
 
 

PROPOSITION DE SUJET DE THESE 
 

SIGLE ET NOM DU LABORATOIRE : PIERRE LOUIS INSTITUTE OF EPIDEMIOLOGY AND PUBLIC HEALTH, IPLESP, 

UMR-S 1136 

NOM DE L’EQUIPE : SURVEILLANCE AND MODELING OF COMMUNICABLE DISEASES 

DIRECTEUR DE THESE : VITTORIA COLIZZA 

ADRESSE :SITE HOPITAL ST. ANTOINE, 27 RUE CHALIGNY, 75012 PARIS 

 

TITRE DE LA THESE : Modeling superspreading events in COVID-19 epidemic 

CO-ENCADRANT EVENTUEL :  

EQUIPE DU CO-ENCADRANT : 

LABORATOIRE :  
 

PRESENTATION DU SUJET  

PROJECT SUMMARY 

Despite the growing knowledge on the epidemiology of COVID-19 epidemic, little is still known on the role of 
superspreading events (SSEs) in shaping the transmission dynamics. These events are characterized by an 
anomalous large number of secondary cases generated by one single infected individual (superspreader of the 
disease). Multiple SSEs have been recently reported. They can play an important role in amplifying the early 
exposure growth of the epidemic, as well as sustaining its transmission in later stages. Using mathematical 
models, approaches of network epidemiology, and data on proximity contacts between individuals, this project 
will assess the expected impact of superspreading events in COVID-19 epidemic, and propose strategies for 
control. 

CONTEXT AND NOVELTY BEYOND THE STATE-OF-THE-ART 

Since its identification in China in January 2020, the 2019 novel coronavirus disease (COVID-19) epidemic 

rapidly spread worldwide reaching all continents within a few months1. Our knowledge on the epidemiology of 

the infectious disease has been growing during this time, allowing us to better characterize the natural 

progression of the disease and its spreading potential. The basic reproductive number , i.e. the average 

number of secondary cases that a primary case generates in a fully susceptible population, was estimated 

between 2.5 and 32, and more specifically around 3 in France3–5. 

This key indicator characterizing the transmission potential of an infectious disease has however an important 

limitation in that it does not capture the heterogeneity of transmission among infected persons. Once 

infectious, individuals may have a markedly different pattern of transmission, depending for example on host 

response, environmental, and behavioral drivers6. Under some conditions, infectious individuals may therefore 

generate a much larger number of transmissions than the average value captured by , leading to so-called 

superspreading events (SSEs). SSEs were a signature of transmission dynamics of SARS and, currently, of 

MERS coronaviruses.  

Multiple SSEs have been reported also in COVID-19 transmission7–11. Outbreak investigations in Japan found 

that SSEs were most likely associated with closed environments (e.g. hospitals, fitness centers, shared eating 

environments), increasing the risk of transmission of almost 20 times compared to open-air environments10. 

Closed and prolonged contacts in closed environments appear to be responsible for the observed outbreaks. 

Understanding the role of superspreading events in the transmission dynamics of COVID-19 is therefore key 

for its control.  

OBJECTIVES 

This project focuses on the behavioral aspects of superspreading events, i.e. the type, number, frequency and 

duration of contacts established by individuals in different settings (e.g. schools, workplaces). Its objective is to 

evaluate the increased risk of COVID-19 propagation due to the diversity of contacts established by individuals 



in different settings (e.g. teachers at school interacting with students from different classes, popular and 

socially active individuals, etc.) underlying SSEs.   

METHODS 

The project will be based on mathematical modeling and network epidemiology approaches to (Task 1) 

analyze and model COVID-19 transmission dynamics in specific settings (e.g. schools, workplaces) using 

proximity data between individuals and measure the impact of SSEs; (Task 2) provide a general theoretical 

modeling framework to capture how diversity in the type, number, frequency and duration of contacts shapes 

the emergence of SSEs. The knowledge acquired in the two Tasks will help devising targeted strategies for 

epidemic control. The project is theoretical and will be based on empirical contact data and parameterization to 

COVID-19 epidemic. Results will be compared to findings of outbreak investigations in different settings that 

will become available in the upcoming months.  

Task 1. Empirically-based understanding of SSEs in specific settings based on proximity contact data. We will 
use empirical proximity contact data measured at schools, workplaces, and hospitals12–16 and simulations of 
epidemic transmission on those contacts to identify the behavioral determinants associated with increased risk 
of transmission. Data were collected through RFID sensors in different communities, measuring face-to-face 
contacts of individuals at about 1m distance and every 20 seconds. These data have been largely used to 
study infectious disease dynamics. The transmission model will be parameterized specifically to COVID-19 
epidemic3,17 and will allow us to identify in real-world settings if specific roles (e.g. teachers in schools, very 
popular or socially active individuals) or events (e.g. leisure activities during breaks at schools, lunch breaks at 
schools and workplaces) are potentially responsible for larger outbreaks due to the contacts established by 
these individuals or during these events. This knowledge will then be used to devise and propose targeted 
control measures aimed at reducing overall transmission, e.g. by disrupting social connectivity and avoiding 
gatherings (dephasing lunch breaks, avoiding contacts across classes or across classes of different grades at 
schools). 

Task 2. Identifying the behavioral drivers of the emergence of SSEs. To go beyond the specific settings 
analyzed in Task 1 and generalize our understanding of SSEs, we will use a general theoretical modeling 
framework incorporating the diversity of contacts between individuals. This will allow us to respond to the 
following question: what is the impact of prolonged contacts established with fewer individuals (e.g. friends, 
family, co-workers) vs. more sporadic and erratic encounters (e.g. on transports, during everyday activities) on 
COVID-19 transmission dynamics? We will use the social fluidity model18, a mathematical framework that 
controls the heterogeneity of social mixing in the population. Large values of social fluidity correspond to 
gregarious behavior whereas small values signify the existence of persistent bonds between individuals. 
Through epidemic simulations, we will investigate how social behavior influences the likelihood of a COVID-19 
outbreak, and how SSEs may be responsible for amplifying the outbreak or sustaining transmission.  

COLLABORATION 

This project will be conducted in collaboration with Dr. Alain Barrat, Centre de Physique Theorique, CNRS, 

Marseille, and Prof. Shweta Bansal, Department of Biology, Georgetown University, USA. Both scientists are 

long-time collaborators of the PI and experts in network epidemiology and mathematical modeling approaches 

for disease epidemics. Specifically, Dr. Barrat is one of the PI of the SocioPatterns.org project measuring 

proximity contact data through RFID; Prof. Bansal is the senior author who devised the social fluidity 

mathematical framework.  

SCHEDULE 

Year 1 
Design of node-to-node transmission model; parameterization of model to COVID-19 epidemic in closed 
settings; interface of transmission in closed settings to transmission in community; synthetic simulations, 
analysis and interpretation of numerical results; design and implementation of control strategies altering 
contact patterns. 
Year 2 
Writing and submission of paper #1. Coding and simulations of the social fluidity model. Exploration of 
outbreak likelihood and amplification as a function of the social fluidity of the host population. Analysis and 
interpretation of results; comparison with the empirical settings studied in Year 1. General understanding of 
SSEs with varying social behavior.  
Revisions of paper #1.  



Year 3 
Writing and submission of paper #2; writing of the PhD thesis. 
Revisions of paper #2. Revisions of the PhD thesis; PhD jury composition; evaluation of the PhD thesis by the 
reviewers; preparation of the PhD defense; defense. 
 

EXPECTED ARTICLES 

Tentative title of paper #1: “Reducing COVID-19 epidemic risk in clsoed settings” 
Tentative title of paper #2: “Social behavior influences superspreading events in COVID-19 epidemics” 

REFERENCES 

1 COVID-19 situation update worldwide, as of 11 May 2020. European Centre for Disease Prevention and Control. 
https://www.ecdc.europa.eu/en/geographical-distribution-2019-ncov-cases. 
2 Liu Y, Gayle AA, Wilder-Smith A, Rocklöv J. The reproductive number of COVID-19 is higher compared to SARS coronavirus. 
J Travel Med 2020; 27. DOI:10.1093/jtm/taaa021. 

3 Di Domenico L, Pullano G, Sabbatini CE, Boëlle P-Y, Colizza V. Expected impact of lockdown in Île-de-France and possible 
exit strategies. medRxiv. https://www.medrxiv.org/content/10.1101/2020.04.13.20063933v1. 
4 Salje H, Tran Kiem C, Lefrancq N, et al. Estimating the burden of SARS-CoV-2 in France. 2020; published online April 24. 
DOI:10.1101/2020.04.20.20072413. 
5 Roux J, Massonnaud C, Crépey P. COVID-19: One-month impact of the French lockdown on the epidemic burden. medRxiv. 
2020; published online April 27. http://medrxiv.org/lookup/doi/10.1101/2020.04.22.20075705. 
6 Frieden TR, Lee CT. Identifying and Interrupting Superspreading Events—Implications for Control of Severe Acute 
Respiratory Syndrome Coronavirus 2. EID Journal DOI:10.3201/eid2606.200495. 

7 Why 14 doctors in Wuhan were infected: no eyepieces and masks were worn during surgery Shanghai: Shanghai First 
Finance Media Limited. https://www.yicai.com/news/100477916.html. 
8 Wang D, Hu B, Hu C, et al. Clinical Characteristics of 138 Hospitalized Patients With 2019 Novel Coronavirus–Infected 
Pneumonia in Wuhan, China. JAMA 2020; 323: 1061–9. 

9 South Korean city on high alert as coronavirus cases soar at ‘cult’ church. The Guardian. 
https://www.theguardian.com/world/2020/feb/20/south-korean-city-daegu-lockdown-coronavirus-outbreak-cases-soar-at-church-cult-
cluster. 
10 Nishiura H, Oshitani H, Kobayashi T, et al. Closed environments facilitate secondary transmission of coronavirus disease 

2019 (COVID-19). medRxiv. https://www.medrxiv.org/content/10.1101/2020.02.28.20029272v2. 
11 Liu Y, Eggo RM, Kucharski AJ. Secondary attack rate and superspreading events for SARS-CoV-2. The Lancet 2020; 395: 

e47. 
12 Barrat A, Cattuto C, Colizza V, et al. Wearable Sensor Networks for Measuring Face-to-Face Contact Patterns in Healthcare 

Settings. In: Szomszor M, Kostkova P, eds. Electronic Healthcare. Berlin, Heidelberg: Springer, 2012: 192–5. 
13 Génois M, Vestergaard CL, Fournet J, Panisson A, Bonmarin I, Barrat A. Data on face-to-face contacts in an office building 
suggest a low-cost vaccination strategy based on community linkers. Network Science 2015; 3: 326–47. 

14 Mastrandrea R, Fournet J, Barrat A. Contact Patterns in a High School: A Comparison between Data Collected Using 
Wearable Sensors, Contact Diaries and Friendship Surveys. PLOS ONE 2015; 10: e0136497. 

15 Stehlé J, Voirin N, Barrat A, et al. High-Resolution Measurements of Face-to-Face Contact Patterns in a Primary School. 
PLOS ONE 2011; 6: e23176. 
16 Fournet J, Barrat A. Contact Patterns among High School Students. PLOS ONE 2014; 9: e107878. 

17 Di Domenico L, Pullano G, Sabbatini CE, Boëlle P-Y, Colizza V. Expected impact of reopening schools after lockdown on 
COVID-19 epidemic in Île-de-France. medRxiv; : 2020.05.08.20095521. 
18 Colman E, Colizza V, Hanks EM, Modlmeier AP, Hughes DP, Bansal S. Social fluidity mobilizes contagion in human and 
animal populations. bioRxiv. 2017; published online July 31. DOI:10.1101/170266. 

 

 

 

 

PREREQUIS, FORMATION :  

 

CONTACT POUR CE SUJET : VITTORIA COLIZZA 

EMAIL : VITTORIA.COLIZZA@INSERM.FR 

TELEPHONE : 

SPECIALITE DE LA THESE 

 

EPIDEMIOLOGIE  (AVEC EVENTUELLEMENT MENTION CLINIQUE OU SOCIALE OU GENETIQUE)    

BIOSTATISTIQUE/BIOMATHEMATIQUES                        

INFORMATIQUE MEDICALE (DONT IMAGERIE BIOMEDICALE, BIOINFORMATIQUE)       

RECHERCHES SUR LES SERVICES DE SANTE (DONT ANALYSE COUT EFFICACITE)     

 

 



VISA DU DIRECTEUR DU LABORATOIRE 

 

AVIS FAVORABLE  

SIGNATURE 

 


