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Abstract

Syphilis rates have been rapidly rising in the United States. New technologies, such as social 

media, might be used to anticipate and prevent the spread of disease. Because social media data 

collection is easy and inexpensive, integration of social media data into syphilis surveillance may 

be a cost-effective surveillance strategy, especially in low-resource regions. People are 

increasingly using social media to discuss health-related issues, such as sexual risk behaviors, 

allowing social media to be a potential tool for public health and medical research. This study 

mined Twitter data to assess whether social media could be used to predict syphilis cases in 2013 

based on 2012 data. We collected 2012 and 2013 county-level primary and secondary (P&S) and 

early latent syphilis cases reported to the Center for Disease Control and Prevention, along with 

more than 8500 geolocated tweets in the United States that were filtered to include sexual risk-

related keywords, including colloquial terms for intercourse. We assessed the relationship between 

syphilis-related tweets and actual case reports by county, controlling for socioeconomic indicators 

and prior year syphilis cases. We found a significant positive relationship between tweets and 

cases of P&S and early latent syphilis. This study shows that social media may be an additional 

tool to enhance syphilis prediction and surveillance.

Introduction

Syphilis, a sexually transmitted disease caused by the bacterium Treponema pallidum, is a 

growing public health concern. Untreated or inadequately treated infection can lead to long-

term sequelae, including ocular complications and damage to the internal organs, and can 

facilitate HIV transmission.(1) Although rates of syphilis hit historic lows in 2001, rates 

have steadily increased since then, with a 19% increase occurring from 2014 to 2015.(2) 

Traditionally, researchers and public health professionals have relied on surveillance 

strategies such as case reporting and patient interviews to monitor trends in reports of 

syphilis.(3) However, a major limitation of these strategies is that they require extensive time 
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and resources to gather and analyze data, and may suffer from self-report biases. To address 

the growing syphilis epidemic, additional tools are needed.

A large and increasing number of people have been using social media sites over the past 

decade.(4) Some social media users publicly discuss sexual risk–related attitudes, desires, 

and behaviors, which provides an opportunity for researchers to collect large amounts of 

data on sexual risk behaviors without the costs associated with traditional study techniques. 

Social media has been shown to be a feasible tool for detecting HIV case diagnoses and 

stress levels among students. For example, in 2014, Young and colleagues found a strong, 

positive correlation between county-level HIV data and HIV risk related tweets, suggesting 

the feasibility of using social media in detecting HIV. (5) Because people are using these 

sites to share health-related information, researchers have suggested incorporating social 

media data to monitor public health events, including influenza rates (6,7) and 

cardiovascular disease.(8)

Public health organizations, including the Centers for Disease Control and Prevention 

(CDC), have expressed interest in evaluating whether social media data might be used to 

address sexually transmitted diseases (STDs), such as syphilis.(9) If it were possible to 

predict STD trends, organizations could develop targeted intervention programs and more 

efficiently allocate resources toward high-risk geographic areas.

This study was designed to explore whether social media data might be used to predict 

trends in P&S and early latent syphilis. More specifically, we sought to identify associations 

between sexual risk-related social media (i.e., Twitter) data and county-level syphilis cases 

that would be reported the following year.

Methods

Syphilis is a nationally notifiable condition in the United States.(10) We reviewed weekly 

county-level syphilis case data reported to the CDC by all 50 states and Washington D.C. 

from 2012 to 2013. Weekly data were combined to give annual number of cases. Case 

reports were restricted to primary and secondary (P&S) syphilis cases (the earliest and most 

transmissible stages of syphilis) and early latent syphilis cases (the stage capturing non-P&S 

syphilis cases that likely occurred in the past 12 months); these stages of syphilis most 

closely represent incident infections. We included a number of covariates, including 

socioeconomic status, GINI index, previous year syphilis cases, population size, and 

education levels by geography. These covariates were added based on either previous 

research on typical associations with sexually transmitted and/or other related diseases as 

well as based on our own intuitions of possible confounding variables. Socioeconomic 

variables for all counties were obtained from the U.S. Census Bureau for 2012 to 2014. 

These covariates included county-level data on the percentage of residents living in poverty, 

the percentage of residents without health insurance, the percentage of residents with a high 

school education, and the GINI index.

The GINI index, a measure of wealth inequality ranging from zero (equal distribution of 

wealth) to one (one person has all of the wealth), was used to estimate the amount of wealth 
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disparity in the United States. The GINI index is available for all 50 states, but county-level 

data were available only for 814 counties. The GINI index was unavailable for rural counties 

so the state-level GINI index was substituted in its place. As a county’s prior syphilis rate 

likely predicts future syphilis rates, we also included 2012 syphilis data as a covariate to 

determine whether prior year twitter data would continue to predict future cases independent 

of prior syphilis burden.

Twitter data were taken from a previous study that identified tweets associated with sexual 

risk behaviors, drug use, and HIV.(5) In that study, tweets were collected using Twitter’s free 

advanced programming interface between May 26, 2012, and December 9, 2012. Metadata 

collected along with the tweet text included the user’s primary language, number of 

followers, and time the tweet was sent. Some users also enabled a geolocation feature that 

disclosed the author’s location in the form of latitude and longitude. Currently, 

approximately 2% of all users provide access to their geocoded information. We filtered the 

data to include only sex-related tweets and geolocated tweets originating from the United 

States, which resulted in a sample of 2,157,260 tweets. Geolocations in the United States 

were selected and assigned to the state and county levels as Federal Information Processing 

Standard (FIPS) codes (Fig. 1, Table 1).

Because syphilis is largely dependent on sexual behaviors, a list of words (for example, sex, 

fuck, dick, cock, suck) was compiled that was determined to be associated with sexual risk-

related attitudes and behaviors. A tweet was classified as syphilis risk-related if it contained 

one or more words or colloquial terms related to sexual intercourse.

We created an algorithm that searched the collected data to identify tweets with at least one 

keyword. All words were stemmed (i.e., suffixes were eliminated), converted to lowercase 

text, and punctuation was removed. Then, a sample of the filtered tweets was manually 

checked to ensure they were accurately related to risk-related behavior. The text of each 

tweet was processed to maximize sensitivity and specificity of content identification by 

filtering out tweets that contained co-occurring words that were not associated with risk 

behaviors. Based on the results, the list of words in the algorithm was refined to improve the 

accuracy of the tweets as being risk-related.

The time and location of each risk-related tweet were noted and the total number of risk-

related tweets from each county was calculated. The number of tweets per county ranged 

from 0 to 300 with a mean value of 2.38; three transformations were used to adjust for right 

skewness in the number of tweets. The original data analysis considered the proportion of 

tweets that were risk-related, but access to the total number of tweets per county was 

unavailable for the syphilis analysis. Risk-related tweets per 100,000 people was substituted 

for proportion of tweets, and is referred to as per-capita tweets. In addition to the per-capita 

transformation, a log transformation and square-root transformation—traditional 

transformations used for right-skewed data—were also implemented to evaluate the tweets.

To investigate whether Twitter data could be used to predict observed syphilis case report 

data, a series of negative binomial regressions were run to analyze the relationship between 
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the number of risk-related tweets per 100,000 people in each county, and reported cases of 

syphilis in 2013, controlling for possible confounders that were added as covariates.

Results

The dataset included 8,538 geolocated tweets from the United States that we identified as 

being related to sexual risk behaviors in 2012. In 2013, there was at least one case of P&S 

syphilis reported in 1,670 counties and at least one case of early latent syphilis reported in 

1,594 of the 3,142 county and county-equivalents (e.g., independent cities that do not belong 

to a county). As expected, we found that counties with a higher number of syphilis cases in 

the prior year, 2012, were associated with a 0.6% increase in the 2013 P&S syphilis 

incidence and a 0.4% increase in early latent Syphilis (p<0.0001).

As hypothesized, counties with a higher number of risk-related tweets from 2012 were 

significantly associated with a 2.7% increase in P&S syphilis and a 3.6% increase in early 

latent syphilis cases in 2013 (p<0.0001). These results were constant across all models run 

in our analyses, suggesting a relationship between syphilis and risk-related tweets. Risk-

related tweets from the previous year predicted syphilis cases, independent of the previous 

year’s syphilis case data and county-level socioeconomic factors.

In the P&S syphilis analysis, a one unit increase of P&S cases from the previous year above 

the mean led to a 0.6% increase in P&S syphilis cases in the following year, a one unit 

increase in risk-related tweets (i.e., an increase of one tweet) above the mean led to a 3% 

increase in P&S syphilis cases, a 1% increase in poverty above the mean led to a 4% 

increase in P&S syphilis cases, and a 0.10 point increase in GINI led to a 30% increase in 

P&S cases. In the early latent syphilis analysis, a one unit increase of the early latent 

syphilis cases from the previous year above the mean led to a 0.3% increase in early latent 

cases, a one unit increase in risk-related tweets above the mean led to a 4% increase in early 

latent cases, a 1% increase in poverty above the mean led to a 4% increase in early latent 

cases, and a 1% increase in the people without health insurance above the mean led to a 4% 

increase in early latent cases (Table 2). Table 2 displays two separate multivariate regression 

models: one for P&S Syphilis and the other for early latent syphilis. The table includes all 

predictors, including ones that were not statistically significant.

Discussion

Researchers have suggested that social media may be a new tool that could be used to 

predict public health outcomes, such as syphilis cases, and supplement existing surveillance 

tools. (5) Previous studies have used similar methods to find associations between risk 

behaviors reported on social media and HIV prevalence (5). To our knowledge, this is the 

first study to explore the association between risk behaviors and syphilis. We found that 

reported syphilis cases were predicted by the number of risk-related tweets per county in the 

previous year, suggesting that further research be conducted to explore whether and how 

social media might be used to forecast trends in syphilis, including geographical and 

temporal variations. Theoretically, researchers could apply this methodology of mining 

social media for risk behaviors to numerous diseases and health events.
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Epidemiologists and health departments have already begun to use social data to monitor 

public health outbreaks. For example, Aramaki and colleagues extracted and filtered tweets 

that were associated with influenza reports in Japan.(6) When the tweets were compared to 

actual Japanese influenza reports, up to a 0.97 correlation was found. Elsewhere, in a study 

of cardiac incidents,(8) researchers evaluated 100 million tweets from 1,300 U.S. counties. 

The language in the tweets was parsed into word clouds that reflected “risky” or “protective” 

language. Similar to the methods used in this study, algorithms were created that compared 

the sentiment of the tweets from each county with CDC data on causes of death. Counties 

whose tweets expressed more negative emotion had more heart disease–related deaths 

compared with counties that featured tweets with more protective language. The present 

study provides more support for the claim that social media data might be useful as a tool for 

forecasting regional disease trends and warrants additional research on this topic.

In this era of limited resources, it is important to explore all possible methods that might be 

used to improve public health. Given that initial findings from this study and others support 

that social media data might be used as a public health monitoring and/or prediction tool, 

additional research might be warranted on this topic. If social media monitoring models 

were found to be accurate and effective, then public health organizations could be able to use 

results from these models to intervene using existing syphilis intervention methods. For 

example, public health organizations might use geo-targeted social media data to help 

facilitate increased syphilis partner notification, screening in jails and correctional facilities, 

and to encourage providers to screen according to recommendations and guidelines.

This study was limited by a number of factors. First, although a large and increasing number 

of people use social media, including Twitter, these data are a biased representation of the 

general population. Mitigating this issue somewhat is the fact that young people are more 

likely to use Twitter, and are more likely to be diagnosed with syphilis.(2) (11) Second, this 

analysis only reviewed data from 2012 and 2013: a longitudinal analysis would be needed 

before public health organizations invested resources to develop formal mechanisms based 

on this analysis. In addition, the majority of tweets could not be geolocated, and areas with a 

high number of syphilis cases may already have public health messaging programs that use 

social media. For example, although we checked the content of tweets to verify that the 

majority of tweets discussed content related to sexual risk, many were also related to 

prevention of STDs that may have been created by public health organizations. However, we 

still believe the association identified in this analysis is important and warrants additional 

exploration as it occurs regardless of the limitations of social media content and location of 

tweets. Additional limitations were that syphilis was defined using reported cases, which 

likely underestimated incidence;(12) and, as in all non-randomized controlled studies, there 

may be additional confounders that we did not include.

Finally, it is important to address the ethical implications of this study. While the tweets we 

analyzed did contain personal information (i.e., location and username) and admissions of 

risky behaviors, it is important to recognize that the Twitter profiles were all public. In the 

future, if researchers wish to use data from private social media profiles as well as public, 

social media platform hosts will have to consider the privacy of their users when granting 

permissions to researchers.
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Conclusion

Surveillance for syphilis, including routine case reporting, is the backbone of prevention and 

control activities. However, new tools are needed to address the limitations of existing 

methods such as lag time in reporting. Social media data are captured in a natural setting and 

publicly and freely available in real-time, helping to address some of the limitations of 

existing tools. This exploratory study suggests that public health organizations may be able 

to incorporate social media data along with existing methods to more effectively intervene 

and prevent the spread of syphilis. In areas with robust case reporting, further investigation 

into associations between social media and real time observed case reports will help to refine 

prediction models and investigate the utility of social media data. In the absence of syphilis 

monitoring methods, such as in certain global low-income regions, this study suggests social 

media data is an inexpensive tool that might be used to estimate case reporting.
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Key Points

Question

Can social media be used to predict syphilis?

Findings

We found a significant positive relationship between sexual risk–related tweets and cases 

of primary and secondary (P&S) and early latent syphilis, independent of the number of 

syphilis cases in the prior year.

Meaning

Social media is a potential tool to predict syphilis cases; further work is needed to 

investigate the utility of using social media data to enhance syphilis surveillance. Because 

social media data collection is easy and inexpensive, integration of social media data into 

syphilis surveillance may be a cost-effective surveillance strategy, especially in low-

resource regions.
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Figure 1. 
Risk-related tweets from May 2012 to December 2012.
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Table 2

Negative binomial regression results for 2013

Primary and Secondary Syphilis

Coefficient Standard Error p

P&S syphilis cases in 2012 0.006 0.001 < 0.0001

Risk-related tweets 0.027 0.004 < 0.0001

Percent living in poverty 0.038 0.006 < 0.0001

GINI index 2.611 1.153 0.02

Percent without health insurance 0.002 0.007 0.83

Percent with a high school education 0.004 0.004 0.36

Early Latent Syphilis

Coefficient Standard Error p

Early latent syphilis cases in 2012 0.004 0.001 < 0.0001

Risk-related tweets 0.035 0.004 < 0.0001

Percent living in poverty 0.041 0.006 < 0.0001

GINI index 1.509 1.210 0.21

Percent without health insurance 0.043 0.007 < 0.0001

Percent with a high school education 0.009 0.004 0.05
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