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Infectious disease models and their meta-
epidemiology

● Models have a long tradition of successful (or at least insightful) applications 
in infectious diseases, e.g. SIR model almost a century

● Can be very useful conceptually, with diverse interesting applications and 
broadening spectrum

● Mixture of data and speculation/assumptions
● Acquired tremendous prominence during the COVID-19 pandemic
● Crash test for models and for science at large
● Used by both highly specialized and well-trained people and by others who 

jumped into the fray
● Long-standing issues becoame more manifest under the new expedient and 

high-visibility circumstances



720,000 
scientists 
published 

scientific papers 
on COVID-19 

indexed by 
August 1, 2021

(Ioannidis J. et al, Royal 
Society Open Science 2021)





Massive covidization of science
● 98 of the top-100 most-cited scientific articles published in 2020 

were on COVID-19
● Tens of thousands of scientists received more citations to their 

work in 2020-2021 than they had received in their entire career.
● Among the top-100 ranked scientists across science in 2020-

2021, 70 focused on Health Sciences subfields and most 
(57/70) had risen to such extremely high ranks even though 
they did not belong to the top-1000 ranked in 2018-2019. 12 of 
the 70 were editors or journal staff who published profusely in 
their journals, mostly on COVID-19. 

● The massive funding of COVID-19 research will make reversal 
of science covidization difficult after the end of the pandemic. 





Why might models fail?









Broader considerations for (failed) forecasting in 
infectious diseases and pandemics

























Different models, different inferences
Chin, Ioannidis, Tanner, Cripps. 
J Clin Epidemiol 2021











Excess deaths in high-income countries 
per Lancet: comparison with eLife





Excess death calculations depend on modeling 
(Levitt, Zonta, Ioannidis, Envir Res 2022)

We assessed excess deaths for the entire two-year period 2020-2021 33 high-
income countries with available weekly mortality data according to age strata in 
mortality.org. 
Total population of 1 billion, 1.9 million COVID19 deaths recorded during this 
period. 

Three published modeling calculations do not use age-adjustment
The eLife modeling estimates 2.0 million deaths
The Economist modeling estimates 2.2 million deaths
The Lancet/IHME modeling estimates 2.8 million deaths
Our modeling estimates 2.2 million deaths without age adjustment
1.5 million deaths with age adjustment  



A close look at excess deaths (2020-2021) in Germany

● Our age-adjusted estimate is 43,000 excess deaths
● Without age-adjustment we calculated 117,000 excess deaths
● Lancet calculated 203,000 excess deaths 
● eLife calculated 88,000 excess deaths
● Economist calculated 113,000 excess deaths
● Baum  (2022) calculated 22,000 excess deaths after age adjustment
● Koenig et al (2022) calculated ~130,000 excess deaths without age adjustment 
● The recorded COVID-19 deaths were 111,000 

● In Germany, the number of people aged >80 years increased from 4.8 
million in 2016 to 5.8 million in 2020, so consideration of age is crucial. 
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0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.1 0.72 0.36 0.09 0.04 3.24 1.62 0.41 0.16 5.40 2.70 0.68 0.27
0.2 1.44 0.72 0.18 0.07 6.48 3.24 0.81 0.32 10.80 5.40 1.35 0.54
0.3 2.16 1.08 0.27 0.11 9.72 4.86 1.22 0.49 16.20 8.10 2.03 0.81
0.4 2.88 1.44 0.36 0.14 12.96 6.48 1.62 0.65 21.60 10.80 2.70 1.08
0.5 3.60 1.80 0.45 0.18 16.20 8.10 2.03 0.81 27.00 13.50 3.38 1.35
0.6 4.32 2.16 0.54 0.22 19.44 9.72 2.43 0.97 32.40 16.20 4.05 1.62
0.7 5.04 2.52 0.63 0.25 22.68 11.34 2.84 1.13 37.80 18.90 4.73 1.89
0.8 5.76 2.88 0.72 0.29 25.92 12.96 3.24 1.30 43.20 21.60 5.40 2.16
0.9 6.48 3.24 0.81 0.32 29.16 14.58 3.65 1.46 48.60 24.30 6.08 2.43

1 7.20 3.60 0.90 0.36 32.40 16.20 4.05 1.62 54.00 27.00 6.75 2.70
1.1 7.92 3.96 0.99 0.40 35.64 17.82 4.46 1.78 59.40 29.70 7.43 2.97
1.2 8.64 4.32 1.08 0.43 38.88 19.44 4.86 1.94 64.80 32.40 8.10 3.24
1.3 9.36 4.68 1.17 0.47 42.12 21.06 5.27 2.11 70.20 35.10 8.78 3.51
1.4 10.08 5.04 1.26 0.50 45.36 22.68 5.67 2.27 75.60 37.80 9.45 3.78
1.5 10.80 5.40 1.35 0.54 48.60 24.30 6.08 2.43 81.00 40.50 10.13 4.05
1.6 11.52 5.76 1.44 0.58 51.84 25.92 6.48 2.59 86.40 43.20 10.80 4.32
1.7 12.24 6.12 1.53 0.61 55.08 27.54 6.89 2.75 91.80 45.90 11.48 4.59
1.8 12.96 6.48 1.62 0.65 58.32 29.16 7.29 2.92 97.20 48.60 12.15 4.86
1.9 13.68 6.84 1.71 0.68 61.56 30.78 7.70 3.08 102.60 51.30 12.83 5.13

2 14.40 7.20 1.80 0.72 64.80 32.40 8.10 3.24 108.00 54.00 13.50 5.40

Over- or under-estimation of COVID-19 deaths?
(Ioannidis, Eur J Epidemiol 2021)









Decision-making 
(personal and public)

must be 
multi-dimensional

Ioannidis, Eur J Clin Invest 
2020



Mass formation, inequalities and long-term adverse outcomes (Schippers, 
Ioannidis, Joffe, Frontiers in Public Health 2022)



Some concluding comments

● Models are here to stay and they can be valuable
● Improvements are possible at the level of data input, transparency, 

relevance, real-life value, pre-registration (when applicable)
● Meta-epidemiological assessments can offer an observatory of how 

models perform and also form a basis for possible interventions to 
further improve them
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