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Background. Syphilis diagnosis in the emergency department (ED) setting is often missed due to the lack of ED-specific testing 
strategies. We characterized ED patients with high-titer syphilis infections (HTSIs) with the goal of defining a screening strategy that 
most parsimoniously identifies undiagnosed, untreated syphilis infections.

Methods. Unlinked, de-identified remnant serum samples from patients attending an urban ED, between 10 January and 9 
February 2022, were tested using a three-tier testing algorithm, and sociodemographic variables were extracted from ED 
administrative database prior to testing. Patients who tested positive for treponemal antibodies in the first tier and positive at 
high titer (≥1:8) for nontreponemal antibodies in the second tier were classified as HTSI. Human immunodeficiency virus 
(HIV) status was determined with Bio-Rad enzyme-linked immunosorbent assay and confirmatory assays. Exact logistic 
regression and classification and regression tree (CART) analyses were performed to determine factors associated with HTSI 
and derive screening strategies.

Results. Among 1951 unique patients tested, 23 (1.2% [95% confidence interval, .8%–1.8%]) had HTSI. Of those, 18 (78%) 
lacked a primary care physician, 5 (22%) were HIV positive, and 8 (35%) were women of reproductive age (18–49 years). CART 
analysis (area under the curve of 0.67) showed that using a screening strategy that measured syphilis antibodies in patients with 
HIV, without a primary care physician, and women of reproductive age would have identified most patients with HTSI (21/23 
[91%]).

Conclusions. We show a high prevalence of HTSI in an urban ED and propose a feasible, novel screening strategy to curtail 
community transmission and prevent long-term complications.
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Over the past decade there has been a dramatic surge in syphilis 
cases in the United States (US), reaching the highest total case 
number since 1950 [1, 2]. From 2017 to 2021, primary and sec-
ondary infections rose 74%, totaling over 176 713 cases in 2021 
[2]. When left undiagnosed and untreated, syphilis can spread 
in the community and can lead to serious multisystem compli-
cations, including ocular syphilis, neurosyphilis, and congenital 
syphilis [2, 3].

Emergency departments (EDs) often provide emergent and 
primary care to populations who are underserved and/or of 
lower socioeconomic status [3–6]. EDs are critical for identifying 
and diagnosing sexually transmitted infections (STIs) in patients 
who might otherwise lack access to screening [3, 5–8]. According 
to the 2022 US Preventive Services Task Force (USPSTF), persons 
at greater risk for syphilis include men who have sex with men, 
people with human immunodeficiency virus (PWH) or other 
STIs, people who use drugs, and people with a history of incarcer-
ation, sex work, or military service [9, 10]. In practice, clinicians 
ultimately decide which patient to test, integrating the patient’s 
risk profile in the local context of disease [1, 10, 11]. Given the 
fast-paced ED setting, clinicians face inherent challenges to assess 
the patient’s priority health concerns, and as a result, syphilis 
screening is frequently overlooked [12].

The three-tier testing algorithm used to confirm a syphilis in-
fection detects both nontreponemal and treponemal antibodies 
and is thus intrinsically more time-consuming and complex 
than other STI tests [12, 13]. Consequently, typically only ED 
patients presenting with symptoms consistent with primary 
or secondary syphilis are identified [8, 12, 13]. Recent ED stud-
ies have proposed integration of syphilis testing into existing 
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STI/human immunodeficiency virus (HIV) screening pro-
grams and have reported high rates of underrecognized syphilis 
infections in the population [11]. Given most ED patients are 
discharged, and many have limited access to a primary care 
physician (PCP), missed opportunities likely exist for identify-
ing asymptomatic and undiagnosed syphilis infections [14]. 
There are limited studies to date characterizing the risk factors 
associated with syphilis infection among ED patients, hinder-
ing the evidence-based design of ED-specific syphilis testing 
strategies [8, 15]. Recent Centers for Disease Control and 
Prevention (CDC) guidelines suggested a conservative ap-
proach for identifying patients with unknown duration of in-
fection [16, 17]. When faced with uncertainty of patient 
history, high rapid plasma reagin (RPR) titers and positive trep-
onemal serology may indicate a probable infection [16] and 
thus should be prioritized for identification and treatment giv-
en the heightened transmission risk during primary or second-
ary syphilis infection [16, 17]. In times of an epidemic surge, 
EDs could serve as sentinel sites to implement screening strat-
egies, and thus help identify probable infections in the commu-
nity [8, 15, 18].

Our study sought to (1) determine the point prevalence of se-
roreactive syphilis and high-titer syphilis infection (HTSI, opera-
tionally defined as treponemal positive and ≥1:8 nontreponemal 
antibodies) among adult ED patients in Baltimore, Maryland; (2) 
define and compare characteristics of seroreactive patients; and 
(3) inform a potential screening strategy to identify HTSI in our 
ED population.

METHODS

Patient Population

This retrospective cross-sectional analysis utilized de-identified, 
unlinked remnant blood samples from adults (≥18 years of age) 
who attended the Johns Hopkins Hospital emergency depart-
ment (JHHED) between 10 January and 9 February 2022 and 
had blood drawn for clinical purposes. This urban, academic 
ED in Baltimore, Maryland, has approximately 60 000 patient 
visits per year and provides care to patients known to have a 
high prevalence of HIV, chlamydia, and gonorrhea [19, 20]. 
Since 2005, the JHHED has established a screening and linkage- 
to-care (LTC) program for HIV [21–23]. No screening protocol 
for syphilis currently exists.

Remnant blood samples and clinical data were collected as 
previously described [23, 24]. Briefly, sera were unlinked, de- 
identified, assigned unique research identifiers, and stored at 
−80°C until use. Demographic features (age, sex, race, and eth-
nicity), ED parameters (chief complaint, primary ED diagnosis, 
and disposition), and information about having a PCP and 
medical insurance were abstracted from the ED administrative 
database. Female patients aged between 18 and 49 years were 
considered to be of reproductive age [25].

Laboratory Methods

Syphilis status was determined by the presence of syphilis anti-
bodies using the three-tier reverse algorithm (Figure 1) [26], 
employing 3 antibody assays with high sensitivity and specific-
ity [27–29]. Detailed information on the serological testing is 
presented in the Supplementary Materials.

Patients were classified as having an HTSI if their serum test-
ed positive for treponemal antibodies and a high titer (≥1:8) of 
nontreponemal antibodies (Figure 1) [11, 13, 30]. Seroreactive 
patients were enzyme immunoassay (EIA) positive with a pos-
itive RPR (EIA+/RPR+) or were EIA positive, RPR negative, and 
Treponema pallidum particle agglutination assay (TPPA) posi-
tive (EIA+/RPR−/TPPA+) [11, 13]. Seronegative patients were 
EIA negative or EIA positive but RPR and TPPA negative. 
HIV status was determined using BioRad EIA and confirmato-
ry assays as further detailed in the Supplementary Materials.

Statistical Methods

Descriptive statistics were employed to characterize the socio-
demographic and clinical features of ED patients, and multivar-
iable exact logistic regression identified factors associated with 
HTSI. A classification and regression tree (CART) analysis was 
used as an algorithm to inform the proposed ED-specific 
screening strategies to identify and manage HTSI [16, 17, 31]. 
A 2-sided P value of <.05 was considered statistically significant 
in all analyses. Additional information on the statistical meth-
odology is explained further in the Supplementary Materials.

IBM SPSS version 29.0 software (IBM Corporation, 
Armonk, New York) was used to conduct CART analyses, 
and SAS version 9.4 software (SAS Institute, Cary, North 
Carolina) was used for other analyses.

Ethical Considerations

This study was approved by the institutional review board of 
the Johns Hopkins University School of Medicine. Using an 
identity-unlinked methodology for determining syphilis and 
HIV seroprevalence is permitted via a consent waiver and in-
volves accessing remnant clinical blood specimens and pairing 
that with de-identified demographic and administrative data to 
characterize the seroepidemiology of disease [4, 23, 24].

RESULTS

Characteristics of Patient Population

Of the 3504 unique patients who attended JHHED during the 
1-month study period (Supplementary Table 1), 1951 had a 
complete blood count with a remnant sample available for test-
ing (Table 1). The study population was older (median [inter-
quartile range] age, 47 [32–62] years vs 40 [30–56] years) and 
more likely to be female (52.0% vs 48.2%), to be White 
non-Hispanic (28.5% vs 23.3%), and to have a PCP (61.0% vs 
51.6%) than those not evaluated due to lack of a blood draw 

2 • OFID • Hunt et al

http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofae207#supplementary-data
http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofae207#supplementary-data
http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofae207#supplementary-data
http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofae207#supplementary-data


for the ED clinical visit (Supplementary Table 1). Eighty-seven 
(4.5%) patients had serum antibodies indicative of HIV infec-
tion (Table 1).

Overall Prevalence of Seroreactivity

Of the 1951 patients, 103 (5.3% [95% confidence interval {CI}, 
4.3–6.4]) had detectable treponemal antibodies indicating a pre-
vious or active syphilis infection (Table 1). Prevalence of seroreac-
tivity was higher in men than women (6.7% [63/936] vs 3.9% [40/ 
1015], P < .05) and differed by race and ethnicity (non-Hispanic 
White, 2.2%; non-Hispanic Black, 6.9%; non-Hispanic other race, 
2.2%; and Hispanic, 7.8%; P < .05). A significantly higher propor-
tion of patients who did not have a PCP were seroreactive as com-
pared to patients who had a PCP (7.1% [54/761] vs 4.1% 
[49/1109], P < .05) (Table 1). PWH also had a higher proportion 
of syphilis seroreactivity than HIV-seronegative participants 
(20.7% [18/87] vs 4.6% [85/1864], P < .05).

Seroprevalence of HTSI

The seroprevalence of HTSI in our study was 1.2% (95% CI, 
.8%–1.8%; n = 23/1951) (Table 1). Key sociodemographic, 
RPR titer, and ED clinical characteristics of the 23 patients 
with HTSI are presented in Table 2. RPR titers ranged from 
1:8 to 1:256. Eight of 9 females were of reproductive age. Five 
patients were also living with HIV. Six of 9 female patients 
did not have a PCP. All patients with an RPR titer >1:32 
(n = 10) had no PCP. Three patients presented to the ED 
with potential STI-related chief complaint and 2 had ED 
primary diagnoses directly related to syphilis.

Sociodemographic and Clinical Associations of HTSI

The prevalence of HTSI varied by sociodemographic factors in 
the bivariate analysis (Table 1). Male sex and being a woman 
of reproductive age were marginally associated with HTSI as 
compared to women who were not of reproductive age (preva-
lence ratio [PR], 6.7 [95% CI, .9–51.0], P = .067, and 6.3 [95% 
CI, .8–50.1], P = .085, respectively). HTSI was significantly asso-
ciated with coinfection with HIV and having no PCP (PR, 6.3 
[95% CI, 2.3–17.3], P < .001, and 5.7 [95% CI, 2.1–15.5], 
P < .001, respectively). Similar associations of HTSI with HIV co-
infection and having no PCP were seen in the multivariate anal-
yses (adjusted PR, 8.5 [95% CI, 2.3–25.8], P = .002, and 6.6 [95% 
CI, 2.3–23.3], P < .001, respectively).

ED Screening Strategy to Identify HTSI

Screening all PWH and those without a PCP would identify 20 
of the 23 (87%) ED patients with HTSI (AUC, 0.73 [95% CI, 
.64–.81]) (Figure 2). If women of reproductive age were also 
screened to address cases of congenital syphilis, 21 of 23 
(91%) ED patients with HTSI would have been identified 
(AUC, 0.67 [95% CI, .58–.76]).

DISCUSSION

We found that >5% of patients were seroreactive for syphilis, of 
which a quarter had high RPR titers (≥1:8). The strongest pre-
dictor of HTSI was among PWH, who were 8.5 times more like-
ly to have HTSI. Our findings of an adjusted PR of 6.6 for those 
without a self-reported PCP and all HTSIs with RPR >1:32 

Figure 1. Flowchart of reverse algorithm 3-tier testing modality for syphilis. Abbreviations: EIA, enzyme immunoassay; RPR, rapid plasma reagin; TPPA, Treponema pallid-
um particle agglutination.
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without a self-reported PCP suggest the potential for PCP sta-
tus to inform an ED syphilis screening strategy. Almost all (8/9) 
female patients with HTSI were of reproductive age, revealing 
the potential impact of ED screening to prevent congenital 
syphilis. CART analyses demonstrated that targeting screening 
to PWH, those without a self-reported PCP, and women of re-
productive age could identify >90% of HTSIs. These findings 
suggest that an ED-specific screening strategy could potentially 
benefit populations that might otherwise remain undiagnosed 
and untreated. Further research is needed to tailor ED screen-
ing strategies to better address the testing needs across diverse 
ED settings.

From 2016 to 2020, primary and secondary syphilis rates 
surged by 50% in the US to 13 per 100 000 people and by 
69% in Maryland to 14 per 100 000 people [31]. Our 1.2% 

prevalence of HTSI surpassed national and state averages, 
aligning with a recent ED study reporting a 1.1% prevalence 
of presumed active infections (defined as ≥1:8 RPR titer and 
relevant clinical history) [11]. These findings suggest a potential 
underestimation of syphilis prevalence, underlining the poten-
tial for robust ED screening programs to potentially identify 
undiagnosed cases and prevent further transmission in the 
community [11, 16, 32].

As a point of comparison, we reviewed information from the 
Johns Hopkins Hospital Pathology Laboratory referencing 
4355 ED visits from 3504 unique patients during the study win-
dow (communication with co-author P. C.). Among the 76 
clinician-initiated orders for T pallidum–specific antibody test-
ing, we found 12 RPR-positive cases, 4 of which had high RPR 
titers (≥1:8). These 4 patients were likely included among the 

Table 1. Association Between Sociodemographic Characteristics and Seropositivity of Syphilis Antibody Among 1951 Johns Hopkins Hospital 
Emergency Department Patients, January–February 2022a–c

Characteristics

Syphilis Serologic Status, No. (%)

Total Seronegative Seroreactive

Serology by Antibody Result

EIA+/RPR–/TPPA+ EIA+/RPR <1:8 EIA+/RPR ≥1:8

No. of patients 1951 1848 (94.7) 103 (5.3) 56 (2.9) 24 (1.2) 23 (1.2)

Age, y

18–24 202 194 (96.0) 8 (4.0) 2 (1.0) 3 (1.5) 3 (1.5)

25–34 387 374 (96.6) 13 (3.4) 2 (0.5) 3 (0.8) 8 (2.1)

35–44 321 305 (95.0) 16 (5.0) 9 (2.8) 2 (0.6) 5 (1.6)

45–54 290 271 (93.5) 19 (6.5) 11 (3.8) 5 (1.7) 3 (1.0)

55–64 344 313 (91.0) 31 (9.0) 22 (6.4) 6 (1.7) 3 (0.9)

≥65 405 389 (96.1) 16 (3.9) 10 (2.5) 5 (1.2) 1 (0.2)

Missing 2 2 (100) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Sex

Male 936 873 (93.3) 63 (6.7) 22 (2.4) 9 (1.0) 9 (1.0)

Female 1015 975 (96.1) 40 (3.9) 34 (3.3) 15 (1.5) 14 (1.4)

Race and ethnicity

White, non-Hispanic 556 544 (97.8) 12 (2.2) 5 (0.9) 1 (0.2) 6 (1.1)

Black, non-Hispanic 1108 1032 (93.1) 76 (6.9) 44 (4.0) 19 (1.7) 13 (1.2)

Other race, non-Hispanic 134 131 (97.8) 3 (2.2) 1 (0.7) 1 (0.7) 1 (0.7)

Hispanic 153 141 (92.2) 12 (7.8) 6 (3.9) 3 (2.0) 3 (2.0)

Having PCP

No 761 707 (92.9) 54 (7.1) 22 (2.9) 14 (1.8) 18 (2.4)

Yes 1190 1141 (95.9) 49 (4.1) 34 (2.9) 10 (0.8) 5 (0.4)

ED disposition

Discharge 1022 955 (93.4) 67 (6.6) 36 (3.5) 14 (1.4) 17 (1.7)

Hospital observation 475 455 (95.8) 20 (4.2) 1 (0.2) 2 (0.4) 1 (0.2)

Admit 298 286 (96.0) 12 (4.0) 13 (4.4) 5 (1.7) 2 (0.7)

Other 156 152 (97.4) 4 (2.6) 6 (3.8) 3 (1.9) 3 (1.9)

HIV infection

No 1864 1779 (95.4) 85 (4.6) 47 (2.5) 20 (1.1) 18 (1.0)

Yes 87 69 (79.3) 18 (20.7) 9 (10.3) 4 (4.6) 5 (5.7)

Abbreviations: ED, emergency department; EIA, Captia treponemal enzyme-linked immunosorbent assay; HIV, human immunodeficiency virus; PCP, primary care physician; RPR, Sure-Vue 
rapid plasma reagin nontreponemal assay; TPPA, Serodia treponemal agglutination assay.  
aThere were statistically significant differences (ie, P < .05) in age group, sex, race/ethnicity, having a PCP, and HIV infection between ED patients seroreactive for syphilis antibodies and those 
seronegative for syphilis.  
bThere were statistically significant differences in age group and having a PCP among the 3 subgroups (EIA+/RPR–/TPPA+, EIA+/RPR <1:8, and EIA+/RPR ≥1:8) in those with seroreactive 
results (all P < .01).  
cThere were statistically significant differences (ie, P < .05) in age group, sex, race/ethnicity, having a PCP, and HIV infection among ED patients with high-titer syphilis infection (EIA+/RPR 
≥1:8), those with seroreactive but not high-titer syphilis infection for syphilis antibodies (EIA+/RPR–/TPPA+, EIA+/RPR <1:8), and those seronegative for syphilis.
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23 HTSI identified in our study because all remnant blood spec-
imens were obtained during the study window. These data 
highlight the potential missed opportunity in the ED to identify 
and treat syphilis infections among patients in the current 
epidemic.

Our study underscores the recent and evolving epidemiolog-
ical evidence outlining associations between syphilis and HIV 
acquisition and supports the current USPSTF recommendation 
to screen all PWH [33, 34]. PWH were 8.5 times more likely to 
have HTSI than people without HIV. We found that 21.7% of 
patients with HTSI were coinfected with HIV, which aligns 
with another ED study that identified 23.7% of coinfections 
[11]. These data highlight the continued syndemic of syphilis 
and HIV [35] and support the integration of HIV and syphilis 
screening strategies to diagnose and treat all possible STIs that 
may be circulating in our ED populations [4, 10, 11].

To our knowledge, no studies have examined reported PCP 
status as a potential risk factor for syphilis screening. Patients 
who did not self-report having a PCP were 6.6 times as likely 
to have HTSI than those with a PCP, and only screening pa-
tients without a reported PCP would have identified 78% of 
HTSIs. Historically, routine screening practices were left to 
PCPs, but epidemiologic trends have shown that patients 
with low socioeconomic status face social and structural barri-
ers that directly impact their access to primary care and instead 

use the ED for both primary and urgent care [3, 5, 11]. All 10 
patients with an RPR titer >1:32 did not have a PCP, indicating 
significant clinical and public health implications. It is impor-
tant to consider this finding given the CDC recommendation 
to prioritize syphilis cases of unknown duration with RPR titers 
>1:32 for further investigation and partner contact services [16, 
17]. However, in the absence of patient clinical history, distin-
guishing active infection can be challenging, particularly 
among patients with low titers (<1:8) or who are RPR nega-
tive/TPPA positive. Our screening strategy aims to improve 
catchment by identifying all probable syphilis infections with 
an unknown duration of infection and elevated RPR titers 
(≥1:8), to conservatively manage patients with the highest 
transmission risk [16, 17].

The prevalence of HTSI varied by demographic characteris-
tics. Thirty-nine percent (9/23) of HTSIs were found in female 
patients, a proportion consistent with findings from the 
Chicago ED study reporting 33% female presumed active infec-
tion [11]. Both figures were more than two times higher than 
the CDCs national rate of 14% [1]. Moreover, 8 of 9 female pa-
tients with HTSI were of reproductive age, which is particularly 
concerning given the increasing rates of congenital syphilis [13, 
32, 36]. The CDC recently estimated that 88% of US congenital 
syphilis cases resulted from missed diagnosis and treatment of 
syphilis during pregnancy, and 40% of women who had a baby 

Table 2. Characteristics of 23 Johns Hopkins Hospital Emergency Department Patients With High-Titer Syphilis Infection (Rapid Plasma Reagin Titer 
≥1:8) in a Seroprevalence Study of 1951 Patients, January–February 2022

Subject Woman of Reproductive Age Has PCP HIV Status RPR Titer Chief Complaint ED Primary Diagnosis

1 Yes Yes Positive 1:8 Not STI/syphilis-related Non-syphilis

2 No Yes Negative 1:8 Not STI/syphilis-related Non-syphilis

3 NA No Negative 1:8 Not STI/syphilis-related Non-syphilis

4 NA Yes Positive 1:8 Not STI/syphilis-related Non-syphilis

5 NA No Negative 1:8 Not STI/syphilis-related Non-syphilis

6 NA No Negative 1:8 Not STI/syphilis-related Non-syphilis

7 NA No Positive 1:16 Not STI/syphilis-related Non-syphilis

8 NA No Negative 1:16 Not STI/syphilis-related Non-syphilis

9 NA Yes Negative 1:16 Not STI/syphilis-related Non-syphilis

10 NA No Negative 1:16 Not STI/syphilis-related Non-syphilis

11 NA No Negative 1:16 Possible STI/syphilis-related Non-syphilis

12 Yes Yes Negative 1:32 Possible STI/syphilis-related Exposure to syphilis

13 NA No Positive 1:32 Not STI/syphilis-related Non-syphilis

14 Yes No Negative 1:64 Not STI/syphilis-related Non-syphilis

15 NA No Negative 1:64 Not STI/syphilis-related Non-syphilis

16 NA No Negative 1:64 Possible STI/syphilis-related Non-syphilis

17 NA No Negative 1:128 Not STI/syphilis-related Non-syphilis

18 Yes No Negative 1:128 Not STI/syphilis-related Neurosyphilis

19 Yes No Negative 1:128 Not STI/syphilis-related Non-syphilis

20 Yes No Negative 1:128 Not STI/syphilis-related Non-syphilis

21 NA No Positive 1:256 Not STI/syphilis-related Non-syphilis

22 Yes No Negative 1:256 Not STI/syphilis-related Non-syphilis

23 Yes No Negative 1:256 Not STI/syphilis-related Non-syphilis

Abbreviations: ED, emergency department; HIV, human immunodeficiency virus; NA, not applicable, patient was male; PCP, primary care physician; RPR, rapid plasma reagin; STI, sexually 
transmitted infection. Bold text in the table indicates which of the screening variables would have applied to identify this patient for syphilis screening. Bold and italic text in the table indicates 
possible syphilis-related ED chief complaint and syphilis-related ED diagnosis.
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with syphilis in 2022 did not have access to prenatal care [32]. 
These findings highlight the potential opportunity for identify-
ing syphilis infections outside of traditional prenatal care set-
tings, such as EDs [32]. Historically, syphilis rates have been 
lower among women, but reported cases increased by 217% 
from 2017 to 2021 [1].

Almost 90% of HTSI patients presented to our ED with a 
non-STI-related chief complaint. More than half (56.9% 
[1992/3504]) of all ED patients seen during the study period, 
and 39.0% of our study sample, did not have a reported PCP 
(Supplementary Table 1). An ED-specific syphilis screening 
strategy integrating PCP status could improve screening catch-
ment and potentially serve as a critical mechanism to reach an 
important sector of the population who may not otherwise have 
access to STI testing [8, 15].

Two proposed ED screening strategies were derived from 
our decision tree as a rational data-based starting strategy to 
guide ED-specific syphilis testing [37]. Both strategies showed 
(AUC = 0.73 and 0.67, respectively) that a targeted screening 
program focusing on PWH, patients without a reported PCP, 
and women of reproductive age could have identified approx-
imately 90% of ED patients with HTSI who had blood drawn 
during their visit.

A previous ED study used automated testing reminders for 
physicians to minimize time constraints and leveraged existing 
HIV screening protocols to maximize the utility of an opt-out 
syphilis screening program [11]. We propose using the elec-
tronic medical record to automate the identification of patients 

with no reported PCP, PWH, or women of reproductive age for 
screening [22, 38]. This automated process could flag patients 
for recommended syphilis testing with pop-up best practice 
alerts during their initial clinical evaluation [11]. Best practice 
alerts have been effective in other EDs in bundling physician 
orders to test the patient for all STIs of concern and to augment 
LTC by outpatient clinics [15, 39, 40]. Drawing from our suc-
cessful ED HIV screening and LTC programs, which have con-
nected >90% of ED patients to care within 1 month of 
diagnosis and achieved viral suppression in 72% of PWH, 
our study could leverage existing infrastructure to establish a 
syphilis LTC and treatment program [14, 21, 22, 41]. Our pro-
gram could expand the evidence base for ED-based syphilis 
screening, mirroring the achievements of our HIV LTC initia-
tives [14, 21, 22, 41].

There are several limitations that may affect the generaliz-
ability and practical relevance of our findings and suggested 
screening strategy in other ED settings [35]. First, only ED pa-
tients requiring blood draws for their standard medical care 
were included in this study (Supplementary Table 1). The char-
acteristics of patients who did not have a blood sample available 
were statistically different from the population analyzed in our 
study. While this may limit the generalizability relative to the 
true prevalence of syphilis in the broader population, it is prag-
matically justifiable given that only patients with blood drawn 
would be subject to the proposed screening program. This cri-
terion ensures that the selected population is relevant to the 
proposed testing intervention. Second, the variables available 

Figure 2. Decision tree for 2 proposed screening strategies for the identification of 23 Johns Hopkins Hospital emergency department patients with high-titer syphilis 
infection (rapid plasma reagin titer ≥1:8) from a seroprevalence study of 1951 patients, January–February 2022. Abbreviations: HIV, human immunodeficiency virus; 
HTSI, high-titer syphilis infection; JHHED, Johns Hopkins Hospital emergency department; PCP, primary care physician.
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to be electronically extracted from the ED administration data-
base were limited and not necessarily optimized for this study. 
Risk factors referenced by the USPSTF (pregnancy status, pre-
viously known HIV status, sexual behaviors [ie, men who have 
sex with men], or history of injection drug use) may be essential 
for future analyses. However, gathering a comprehensive risk 
profile of factors that might further stigmatize already margin-
alized populations can be challenging, and future studies inte-
grating a broader risk stratification approach could help inform 
screening strategies most relevant to the population. Given the 
constraints of our ED administrative database, the variables an-
alyzed herein were sufficient to characterize ED patients with 
HTSI and inform a potential screening strategy. Last, PCP sta-
tus should be interpreted carefully. ED registrars are trained to 
ask and verify PCP status during every visit; however, this evi-
dence is self-reported and may not reflect patients’ utilization of 
PCP services. Further research including additional patient 
clinical history could assist in the interpretation of HTSI and 
enable clinicians to distinguish the stage of infection across di-
verse ED settings.

Our study revealed a syphilis seroreactivity rate exceeding 
5%, with 1.2% exhibiting HTSI, aligning with multiple ED 
studies [11, 42]. This high prevalence raises concerns about 
potential syphilis underdiagnosis in our ED, emphasizing the 
potential for an ED-specific screening strategy to aid in identi-
fying unrecognized and/or asymptomatic infections that may 
otherwise go undiagnosed or untreated [1]. Our proposed 
strategy incorporating HIV status, reported PCP status, and 
women of reproductive age could improve catchment of 
HTSI. Early identification is the critical first step for linking pa-
tients with treatment, curtailing transmission, and addressing 
congenital syphilis. Additional research, namely internal and 
external validation studies, is needed to evaluate the efficacy 
and practicality of parsimonious screening strategies for iden-
tifying patients with HTSI.
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online. Consisting of data provided by the authors to benefit the reader, the 
posted materials are not copyedited and are the sole responsibility of the 
authors, so questions or comments should be addressed to the correspond-
ing author.

Notes
Author contributions. O. L., R. R., B. H., T. C. Q., and Y.-H. H. designed 

the study. J. H. H. had primary responsibility for the remnant blood specimen 
and data collection. J. H. H. performed laboratory testing. O. L., R. E. F., and 
T. C. Q. supervised data collection. O. L. and R. E. F. supervised laboratory 
testing. Y.-H. H. performed data analyses. J. H. H., O. L., R. R., G. D., 
P. C., T. C. Q., and Y.-H. H. primarily interpreted results. J. H. H. and 
Y.-H. H. primarily drafted the manuscript. J. H. H., O. L., R. R., R. E. F., P. 
C., B. H., T. C. Q., and Y.-H. H. performed critical editing of the manuscript. 
All authors reviewed and approved the manuscript.

Patient consent. This identity-unlinked seroprevalence study was re-
viewed by the Johns Hopkins University School of Medicine Institutional 

Review Board and was approved as an informed consent–waived research 
protocol (IRB00083646) due to the identity-unlinked methodology.

Financial support. This research was supported in part by the Division 
of Intramural Research, National Institute of Allergy and Infectious 
Diseases, National Institutes of Health.

Potential conflicts of interest. All authors: No reported conflicts.

References
1. Centers for Disease Control and Prevention (CDC). Sexually transmitted disease 

surveillance, 2021. Atlanta, GA: CDC; 2023.
2. Workowski KA, Bachmann LH, Chan PA, et al. Sexually transmitted infections 

treatment guidelines, 2021. MMWR Recomm Rep 2023; 70:1–187.
3. Cheung PT, Wiler JL, Lowe RA, Ginde AA. National study of barriers to timely 

primary care and emergency department utilization among Medicaid beneficia-
ries. Ann Emerg Med 2012; 60:4–10.e2.

4. Hsieh YH, Rothman RE, Laeyendecker OB, et al. Evaluation of the Centers for 
Disease Control and Prevention recommendations for hepatitis C virus testing 
in an urban emergency department. Clin Infect Dis 2016; 62:1059–65.

5. Kangovi S, Barg FK, Carter T, Long JA, Shannon R, Grande D. Understanding 
why patients of low socioeconomic status prefer hospitals over ambulatory 
care. Health Aff 2013; 32:1196–203.

6. Hilbert SLM, Reno HEL. Management of patients with sexually transmitted infec-
tions in the emergency department. Emerg Med Clin North Am 2018; 36:767–76.

7. Bergquist EP, Trolard A, Fox B, et al. Presenting to the emergency department 
versus clinic-based sexually transmitted disease care locations for testing for chla-
mydia and gonorrhea: a spatial exploration. Sex Transm Dis 2019; 46:474–9.

8. Lipps AA, Bazan JA, Lustberg ME, et al. A collaborative intervention between 
emergency medicine and infectious diseases to increase syphilis and HIV screen-
ing in the emergency department. Sex Transm Dis 2022; 49:50–4.

9. Stone L. USPSTF reaffirms recommendations on screening for syphilis infection. 
Nat Rev Urol 2022; 19:693.

10. Mangione CM, Barry MJ, Nicholson WK, et al. Screening for skin cancer: US 
Preventive Services Task Force recommendation statement. JAMA 2023; 329: 
1290–5.

11. Stanford KA, Hazra A, Friedman E, et al. Opt-out, routine emergency department 
syphilis screening as a novel intervention in at-risk populations. Sex Transm Dis 
2021; 48:347–52.

12. White DAE, Alter HJ, Irvin NA, Clark MC, Frazee BW. Low rate of syphilis 
screening among high-risk emergency department patients tested for gonorrhea 
and chlamydia infections. Sex Transm Dis 2012; 39:286–90.

13. Peeling RW, Mabey D, Chen XS, Garcia PJ. Syphilis. Lancet 2023; 402:336–46.
14. Kelen GD, Hexter DA, Hansen KN, et al. Feasibility of an emergency department- 

based, risk-targeted voluntary HIV screening program. Ann Emerg Med 1996; 27: 
687–92.

15. Ford JS, Shevchyk I, Yoon J, et al. Risk factors for syphilis at a large urban emer-
gency department. Sex Transm Dis 2022; 49:105–10.

16. Centers for Disease Control and Prevention. Syphilis (Treponema pallidum). Case 
definition 2018. Available at: https://ndc.services.cdc.gov/case-definitions/ 
syphilis-2018/. Accessed 11 March 2024.

17. Papp JR, Park IU, Fakile Y, Pereira L, Pillay A, Bolan GA. CDC laboratory recom-
mendations for syphilis testing, United States, 2024. MMWR Recomm Rep 2024; 
73:1–32.

18. Stanford KA, Almirol E, Schneider J, Hazra A. Rising syphilis rates during the 
COVID-19 pandemic. Sex Transm Dis 2021; 48:e81–3.

19. Hsieh YH, Lewis MK, Viertel VG, Myer D, Rothman RE, Gaydos CA. 
Performance evaluation and acceptability of point-of-care Trichomonas vaginalis 
testing in adult female emergency department patients. Int J STD AIDS 2020; 31: 
1364–72.

20. Gaydos CA, Ako MC, Lewis M, Hsieh YH, Rothman RE, Dugas AF. Use of a rapid 
diagnostic for Chlamydia trachomatis and Neisseria gonorrhoeae for women in the 
emergency department can improve clinical management: report of a randomized 
clinical trial. Ann Emerg Med 2019; 74:36–44.

21. Negoita S, Rothman RE, Signer DD, et al. Linkage to care, antiretroviral treatment 
initiation, and viral suppression of acute HIV-infected individuals identified from 
an emergency department–based HIV screening and linkage-to-care program. 
Ann Emerg Med 2018; 72:621–3.

22. Signer D, Peterson S, Hsieh YH, et al. Scaling up HIV testing in an academic 
emergency department: an integrated testing model with rapid fourth-generation 
and point-of-care testing. Public Health Rep 2016; 131(Suppl 1):82–9.

23. Kelen GD, Hsieh YH, Rothman RE, et al. Improvements in the continuum of HIV 
care in an inner-city emergency department. AIDS 2016; 30:113–20.

24. Hsieh YH, Kelen GD, Beck KJ, et al. Evaluation of hidden HIV infections in an 
urban ED with a rapid HIV screening program. Am J Emerg Med 2016; 34:180–4.

Probable Syphilis Infections in an Urban ED • OFID • 7

http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofae207#supplementary-data
https://ndc.services.cdc.gov/case-definitions/syphilis-2018/
https://ndc.services.cdc.gov/case-definitions/syphilis-2018/


25. Centers for Disease Control and Prevention (CDC). Women of reproductive age 
(15–49 years) population. Atlanta, GA: CDC; 2021.

26. Dionne-Odom J, Van Der Pol B, Boutwell A, Biligowda N, Schmid DG, Hook 
EW. Limited utility of reverse algorithm syphilis testing in HIV clinic among 
men who have sex with men. Sex Transm Dis 2021; 48:675–9.

27. Berry GJ, Loeffelholz MJ. Use of treponemal screening assay strength of signal to 
avoid unnecessary confirmatory testing. Sex Transm Dis 2016; 43:737–40.

28. Lee JH, Lim CS, Lee MG, Kim HS. Comparison of an automated rapid plasma re-
agin (RPR) test with the conventional RPR card test in syphilis testing. BMJ Open 
2014; 4:e005664.

29. Reisner BS, Mann LM, Tholcken CA, Waite RT, Woods GL. Use of the 
Treponema pallidum–specific Captia syphilis IgG assay in conjunction with the 
rapid plasma reagin to test for syphilis. J Clin Microbiol 1997; 35:1141–3.

30. Grabowski MK, Mpagazi J, Kiboneka S, et al. The HIV and sexually transmitted 
infection syndemic following mass scale-up of combination HIV interventions in 
two communities in southern Uganda: a population-based cross-sectional study. 
Lancet Glob Health 2022; 10:e1825–34.

31. Centers for Disease Control and Prevention (CDC). CDC spotlight on sexually 
transmitted infections and prevention. Atlanta, GA: CDC; 2021.

32. Centers for Disease Control and Prevention (CDC). Syphilis in babies reflects 
health system failures. Atlanta, GA: CDC; 2023.

33. Kidd S, Torrone E, Su J, Weinstock H. Reported primary and secondary syphilis cases 
in the United States: implications for HIV infection. Sex Transm Dis 2018; 45:S42–7.

34. Schmidt R, Carson PJ, Jansen RJ. Resurgence of syphilis in the United States: an 
assessment of contributing factors. Infect Dis 2019; 12:117863371988328.

35. Ren M, Dashwood T, Walmsley S. The intersection of HIV and syphilis: update on 
the key considerations in testing and management. Curr HIV/AIDS Rep 2021; 18: 
280–8.

36. Peterman TA, Su J, Bernstein KT, Weinstock H. Syphilis in the United States: on 
the rise? Expert Rev Anti Infect Ther 2015; 13:161–8.

37. Podgorelec V, Kokol P, Stiglic B, Rozman I. Decision trees: an overview and their 
use in medicine. J Med Syst 2002; 26:445–63.

38. Haukoos JS, Lyons MS, Rothman RE, et al. Comparison of HIV screening strat-
egies in the emergency department: a randomized clinical trial. JAMA Netw Open 
2021; 4:e2117763.

39. Calner P, Sperring H, Ruiz-Mercado G, et al. HCV screening, linkage to care, and 
treatment patterns at different sites across one academic medical center. PLoS 
One 2019; 14:e0218388.

40. Blackwell JA, Rodgers JB, Franco RA, et al. Predictors of linkage to care for a non-
targeted emergency department hepatitis C screening program. Am J Emerg Med 
2020; 38:1396–401.

41. Hsieh YH, Rothman RE, Solomon SS, et al. A tale of 3 pandemics: severe acute 
respiratory syndrome coronavirus 2, hepatitis C virus, and human immunodefi-
ciency virus in an urban emergency department in Baltimore, Maryland. Open 
Forum Infect Dis 2022; 9:ofac130.

42. Yax JA, Niforatos JD, Summers DL, et al. A model for syphilis screening in the 
emergency department. Public Health Rep 2021; 136:136–42.

8 • OFID • Hunt et al


	A Potential Screening Strategy to Identify Probable Syphilis Infections in the Urban Emergency Department Setting
	METHODS
	Patient Population
	Laboratory Methods
	Statistical Methods
	Ethical Considerations

	RESULTS
	Characteristics of Patient Population
	Overall Prevalence of Seroreactivity
	Seroprevalence of HTSI
	Sociodemographic and Clinical Associations of HTSI
	ED Screening Strategy to Identify HTSI

	DISCUSSION
	Supplementary Data
	Notes
	References




