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Abstract

Infection, hospitalization and mortality statistics have played a pivotal role in forming social attitudes
and support for policy decisions about the 2020-21 SARS-CoV-2 (COVID-19) pandemic. This article
raises some questions on some of the most widely-used indicators, such as the case fatality rate,
derived from these statistics, recommending replacing them with information based on regular
stratified statistical sampling, coupled with diagnostic assessment. Some implications for public
health policies and pandemic management are developed, opposing individualistic and holistic
approaches.
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Introduction

Statistical thinking will one day be as necessary for efficient citizenship as the ability
to read and write (Samuel S. Wilks, 1951)

Starting January 2020, public-health authorities, social media and the press reported daily the
number of cases, hospitalisations and deaths related to the SARS-CoV-2 (COVID-19 thereafter)
pandemic. These numbers have been the focus of public, medical and policy attention, and driven
public sentiment towards epidemic and its evolution (Infantino 2021; Craven McGinty 2020).

Numbers carry an aura of objectivity, and being scientific. Infection, hospitalizations and deaths
statistics appear as facts about the consequences and changing status of the pandemic. Monitoring
the current statistics is supported by our urgent wishes to control the pandemic, and forecast its
future. These numbers make headline news, ranking high in the critical medical and political
decisions on pandemic management (Abbasi 2020; Asselineau et al. 2021)."

The problem is that the reported numbers are poor proxies for the underlying phenomenon (Section
1), and they do not deliver reliable information on it (Section 2). Section 1 discusses how reported
numbers on the COVID-19 pandemic do not capture its impact and evolution in a reliable and
trustworthy manner. Their relationship with the underlying phenomenon is blurred and potentially
misguiding. Section 2 addresses the role of those numbers as guidance for decision-making,
discussing how properly-accounted numbers may provide relevant and useful information for
pandemic management. An overview of the main argument is given in the concluding section.

1 - Where do the numbers come from?

Daily counting of cases, hospitalisations and deaths gathers the hazardous wish to report on the
pandemic as it is, that is, to deliver the full and complete picture about its diffusion in real time.
Unfortunately, we do not and cannot know how the virus has been spreading. And even if we knew
it, we do not and cannot have sufficient social control over its diffusion to track and count all and
every case. And even if an almighty authority had such control, we should yet design an appropriate
measurement frame of reference to gather those numbers properly.

No such a thing as a case exists, as such. Case detection depends on the healthcare testing for
infected people, and the time and conditions of such testing. Even if reliable tests were available
promptly and uniformly over territories, not all the population would be tested every day for
contagion; therefore, the number of reported cases depends on the ways tests have been
performed, to whom and when. It follows that indicators such as the case fatality rate — based upon

'To provide just one illustrative example of this number fetishism, the French government pro-vaccination
campaign TV spot titled ‘the debate’ (‘Le débat’, disseminated since 20 August 2021) deploys the slogan: ‘you
can argue about everything but numbers’ (‘On peut débattre de tout sauf des chiffres’). URL:
https://youtu.be/iLi5kkTGfRo
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the ratio between the number of deaths and the number of cases over a certain time window - are
misleading and cannot help understanding the ongoing evolution of the underlying epidemic (Brown
2020).

The number of deceased might appear more solid at the first glance. Nothing seems surer than
death and taxes, as the adage goes. But even this number depends on the ways the decease causes
are defined and reported. The fact that someone died for medical causes directly related to the
COVID-19 disease depends on the healthcare standards which are applicable and the ways these
standards have been applied. What if someone died in a car accident while having tested positive for
contagion, should this decease be counted? This would imply a broad definition of deceased with
the COVID-19 (association). And what if someone died of pneumonia while having tested positive,
should this decease be counted? This would imply a narrower definition of deceased due to COVID-
19 (causation) including directly related medical complications. Public health authorities have
generally chosen to count deceases when a death occurred in a person with a laboratory-confirmed
positive COVID-19 test and either: died within 28/60 days of the first specimen date, or COVID-19
was mentioned anywhere on the death certificate (even if not as primary cause), applying indeed a
broad definition (Heneghan and Oke 2020; Craig 2021).> No international standard was developed
and enforced.

Similar problems occur with the number of either hospital admissions, or people in hospital beds
due to or with COVID-19. Their number may include those who tested positive in hospitals, including
those already there for other reasons (likely nosocomial infection), and those who had COVID-19
prior to admission and were admitted for other reasons than COVID-19. This counting depends on
hospital infection management procedures, and it is further complicated by the origin of admitted
people (which could come from nursing or residential care homes), their ongoing treatments and
conditions, the overall length of stay and the number of people discharged from hospital with a
diagnosis of COVID-19 (Mahon, Jefferson and Heneghan 2020).

Since the number of cases, hospitalisations and deaths depends on both the testing process and the
overarching measurement standards, we should be careful when comparing those numbers through
time, as well as across different contexts such as countries. Not to forget the fact that measurement
standards have been repeatedly amended over time since the pandemic began.

A look at available statistics shows that the relative number of reported cases over the population in
various countries differs widely, as does the relative number of reported deaths.’ For instance, mid-
September 2020 (mid-June 2021), around 2% (10%) of US population tested positive, relative to less
than 0.5% (7%) in Italy, implying a four-time (+43%) larger contagion in the former country. Does this

’In fact, when monitoring for SARS-CoV-2 vaccine breakthrough infections, the US CDC COVID-19 Vaccine
Breakthrough Case Investigations Team applied a different standard with three mutually exclusive categories
(CDC 2021): asymptomatic cases; patients known to be hospitalized but asymptomatic or hospitalized for a
reason unrelated to COVID-19; and hospitalised patients likely due to COVID-19. This latter standard allows
sorting out asymptomatic people, while disentangling hospitalisations and deceases unrelated to COVID-19.
However, a dualistic distinction between vaccinated and unvaccinated patients — vaccinated patients being
counted as such since a certain time lapse after the final dose - does not allow disentangling breakthrough
infections and other collateral effects which would occur throughout the individual vaccination process.

® Data retrieved from The Johns Hopkins Coronavirus Resource Center (CRC), https://coronavirus.jhu.edu/
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difference depend on distinctive contagion diffusion patterns, or just the number of tests and the
ways those tests were performed and reported?

Moreover, the case-based lethality rate (that is, the ratio of the number of deceased over the
number of reported cases, cumulated through the whole pandemic time window, the latter being
dependent on data availability) over the population was around 3% (1.8%) in US and 12% (2.99%) in
Italy.* Was the virus more lethal in the latter, or was this difference resulting from a different way to
count for it?

In this context, reports on excess deaths — that is, deaths in excess of previous years or historical
patterns - mingle up a combination of deaths that were not properly attributed to COVID-19, plus
collateral damage from containment policies (such as undetected medical conditions and postponed
medical procedures including screenings).” For instance, a statistical survey by the Italy’s Institute of
Statistics (ISTAT 2020a) on mortality over the first trimester 2020 shows that, on total excess deaths
(25.354 units), only 54% were COVID-19 diagnosed (13.710 units).

In a nutshell, we have been counting the ongoing pandemic impact by testing disparate people who
carry COVID-19 virus in their upper respiratory tract; but this condition does not tell us much about
their underlying medical status, neither the reasons for their hospitalisation or death. In fact, mass
testing with low viral incidence may certainly lead to an overwhelming number of false positives
even though single tests are reliable and properly performed.®

Coronaviruses are known to spread rapidly and mutate frequently over time. It is likely that their
circulation becomes endemic, notwithstanding pre-existing immune defences, emergent natural
immunity from prior infection and vaccination campaigns. For instance, influenza vaccination has
been deployed since the 1940s, somewhat protecting vulnerable people without being able to
eradicate viral presence and circulation (Montag 2021). In these circumstances, our current way of
counting affords the hazard to keep alerting for the virus prevalence even though its potential
danger has diminished and become under control by natural immunities, vaccination and therapies.
Imagine if we test for cold all people being admitted to hospitals: We would certainly obtain

* Data retrieved from The Johns Hopkins Coronavirus Resource Center (CRC), https://coronavirus.jhu.edu/

> Mortality in a population is a non-linear phenomenon over time and space. Descriptive statistics may be
insufficient to grasp its dynamic. A valid analysis of excess mortality should consider the evolving age structure
of population (Toubiana et al. 2021) and the evolving piling-up of vulnerable people (Herby 2020), among
other factors.

6 According to Watson, Whiting, and Bush (2020), COVID-19 test sensitivity (proportion of positives that are

correctly identified, or true positives) and specificity (proportion of negatives that are correctly identified, or
true negatives) are around 80% and 95% respectively. Accordingly, a baseline of 10 000 random tests on a
population with 1% viral incidence (implying 100 real cases; an illustrative parameter in line with the results of
the phase Il studies of COVID-19 vaccines, see Montag 2021) would yield 80 true positives, 20 false negatives,
and 495 false positives (5% of the 9 900 negative test results, true negatives being 9 405). Therefore, out of the
575 positive test results, only 80 (13.9%, the latter being the ‘positive predictive value’ of such testing) are true
positives while 495 (86.1%) are false positives. With low viral incidence (1%), even a test with 99% sensitivity
and 99% specificity will generate only a 50% positive predictive value (all computations were confirmed by the
Bayesian Clinical Diagnostic Model at https://kennis-research.shinyapps.io/Bayes-App/). See also Fenton et al.
(2020).
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seasonal waves of persons hospitalised with cold, but this latter circumstance would not add any
relevant information about their personal medical condition for public health purposes.

Led by weak and misguiding data-gathering, public health and policy decision-makers enacted
draconian measures such as repeated and prolonged lockdowns, disrupting social life. But, at the
outset of the pandemic (or at latest about four-six months after it), we had sufficient ex ante
knowledge to choose an alternative data-gathering strategy that would have served the societies
better. The next section will outline this alternative strategy by addressing the use of numbers for
pandemic management and policy.

2 — Not all numbers provide information

If numbers of cases, hospitalisations and deaths are poor proxies for knowing about the ongoing
pandemic impact, should we abandon our wish to gather reliable information about its diffusion?
How could we manage our response without such information? And since guidance is needed, how
can we know about it?

Attention paid to the number of cases, hospitalisations and deaths was based on the naive belief
that we can gather the full picture of the ongoing phenomenon in real time, and even forecast it
through time and space. As a matter of fact, some scholars have been pursuing a sophisticated
version of this very same line of reasoning. They apply models which demand to track individuals
and their social interaction, based upon a key parameter called “effective reproduction number”
(Ry), a pivotal measure of how fast the virus has been spreading. This parameter points to the
average number of people who become infected by an infectious person at some point of time.
When R; is above 1.0, the virus will continue spreading over the population; when R; is below 1.0,
the virus will progressively stop its diffusion. This ‘individualistic’ approach aims to track and control
individual behaviour. This focus is consistent with social distancing and social interaction breakdown
as policy responses, as well as mass vaccination of the entire population, in view to eradicate virus
transmission and circulation.

The problem is that tracking individuals in view to command their social interaction would demand
quite an impossible effort, not to mention the violation of liberties and breach of fundamental rights
which would be required to perform such effort. In fact, even a less ambitious estimation of that
parameter R, would be so dependent on timing and circumstances that it would not provide but
poor guidance for decision-making. To be sure, these models are recent scientific advances fostered
by computational capabilities of today. But their overarching reasoning seems inappropriate to
provide policy guidance, especially in exceptional circumstances.’

At a time when computational capabilities were far more limited, social scientists developed
alternative approaches to understand and gather information on social phenomena. Among others,
Carl Friedrich Gauss did not become one of the founding fathers of social statistics by tracking
individuals throughout a certainly untraceable population. He sampled across the former rigorously,
in view to infer reliable information on the latter.

7 On the role plaid by the “effective reproduction number” (Rt) in COVID-19 management and policy, and its
late introduction in epidemiologic studies, see also Miller (2022).



Today, publicly available numbers are poorly defined and have been inconsistently collected. Our
overwhelming obsession with case counting, hospitalisation alerts and the death toll is simply
meaningless, from a Gaussian perspective. Even research studies have used datasets sampled from
patients admitted to hospital, people tested for active infection, or people who volunteered to
participate. But Gauss would highlight the struggle of interpreting observational evidence from
those non-representative samples. According to Griffith et al. (2020), ‘the problem of collider bias
(sometimes referred to as selection bias, sampling bias, ascertainment bias, Berkson’s paradox) has
major implications for many published studies of COVID-19 and is seldom addressed’.

Instead, what counts would be a reliable estimation of infection diffusion over the whole population,
and the correlated risk exposure by certain classes of vulnerable people. This modest approach does
not require forecasting the pandemic diffusion in real time, but understanding its featuring patterns
as a social phenomenon. At least two statistical indicators would be relevant: the risk for the entire
population to develop serious illness and encounter severe outcome, and the lethality rate by
relevant classes. By disentangling vulnerable classes, this information would also identify non-
vulnerable ones, which do neither get infected (protected by pre-existing immune defences or lack
of exposure), nor develop symptoms or serious illness and severe outcome. These indicators may be
provided through regular stratified statistical sampling, coupled with diagnostic assessment.

By seeking to track and control individual behaviour, individualistic approaches advocated extreme
containment measures such as lockdowns and forced vaccination for all. COVID-19 crisis
management has been featured by these extreme containment measures, certainly driven by quite a
catastrophic misapplication of the precautionary principle (Bhattacharya 2021).2 Notwithstanding
national variants in policy-making, a scare and persuade (and mandate) strategy has been enacted
and maintained up to date.’

Facing ex ante uncertainty about the infection fatality rate, immunities prior and after infection, and
the correlates of disease severity, public-health authorities and experts seemed assuming the worst

¥ In fact, since summer 2021, no precaution was apparently taken when virtually all citizens were pushed to
get injected with genetically engineered experimental vaccines, whereas, in 1990, EU political leaders
restrained use of genetically modified organisms (GMO) for human food and animal feed (EU Council 1990).
Some public health authorities further deployed campaigns of serial vaccination shots (boosters) certainly
aimed to maintain high antibody levels in the population, affording the hazard that antibody-dependent
enhancement (ADE) and negative collateral effects may become more likely by repeated mass vaccination for
all. Moreover, they pushed vaccination for classes of non-vulnerable people, including when class-specific risk-
benefit assessment was uncertain or even contrary to individual well-being. In this context, it is worth
remembering that, according to Article 7 of the United Nations’ International Covenant on Civil and Political
Rights (UN 1976), “no one shall be subjected without his free consent to medical or scientific
experimentation”, a principle which cannot be derogated even “in time of public emergency which threatens
the life of the nation and the existence of which is officially proclaimed” (Article 4).

? Just one illustrative example from the minutes and papers by the UK Scientific Advisory Group for
Emergencies (SAGE) meeting held on 22 March 2020 (SAGE 2020), recommending that “the perceived level of
personal threat needs to be increased among those who are complacent, using hard-hitting emotional
messaging”, while foreshadowing measures such as “use media to increase sense of personal threat”,
“enacting legislation to compel required behaviours” and “use of social disapproval for failure to comply”. See
also Kelly (2020) and Rothwell and Desai (2020) on misinformation distorting COVID-19 policies and behaviors.



case scenario and acted as if over three out of a hundred infected people will die (loannidis 2021)";
immunity prior or after infection does not occur; and virtually all the population is potentially
exposed and at serious risk of hospitalization and death after infection. However, holistic
approaches were able to timely understand the real threat for the population as a whole, along with
the factual risks at stake for identifiable vulnerable people. But their claims for a statistical approach
to data-gathering remained isolated and unsuccessful (loannidis 2020; Lipsitch, Swerdlow and Finelli
2020; Kulldorff 2020; Finley 2020, interviewing professor loannidis; Fenton et al. 2020; Lenzer and
Brownlee 2020; Tierney 2021a)."* At least since spring 2020, information driven from statistically-
sound studies was able to reliably identify both the outstanding risk for all, and the relevant classes
of vulnerable people, rejecting the worst suppositions behind the forecasting models and their
rationale for excess precaution. For instance, a statistical survey by ISTAT (2020b) run between May
and July 2020 showed that people who have encountered COVID-19 and showed that estimated
seroprevalence was six times higher than the reported cases.™ Since April 2020, the UK’s Office for
National Statistics (ONS 2021) started running a representative sample testing survey series based
on blood test results for antibodies against COVID-19 taken from a randomly selected sub-sample of
individuals aged 16 years and over within the community population (referring here to private
residential households, and excluding those in hospitals, care homes and/or other institutional
settings). Accordingly, development of serious illness and severe outcome was limited to a tiny share
of population, the vast majority of cases being mild or asymptomatic (Petersen and Phillips 2020;
Jenkins 2020). Similar studies on mortality showed that increased and excess mortalities have been
concentrated on the oldest and fragile people, often already beyond median and mean age at the
time of death (longer than their cohort’s life expectancy when born), affected by chronic diseases
and other comorbidities, and living in healthcare facilities with limited life expectancy.™

Statistical surveys of incidence and caused severity may provide reliable information on infection
incidence, ongoing immunisation by prior immune defence, infection or vaccination, and the
likelihood that infection leads to severe forms involving hospitalisation or death. Actual severity may
vary depending on strain virulence; healthcare infection management; population structural
conditions (especially age and comorbidities as far as COVID-19 is concerned); and exposure. Since
an epidemic and its caused severity may spread in non-linear ways, survey sampling may be
disaggregated by areas and repeated regularly over time. In a similar way, statistical inference may
help generating reliable information on ongoing hospital infection treatment processes and
associated outcomes. Possibly, local networks of healthcare institutions may be actively involved in
the data-gathering process, contrary to received procedures which appear to rely only on
idiosyncratic mass testing, thus neglecting sufficient clinical and laboratory evidence (including post-
mortem examination) and bypassing the medical profession.

'y preprint was made available online at medRxiv since 14 July 2020. DOI:
https://www.medrxiv.org/content/10.1101/2020.05.13.20101253v3

! Chikina and Pegden (2020) developed a simple model of age-targeted mitigation strategies, published on 24
July 2020. See also Chin, loannidis, Tanner, Cripps (2021).

12 |STAT (2020b) estimated 1 501 537 infected people (against 243 846 persons who tested positive over the
same time window), that it, an incidence of 2.5% over total population (against 0.40%).

B Altogether, this information might have fostered an understanding of the syndemic nature of the COVID-19
threat, requiring a “more nuanced approach” in view to protect the health of our communities (Horton 2021).
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This ‘holistic’ approach based upon statistical surveys and inference can generate the relevant and
reliable knowledge which is useful for research advancement, policy-making and pandemic
management. Public-health authorities may run (and might have run) statistical surveys since the
beginning of the pandemic, enabling the scientific community, policy-makers and the citizenry to
properly understand its diffusion patterns and emerging risks. Through representative statistical
surveys, we can know reliably the factual impact of the ongoing epidemic diffusion over the whole
population, and which classes are factually at serious risk. This holistic approach advocates focused
protection of vulnerable people, including through voluntary vaccination campaigns, while trusting
pre-existing immune defences and emergent natural immunity for non-vulnerable ones.

Concluding remarks

‘Muor giovane colui ch’al cielo & caro’ [Menandro]

(Giacomo Leopardi, 1831)

Reviewing the handling of the H1IN1 pandemic (the so-called Swine Flu) in 2010, the Parliamentary
Assembly of the Council of Europe (CE 2010, par. 1) was

alarmed about the way in which the HIN1 influenza pandemic has been handled,
not only by the World Health Organization (WHO), but also by the competent health
authorities both at the level of the European Union and at national level. It is
particularly troubled by some of the consequences of decisions taken and advice
given leading to the distortion of priorities of public health services across Europe,
the waste of large sums of public money and unjustified fears about health risks
faced by the European public at large.

Since early 2020, a scare-and-persuade (and mandate) strategy has been in place to manage the
COVID-19 pandemic.' It resulted in disrupting social interaction, breaching social trust, violating
fundamental rights, and spending unprecedented amount of resources, mostly unrelated to
providing actual healthcare." Relying on mass testing and tracing, this strategy has struggled to
control and forecast pandemic diffusion in real time. The entire population is sought to be

' See also Tierney (2021b) on unlearned AIDS lessons for COVID-19 pandemic management, and Ferguson
(2021) providing a comparative benchmark with the flu pandemic (so-called ‘Asian flu’) management of 1957-
58.

r According to OECD (2021, p. 5), “OECD governments borrowed USD 18 trillion from the markets in 2020,
equal to almost 29% of GDP”. In addition, “central banks in 28 OECD countries purchased government bonds in
2020 with more than half of the net purchases occurring during the period between March and May. Total net
purchases by major central banks reached USD 4.5 trillion in 2020, more than half of the new securities (i.e.
excluding securities issued to roll over existing debt) issued by OECD sovereigns in the year” (ibidem, p. 15).
Central banks further provided material financial assistance to private financial and economic actors, including
through those sovereign debt management policies. In this context, Sunder (2021) discussed the impact of
central bank liquidity provision on US financial markets.



vaccinated in hope of fully eradicating virus transmission, through discriminatory measures against
the unvaccinated in many cases.

Daily numbers of cases, hospitalisations and deaths have been an integral part of that strategy. But
numbers are not facts. They result from measurement processes which should be carefully
considered (and designed) when interpreting those numbers. Not all numbers provide reliable
guidance for decision-making, but some of them do it better than others.

Those daily numbers of cases, hospitalisations and deaths are meaningless when we wish knowing
what has been going on with the pandemic diffusion. On the contrary, statistical techniques are
available to reliably understand its emerging patterns and implied risks. Strategies based upon such
a ‘holistic’ approach would advocate stratified sample testing and focused protection of certain
classes of vulnerable people, including their selective vaccination, while relying on mutual trust and
the collective emergence of natural immunity for the others (Gupta 2021). Table | provides a
dualistic comparison between individualistic and holistic approaches to pandemic management.*
On the one hand, individualistic approaches aim to track and control individual behaviour (and then
advocate for draconian measures such as lockdowns and forced vaccination for all); on the other
hand, holistic approaches aim to understand the whole of pandemic as a social phenomenon, then
advocating for focused protection of vulnerable people based upon a holistic understanding.

Table I. Dualistic overview on alternative approaches to pandemic management

Individualistic Approach Holistic Approach
Approach Design Individual behaviour and tracking System behaviour and sampling
Accounting framework Individual tracing and counting Regular statistical sampling
Recommended policies Preventative lockdowns and mass Focused protection and targeted
vaccination for all vaccination of vulnerable people
Methodological and Methodological individualism, Methodological holism,
epistemological stances forecasting purpose understanding purpose
Overall political philosophy Draconian precautionary measures | Informed management and
by authoritarian public health containment measures respectful
of individual liberty and
responsibility

Pandemic management and policy require seeking for a balance between individual rights and other
people’s protection within the same risk class. The vexata quaestio is whether draconian measures
such as repeated and prolonged lockdowns and forced vaccination for all do apply excess precaution
through measures which are neither strictly required by the exigencies of the situation (necessity)
nor proportional to factual risks (proportionality), resulting in violating the former in the name of the
latter. Especially once evidence of the real threats at stake for all and each one exists, pandemic may

16 Methodological individualism and methodological holism refer here to methodological and epistemic
stances; see also Gupta (2020).




be managed in alternative and less disruptive ways."” And this has been the case since spring 2020
for the COVID-19 pandemic.™

Neither individuals nor societies can beat the death, eventually. But we can keep living while doing
our best effort to cope with old and new diseases, applying sound public health management and
policies which respect fundamental rights.

Paris, 12 July 2021
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