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Abstract

Background and Objectives: Congenital syphilis (CS) is increasing in the United States and 

is associated with intersecting social and structural determinants of health. This study aimed to 

delineate birthing parent characteristics associated with CS in an adjusted model.

Methods (n = 720): People diagnosed with syphilis during pregnancy from 2017 to 2018 who 

were interviewed and linked to infants in the California state surveillance system were included 

(herein, “birthing parents”). Sociodemographic and clinical CS risk factors informed a stepwise 

multivariable logistic regression model in which the outcome of interest was infants born with 

CS. CS prevention continuums delineated the proportion of pregnant people with syphilis who 

completed steps (e.g., prenatal care entry, syphilis testing, treatment) needed to prevent CS; the 

outcome was delivering an infant without CS. We stratified continuums by homelessness and 

methamphetamine use to explore differences in CS outcomes.

Results: Of 720 birthing parents, 245 (34%) delivered an infant with CS. Although CS was 

initially associated with homelessness (odds ratio [OR] = 2.5, 95% confidence interval [CI]: 1.6, 

4.0) and methamphetamine use (OR = 2.1, 95% CI: 1.4, 3.1), the addition of prenatal care into a 

final adjusted model attenuated these associations to not significant. In CS prevention continuums, 

delivering an infant without CS was less likely for people who reported methamphetamine use 

(p < .001) and/or homelessness (p < .001). However, when examining only those who received 

prenatal care, statistical differences for these predictors no longer existed. In the final adjusted 

model the following were associated with CS: no prenatal care (OR = 16.7, 95% CI: 9.2, 30.3) or 

late prenatal care (OR = 2.9, 95% CI: 1.9, 4.2); early stage of syphilis (OR = 2.6, 95% CI: 1.8, 

3.7); living in Central California (OR = 2.1, 95% CI: 1.1, 4.2).
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Conclusions and Scientific Significance: This is the first analysis to explore birthing parent 

characteristics associated with delivering an infant with CS in an adjusted model. We demonstrate 

that prenatal care, when accessed, can result in effective CS prevention among people who are 

unhoused and/or using methamphetamine equally well compared to counterparts without these 

risk factors.

INTRODUCTION

Congenital syphilis (CS)—vertical transmission of syphilis to a fetus in utero—is increasing 

in the United States, driven by escalating rates in the West and South.1,2 Untreated, 

CS sequelae include stillbirth, preterm birth, and physical and neurologic deficits. Once 

approaching elimination, the number of CS cases rose 460% nationally—from 334 to 1870 

cases—between 2012 and 20192; preliminary 2020 case counts are reported to be 2022.3 

Over the same time period, CS cases in California rose 1251%, from 33 to 446 cases.4

Early detection and treatment of syphilis before and during pregnancy are the mainstays of 

CS prevention, with treatment efficacy approaching 100% when administered according to 

the stage of disease and initiated 30 days or more before delivery.5 Vertical transmission 

is associated with early stage of disease in pregnancy, high titers, and delayed prenatal 

treatment.5–9

In 2020, the Centers for Disease Control and Prevention (CDC) described regional 

differences around the United States in CS characteristics using 2018 data of CS cases 

inclusive of live and stillborn infants. Lack of timely prenatal care was the most common 

missed opportunity in the West, lack of adequate treatment in the South, late identification 

of seroconversion during pregnancy in the Northeast, and a combination of factors in the 

Midwest. Acknowledging these uniquely local aspects of CS trends, the CDC recommended 

state-specific inquiry to understand local opportunities for public health intervention.10

In California, demographic differences in CS cases echo higher rates of syphilis among 

reproductive-age females, particularly with regard to the geographic region of birth and race/

ethnicity of the birthing parent (i.e., pregnant parents who birth their infant). Known racial/

ethnic inequities in syphilis rates are caused by structural determinants including racism 

increased case numbers and rates of prenatal syphilis and CS.11 In 2018, the statewide 

rate of syphilis among Black females was 30.2 per 100,000 persons compared with 9.9 

and 11.4 per 100,000 persons for White/non-Hispanic and Hispanic females, respectively.12 

Geographic region shows similar patterns. For instance, in 2018 the rate of early syphilis 

among females 15–44 years old in Central California was more than double the statewide 

rate (56 vs. 25 per 100,000 people).13,14

In 2018 in California, 57% of birthing parents of CS infants (inclusive of liveborn and 

syphilitic stillbirths) reported delayed or no prenatal care; 51% reported methamphetamine 

use within the past 12 months; 26% reported incarceration within the past 12 months; and 

22% reported experiencing homelessness.15 Comparatively, of all live births in California 

in 2018, only 3.7% were born to birthing parents who received late or no prenatal care.16 

This discrepancy alludes to available prenatal care for the state’s general population, which 
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may not be accessed by the majority of birthing parents of infants with CS. Studies of 

community-specific syphilis increases among pregnant people also identify features of 

structural racism and other health determinants including poverty, homelessness, substance 

use, and incarceration history as contributors to gaps in prenatal screening and treatment, 

resulting in increased CS cases.17–24 To date, these intersecting characteristics have not been 

analyzed in an adjusted model to develop an improved understanding of their relationship to 

CS.

Here, we performed regression modeling to identify birthing parent characteristics 

associated with delivering an infant with CS. We then used a CS prevention continuum23,25 

to identify specific prenatal missed opportunities for birthing parents who are homeless and 

those who use methamphetamine.

MATERIALS AND METHODS

Study design and population

Data on pregnant people with syphilis and their infants were collected via routine sexually 

transmitted diseases (STD) surveillance activities within the California Project Area, 

including all of California except Los Angeles and San Francisco counties (due to separate 

federal funding streams and surveillance data management systems). Data were entered 

into the state surveillance system by local public health staff and reviewed by California 

Department of Public Health (CDPH) staff for quality assurance.

The study population included birthing parents diagnosed with syphilis during pregnancy or 

at delivery between January 1, 2017, and December 31, 2018, who were linked to an infant 

with a documented CS outcome26 (either CS or non-CS) and were interviewed and medical 

records reviewed, both of which are part of routine disease intervention for syphilis cases 

diagnosed during pregnancy or at delivery. Pregnant people with syphilis who did not link 

to an infant CS outcome within nine months of diagnosis or who were not interviewed were 

excluded. This project was reviewed by the California Health and Human Services Agency’s 

Committee for the Protection of Human Subjects and deemed exempt.

Data measures

CS was per the 2018 CDC surveillance case definition and included syphilitic stillbirths. 

This case definition encompasses laboratory-confirmed CS cases, cases where CS is 

probable based on infant clinical criteria, and cases where CS is probable due to 

inadequately treated or untreated prenatal syphilis. Birthing parent demographic variables 

included age, race/ethnicity (Black, white, Hispanic, other), and geographic region 

(Northern, Bay Area, Central, Southern). Socio-behavioral characteristics present in the 

past 12 months included methamphetamine use, injection drug use, incarceration, and 

partner methamphetamine use and incarceration. Self-reported housing status around the 

time of diagnosis was included. Homelessness was defined as either residence type noted 

as “homeless” during the interview, or documentation of a predefined term associated with 

unstable housing (e.g., “homeless,” “unstable housing,” “couch surfing,” “SRO” (single 

room occupancy hotel), “living on street”) in the medical record or investigation notes. 
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Incarceration, methamphetamine use, and injection drug use were identified by self-report 

during interviews or documentation in the medical record or investigation notes. Partner 

methamphetamine use and/or incarceration in the past 12 months were per self-report. 

Interview questions in which an answer was either “refused” or blank were counted as null. 

The syphilis stage and timing of prenatal care initiation were extracted from the surveillance 

case report form.

Clinical CS risk factors included disease stage and timing of prenatal care initiation. The 

stage was dichotomized as early—including primary, secondary, and early non-primary non-

secondary (also known as early latent) stages—and late-latent/unknown duration. Prenatal 

care initiation was defined as before 20 weeks’ gestation, at/beyond 20 weeks’ gestation, or 

none.

Statistical analysis

Descriptive statistics were calculated to characterize birthing parents of infants with CS 

and without CS. In addition, sensitivity comparisons of birthing parents linked versus not 

linked to an infant (thus excluded from further analysis), and those interviewed versus not 

interviewed (also excluded from further analysis), were performed for age, stage of disease, 

geographic region, and race/ethnicity. Statistical significance was assessed using chi-square 

tests, p-value < .05 considered significant.

Univariate logistic regression identified variables associated with CS. All significant 

variables in univariate analyses were included in a multivariable logistic regression. The 

regression was performed in a stepwise fashion beginning with demographic, staging and 

socio-behavioral variables to create Model 1, to determine which variables significantly 

associated with CS might be mediated or modified by prenatal care. Prenatal care was then 

incorporated to create the final Model 2. All analyses were performed using SAS version 9.4 

(SAS Institute, Inc.).

Congenital syphilis prevention continuums (CSPC)—modeled after HIV care cascades23,25

—were created to identify specific prenatal opportunities for CS prevention. Surveillance 

records of birthing parents were reviewed for the following, occurring at least 30 days before 

delivery: (1) first prenatal care visit; (2) first syphilis test; (3) syphilis treatment initiation. 

Cases were assessed for appropriate treatment according to disease stage.27 Data for each 

sequential continuum bar included cases counted in the preceding bar(s). The final bar in the 

CSPC, the CS Prevention Ratio (CSPR), reflects the proportion of CS cases averted (i.e., the 

number of non-CS infants divided by the number of birthing parents). Twins were counted 

as a single birth.

Model 2 identified subpopulations in which the association with CS was diminished when 

adjusting for prenatal care. We, therefore, stratified the CSPC by these variables to explore 

specific points of difference in prenatal care. Finally, additional stratified continuums 

considered only birthing parents with documented prenatal care.
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RESULTS

Descriptive, univariate, and multivariable analyses

Between January 1, 2017, and December 31, 2018, 7189 females with syphilis were 

identified, 1391 (19%) of whom were pregnant. Of those, 1084 (78%) were linked to an 

infant with a CS outcome in the surveillance system, and 720 (66%) were interviewed and 

included in analyses (Figure 1). Among them, 245 (34%) delivered an infant with CS.

Among those included in analyses, there were no significant differences in age or race/

ethnicity between birthing parents of infants with CS compared with those who delivered 

non-CS infants (Table 1). Compared with non-CS infants, infants with CS were more 

likely to be born to birthing parents who used methamphetamine, (46% vs. 27%, p 
< .001), experienced homelessness (23% vs. 10%, p < .001), or whose partner used 

methamphetamine (33% vs. 25%, p = .01) within the prior 12 months.

Significant differences were seen with regard to syphilis stage (p < .001) and timing of 

prenatal care (p < .001) (Table 1). Approximately half (52%) of those who delivered an 

infant with CS had early-stage syphilis in contrast to 32% of those who delivered non-CS 

infants. 79% of those who delivered infants with CS had not received prenatal care by 20 

weeks’ gestation, compared to 47% of those who delivered of non-CS infants. Importantly, 

33% of those who delivered infants with CS reported no prenatal care, versus 5% of those 

who delivered non-CS infants.

In univariate analyses (Table 2), the following variables were significantly associated with 

delivering an infant with CS: having received no prenatal care (OR = 18.5, 95% CI: 10.6, 

32.3) or late prenatal care (OR = 2.9, 95% CI: 2.0, 4.2); homelessness (OR = 2.7, 95% 

CI: 1.8, 4.1); methamphetamine use (OR = 2.3, 95% CI: 1.7, 3.2); living in the Central 

region (OR = 2.0, 95% CI: 1.1, 3.6); early stage (OR = 2.2, 95% CI: 1.6, 3.0); and 

partner methamphetamine use (OR = 1.6, 95% CI: 1.1, 2.2). All variables in the first 

adjusted analysis (Model 1) remained associated with CS, with the exceptions of partner 

methamphetamine use. Southern region became significantly associated with CS in Model 1 

as well (OR = 2.3 95% CI: 1.2, 4.5). After the addition of prenatal care to create the final 

Model 2, the following were significantly associated with CS: having received no prenatal 

care (OR = 16.7, 95% CI: 9.2, 30.3) or late prenatal care (OR = 2.9, 95% CI: 1.9, 4.2); early 

stage of syphilis (OR = 2.6, 95% CI: 1.8, 3.7); living in the Central region (OR = 2.1, 95% 

CI: 1.1, 4.2). Birthing parents with homelessness or methamphetamine use were not more 

likely to have infants with CS compared with birthing parents without these characteristics, 

after adjusting for the variables above.

CS prevention continuums stratified for methamphetamine use and homelessness

CSPCs shown in Table 3 present differences in prenatal prevention steps stratified by 

methamphetamine use and homelessness. Although the region of birth and early stage of 

syphilis were also significantly associated with CS outcome, the addition of prenatal care did 

not weaken the association, and thus neither region nor stage was explored with a unique 

CSPC.
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When stratifying by methamphetamine use, the largest drop in the continuum was prenatal 

care entry (91% and 74% for non-methamphetamine use vs. methamphetamine use, 

respectively [p < .001]); CSPRs—the proportion of CS cases prevented—were 72% and 

53% respectively (p < .001). However, when including only people with documented 

prenatal care, there were no statistical differences with regard to methamphetamine groups.

The CSPC stratified by homelessness similarly showed the largest gap was at the time of 

prenatal care entry (89% vs. 65% for non-homelessness and homelessness respectively [p < 

.001]); CSPRs were 69% and 46%, respectively (p < .001). When considering only those 

who received prenatal care, there were no significant differences between groups (Table 3).

Sensitivity analyses

When comparing those interviewed to those not interviewed (and thus excluded from 

analysis), fewer interviewees were Black (p = .032), and lived in the Southern region (p 
< .001); more interviewees lived in the Central region (p < .001) and had early-stage syphilis 

(p < .001).

When comparing those linked to an infant to those not linked (thus excluded from analysis), 

fewer linkages were listed as “other” with regard to race/ethnicity (0.004). There were also 

regional differences for infant linkage, with fewer linkages occurring for those living in the 

Southern region compared to other regions (p = .024).

DISCUSSION

Principle findings

In adjusted models of CS in California, the following was statistically significantly 

associated with CS outcomes: receiving late or no prenatal care, early stage of syphilis, 

and living in the Central region. Prenatal care significantly attenuated associations between 

CS and homelessness, and CS and methamphetamine use. For birthing parents who use 

methamphetamine and those experiencing homelessness, population-specific CSPCs showed 

a significant drop-off at prenatal care entry. Yet, among birthing parents engaged in care, 

methamphetamine use and housing status did not impact the likelihood of CS prevention. 

Meanwhile, associations between region and CS, as well as stage of disease and CS, were 

not strongly affected by the presence or absence of prenatal care in adjusted analysis.

Although our descriptive findings were consistent with previously known associations with 

CS,5–8,23 our adjusted analysis identified missed opportunities for subpopulations affected 

by methamphetamine use or homelessness, which impacted the majority of infants with 

CS in California. Stratified CSPCs showed that while lower proportions of those who used 

methamphetamine and/or experienced homelessness entered prenatal care—and thus missed 

opportunities for CS prevention—when considering solely those with documented prenatal 

care, differences with regard to these variables ceased to be significant.

From a clinical perspective, entry into prenatal care is a crucial step for syphilis 

screening and treatment. Yet, screening and treatment may also be done wherever pregnant 

individuals present—an emergency room or urgent care, substance use treatment facility, 
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jail, or STD clinic. Notably, individuals with risk factors for syphilis (e.g., substance 

use disorders, homelessness) may face significant barriers to entering traditional prenatal 

care settings.28–30 Improved access to services could be achieved by recognizing that 

prenatal care—inclusive of syphilis screening and treatment—may be initiated wherever 

pregnant people seek care. However, those who enter prenatal care, regardless of substance 

use or housing status, may have important characteristics that facilitate retention in care, 

and thus treatment completion and CS prevention. Furthermore, this finding suggests 

providers and public health staff who assist in coordinating syphilis treatment for pregnant 

people may deliver adequate care across these subpopulations. Conversely, to achieve 

elimination of CS, creative strategies may be needed to reach individuals who are not 

sufficiently accommodated by existing prenatal care systems, particularly those affected 

by homelessness or methamphetamine use, in light of well-documented stigma and 

discrimination experienced in healthcare settings by both of these groups.

With regard to demographics, both poverty and limited access to health care may contribute 

to higher rates of syphilis and subsequent CS in the Central region.31 Furthermore, Central 

California is the heart of the state’s agricultural industry; limited insurance provision, 

inadequate services for people with limited English proficiency, and hesitancy to seek 

medical care in light of immigration status may all pose barriers to syphilis diagnosis and 

treatment. Unlike methamphetamine use and housing status, the inclusion of prenatal care 

in the model did not impact the association between Central region and CS in adjusted 

analyses, suggesting other factors not routinely surveilled, as those mentioned above, maybe 

particularly powerful.

With regard to race and ethnicity, when considering only pregnant people with syphilis 

as in this analysis, there were no differences in CS outcome. Prenatal care did not affect 

inequities, as there was no widening of the gap across racial groups. However, from an 

equity perspective, because of the underlying unequal prevalence of syphilis among females 

in California who are not pregnant, Black females and their infants are disproportionately 

affected by CS. Prenatal care did not narrow gaps that exist before pregnancy. These data 

highlight the importance of focusing prevention and treatment efforts not only during 

pregnancy but outside of pregnancy to combat structural racism and long-standing racial 

inequities.

Strengths and limitations

Our paper was strengthened by multiple aspects of the study’s design and analysis. First, 

our study included a large public health surveillance data set from the majority of California 

counties. Our study is strengthened by its academic-government partnership, which afforded 

both epidemiologic and clinical perspectives to be incorporated into design, analyses, and 

interpretation. Finally, our analyses expanded upon an adjusted model, and used novel 

stratified CSPCs to identify points of intervention for subpopulations most affected by CS.

There are several limitations to our study. First, surveillance data is limited to individuals 

tested for syphilis and reported to the public health department; data collection and entry 

are subject to human error and inconsistency across counties. As such, underestimates 

of the number of syphilis may exist, and there is potential for the inaccuracy of the 
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data. Second, our data does not include San Francisco and Los Angeles local health 

jurisdictions. While San Francisco had just 1 CS case during the study period, the city 

of Los Angeles reported 98 cases from 2017 to 2018 which was lacking in this data set. 

Also, the nuances of CS prevention in the context of homelessness and methamphetamine 

for California’s two major urban areas were able to be not explored in this study. Third, 

persons not interviewed were excluded, which may disproportionately exclude certain 

groups, particularly those experiencing homelessness and/or substance use and those with 

limited English proficiency. Therefore, these variables may be underestimated. Sensitivity 

comparisons showed a significant difference in clinical-stage between interviewed versus 

not interviewed. Although all pregnant people with syphilis are prioritized for disease 

investigation (including interviews), this difference is likely due to the public health’s 

prioritization to locate people with transmissible early-stage disease. Thus, people with the 

early-stage disease were overrepresented. Race/ethnicity and regional differences in both 

infant-linked and interviewed comparisons were also appreciated, suggesting our sample 

might not be generalizable to not linked/non-interviewed birthing parents with regard to 

these variables. In addition, the counting of “refused” or blank interview answers as null 

may further underestimate stigmatizing characteristics. The use of a keyword search for 

identifying homelessness may miss people who were experiencing homelessness if all 

keywords were absent and may misidentify someone as homeless if a keyword was present. 

Moreover, experiencing homelessness may change over time, and types of homelessness 

(e.g., unsheltered, staying in a shelter, or couch surfing) may variably affect health outcomes 

including CS.32 Finally, variables in our analyses did not account for other factors that might 

influence prenatal care entry: transportation barriers, immigration status, concerns around 

loss of parental rights, or perceived stigma or discrimination by providers—all of which 

have been reported by frontline clinicians and public health staff in CS case reviews but are 

not routinely collected in surveillance data.33,35 Research is needed to evaluate alternative 

care models designed to expand prenatal care access to populations most affected by CS. In 

addition, further work is needed to explore factors driving local geographic differences in CS 

prevention. Lastly, interventions to address structural racism contributing to racial inequities 

in female syphilis before pregnancy are urgently needed.

CONCLUSION

This analysis demonstrates the importance of early prenatal care initiation in preventing CS. 

Programs that support prenatal care engagement in populations facing significant barriers 

to care—particularly those experiencing homelessness, or who use methamphetamine—are 

essential to successfully prevent CS cases. This may be particularly important to providers 

in substance use treatment programs, who have an opportunity to detect and treat syphilis 

during or before pregnancy among people at increased risk of infection. More broadly, 

efforts to detect and treat syphilis in pregnancy outside of traditional prenatal care settings 

(e.g., emergency departments, urgent care, harm reduction programs, public health outreach, 

homeless service agencies, correctional facilities) may afford additional CS prevention 

opportunities.
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FIGURE 1. 
Inclusion and exclusion criteria
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