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 PART 1: WHY RETHINK PUBLIC HEALTH SURVEILLANCE? 
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 48 YEARS AGO… 

AS11-40-5868; Copyright/Owner: NASA 

https://spaceflight.nasa.gov/gallery/images/apollo/apollo11/html/as11_40_5868.html 

Apollo Guidance Computer 

24 x 12.5 x 6 inches 
70.1 lbs 

76 kilobytes of memory 
https://history.nasa.gov/computers/Ch2-5.html 

20 July, 1969 



4 

 49 YEARS AGO… 

http://apps.who.int/iris/handle/10665/85808 
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 LAST 15 YEARS… 
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 POLL 

Natural Language Processing 

Semantic Parsing 

Entity Tagging 

Neural Network 

Supervised Machine Learning 

No idea    Sound familiar    I dabble    I code 



 WHY DO PUBLIC HEALTH SURVEILLANCE? 
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 DESCENT… 

~3,000 BC 

Pharaoh Mempses (Semerkhet) 

“great pestilence” 

Iry-Hor / CC BY-SA 3.0 

https://en.wikipedia.org/wiki/Semerkhet 

Bernard C. K. Choi, “The Past, Present, and Future of Public 

Health Surveillance,” Scientifica, vol. 2012, Article ID 

875253, 26 pages, 2012. doi:10.6064/2012/875253 

http://creativecommons.org/licenses/by-sa/3.0
http://creativecommons.org/licenses/by-sa/3.0
http://creativecommons.org/licenses/by-sa/3.0
http://creativecommons.org/licenses/by-sa/3.0
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 DESCENT… 

1348 

Venetian Republic 

Declich, S., & Carter, A. O. (1994). Public health surveillance: historical origins, 

methods and evaluation. Bulletin of the World Health Organization, 72(2), 285–

304. 
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 DESCENT… 

17th century 

London, England 

Declich, S., & Carter, A. O. (1994). Public health surveillance: historical origins, 

methods and evaluation. Bulletin of the World Health Organization, 72(2), 285–

304. 
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 DEVELOPMENT… 

02 September 1945 

U.S. Navy - Naval History and Heritage Command 

https://www.history.navy.mil/our-collections/photography/us-

people/m/macarthur-douglas-in-japan-august-1945-june-1950/80-g-332701.html 
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 DEVELOPMENT… 

25 June 1950 
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 DEFINITIONS… 

The continued watchfulness over the 

distribution and trends of incidence 

through the systematic collection, 

consolidation, and evaluation of 

morbidity and mortality reports and 

other relevant data. Intrinsic in the 

concept is the regular dissemination 

of the basic data and interpretations 

to all who have contributed and to all 

others who need to know 
 

Alexander Langmuir 

The surveillance of  communicable diseases of national importance. New England 

Journal of Medicine. 268:182-192, 1963 

DOI 10.1056/NEJM196301242680405 



…the epidemiological study of a disease as 

a dynamic process involving the ecology of 

the infectious agent, the host, the reservoirs 

and the vectors, as well as the complex 

mechanisms concerned in the spread of 

infection and the extent to which this 

spread occurs 
 

Raska, K.  

National and international surveillance of communicable diseases. WHO Chronicle. 20(9):315-321, 1966 

http://apps.who.int/iris/bitstream/10665/74658/1/WHO_CHRON_1966_20_eng.pdf 

 DEFINITIONS… 
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…surveillance implies the systematic collection and use of 

epidemiologic information for the planning, implementation 

and assessment of control of communicable disease; in short, 

it is “INFORMATION FOR ACTION”. 

…three main features of surveillance are identifiable: 

(a) The systematic collection of pertinent data  

(b) The orderly consolidation and evaluation of these data and  

(c) The prompt dissemination of the results to those who need 

to know, particularly those who are in a position to take 

action 
WHO 1968 

http://apps.who.int/iris/bitstream/10665/143808/1/WHA21_TD-5_eng.pdf 

…surveillance implies the systematic collection and use of 

epidemiologic information for the planning, implementation 

and assessment of control of communicable disease; in short, 

it is “INFORMATION FOR ACTION”. 

…three main features of surveillance are identifiable: 

(a) The systematic collection of pertinent data  

(b) The orderly consolidation and evaluation of these data and  

(c) The prompt dissemination of the results to those who need 

to know, particularly those who are in a position to take 

action 
WHO 1968 

http://apps.who.int/iris/bitstream/10665/143808/1/WHA21_TD-5_eng.pdf 

 DEFINITIONS… 
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Indicator Based Surveillance 
the routine reporting of cases of disease, including through notifiable diseases surveillance systems, 

sentinel surveillance, laboratory based surveillance etc. This routine reporting originates typically from 

a healthcare facility where reports are submitted at weekly or monthly intervals. 
WHO. Checklist and Indicators for Monitoring Progress in the Development of IHR Core Capacities in States Parties (2011) 

 

Syndromic Surveillance 
Syndromic surveillance uses health-related data that precede diagnosis and signal a sufficient 

probability of a case or an outbreak to warrant further public health response 
Eysenbach G. Infodemiology: Tracking Flu-Related Searches on the Web for Syndromic Surveillance.  

AMIA Annu Symp Proc. 2006; 2006: 244–248. 

Event Based Surveillance 
the organized and rapid capture of information about events that are a potential risk to public health 

including events related to the occurrence of disease in humans and events related to potential risk-

exposures in humans. This information can be rumours or other ad-hoc reports transmitted through 

formal channels (e.g. established routine reporting systems) or informal channels (e.g. media, health 

workers and nongovernmental organizations reports) 
WHO. Checklist and Indicators for Monitoring Progress in the Development of IHR Core Capacities in States Parties (2011) 

 DIVERGENCE… 
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 METHODOLOGICAL RIGOUR… 

https://www.youtube.com/watch?v=jCK2mflwESM&t=16s 
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https://www.youtube.com/watch?v=jCK2mflwESM&t=16s


 METHODOLOGICAL RIGOUR… 

Epidemiology often forsakes the richness of a people’s way of 

living for quantitative rigour.  
 

Marilyn K Nations in Anthropology & Epidemiology 

Craig R. Janes et al (eds); p. 97 

D Reidel Publishing Company, 1986 
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 METHODOLOGICAL RIGOUR…OR RIGOR MORTIS? 

Epidemiology often forsakes the richness of a people’s way of 

living for quantitative rigour.  
 

Marilyn K Nations in Anthropology & Epidemiology 

Craig R. Janes et al (eds); p. 97 

D Reidel Publishing Company, 1986 
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 PART 2: HOW SHOULD WE RETHINK PUBLIC HEALTH SURVEILLANCE? 
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 FOUR KEY ELEMENTS 

22 

PROCESSING ANALYTICS INPUT OUTPUT 



 FOUR KEY ELEMENTS 
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PROCESSING ANALYTICS INPUT OUTPUT 



Ref: http://wwwnc.cdc.gov/eid/article/15/5/08-1114-f1.htm 

SMS messaging 

Microblogging 

Emailing 

Internet searches 

Social networks 

Internet chatting 

Blogging 

Online news reporting 

Video/radio news reporting 

Health expert reporting 

Epidemic curve 

Time 

Figure. Hypothetical timing of informal electronic sources available during an outbreak.   

 INFORMATION CONTINUUM 
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 EARLY WARNING INITIATIVES 



 AN INCREASINGLY OPEN WORLD… 

http://www.socialmediatoday.com/social-networks/2015-05-08/what-people-share-more-social-media-infographic 
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 #EBOLA: 31 AUGUST 2014 - 12 OCTOBER 2014 
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https://srogers.carto.com/viz/98cb3c42-4d7b-11e4-b811-0e4fddd5de28/embed_map
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 TAPPING INTO REAL-TIME DATA 

http://www.ccsinsight.com/press/company-news/2968-ccs-insight-forecast-reveals-steady-growth-in-smartwatch-market 
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 OH…CRAP… 

If her team could sample sewage from every neighborhood in the metro 

area, Dr. Carlton reasoned, the resulting genetic map would highlight the 

city’s microbial diversity across different districts. Once public health 

officials knew what normal bacteria and viruses to expect in each sector 

of the city, she hopes, they will be better able to identify dangerous 

outliers — a new strain of the flu, for instance, or an outbreak of food-

borne illness. 

 

“It’s a preventative public health question,” Dr. Carlton said. “We need to 

know the baseline to know how the baseline changes over time.” 

https://mobile.nytimes.com/blogs/well/2014/11/10/what-our-sewage-can-teach-us/ 

Science Times Podcast: Claire Maldarelli interviews reporter Joshua Krisch 

Jane M. Carlton, a geneticist and director of New York University’s 

Center for Genomics and Systems Biology 
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 IT’S A BIG DATA WORLD AFTER ALL 
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 FOUR KEY ELEMENTS 
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PROCESSING ANALYTICS INPUT OUTPUT 



 PROCESSING 
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 MACHINE LEARNING AND INTELLIGENCE 

https://www.autodraw.com/ 

https://www.google.com/intl/es419/insidesearch/features/images/searchbyimage.html 

https://www.imageidentify.com/ 



 MACHINE LEARNING AND INTELLIGENCE 
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 AUTOMATING ENTITY EXTRACTION FOR LINE LIST BUILDING 

Code available on GitHub 
https://github.com/sauravcsvt/KDD_linelisting 

https://arxiv.org/abs/1702.06663 
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 BUILDING AND FOLLOWING STORIES 

36 



 BUILDING AND FOLLOWING STORIES 

http://www.newsreader-project.eu/ 
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 NATURAL LANGUAGE PROCESSING 

https://nlp.stanford.edu/ 

named entity tagger parts of speech parser 
http://nlp.stanford.edu:8080/ner/ http://corenlp.run/ 
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 THE MICROSCOPE IN YOUR HAND… 

http://www.ajtmh.org/content/journals/10.4269/ajtmh.16-0912 http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0017150 

Micrographs of peripheral blood smears. 

Upper row: images from a traditional microscope. Bottom row: 

images from a cell phone microscope. Left, blood from a normal 

patient. Center, blood from a patient suffering from iron deficiency 

anemia. Right, blood from a patient suffering from sickle cell anemia. 

https://doi.org/10.1371/journal.pone.0017150.g006 

https://doi.org/10.1371/journal.pone.0017150.g006
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 THE MICROSCOPE IN YOUR HAND… 

https://www.wired.com/2011/03/diy-cellphone-microscope/ 



 FOUR KEY ELEMENTS 
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PROCESSING ANALYTICS INPUT OUTPUT 



KNOWN 

PROBABLE 

GUT 

Objective (black and white) 

Characteristics or attributes that are known or calculated 

These may change as more information is acquired 

Subjective (grey area) 

Based on knowledge, experience, etc 

Informed by known facts and probability 

Given known facts, a probability can be calculated 

and assigned (e.g. to an occurrence or an outcome) 

 RISK ASSESSMENT & PREDICTIVE ANALYTICS 
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PATHOGEN 

HUMAN 

ANIMAL 

 RISK ASSESSMENT & PREDICTIVE ANALYTICS 
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mode of 

transmission 
prevention treatment virulence R0 incubation 

mode of 

transmission 
prevention treatment virulence R0 incubation 

PATHOGEN PATHOGEN 

 RISK ASSESSMENT & PREDICTIVE ANALYTICS 
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 FOUR KEY ELEMENTS 
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PROCESSING ANALYTICS INPUT OUTPUT 



 INTERACTIVE, CUSTOMISABLE AND COORDINATED OUTPUT 
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https://keshif.me/gallery/foodborneoutbreaks 

https://keshif.me/gallery/foodborneoutbreaks


 FOUR KEY ELEMENTS 

47 

PROCESSING ANALYTICS INPUT OUTPUT 
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the future public health practitioner will be moving beyond 

traditional epidemiological thinking and approaches, using 

novel data sources and relying on evidence that is more 

experiential and less robust than classic empirical research 
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 CHALLENGES 

Governance, Privacy, Confidentiality and Security 

Competencies and Collaboration 

Data Quality: Garbage In….. 

Get yourself enough data and you can pretty 

much make it say whatever you want 
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 CHALLENGES 
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