40-59 (mef3=0.5) and
ineffective isolation effect on 60+ (mef4=0.5, we assume that a good isolation should reach mef4=0.1
which is close to total suppression), this can be summarized in the mitigation-effect vector: [1 1.5 .5]. The
second worst-case scenario is more effective than the first on the 60+ (mef4=0.1, which is close to total
suppression), this can be summarized in the mitigation-effect vector: [1 1 .5 .1]. The result of the linear
mitigation-effect impact analysis (fig. 2b,d) shows that, also in case of worst-case scenario estimation, the
gain on current real deaths and confirmed-case numbers might be promising. Most importantly, AASD
can contrast the COVID outbreak by means of a soft nonlinear and adaptive constraint that, while
preserving unconstrained the 20-39 part of the population, simultaneously aims both to contain the
deaths and reduce healthcare demand.

The possible impact and effect of AASD on healthcare demand is simulated in fig. 3. On March 17, the only
available information on the Bulletin of the Italian Superior Institute of Health (see Methods) was that the
number of hospitalization was around 24% of the confirmed cases and the number of ICU was around 5%.
These percentages remained nearly unchanged also in the following days. No information was provided
on the precise percentages for each age strata. Using directly these values to simulate a real scenario
would be an extreme oversimplification which reduces the gravity of the problem: indeed, it is realistic
that also these percentages vary across age strata as it was shown in fig. 1 for the CFR. Hence, in order to
offer a more realistic AASD impact assessment, | considered a hypothetical plausible scenario in which the
case hospitalization ratio grows along the age strata as follow [0.15 0.24 0.24 0.35] and the case ICU ratio
as follow [0 0.05 0.05 0.1]. | want to stress that this are not the real values but are reasonable values that
simulate a realistic (and more challenging) scenario, therefore they can help to assess more convincingly
the impact of AASD. Fig. 3a,c reports respectively the estimated percentages of hospitalizations by age
and the estimated percentages of ICU by age. AASD does not impose any constraint only on the 20-39
range, which accounts for a small percentage of the estimated cases that are hospitalized (8%) or require
ICU (7%), therefore also in this analysis the unconstrained part of the population minimally contributes to
overload the healthcare system. Fig. 3b,d report the results of the impact assessment of AASD mitigation-
effect on number of hospitalized cases and ICU cases respectively. The worst case scenario considered are
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the same of before. The number of hospitalized and ICU cases are significantly reduced and this represents
a promising result at support of the interest that AASD should trigger in the scientific community.

Discussion

AASD, with the proper adjustments that are necessary for its application to real scenario, can be of
inspiration to develop very efficient precision or personalized strategies to mitigate COVID-19 outbreak.
If AASD is applied at the early stage of the outbreak can reduce the impact on healthcare systems, while
sustaining the continuation of many economic activities. However, the current situation in Italy is already
advanced and, in a second phase after the contagion peak is surpassed, AASD could be a good candidate
as lockdown-exit strategy, which is a strategy to transit from a homogenous stay-home regime towards a
less restrictive regime that still protects fragile categories.

Finally, to attain the best result from the AASD mitigation strategy, it should be paired together with
adequate COVID-19 healthcare strategies. Current western healthcare systems have been built around
the concept of patient-centered care, but an epidemic such as COVID-19 requires a change of perspective
toward a concept of community-centered care®. Generic hospitals are not the proper place to cure COVID-
19 patients, because they facilitate transmission to uninfected patients®. The healthcare strategy for
COVID-19 should move towards: i) active surveillance of the territory and contact tracing in order to detect
contagion chains at their beginning and isolate them; ii) home care and mobile clinics®*®. Future studies
might consider to develop directly precision and personalized strategies, which adapt directly on the single
patient characteristic an integrated mitigation/healthcare strategy. AASD focuses only on the age
adaptiveness, but there are many other parameters that should be considered, and smart Al-based
technology can help to exploit online algorithms that combine smart-phone network contacts
information?®® with GPS localization over time, but this might require also adequate discussion of privacy
policy that goes beyond this current study. A first important point to design and to apply flexible and
efficient mitigation strategies is to track the phase of the epidemic spread. We are missing this. We have
immediate need for large-scale serological surveys to assess the stage of the COVID-19 epidemic'®?l. We
have to identify other biological factors that separate asymptomatic from mild/severe symptomatic cases
regardless of age. Furthermore, in this study | propose a preliminary evaluation of AASD by mitigation-
effect impact analysis of worst-case scenarios. However in future studies, when the available data will be
sufficiently accurate and reliable!®?°, especially on age strata specific information, the comparison of
AASD versus standard mitigation strategies by means of advanced modelling such as generalized SEIR*
will be crucial. This will help to understand better the effect of AASD on the internal mechanisms and
dynamics of the COVID-19 epidemics.

The take home message of this study is that we have to move from generic mitigation strategies towards
precision and personalized mitigation strategies, which adapt to the features and phases of an outbreak,
as well as to its infected population. Future precision strategies should act coordinately at different scale
of the society, by integrating different large-scale social constrains, with medium-scale active surveillance
and small-scale contact tracing®.

Methods

Data

- The Chinese data considered in fig. 1 of this study are obtained from table 1 (Patients, deaths, and case
fatality rates, as well as observed time and mortality for n=44,672 confirmed COVID-19 cases in Mainland
China as of February 11, 2020) of the “Vital Surveillances: The Epidemiological Characteristics of an
Outbreak of 2019 Novel Coronavirus Diseases (COVID-19) — China, 2020” posted by the China CDC
Weekly, 2020, 2(8): 113-122. And available at the link below:
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http://weekly.chinacdc.cn/en/article/id/e53946e2-c6c4-41e9-9a9b-fea8db1a8f51

- The Italian data considered in fig. 1,2,3 of this study are referring to the data available on March 17,
2020. Data were recovered by the table 1 of the Bulletin of the Italian Superior Institute of Health at the
link below:

https://www.epicentro.iss.it/coronavirus/sars-cov-2-sorveglianza-dati

Data were recovered (for cross-check and comparison) also by the official bulletin of the Italian Minister
of heath available at the link below:
http://www.salute.gov.it/portale/nuovocoronavirus/dettaglioContenutiNuovoCoronavirus.jsp?lingua=it
aliano&id=5351&area=nuovoCoronavirus&menu=vuoto

Linear mitigation-effect impact analysis

This section provides the linear model used for the quantitative estimation of the mitigation-effect impact
of AASD proposed in fig. 2b,d (respectively number of deaths and confirmed cases) and fig. 3b,d
(respectively number of hospitalization and ICU cases). The general formula of the model is:

Xm = fCo—19 *Mefg_19 * X + fCyo_39 * Mefr9_39 * X + fCa9_59 * Mefyo_59 * X + fCe04 * Mefgo4 * X

This is a naive modelling because it is neglecting many other factors associated with the internal
mechanisms and dynamics of the epidemics, but it is adequate to estimate the mitigation-effect in worst-
case scenarios, which fits with the aim of this study. x is a variable before mitigation and x,, is the same
variable after mitigation. In order to implement the linear modelling, | define fc,_,, as the fraction of
cases in the x-y age range, and the mitigation-effect factor mef,_, that for each age range x-y can take a
value between 0 (total suppression) and 1 (no mitigation effect). The first worst-case scenario assumes
that AASD does not have effect on 0-19 (mef,_19=1) and 20-39 (mef,y_39=1), while AASD has moderate
social-distancing effect on 40-59 (mef,,_59=0.5) and ineffective isolation effect on 60+ (mefy,=0.5, we
assume that a good isolation should reach mefsy,=0.1 which is close to total suppression), this can be
summarized in the mitigation-effect vector: [1 1.5 .5]. The second worst-case scenario is more effective
than the first on the 60+ (mef;,,.=0.1, which is close to total suppression), this can be summarized in the
mitigation-effect vector: [1 1.5 .1]. The values of fc,_, are obtained by the respective values in the bar
plots reported in fig. 2a,c and fig. 3a,c.
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Figure 1. Age Adaptive Social Distancing (AASD). X-axis indicates the age strata. Y-axis indicates the naive
case fatality rate. Values are reported both for Italian and Chinese population. On the left (39- age zone)
the silent spreader zone is indicated by green text. On the right (39- age zone) the dangerous zone is
indicated by red text. Different types of mitigation strategies are adaptively applied to contain the spread
in relation with the level of fatality associated to each age range.
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Figure 2. a) mortality percentage by age in Italian population; b) impact assessment of the mitigation-
effect of AASD on the number of deaths in Italian population on March 17; c) confirmed-cases percentage
by age in Italian population; d) impact assessment of the mitigation-effect of AASD on the number of
confirmed cases in Italian population on March 17.
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Figure 3. a) estimation of hospitalization percentage by age in Italian population; b) impact assessment of
the mitigation-effect of AASD on the number of hospitalized cases in Italian population on March 17; c)
estimation of ICU percentage by age in Italian population; d) impact assessment of the mitigation-effect
of AASD on the number of ICU cases in Italian population on March 17.
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