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Abstract

Background: Syphilis, a sexually transmitted infection that can cause severe congenital disease
when not treated during pregnancy, is on the rise in the United States. Our objective was to
identify US counties with elevated risk for emergence of primary and secondary (P&S) syphilis
among women of reproductive age.

Methods: Using syphilis case reports, we identified counties with no cases of P&S syphilis
among women of reproductive age in 2017 and 1 case or more in 2018. Using county-level
syphilis and sociodemographic data, we developed a model to predict counties with emergence of
P&S syphilis among women and a risk score to identify counties at elevated risk.

Results: Of 2451 counties with no cases of P&S syphilis among women of reproductive age

in 2017, 345 counties (14.1%) had documented emergence of syphilis in 2018. Emergence was
predicted by the county’s P&S syphilis rate among men; violent crime rate; proportions of Black,
White, Asian, and Hawaiian/Pacific Islander persons; urbanicity; presence of a metropolitan area;
population size; and having a neighboring county with P&S syphilis among women. A risk score
of 20 or more identified 75% of counties with emergence.

Conclusions: Jurisdictions can identify counties at elevated risk for emergence of syphilis
in women and tailor prevention efforts. Prevention of syphilis requires multidisciplinary
collaboration to address underlying social factors.
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Syphilis, a bacterial sexually transmitted infection (STI), is particularly concerning in
women of reproductive age, because syphilis can be transmitted to the fetus during
pregnancy and cause congenital syphilis. Congenital syphilis is associated with miscarriage,
stillbirth, preterm delivery, infant death, and physical and neurological sequelae for infants
who survive.1:2 Since 2013, there have been substantial increases in primary and secondary
(P&S) syphilis case rates among women of reproductive age (15-44 years) in the United
States, with mirrored increases in congenital syphilis.

In 2019, 1870 cases of congenital syphilis were reported to the Centers for Disease Control
and Prevention (CDC), with significant racial/ethnic disparities.3 Case counts continued to
increase in 2020.4 Although once geographically concentrated, syphilis affects more US
communities every year. In 2013, only 379 of the 3143 counties reported 1 or more case

of P&S syphilis among women of reproductive age, whereas 899 counties reported cases
in 2019 (unpublished CDC data). Prevention of congenital syphilis requires prevention of
community transmission of syphilis, as well as timely diagnosis and treatment of pregnant
women with syphilis.#

Screening for syphilis can identify infections and, when combined with prompt treatment,
reduce sexual and vertical transmission. Currently, syphilis screening in women is
universally recommended for women who are pregnant or living with HIV. All pregnant
women should be screened for syphilis at the first prenatal visit, with repeat testing at 28
weeks’ gestation and at delivery for women with individual risk factors or who live in
communities with high syphilis rates.

Syphilis screening based on individual risk factors has limitations. During 2012 to 2016,
half of pregnant women with syphilis did not report traditional risk factors during public
health case investigation, such as high-risk sexual behaviors or substance use.® Individual
risk factors for syphilis acquisition may also change over time, with recent increases

in the reported use of methamphetamines and injection drugs among women with P&S
syphilis.” In addition, health care providers may not consistently or comprehensively ask
patients about sexual behaviors and, therefore, fail to ascertain risk factors.8:? Given the
limitations of risk-based screening, understanding community prevalence and identifying
communities at risk for new cases of syphilis among women of reproductive age may help
guide screening and prevention efforts.

The objective of this study was to identify US counties with elevated risk for emergence

of P&S syphilis among women of reproductive age. Specifically, we sought to develop a
predictive model and user-friendly risk score using syphilis case report data and county-level
sociodemographic data to identify counties that may have 1 or more case of P&S syphilis
among women of reproductive age after reporting zero cases in the prior year. By identifying
counties at elevated risk for emergence of syphilis in women of reproductive age, public
health authorities can prepare for increases and implement strategies to prevent both syphilis
and congenital syphilis.
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Analytic Sample and Outcome Classification

Syphilis is a reportable condition in all 50 states and the District of Columbia and is a
nationally notifiable disease. Using the Council of State and Territorial Epidemiologists’
stage-specific case definitions for syphilis, all US jurisdictions provide case data to CDC
through the National Notifiable Diseases Surveillance System (NNDSS).10 We used the
NNDSS data to create an analytic sample that included US counties and county equivalents
with zero reported cases of P&S syphilis among women of reproductive age in 2017. Our
outcome of interest, which we refer to as “emergence of syphilis in women,” was whether
a county then reported 1 or more case of P&S syphilis among women of reproductive age
in 2018 (yes/no) and was chosen to identify cases of syphilis in women most likely to be
incident infections. Of note, changes to Alaska county codes led to 3 inconsistent county
equivalent areas between data sources, resulting in 3140 counties considered for analysis.
All data management and analyses were performed using Stata (version 16, Statacorp LP).

County-Level Predictive Factors

Candidate factors considered for inclusion were factors with available county-level data
from 2017 that we theorized to be associated with syphilis or were previously identified
as being associated with syphilis or congenital syphilis.8:":11.12 All candidate factors
considered for inclusion had less than 10% missing data. Candidate factors were county-
level measures of social and economic status, population size and urbanicity, health care
access, and sexual and reproductive health. Data on candidate variables were drawn from
multiple sources, including the County Health Rankings Roadmaps 2019 and 2020 analytic
files, which compile data from the US Census, Federal Bureau of Investigation’s Uniform
Crime Reporting program, US Department of Agriculture, American Community Survey,
National Center for Health Statistics, Small Area Health Estimates, and Area Health
Resource files.13 We also used data from the 2018 CDC Social Vulnerability Index and
NNDSS. When available, we used data from 2017, although some data were based on a
range of years, such as 2014 to 2018.

County demographics (proportions of persons identifying with racial and Hispanic ethnicity
groups, proportions of persons living in urban areas, and population size), socioeconomic
status (income inequality measured by the ratio of household income at the 80th percentile
relative to household income at the 20th percentile) and health status (ratio of primary

care physicians to population, number of births per 1000 female population aged 15 to

19 years, proportion of the population uninsured) were obtained from the County Health
Rankings and Roadmaps 2019 and 2020 analytic files. We also considered the county
violent crime rate (crimes per 100,000 persons) as a proxy for complex relationships
between socioeconomic status and substance use.12 In addition, we considered proportions
of the population identifying as White, Black, Hispanic, American Indian/Alaskan Native,
Asian, and Hawaiian/Pacific Islander from the County Health Rankings and Roadmaps 2019
file, based on census population estimates for 2017, to investigate the underlying social,
environmental, and structural factors for which race and ethnicity may serve as a proxy.14
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We used county-level data from the 2018 CDC Social Vulnerability Index for estimates
on the proportion of the population living below the poverty line, unemployment rate,

and household crowding (measured as the proportion of occupied housing units with
more people than rooms), which is based on the American Community Survey from

2014 to 2018.1° The presence of a metropolitan area was obtained from the 2010 US
Department of Agriculture Rural Urban Commuting Area Codes, and we defined counties
with metropolitan areas as those with metropolitan rural-urban commuting area codes.16

We hypothesized that syphilis rates in men may predict increases in syphilis among women.
County-level case rates of P&S syphilis among men were calculated as the number of cases
reported to NNDSS in 2017 per 100,000 male population. In addition, we hypothesized that
“spillover” from neighboring counties might contribute to syphilis emergence. We used 2017
NNDSS data and the Polygon Neighbors tool in ArcGIS Pro to create a binary (yes/no)
variable for whether a county had a neighboring county with P&S syphilis among women of
reproductive age.1’

Predictive Factor Selection and Model Building

The first step in building our predictive model was to explore descriptive statistics of all
candidate predictive factors. All factors that were continuous variables were transformed
into binary (dichotomized at the median) and tertile forms, and the functional form with
better model fit for each factor was selected for model building. We assessed the crude
association between the binary and tertile forms of the factors and our outcome of interest
(emergence of syphilis) and used Akaike Information Criterion to determine which form had
better fit. We used adaptive least absolute shrinkage and selection operator (lasso) regression
with 10-fold cross validation to select factors for retention in a final multivariable model 18
Through penalizing the absolute size of coefficients in the regression model, lasso excludes
the weaker factors from the model and includes only the strongest predictors. An adaptive
lasso was chosen as the method for factor selection to create a more parsimonious model.
Nineteen predictive factors were included in the lasso regression. The factors identified
through lasso regression for optimal predictive performance were included in the final
logistic regression model to generate adjusted odds ratios.

Risk Score Creation and Cutoff Selection

Using the final predictive model, we created risk scores and determined an optimal risk
score cutoff to define counties at elevated risk of syphilis emergence. We assigned each
factor in the final model a predictor score, calculated by multiplying the adjusted odds
ratio by 2 and rounding to the nearest integer. We summed predictor scores to obtain an
overall risk score for each county. To identify the optimal risk score cutoff, we calculated
the sensitivity and specificity of each potential risk score cutoff by comparing the counties
predicted to have elevated risk for emergence at each risk score with the counties that truly
reported 1 or more case of P&S syphilis in 2018.12 We determined a priori that we wanted
a risk score cutoff with a sensitivity and specificity closest to 80%, prioritizing a higher
sensitivity, and that identifies a lower number of counties.
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Sensitivity Analysis

RESULTS

Previous studies used the rate of P&S syphilis among men who have sex with men

(MSM) to predict county-level increases in congenital syphilis.12 We conducted a sensitivity
analysis to assess whether including the rate of P&S syphilis among MSM as a factor in

the model improved model fit, in addition to or instead of the rate of P&S syphilis among

all men. The rate of P&S syphilis among MSM was derived similarly to the rate of P&S
syphilis among all men, using NNDSS syphilis data from 2017, identified by gender and
gender of sex partners and estimated MSM population.19 The P&S syphilis rate among all
men and among MSM were included in the lasso regression, together and separately, and
model fit diagnostics were used to identify which predictor to use in the final model.

Among 3140 US counties, 2451 (78.1%) counties had no reported cases of P&S syphilis
among women of reproductive age in 2017 and were included in the analysis. Of the 2451
counties with no cases in 2017, 2254 (92.0%) had no cases in 2016 and 1993 (81.3%) had
no cases in 2013 to 2016. In 2018, 345 counties (14.1%) had emergence of syphilis among
women of reproductive age. Most of the 345 counties (n = 195; 56.5%) were in the south,
followed by the midwest (h = 80; 23.2%), west (n = 44; 12.8%), and northeast (n = 26;
7.5%). For the 345 counties with documented emergence in 2018, the range of cases was 1
to 6.

Nineteen predictive factors were considered for inclusion in the final multivariable model
(Table 1). For most factors, there were differences between counties with and without
emergence of syphilis in women in 2018. For example, the median population size and the
proportion of the population living in an urban area were higher for counties with emergence
of syphilis. Based on the lasso regression, 10 factors were selected for inclusion in the final
predictive model: neighboring county with 1 or more case of P&S syphilis among women

of reproductive age, P&S syphilis rate among men, violent crime rate, proportions of the
population identifying as Black, White, Asian, and Hawaiian/Pacific Islander, proportion of
the population living in an urban area, presence of a metropolitan area, and population size
(Table 2).

In the final multivariable logistic regression model, large population size, high P&S syphilis
rate in men, and high proportion of the population identifying as Black were the strongest
predictors of emergence of syphilis in women with the largest adjusted odds ratios. The area
under the receiver operating characteristic curve for the predictive model was 80.6% (Fig.
1).

Based on the adjusted odds ratios from the final model, the predictor scores for each factor
ranged from O to 7, and the overall county-level risk scores (summation of the predictor
scores) ranged from 0 to 32. We identified the optimal risk score cutoff of 20 or higher,
which corresponded to a sensitivity of 75.4%, a specificity of 65.6%, and identification

of 984 counties with elevated risk for emergence of P&S syphilis among women of
reproductive age (Table 3).
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In a sensitivity analysis to determine whether including the rate of P&S syphilis among

all men and the rate of P&S syphilis among MSM improved model fit, lasso regression
selected only the rate among all men for inclusion in the final model. The model using only
P&S syphilis among all men had slightly better model fit compared with the model using
only P&S syphilis among MSM, based on Akaike Information Criterion and area under the
receiver operating characteristic curve.

Of the 984 counties that were identified with elevated risk for emergence through the
predictive model and risk score, 260 had documented emergence of syphilis in 2018.
Eighty-five counties were not identified as being at elevated risk but did have documented
emergence in 2018. Of these 85 counties, 71 counties had only 1 case reported in 2018.

DISCUSSION

Using available county-level sociodemographic and health factors, we built a predictive
model to identify counties with elevated risk for emergence of P&S syphilis among

women of reproductive age. Public health authorities can use available data (Supplemental
Table, http://links.lww.com/OLQ/A767) and these risk scores to identify counties with
elevated risk for emergence of syphilis in women and can allocate resources and tailor
interventions to prevent syphilis among women. Through preventing syphilis in women and
through identifying and treating women and their partners who have syphilis, the worsening
congenital syphilis epidemic in the United States could be stopped.?

For counties identified with elevated risk for emergence (Supplemental File, http://
links.lww.com/OLQ/A768), focused prevention efforts for syphilis might include the
following: prioritization of health department investigations for reactive syphilis tests among
women of reproductive age and their partners, health care provider education on syphilis,
partnership building to facilitate partner services and ensure access to timely treatment,
innovative approaches for screening and community engagement, and culturally competent
sexual health education and promotion for persons of reproductive age in the community.
These efforts should be coupled with strategies to prevent congenital syphilis, which might
include improving access to prenatal care, ensuring syphilis screening at the first prenatal
care visit with repeat screening at 28 weeks’ gestation and delivery when indicated, and
ensuring adequate treatment for pregnant women with syphilis.#-> Public health authorities
could consider regional approaches to syphilis and congenital syphilis prevention, as well as
strategies for specific counties and for specific communities, which may not be identified
through county designations.

Of the 10 factors that were predictive of county-level emergence of syphilis in women

of reproductive age, 2 were measures of local syphilis epidemiology: the rate of P&S
syphilis among men and the presence of a neighboring county with 1 or more case of

P&S syphilis in women of reproductive age. Eight factors were general social, structural,
and economic factors, indicating the importance of the social determinants of health in the
ongoing heterosexual syphilis epidemic in the United States. Similar factors were found

in previous analyses to predict the emergence of congenital syphilis2; this was expected
given that congenital syphilis is a downstream effect of untreated syphilis during pregnancy.
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This analysis emphasizes the need for multilevel, multifactorial approaches for syphilis
prevention.

Our analysis highlights complex relationships between social, environmental, and structural
factors and sexual health within communities. The inclusion of the proportions of the
population identifying as Black, White, Asian, and Hawaiian/Pacific Islander as predictors
in the model demonstrate the complexity of the underlying social factors, the impact of
structural racism on sexual health, and the need for tailored, culturally sensitive, prevention
efforts to address inequities.# Each of these racial groups may represent geographically
diverse communities with diverse experiences.2 Understanding the epidemiology of
syphilis at the county level, as well as social factors of the communities who might be
disproportionately affected, will be important for the development and implementation of
public health interventions for communities at elevated risk. These interventions should be
developed and implemented with a health equity focus.

Prior studies and frameworks have demonstrated the interaction of individual behaviors,
social and sexual networks, sociocultural contexts, and community prevalence in the
prevention of STIs.21:22 Sexual network characteristics, not individual behaviors, account
for the higher prevalence of HIV among Black MSM.23:24 Studies of sexual partnership
mixing in both heterosexual and MSM networks have demonstrated that people in racial or
ethnic minority groups often have sex partners of the same race/ethnicity, contributing to
worsening disparities in ST1s.2526 As sexual networks and social factors such as poverty and
discrimination drive disparities in STI rates in the United States, effective prevention of
syphilis will require multidisciplinary collaborations. Public health research and programs
can improve health equity by recognizing racism as a root cause.1428

This analysis is limited by the availability, accuracy, and timeliness of county-level data.
Data on some factors that we hypothesized to be important predictors, such as substance use
or homelessness, were either not available or not useable due to high levels of missing data.
In addition, most of the factors that were included in our final model were general social
factors and were indirect and imperfect measures of other constructs. Specifically, violent
crime is likely a proxy for substance use and other factors related to socioeconomic status
and structural inequities, 230 and race is likely a proxy for complex social, environmental,
and structural factors.1# Future analyses can improve understanding of the relationship
between the social determinants of health and syphilis in women by incorporating direct
measures of additional predictors, such as substance use, as they become available. Further,
county-level estimates for a given year may reflect data from 1 to 10 years before our
outcome of interest, depending on the data source. Thus, recent changes in predictive factors
may not be captured in our analysis.

This analysis should be interpreted within the ecological framework and may be subject
to biases. Because this is an ecological model, the identified county-level factors should
not be interpreted as modifiable risk factors for acquisition of syphilis. Most counties with
zero syphilis cases in 2017 had zero cases in the preceding years, suggesting that counties
included in our analytic sample represent areas without syphilis. Still, underreporting or
overreporting of a single case could result in miscategorization of our outcome of interest.

Sex Transm Dis. Author manuscript; available in PMC 2024 March 21.
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Underreporting is possible if a person with syphilis does not present for clinical evaluation
because of the limited access to care or other barriers or if clinicians or health department
staff do not appropriately diagnose or report cases of syphilis. Continued education for
providers and public health personnel and reduction of barriers to quality sexual health
care can improve clinical care and minimize misclassification bias in future case reporting
and analyses. Finally, as most counties with emergence of P&S syphilis in women of
reproductive age in 2018 were in the south, this model may be more predictive for the
south compared with other US regions. We did not build regional predictive models due

to sample size limitations. Given regional differences in syphilis incidence and prevalence,
future analyses are needed to understand regional predictive factors.3

In conclusion, public health authorities can use available county-level data and this risk
score to identify US counties with elevated risk for emergence of P&S syphilis among

women of reproductive age and can implement tailored prevention and control efforts for

syphilis and congenital syphilis. Effective prevention of syphilis and congenital syphilis
will require multidisciplinary collaborations to address the underlying social and structural
predictors of sexual health.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Receiver operating characteristic curve for final predictive model.
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Risk Score Cutoffs, Sensitivity, and Specificity for US Counties With Emergence of Primary and Secondary

Syphilis Among Women of Reproductive Age, 2017-2018 (Maximum Risk Score = 32)

Risk Score Cutoff* SensitivityT SpecificityT No. Counties Identified as Being at Elevated Risk
20 100% 0% 2451
21 100% 0.3% 2445
22 100% 3.3% 2382
23 99.7% 4.3% 2360
>4 99.1% 6.0% 2321
25 99.1% 9.6% 2245
=6 98.3% 12.3% 2185
=7 97.4% 15.1% 2123
28 97.1% 18.5% 2051
29 95.9% 21.8% 1978
210 94.8% 24.9% 1908
211 94.2% 28.7% 1827
212 93.3% 32.5% 1743
213 92.2% 36.7% 1651
214 90.4% 41.7% 1539
215 89.9% 45.6% 1456
216 87.0% 49.5% 1363
217 84.9% 53.5% 1273
218 82.0% 57.6% 1175
=19 78.6% 62.3% 1066
220 75.4% 65.6% 984
221 70.1% 68.7% 902
222 66.4% 73.2% 794
223 62.0% 76.7% 705
224 57.4% 79.6% 628
225 53.3% 82.6% 551
226 49.6% 85.3% 481
227 44.9% 88.4% 399
=28 38.3% 90.6% 329
229 30.1% 93.8% 235
230 22.0% 95.3% 175
231 13.6% 97.6% 97
=32 2.0% 99.6% 15

The data in boldface show the risk score cutoff that was chosen, with the corresponding sensitivity, specificity, and number of counties, which align
with the risk score cutoff described in the text.

*
Overall risk scores for each county were calculated by summing the predictor scores for all factors. A priori determinations for the ideal risk score
cutoff were a sensitivity and specificity closest to 80%, prioritizing a higher sensitivity and lower number of counties identified as at elevated risk.

The ideal risk score cutoff was >20.
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fThe criterion standard for the sensitivity and specificity calculations was the true emergence of syphilis in women with report of 1 case of P&S
syphilis in 2018.
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