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BACKGROUND

 Pre-exposure prophylaxis (PrEP) reduces HIV transmission, yet only 
2-5% of Americans who may benefit from it are using it

 Men who have sex with men (MSM) using PrEP show high rates of 
sexually transmitted infections (STI)

 Divergence of traditional STD prevention from HIV prevention 
raises new questions:
 Is STI an indicator for PrEP? (as an STD program intervention)

 What is the impact of PrEP on STI prevention? 



PURPOSE OF THE PROJECT

 To evaluate social media site REDDIT as a novel data source for 
monitoring behaviors and attitudes relevant to PrEP 

 To explore networks of attitudes and beliefs surrounding STD 
prevention in the context of PrEP



REDDIT IS AN OPEN FORUM PLATFORM THAT ALLOWS USERS TO SUBMIT AND
COMMENT ON LINKS, IMAGES, AND STATEMENTS FROM ACROSS THE INTERNET. 



DISSECTING REDDIT POSTS



STEPS IN THE PROCESS

 Data collection and processing
 Refine research questions, identify concepts of interest
 Define sampling frame (subreddits -e.g. askgaybros, PrEPared)
 Develop search and processing taxonomies 

 20 search terms (product names, STI names, concepts from STI 
prevention)

 Up to 40 concepts (e.g. stigma, side effects, adherence)

 Data analysis and output
 Process queries (one time .csv data file with meta-tagged data)
 Data explorer dashboard to conduct analysis/output



REFINED RESEARCH QUESTIONS, 

 What were the main topics of discussion regarding PrEP in 2015?

 How much uptake/use of PrEP was there vs. information seeking?

 What are main barriers to PrEP uptake?

 How are MSM talking with sex partners about PrEP? 

 When discussing PrEP how often are STDs other than HIV 
discussed, which STDs are mentioned, and in what context?



DATA EXPLORER (DASHBOARD)

 Temporal visualization of mentions of PrEP and STIs

 Visualization of distribution of mentions across digital space

 Visualization of relationships between topics

 Provide a view of the “size or volume” of conversations about 
PrEP (but not the “shape or meaning” of the conversation)



PROJECT RESEARCH QUESTIONS AND 
CONCEPT MATRIX



SEARCH TERMS AND CONCEPTS



8363 POSTS FROM 6 SUBREDDITS 
(2411 MENTIONS OF “PREP”)
JAN 1-DEC 31, 2015 



DEMONSTRATION

https://demo.medwatcher.org/

https://demo.medwatcher.org/


DEMO EXAMPLE: MEDWATCHER  



DEMO EXAMPLE: MEDWATCHER



NEXT STEPS

 Use completed dashboard to explore the volume and content of conversations about 
PrEP and STIs 
 Attitudes, perceptions
 Barriers, facilitators
 Context of PrEP use (e.g. behaviors, sex partners)

 Evaluate potential utility of subreddits and search terms for future surveillance use
 Evaluate potential for network analysis (topical content) and subsequent qualitative 

analysis 
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Program Perspective – Data Silos

Laboratory EpidemiologySurveillance



Program Perspective – Data Lake

Surveillance Laboratory Epidemiology



Connecting the Dots

Incidence Surveillance Molecular Surveillance



HIV-TRACE – Quantifying difference between sequences

HIV Sequences in FASTA file



HIV-TRACE Results – Simple Example
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Why build transmission networks?

Results direct ly comparable to tradit ional contact tracing data
• Can readily compare genetic distance and contact tracing

Fine-grain resolut ion of t ransmission dynamics
• Inform outbreak-specific intervention efforts
• Inform future prevention strategies

Ident ificat ion of unreported direct or indirect transmission links
• Aid for partner services and outbreak investigations 



Complementary Perspectives
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Complementary Perspectives
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Complementary Perspectives
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Analytics Enrichment

Integration

Both Contact & Genetic Minimum Spanning Tree
(MST)

Informatics



Decision Support

Minimum Spanning Tree
(MST)

Informatics

Recency of HIV Infection

ClinicalIntegration

Both Contact & Genetic

Established
Acute



Outbreak Response – HIV Outbreak among PWID in 
rural Indiana

 Outbreak Details
– >220 HIV+ diagnoses

– >90% inject drugs 
• 4-15x/day
• 1-6 partners/injection

– >90% HCV co-infection

– High prevalence of sex exchange for drugs or money



IDU ≤ 3

IDU ≥ 4

1 partner 2+ partners1 partner 2+ partners

Decision Support - Machine Learning
- HIV Outbreak in Rural Indiana, 2015



Outbreak Simulations
- HIV Outbreak in Rural Indiana, 2015



Outbreak Response – HIV Outbreak among PWID in rural Indiana

Genetic Distance Network
polymerase region

1.5% distance 
threshold

• Most HIV sequences are highly similar, 
representing rapid and recent transmission



Reported 
Needle 

Partners

Node Size

Group C

Group A

Group B

No Group

Node Color

Genetic Distance Network

0.1% distance threshold

• Pruning links with a lower threshold reveals 
community structure at cost of historical resolution

• Subgroups may be evidence of biological, social, 
temporal, and/or geographic factors

Outbreak Response – HIV Outbreak among PWID in 
rural Indiana



Composite of 
100 unique MSTs

Outbreak Response – HIV Outbreak among PWID in rural Indiana

• Minimum spanning trees (MSTs) select the most 
parsimonious links from the distribution of distances

• There can be many equally true MSTs, so we combine 
many unique MSTs to illustrate uncertainty



Close
Genetic 

Links

High-Risk 
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N > 10,000

N = 182

Mostly
Uninformative 

Noise

N > 1,500

Probable 
Transmission Links

Complementary Perspectives
- HIV Outbreak in Rural Indiana, 2015



Genetic Distance Network
1.5% distance threshold

Minimum Spanning Trees
Mean Distance <0.1%

Inferred Transmission Network

Outbreak Response – HIV Outbreak among PWID in 
rural Indiana



Integration is Complex and Resource Intensive

HIV Surveillance Data Integration Workflow



Data Prep
Trifacta Wrangler 
• Summary statistics

– Interactive visualization1

• Data cleaning
– Guided by machine learning2

– Live preview of changes3

• Optimized for collaboration
– Shareable scripts4

• Personal & Enterprise versions available

31

2

4

https://www.trifacta.com/start-wrangling/



Exploratory Analysis
Alpine Chorus 
Powerful collaborative and 
analytics tools via web forms

Intuitive workflow editor with 
drag and drop “operators”

Built-in analytics (decision trees, 
linear regression, PCA, k-means, 
and dozens more)

Custom code turned into drag & 
drop operators (R, Python, Java)

Open source and Enterprise
github.com/alpinedatalabs



Automated Solution

Enables reproducible machine 
learning analytics 

…without the programmer!

Model #1

Model #2

Model #3



Network visualization, exploration,
and animation 

Dynamic model generation
• Person  Person
• County  County

Variables mapped via dropdown
• Shape = Risk Factor
• Color = Infection Status
• Size = # of Reported Partners
• Link width = genetic distance

Pattern Recognition

Low-cost ‘lite’ version on the way for public health

Network Visualization
Centrifuge - Enterprise



MicrobeTRACE

Sequences + Epidemiologic Data Interactive Exploration of 
Transmission Networks

github.com/cdcgov/microbetrace



MicrobeTRACE

Distance Histogram

Alignment Viewer

Maps

Networks

github.com/cdcgov/microbetrace

Tree Viewer



Potential for Enhancement

Business
Partner with vendors for licensing innovation

• Public health “ROI” doesn’t translate to increased budget

Admin
Network administration and security must catch up and keep pace

Technology
Dynamic redaction of PII

• Submit necessary data for automated analysis
• Rapidly integrate sensitive data locally



On the Shoulders of Giants
Indiana
• Indiana State Department of 

Health Scott County Health 
Department

• Clark County Health Department
• Foundations Family Medicine 
• Indiana University School of 

Medicine, Division of Infectious 
Diseases

• University of Louisville School of    
Medicine, Division of Infectious 
Diseases

• NCHHSTP, Division of HIV/AIDS 
Prevention NCHHSTP, Division of 
Viral Hepatitis NCEZID, Division of 
Scientific Resources, Specimen 
Management Branch and Biotech 
Core Facility

• Epidemic Intelligence Service 

Surveillance
• HIV Incidence and Case 

Surveillance Branch (HICSB)
– Molecular HIV Surveillance 

• State, Territory, Local, and Tribal 
Public Health Departments

STOP Study
• NYC, NC, and SF public health 
• NCHHSTP, Division of HIV/AIDS 

Prevention (DHAP)

Commercial Laboratories
• Quest
• LabCorp

Software and Support
• SciComp, ITSO and OCISO at CDC
• Leidos Inc. 

– Centrifuge Systems
– Trifacta
– Alpine Data Labs

• UCSD Viral Evolution Group (VEG)
• Stanford Visualization Group 
• Seattle Interactive Data Lab
• Stanford HIV Drug Resistance DB 

Team
• Los Alamos National Laboratories
• Gephi Consortium



Items of interest
• Data Visualization Scientific Advisory Group [link]
• CDC GitHub organization - https://github.com/CDCgov/
• CodeForAtlanta – 8/13 – [link]
• CodeDay – Nov 11/12 – Registrations up [link]
• CDC Tracking Network Enviro Health App Challenge 

http://www.envirohealthchallenge.com/ - winners Sep 1
• Next Forum – November 7, 10am-11am ET- Share ideas 

you would like to have covered

• Please take 90 seconds to share your feedback, 
https://epiinfowebsurvey.cdc.gov/Home/aa515f48-55f7-
4a14-9b82-1a5bd2f96124. We’d love to hear from you on 
improving the quarterly forums.                       

https://intranetwp.cdc.gov/dataviz/
https://github.com/CDCgov/
http://www.codeforatlanta.org/
https://codeday.org/atlanta
http://www.envirohealthchallenge.com/
https://epiinfowebsurvey.cdc.gov/Home/aa515f48-55f7-4a14-9b82-1a5bd2f96124


Thank You & Questions

For more information please contact Centers for Disease Control and Prevention

1600 Clifton Road NE,  Atlanta,  GA  30333
Telephone: 1-800-CDC-INFO (232-4636)/TTY: 1-888-232-6348
Visit: www.cdc.gov | Contact CDC at: 1-800-CDC-INFO or www.cdc.gov/info

The findings and conclusions in this report are those of the authors and do not necessarily represent the official position of the 
Centers for Disease Control and Prevention.

Centers for Disease Control and Prevention
Office of Public Health Scientific Services
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