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A reappraisal of COVID-19 epidemiology after 
the pandemic: models, data, and interventions
John P.A. Ioannidis

Professor of Medicine, of Epidemiology and Population Health, and (by courtesy) of Biomedical 
Data Science, and of Statistics and Co-Director of Meta-Research Innovation Center at Stanford 
(METRICS), Stanford University, Stanford, USA; Corresponding Academician

Abstract

This is a summary of a presentation given in October 2023 at the Academy of Sciences in 
Bologna. COVID-19 was a major crisis that witnessed massive mobilization of the scientific 
workforce. Almost a million scientific articles were published on COVID-19 within less than 
4 years, most of them of low quality. Several key components of the narrative that prevailed in 
the pandemic response were misleading and they affected both the credibility of science and 
public health and the health of billions of people worldwide. Rigorous evidence and a judicious 
approach to re-evaluating decision-making is needed to revert the tide and regain competence 
within the scientific community and trust among the general public. 
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COVID-19 caused a major crisis that resulted in a massive mobilization of the scientific 
community. Within less than 4 years in 2019-2023, almost 1 million scientific papers on 

COVID-19 were published. Many of these papers ventured in epidemiology while their au-
thors had no previous substantive expertise in the field. Several prevailing narratives in the 
COVID-19 response were often shaped in the absence of serious epidemiological reasoning 
and evidence and were the composite of the impact of influencers, politicians, big tech, people 
in panic and occasionally even scientists with either conflicts or obvious lack of nuance and/or 
expertise. Eventually, 98 of the 100 most-cited papers published across the scientific literature 
in 2020-2021 were focused on COVID-19 [1] – a measure of the inordinate attention received 
by this crisis. Multiple evaluations of the quality of this scientific literature show major deficits 
in rigor [2-4]. Panicked interpretation confounded further the deficiencies of this corpus. 

In the early days of the pandemic, most science and decision-making depended on models, 
and the influence of modeling continued to be strong during the entire pandemic. However, 
models are known to be easy to fail and they should be seen as offering sketches of possibilities 
rather than strong definitive evidence for decision-making. Broader considerations for failed 
forecasting during the pandemic included [5] poor data input on key features of the pandem-
ic that went into theory-based forecasting (e.g.; SIR models), poor data input for data-based 
forecasting (e.g.; time series) with lack of consensus as to what is the “ground truth” even for 
seemingly hard-core data such as the daily number of deaths, wrong assumptions in the mod-
eling, high sensitivity of estimates, lack of incorporation of epidemiological features, poor past 
evidence on effects of available interventions, lack of transparency, plain errors, lack of deter-
minacy, looking at only one or a few dimensions of the problem at hand, lack of expertise in 
crucial disciplines, groupthink and bandwagon effects and selective reporting. Models became 
far more frequently used in the epidemiological literature during than before the pandemic, but 
most of them lacked minimum transparency such as data and code sharing [6]. The big-scale 
failure suggests that in the future pre-registration of predictions (so that they can be compared 
rigorously against eventual reality) may need to become more widespread [7]. Also, more trans-
parency and pre-registration may help diminish the problem of selective reporting. 

An illustrative major system failure demonstrating the impact of selective reporting was the 
publication of a notorious modeling paper in Nature [8] suggesting major benefits especially 
and almost exclusively from aggressive lockdown (rather than other, less disruptive interven-
tions) in the first wave of the pandemic. This inference generated impetus for the devastating 
continuation of these harsh, irrational measures in subsequent waves as well, and lockdown 
practices with zero COVID theories were endorsed by powerful coalitions of enthusiastic ad-
vocates [9]. The same team of elite analysts from Imperial College had also generated a model 
at the same time that they did not publish in Nature but which would have shown practically no 
benefits from aggressive lockdown as compared with less aggressive measures; that non-pub-
lished model had actually much better fit to the data [10] than the lockdown-favoring one that 
misleadingly found itself in the pages of Nature. 

The final frontier of counting the composite impact of a pandemic is considered to be the 
count of excess deaths [11]. While there is certainly value to this approach, there can be large 
differences in the calculation of excess deaths depending on the assumptions used. For exam-
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ple, for Germany during 2020-2021 different models with different assumptions have shown 
values ranging from 22,000 to 203,000 excess deaths [12]. Values with proper age-adjustment 
of the changing structure of the population typically yield much lower estimates of excess 
deaths, but high-profile and widely disseminated excess death estimates failed to make prop-
er adjustments [13]. Moreover, most published evaluations of excess deaths presented only 
one method for excess death estimation. Multiverse analyses, considering multiple different 
analytical choices for excess death calculations show that the absolute death count can vary 
substantially depending on these choices, but the relative ranking of performance of different 
countries differs far less regardless of which analytical choice and model is used [14]. Among 
European countries, Sweden did best during 2020-2023 regardless of what model is chosen 
[15]. With age-adjustment and with comparison against the reference years 2017-2019, Swe-
den had 3.5% fewer deaths during the pandemic than during the pre-pandemic years (a death 
deficit). Conversely countries with vulnerabilities, e.g.; a high proportion of the population 
living in poverty and with large inequalities (typical example being the USA where also many 
people were marginalized, not covered by health care, and subjected to concurrent epidemics 
of other lethal conditions, e.g.; overdose and alcoholism and multiple inequities) [16-18], had 
high excess deaths [15]. 

Throughout the pandemic there were major misconceptions about the personalized risk of 
death and severe outcomes after SARS-CoV-2 infection. Early estimates of infection fatality 
rate were misled by speculative assumptions from modeling, and a prevailing narrative that 
insisted on very high values of infection fatality rates. The most reliable data from national 
seroprevalence studies with the best representativeness of the general population show that the 
actual infection fatality rates were eventually far smaller in the first pandemic year (before vac-
cination) compared with what was believed and what was disseminated both in scientific and 
lay circles [19]. This misconception generated major imbalance and distortion in thinking about 
the benefits and risks of different interventions, in particular non-pharmacological interventions 
that often had profound negative impacts on education, mental health, the economy, and health 
care services for diverse diseases – among many other harms [20-24]. Most countries failed 
to protect the vulnerable populations more than the average person, although exceptions exist 
where such focused protection did happen (with beneficial results on the impact of the pandem-
ic) [25] – yet, also other examples exist of countries that protected more those segments of the 
population who were at lower risk and exposed maximally the most vulnerable [25], e.g.; the 
elderly and those in nursing homes.

Nursing homes deserve special attention because they were the locations of major disasters 
in many countries, as a result of business systems that depended on for profit structures and that 
were malfunctional even before the advent of this major crisis [26, 27]. Empirical data suggest 
that deaths in nursing homes resulted in very limited loss of life span (probably less than 1 
year) for those who were deceased [28]. However, the conditions of death in an atmosphere 
of dread, isolation, and abandonment damaged the very basic principles of human treatment 
of vulnerable people. Many other marginalized and weak segments of the population suffered 
disproportionately during the pandemic, while the wealthy bore very little impact of the crisis 
and often even benefited financially by the crisis. 
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As the large majority of the global population was already infected by early 2022 and as 
all the global population (with limited exceptions) had been infected by the beginning of 2023, 
the fatality rates of previously infected individuals (often infected multiple times) markedly 
decreased and an added shrinkage apparently happened as the result of widespread vaccination 
[29]. The relative benefits of vaccination versus previous infections in decreasing infection 
fatality rates need careful study to disambiguate. However, in the current setting (late 2023) 
the endemic picture is not one that should justify any aggressive measures – or probably any 
measures at all beyond the very basic routine standards of hygiene. Evidence has accumulated 
to-date suggesting that even during the height of the crisis mandates and aggressive measures 
were counterproductive and resulted also in loss of trust among large segment of the general 
population [30]. Decision-making (personal and public) needs to be multi-dimensional, con-
sidering multiple consequences of our actions (or lack of actions). Randomized trials are still 
very important to perform whenever there is ambiguity and the use of observational data in no 
excuse to argue against the conduct of such trials. Trials on masks with their surprising, mostly 
“negative” results offer a dire lesson [31], although it is not surprising that many will continue 
to defend the original narratives of effectiveness based on observational data [32]. 

COVID-19 led to major disruptions in every aspect of health and social life, worsening 
inequalities and damaging the health of the poor primarily [33]. The eventual blatant failure of 
overconfident zero-COVID-19 policies offers a major landmark of the triple threat of folly, pan-
ic, and conflict in the history of public health disasters. Careful scrutiny is needed to understand 
why we did so many things wrong and why even serious scientists were misled – or often led 
the misleading narratives themselves. The exact global footprint of the pandemic is uncertain, 
because even death registration in not reliable in most countries around the world. Moreover, 
some of the consequences of pandemic disruption may unfold over a time horizon of many 
years or even decades (e.g.; the impact on cancelled preventive services, disrupted education, 
and impoverishment). However, the existing data suggest that deaths due to the measures that 
we took to deal with the pandemic probably killed and damaged more people than the virus 
itself [34]. This may be particularly true in the poorest countries, e.g.; in Africa and India, where 
the age-structure of the population and other factors (perhaps even some cross-immunity from 
exposure to other pathogens [35, 36]) would have led to minimal deaths from SARS-CoV-2 
itself. For more detailed discussion of these issues, see reference [37]. 

In the future, were we to be hit by a similar calamity, we should think of how we can af-
fect the main factors underlying COVID-19 deaths. These include social injustice, inequalities, 
racism, poverty; smoking; other modifiable lifestyle risk factors, in particular obesity; poor 
protection of nursing homes; poor adoption of effective, simple, non-disruptive public health 
measures; adoption of harmful public health measures (e.g.; blind draconian lockdowns); sub-
optimal, ineffective or even harmful treatments and medical care; and policies that result in 
increased vaccine hesitancy and lack of trust in public health. 

Instead of panic, use of poor models and surrendering to spurious big data that don’t speak 
by themselves and to an all-encompassing infodemic, we need to endorse a judicious, “slow” 
data public health approach where evidence is carefully collected to inform strategic actions 
and interventions that do more good than harm [38].
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