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1. What is Digital Epidemiology?

E-epidemiology (also known as Digital Epidemiology) is the science underlying the
acquisition, maintenance and application of epidemiological knowledge and
information using digital media such as the internet, mobile phones, digital
paper, digital TV. E-epidemiology also refers to the large-scale epidemiological
studies that are increasingly conducted through distributed global collaborations
enabled by the Internet (...) Modern IT technology provides means for storage,
organization and retrieval of large amounts of biological and lifestyle data, which
will ensure more data and more reliable statistical results. Efficient number
crunching computing, using modern analytical tools and simulation-based
inference procedures allow knowledge to be extracted from the resulting large
and complex data-structures. (...) Important aspects of e-epidemiology include
the development of security and confidentiality preserving solutions to protect
individual integrity and research data ownership.

DIGITAL EPIDEMIOLOGY

Adapted from Wikipedia



DIGITAL EPIDEMIOLOGY

- Contact Tracing (CT);

- Internet of things (IoT)

- Large Medical Datasets

- Data integration

- Online Activity
- Searches
- Social Media

DIGITAL REVOLUTION

DATA + MODELS -> DATA SCIENCE
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ANTIBIOTIC RESISTANCE

https://www.cdc.gov/antibiotic-use/community/about/antibiotic-resistance-faqs.html



STATE OF THE ART – Prescription correlates with resistance

Goossens, Herman, et al. "Outpatient antibiotic use in Europe and association with 
resistance: a cross-national database study." The Lancet 365.9459 (2005): 579-587.

ANTIBIOTIC RESISTANCE



ANTIBIOTIC RESISTANCE

Portugal is one of the top prescribers

- Poor prescribing practices?

- Sicker than average population?

- Both



ANTIBIOTIC RESISTANCE

- Outpatient data

- 2017 to 2019

- 152 million prescriptions

- 10.5 million unique patients.

- Can we identify top prescribers?
- Can we can infer diagnosis? – reduce incidence 



ANTIBIOTIC RESISTANCE

1. Start with some drugs we know are prescribed to specific diseases

2. Use a similarity metric to identify others “like them” – word2vec

3. Validate

4. Estimate diagnosis

5. Estimate the impact on Ab reduction

King    -------------- Queen

Metformin  ------------------- ?
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LESSONS FROM THE FLU



Tamiflu

LESSONS FROM THE FLU



Ginsberg, Jeremy, et al. "Detecting influenza epidemics using search engine query data“ 
Nature 457.7232 (2009)

Google Flu Trends

LESSONS FROM THE FLU
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Google searches for “flu” might be driven more by the media than by disease

USA H1N1 Flu Pandemic

LESSONS FROM PANDEMICS

Signal to noise problem



Data Sources: Google Trends, WHO and Media Cloud

Some search terms correlate strongly with the number of cases

Other search terms correlate better with media attention

LESSONS FROM PANDEMICS



Can we use it to improve prediction?
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LESSONS FROM PANDEMICS



Curating the data improves forecasting, over using all data

LESSONS FROM PANDEMICS



HEALTH PANDEMICS

Curating the data improves forecasting, over using all data



1. What is SPAC?

2. What is Digital Epidemiology?

3. Some examples of our work

1. Reducing antibiotic over-prescription

2. Learning from pandemics

3. Seasonal viruses

4. Bias and Risks

ROADMAP



NIRVS

Flu season & NIRVs

INSA National flu surveillance program. Season 2018/2019



NIRVS

Data:

∙ Epidemiological data: NIRVs positivity rates.

∙ Climate data (weighted for population).

∙ Symptoms data: Twitter, Google, Influenza Net.

Influenza-like

Non influenza-like

Positivity rates Canada



NIRVS

https://www.nature.com/articles/d41586-021-02817-8

https://www.nytimes.com/interactive/2021/04/22/science/flu-season-coronavirus-
pandemic.html



LESSONS FROM PANDEMICS

We are trying to use a combination of tools and datasets to study problems in 
public health

- Inferring diagnosis from prescription patterns
- Learning from pandemics to improve seasonal forecasting
- Understand viral competition and dynamics

- We could significantly reduce AB prescription 
- More data is not always better
- We might be experiencing epidemiological transition(s)

SUM UP
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WE CREATED A MACROSCOPE

DIGITAL REVOLUTION



WE CREATED A MACROSCOPE

DIGITAL REVOLUTION

- SECURITY BREACHES
- PRIVACY CONCERNS
- ETHICAL CONCERNS
- DATASET BIAS
- ALGORITHMIC BIAS
- INSTRUMENTATION BIAS



DIGITAL REVOLUTION

EASY COLLECTION OF SENSITIVE DATA
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DIGITAL REVOLUTION



Google searches for “flu” might be driven more by the media than by disease

USA H1N1 Flu Pandemic

ETHICAL CONCERNS

Google searches for “flu” might be driven more by fear/anxiety than by disease
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