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Unmet Need for 
Improvement

7/5/2025 Prof. Wendelin Schramm, MD GECKO Institut - Hochschule Heilbronn 7



Pandemic Modelling – Historical Evolution

• PubMed Search (30. June 2025)

• Search query: ("Pandemics"[Mesh] OR "Epidemiology"[Mesh]) AND 
model*[Title/Abstract] → 21,790 results → 2,043 results 1960 - 2019
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https://pubmed.ncbi.nlm.nih.gov/?term=(%22Pandemics%22%5BMesh%5D%20OR%20%22Epidemiology%22%5BMesh%5D)%20AND%20model*%5BTitle% 2FAbstract%5D&size=200



Will the coronavirus soon be over?
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Statista; 8. April 2024; last accessed 3. July 2025

https://de.statista.com/statistik/daten/studie/1102667/umfrage/erkrankungs-und-todesfaelle-aufgrund-des-coronavirus-in-deutschland/
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• “Disease models describe and simulate on the computer different courses of a disease considering possible intervention 
strategies and their costs.” 

Source: EU Project HARMET 1995

• Models are simplified representations of more complex real systems (“reality”).

• Models provide an explanation for the question: “What does today's knowledge about a chronic disease mean for the future …
• … to allow today’s decision making

• Models do not forecast the future!
• All models are wrong, but some are useful.



Compartmental Modelling

7/5/2025 Prof. Wendelin Schramm, MD GECKO Institut - Hochschule Heilbronn 11

Kermack WO, McKendrick AG. Contribution to the Mathematical Theory 

of Epidemics. Proc Roy Soc A 1927; 115: 700-21



Example Ebola Modelling
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Agusto FB. Mathematical model of Ebola transmission dynamics with relapse and reinfection. Math Biosci. 2017;283:48-59. 

doi:10.1016/j.mbs.2016.11.002



Variants & Pandemic Problem

• SEIR

• SEIRD

• SIRRD

• SEIRRD

• In a Pandemic: most people are 
Susceptible, Exposed, and Infected
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Break Out 

• Imagine, you are the health minister of your country and the next 
pandemic is about to affect the globe.

• What are your most important decision relevant topics for fighting 
the pandemic?
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Break Out – Potential Answers

• Available Health budget?

• How many doctors available?

• How many nurses available?

• Do we have enough hospital beds?

• Are the ICUs full?

• And many more
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IQWIG/G-BA Assessment 
Categories
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Societal Perspectives
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Sittimart M, Rattanavipapong W, Mirelman AJ, Hung TM, Dabak S, Downey LE, Jit M, Teerawattananon Y, Turner HC. An overview of the perspectives used in health economic 
evaluations. Cost Eff Resour Alloc. 2024 May 14;22(1):41. doi: 10.1186/s12962-024-00552-1. PMID: 38741138; PMCID: PMC11092188.



Decision Making from a Societal 
Perspective in a Pandemic

Decision Relevant Topics (select) Lead questions involved

Diagnosis Can we detect the pathogen?

Treatment Are there treatments available for patients?

Prevention Which measures can prevent or reduce transmission?

Resource allocation How to assure that scarce healthcare and other 
resources are available for the population?

Societal stability How to preserve civilian peace in the population?

Economic stability How to keep up the gross domestic product? 

Health budgets How to finance the health care of the pandemic?
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Decision Support – Relevant 
Aspects
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Pandemic Candidate Virus Nipah

• Nipah virus (NiV, Henipavirus nipahense) 
is a zoonotic pathogen

• Pteropus fruit bats are the natural 
reservoir for NiV

• First outbreak in pig farmers in Malaysia 
1998

• 1997 exceptional large wild fires in 
Borneo, Spread of bats over coastal 
regions of Asia

22

Pulliam JR, Epstein JH, Dushoff J et al. 2012. Agricultural intensification, priming for persistence and the emergence of 

Nipah virus: a lethal bat-borne zoonosis. Journal of the Royal Society. Interface. 9 (66) 89-101. Shiraishi, T., Hirata, R., 
Hayashi, M. et al. Carbon dioxide emissions through land use change, fire, and oxidative peat decomposition in Borneo. 
Sci Rep 13, 13067 (2023). https://doi.org/10.1038/s41598-023-40333-z. 
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R0 – Basic Reproduction Number
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Herd Immunity and R0
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Examples of Pandemic Models
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COVID-19 Modelling – Mild 
Moderate Severe
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Okafor CE, Keramat SA, Balasooriya NN, Dioji EH. Are Updated COVID-19 Vaccines Still Relevant for All Adult Age Groups? An Economic Evaluation of the Monovalent 
XBB.1.5 Vaccine in Australia. Value Health. 2025;28(5):730-741. doi:10.1016/j.jval.2025.01.014



COVID-19 Modelling - 
Vaccination
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Li R, Lu P, Fairley CK, et al. Cost-Effectiveness of the Second COVID-19 Booster Vaccination in the USA. Appl Health Econ Health Policy. 

2024;22(1):85-95. doi:10.1007/s40258-023-00844-2



COVID-19 Modelling 
- Vaccination

• Di Fusco M, Marczell K, Deger KA, et al. Public health 
impact of the Pfizer-BioNTech COVID-19 vaccine (BNT162b2) in 
the first year of rollout in the United States. J Med Econ. 
2022;25(1):605-617. doi:10.1080/13696998.2022.2071427
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COVID-19 Modelling Resource 
Use
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Dings C, Götz KM, Och K, et al. Model-Based Analysis of SARS-CoV-2 Infections, Hospitalization and Outcome in Germany, the Federal States and Districts. Viruses. 
2022;14(10):2114. Published 2022 Sep 24. doi:10.3390/v14102114



COVID-19 Modelling – Resource 
Use
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Reyné B, Saby N, Sofonea MT. Principles of mathematical epidemiology and compartmental modelling application to COVID-19. Anaesth Crit Care Pain Med. 2022;41(1):101017. 
doi:10.1016/j.accpm.2021.101017



COVID-19 
Modelling
Decision
Analytic
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Ma Z, Rennert L. An epidemiological modeling framework to inform institutional-level response to infectious disease outbreaks: a Covid-19 case study. Sci Rep. 2024;14(1):7221. 
Published 2024 Mar 27. doi:10.1038/s41598-024-57488-y



COVID-19 Modelling – Testing & 
Quarantine
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Cui Y, Ni S, Shen S. A network-based model to explore the role of testing in the epidemiological control of the COVID-19 pandemic. BMC Infect Dis. 2021;21(1):58. Published 2021 Jan 
12. doi:10.1186/s12879-020-05750-9



COVID-19 Modelling – Health 
Economic
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Jovanoski N, Kuznik A, Becker U, Hussein M, Briggs A. Cost-effectiveness of casirivimab/imdevimab in patients with COVID-19 in the ambulatory setting. J Manag Care Spec Pharm. 
2022;28(5):555-565. doi:10.18553/jmcp.2022.21469



COVID-19 Modelling – Cost 
Effectiveness
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Sheinson D, Dang J, Shah A, Meng Y, Elsea D, Kowal S. A Cost-Effectiveness Framework for COVID-19 Treatments for Hospitalized Patients in the United States. Adv Ther. 
2021;38(4):1811-1831. doi:10.1007/s12325-021-01654-5



COVID-19 Modelling – Decision 
Analytic
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Athanasakis K, Zisis K, Tsoulas C, Nomikos N. Cost-effectiveness Analysis and Impact on Length of Hospital Stay of the Introduction of Remdesivir as a Treatment Option for Hospitalized 
Patients With COVID-19 Requiring Supplemental Oxygen in Greece Versus Standard of Care. Clin Ther. 2023;45(12):1244-1250. doi:10.1016/j.clinthera.2023.09.023



Questionable Examples of 
Pandemic Models ?
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SICRD?
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Hu H, Kennedy CM, Kevrekidis PG, Zhang HK. A Modified PINN Approach for Identifiable Compartmental Models in Epidemiology with Application to COVID-

19. Viruses. 2022;14(11):2464. Published 2022 Nov 7. doi:10.3390/v14112464



Quarantine - SQEIAHR?
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Ma Y, Xu S, Luo Y, et al. Epidemiological characteristics and transmission dynamics of the COVID-19 outbreak in Hohhot, China: a time-varying SQEIAHR model analysis. Front Public 
Health. 2023;11:1175869. Published 2023 Jun 21. doi:10.3389/fpubh.2023.1175869



Level of Complexity?
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Yang HM, Lombardi Junior LP, Castro FFM, Yang AC. Mathematical model describing CoViD-19 in São Paulo, Brazil - evaluating isolation as 

control mechanism and forecasting epidemiological scenarios of release. Epidemiol Infect. 2020;148:e155. Published 2020 Jul 20. 
doi:10.1017/S0950268820001600



Artificial Intelligence?
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