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CONTEXT 

Recent years have been marked by the emergence and spread of infectious diseases. The far-reaching impact of 

Zika, Ebola, and MERS-CoV has underscored the importance of infectious diseases to global health and highlighted 

the need for better methods to anticipate, assess, and mitigate epidemics. Similarly, the persistence of influenza, 

measles, dengue, and other historically established infections beg innovative new techniques to improve analysis 

and management. Mathematical modeling promises an evidenced based underpinning to epidemic policy making that 

bases control measures on projections and epidemiological assessment.  

Developing robust models and analysis of infectious disease, however, proves uniquely challenging. Infectious 

disease dynamics are complex and nonlinear, requiring the development of dedicated modeling techniques both to 

interpret trends and predict what will happen next. Additionally, epidemiological data are often frail, incomplete 

and hard to interpret, especially when captured in emergency and uncontrolled situations. These challenges limit 

the ability of many existing statistical and mathematical techniques to adequately describe epidemics and inform 

decision making.  

In the last decade, we have observed an explosion in the availability of new types of data that can profoundly 

change our understanding of infectious disease. Analysis of social media, for example, can provide a new lens on 

how people respond to epidemics, share beliefs, and interact in both the virtual and the physical world. Modern 

genetic sequencing and new techniques such as antigenic cartography can now offer unparalleled insight on how 

different circulating viral strains relate to one another. Furthermore, new surveillance systems based, for 

example, on near exhaustive records of hospital admissions give a much more precise epidemiological picture of 

epidemic dynamics.  

This big data revolution can profoundly improve our understanding of the spread of infectious diseases in human 

populations. However, to gain such insight, we first need to develop the next generation of statistical and 

mathematical models that will be able to integrate these very different data streams into coherent analytical 

frameworks. The proposed thesis will develop the mathematical and statistical infrastructure to utilize these novel 

types of data in infectious disease modeling.  

 

 

AIM 

To improve our understanding of infectious disease dynamics through the integration of traditional and non-

traditional data in epidemiological models. 

 

 

OBJECTIVES 



To develop state of the art statistical and mathematical methods of data integration in infectious disease models. 

In particular: 

- Social Media Networks. To mine network and communication data from Twitter to study the topology of 

health related beliefs and behaviors. 

- Antigenic Cartography and Viral Sequencing. To explore how antigenic cartography and viral sequence data 

may improve influenza and dengue epidemic forecasting. 

 

DATA TYPES AND METHODS 

Multidisciplinary data integration requires dedicated techniques, with methods particular to each data type 

included. We propose an overall timeline of three years to develop the mathematical and statistical tools necessary 

to utilize: (1) social media and (2) viral sequencing and antigenic cartography, which we characterize as two unique 

subprojects. We intend to allocate three years to the overall endeavour and expect it to yield a minimum of three 

articles. Specific motivations and methodologies for each subproject are given below. 

 

Social Media Networks (Sep 2017-Aug 2018) 

Social media is fundamentally changing the way people communicate and shape their beliefs. Many now look to their 

social networks as a primary source of information and ‘echo chambers’ are quickly becoming a hallmark of opinion 

formation [1-2]. Understanding the nature of human contact and systems of communication in the digital age will 

require techniques that incorporate social media. These data also provide a valuable new lens to observe human 

behavior and public opinion on a publicly available, big data scale. We hope to leverage the wealth of data 

embedded in Twitter networks and conversations to better understand the socio-behavioral dynamics impacting 

pathogen spread in populations. While some modeling groups have already used general Twitter data to observe 

sentiment at the resolution of a population [3-4], methods have had not been developed to understand these 

opinions in the context of a structured network. By looking at the nature and modularity of beliefs within a 

structured lattice, we can better understand how people’s opinions inform each other, how information moves 

within the network, and where clusters of, for example, anti-vaccination sentiment are located. We will use 

network structured longitudinal data to explore the factors impacting belief formation and rigidity, specifically in 

relation to anti-vaccination sentiment. 

We have already implemented the scripts 

necessary to dredge, format, and compile 

structured networks from the Twitter API. We 

have also started developing a preliminary 

statistical framework and network analytic tools 

needed to interpret the collected data; in 

particular this involved the implementation of 

machine learning tools to assess tweet sentiment, 

algorithms to assess network modularity, and a 

statistical framework to interpret opinion 

distributions. Analysis of modularity in our 

preliminary data revealed communities centered 

around shared opinions, habits, and locations. By 

observing the intersections of opinion based 

clusters, we can develop a multidimensional 

understanding of health related belief paradigms. 

Figure 1 shows a sampled ego network from our 

preliminary results exemplifying the intersection of 

anti-vaccination and autism advocacy based 

clusters. We have already set up a passive data 

collection system to ensure that there will be enough big data available at the start of the thesis to perform 

meaningful and high powered analysis. 

The first year of the thesis will expand upon our previous work to create a more complete set of tools to 

analyze Twitter data. The machine learning tools to perform semantic text analysis will be improved and the 

preliminary methods will be refined. The finalized framework will consider both static features, such as network 

modularity and clustering patterns, and dynamic features, such as the propagation of particular beliefs or rumors 

Figure 1. Opinion based clustering in a sampled Twitter ego network. Node  

size reflects degree and edges indicate follower-friend relationships.  

Clusters are indicated by colour, here we see an autism advocacy cluster  

(green) intersecting with an anti-vaccination cluster (red). 



over time. The formation of dense communities based on mutual interest may help to explain opinion resilience in 

the face of contradictory information flows in the larger graph. Such insularity to change could provide insight 

into the persistence of, for instance, anti-vaccination culture in spite of pro-vaccination campaigns. Understanding 

the dynamics of opinion propagation and formation can provide a valuable foundation for evidence based 

approaches to public health information campaigns. Through direct observation of sentiment, we may gain insight 

into the efficacy of various information outlets as public health tools of information dissemination. Given the scale 

of Twitter data, this subproject will promote the development of tools robust enough to manage and leverage the 

benefits of big data. The project will also develop tools that can be readily applied to additional questions of 

interest to public health, such as analysing the beliefs that drive the misuse of antibiotics or assessing the 

relationship between public sentiment and health care use. 

 

Antigenic Cartography and Viral Sequencing (Sep 2018-Aug 2020) 

Influenza viruses continue to cause large-scale global epidemics each year. Unlike many other viruses, where host 

infection is followed by lifelong immunity, individuals can become repeatedly infected by different influenza 

viruses across influenza seasons. This ‘immune escape’ is brought about by the dynamic interaction between host 

immunity and the virus. An individual infected by a particular influenza strain will be immune to that strain. 

However, continuous genetic evolution of the virus results in shifts in its antigenic surface that may allow it to 

overcome the acquired host immunity. The size and timing of an influenza epidemic may therefore be strongly 

influenced by the complex interaction of the antigenic profile of the population and the circulating influenza 

strains. Traditional epidemiologic data, such as case counts, are insufficient to characterize the complexity of this 

host-pathogen relationship. However, new types of data are becoming available that use estimates of antigenic 

distances between panels of viruses from different influenza seasons to create maps of antigenic space [5]. 

Integrating these new data streams into standard case surveillance using a modern statistical framework may 

improve our ability to predict influenza epidemics (e.g. Is it going to be a large epidemic this year? When will it 

peak? How many people are going to be affected?) and inform health care planning.  

Over the last year, our lab has built the capacity to generate influenza antigenic maps (we have already 

collected all the necessary data and developed the analytical tools to generate these maps). In the second year of 

the thesis, we will improve this infrastructure and integrate the antigenic distances it generates in mechanistic 

models describing influenza epidemics. We will use the rich data set of the French Sentinelles surveillance 

network, with data reaching back to 1984, to explore the ability of these methods to describe and predict 

observed influenza trends. If successful, methods using antigenic distances to infer strain-specific immunity could 

dramatically improve influenza forecasting, which would strengthen health care planning.  

Finally, generating the data necessary to evaluate antigenic distances is expensive and time consuming as it 

requires inoculating ferrets with different influenza strains. It would be much more convenient if we could predict 

the antigenic cartography from sequence information as there are a large number of influenza sequences publicly 

available[6-8]. In the final year of the thesis, we will use these datasets to explore how sequence information can 

be integrated into our analytical framework. An improved understanding of the effect of viral genomes on 

antigenic distance and immunity may also help inform the production and/or recommendation of influenza 

vaccination as a prevention measure.  

 
 

 

TIMELINE 

Semester 1: Final data collection and structuring from Twitter. Finalization of statistical framework to assess 

opinion formation and modularity. Initial validation of framework with collected data.  

Semester 2: Finalized analysis of social network data. Draft of first article and of social network subproject 

manuscript for final thesis. 

Semester 3: Incorporation of antigenic distance into existing influenza models and assessment of influenza 

forecasting using models enriched with antigenic cartography. Submission of first article. 

Semester 4: Final validation of antigenic cartography as a tool for viral forecasting. Writing and submission of 

second article. Initial review and implementation of methods to anticipate antigenic maps from viral 

gene sequences. Initial draft of antigenic cartography subproject for final thesis. 



Semester 5: Finalized implementation and validation of framework for inferring antigenic distances from viral 

gene sequences in the context of influenza forecasting. Initial draft of third article.    

Semester 6: Finalization of third article and full thesis. Defense of thesis.  

 

ANTICIPATED ARTICLES 

1. Impact of social network topology on the formation of health related beliefs and the implications for public 

health intervention.  

2. Assessment of integrative models for influenza forecasting that utilize antigenic cartography to predict 

expected seasonal immunity. 

3. Use of viral genome sequencing to anticipate antigenic maps of influenza and predict the size of outbreaks. 
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