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Background: Syphilis transmission can be prevented by prompt diagnosis
and treatment of primary and secondary infection. We evaluated the perfor-
mance of a point-of-care rapid syphilis treponemal (RST) test in an emer-
gency department (ED) setting.
Methods: Between June 2015 and April 2016, men aged 18 to 34 years
seeking services in a Detroit ED, and with no history of syphilis, were screened
for syphilis with the RST test, rapid plasma reagin (RPR) test, and Treponema
pallidum particle agglutination assay (TP-PA). A positive reference standard
was both a reactive RPR and a reactive TP-PA. We compared test results in
self-reported men who have sex with men (MSM) to non-MSM.
Results: Among 965 participants, 10.9% of RST tests were reactive in
MSM and only 1.5% in non-MSM (P < 0.001). Sensitivity of the RST test
was 76.9% and specificity was 99.0% (positive predictive value, 50.0%) com-
pared with the positive reference standard. Three discordant specimens found
negative with the RST test but positive with the reference standard had an
RPR titer of 1:1, compared with 10 specimens with concordant positive results
that had a median RPR titer of 1:16. The RST sensitivity was 50.0% (positive
predictive value, 68.4%) compared to the TP-PA test alone. Among men
seeking care in an ED, the RST detected 76.9% of participants with a reac-
tive RPR and TP-PA.
Conclusions: The RST test detected all of the participants with an RPR
titer ≥1:2 but less than 20% of participants with a positive TP-PA and neg-
ative RPR. The RST test was useful to detect a high proportion of partici-
pants with an active syphilis in an urban ED.
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In our study of young men seeking emergency department care,
the rapid syphilis test detected 76.9% of participants with

active syphilis.
Syphilis, a complex sexually transmitted genital ulcerative

and systemic disease caused by the spirochete Treponema pallidum,
is associated with significant morbidity including congenital syphi-
lis and an increased risk of human immunodeficiency virus (HIV)
infection.1,2 Nationally, reported cases of primary and secondary
(P&S) syphilis have increased from 2.1 cases per 100,000 in 2001
to 8.7 cases per 100,000 population in 2016.3 Gay, bisexual, and
other men who have sex with men (collectively referred to as
MSM) account for the majority of syphilis cases with highest rates
among young (age, 20–34 years) and black/African American
(hereafter referred to as black) MSM.3 In 2014, Detroit had an on-
going syphilis outbreak primarily among young black MSM. A to-
tal number of 217 new cases of P&S syphilis were reported to the
health department in 2014, a 193% increase from 74 cases reported
in 2010. Of the 217 reported cases in 2014, 94% were in men, 97%
in blacks, 73% in MSM. In addition, 52% of persons with P&S
syphilis were coinfected with HIV.

Public health strategies to interrupt syphilis transmission
depend on early diagnosis and treatment with a single intramuscu-
lar injection of benzathine penicillin in the early stages of syphilis.
In addition, preventive or “epidemiologic” treatment is provided to
any sexual partner exposed to infectious syphilis given the high
probability of onward transmission.4 In Detroit, this strategy was
complicated by the closure of Detroit's only sexually transmitted
disease (STD) clinic, the Herman Kiefer Health Complex, in
2013.5 Sexually transmitted disease clinics combine testing, treat-
ment, and partner contact tracing resources in 1 location and these
services can be difficult to replicate in a non-STD specialty out-
patient settings. Although young black men do not often seek rou-
tine primary care, they do access the health care system through
emergency departments (EDs).6

Serologic testing for syphilis can be quite complex and in-
volves performingmultiple tests in sequence. There are 2 common
algorithms used in the United States. The traditional algorithm in-
volves screening with a nontreponemal test and, if reactive, con-
firming with a treponemal test.4 The second approach, termed
the reverse algorithm, involves the screening with a treponemal
enzyme immunoassay (EIA) and, if reactive, confirming with a
nontreponemal test such as the rapid plasma reagin (RPR).7 An
additional treponemal test is recommended if the EIA is reactive
and the RPR is nonreactive. Both algorithms depend on laboratory
assays that require some level of expertise and equipment.

In late 2014, a novel rapid point-of-care syphilis test (Syphilis
Health Check; Diagnostics Direct, Cape May, NJ) was FDA-
approved and CLIA-waived.8 This rapid syphilis test is a qualitative
rapid membrane immunochromatographic assay that can detect T.
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pallidum antibodies from a finger stick specimen. The rapid syphilis
test is inexpensive, simple to usewithminimal training, and requires
no additional laboratory instruments. The test produces a result in
10 minutes which allows for rapid preliminary results, treatment,
and prompt linkage to care.9 Although this rapid point-of-care tech-
nology made it feasible to incorporate syphilis screening into a busy
ED clinical setting, questions remain regarding its utility as a screen-
ing assay.10 To address these issues, we evaluated the feasibility and
effectiveness of integrated rapid syphilis testing of men aged 18 to
34 years receiving care in a large urban ED.

METHODS

Study Design and Participants
The study was an evaluation study to assess the implemen-

tation of rapid syphilis testing in the ED of Henry Ford Hospital in
Detroit, Michigan. All men aged 18 to 34 years whovisited the ED
from 8:00 AM to 04:30 PM, Monday to Friday, were recruited to
participate. Participants were excluded if they had (i) already
screened positive for syphilis during the study period or (ii) had
a life-threatening illness that made rapid syphilis testing not feasi-
ble. Participants completed a questionnaire regarding their demo-
graphic characteristics, sexual behavior, and history of syphilis,
HIV, and other STDs. A review of each participant's electronic
medical record was also conducted to determine if there was a his-
tory of syphilis, HIV, or other STDs. A review of previous syphilis
testing results was also conducted by the health department for any
participants with a positive rapid syphilis result.

Study Personnel Training
Laboratory training was conducted at the enters for Disease

Control (CDC) National Reference Laboratory and Henry Ford
Hospital to familiarize ED, Infectious Disease, and laboratory staff
with the syphilis health check, by Trinity Biotech. Standard oper-
ating procedures, current strategies for syphilis testing algorithm
(RPR and T. pallidum particle agglutination assay [TP-PA] testing)
and quality assurance procedures at the Henry Ford Laboratory
were also reviewed.

Laboratory Methods
A finger-stick whole blood specimen from all study partic-

ipants was initially screened with a rapid syphilis test (Syphilis
Health Check; Diagnostics Direct)11 by a nurse who had received
training with the rapid test. This rapid syphilis test detects antibod-
ies against T. pallidum antigens, and uses recombinant treponemal
antigens. In the ED, all men in the study had blood drawn for an
RPR and TP-PA that was sent to CDC. Serum specimens from
all study participants were stored at −20°C and shipped as frozen
specimens in batches for testing at CDC's reference laboratory.
All specimenswere tested at CDCwith theRPR test, a nontreponemal
syphilis test that detects anti-cardiolipin antibodies that are present
in the majority of infected persons, and the T. pallidum particle ag-
glutination assay, an indirect agglutination assay that detects anti-
bodies against treponemal antigens. Reactive RPR specimens were
tested quantitatively to determine the titer. If there were discordant
results between the rapid syphilis treponemal (RST) and the
TP-PA, specimens were tested with the Trep-Sure EIA (Phoenix
Biotech, Mississauga, Ontario, Canada) which is a qualitative test
that detects IgG and IgM antibodies against treponemal antigens.12

In addition to testing with RST, all patients were tested and
treated for syphilis according to the standard of care in the ED.
Treatment in the ED was based on the result of the RST, the
patient's history and clinical presentation, and the clinical judg-
ment of the provider.
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Statistical Analysis
A sufficient sample size for this study was calculated to be

1000 participants with 12 to 29 diagnosed with syphilis. With a
90% sensitivity of the rapid syphilis test, there would be adequate
power (β = 0.1 and α = 0.05) that the 95% lower bound for sensi-
tivity would range from 73% with 12 syphilis diagnoses to 79%
with 29 diagnoses. The primary analyses were within-individual
comparisons of results from the rapid syphilis test and traditional
laboratory tests for syphilis. Two analyses were performed to com-
pare the rapid syphilis test to traditional laboratory tests. All study
participantswere screened by RST in ED, and all specimen regardless
of RST results were tested by RPR and TP-PA at CDC laboratory. In
the first comparison, the RSTwas compared to the traditional testing
algorithm used to diagnose syphilis infection: screening first with
RPR and confirming with TP-PA. In this comparison, specimens that
were RPR nonreactive were considered negative. RPR reactive spec-
imens (at any titer) were tested with TP-PA. If the TP-PA result was
nonreactive, the specimen was classified as negative. If the TP-PA re-
sult was reactive, then the specimen was classified as positive. In the
second comparison, the RST was compared to the TP-PA alone
because both tests detect antibodies against treponemal antigens.
The RST utilizes antigens derived from highly purified recombi-
nant TP recombinant proteins, while TP-PA test contains sonicated
T. pallidum whole organism. The sensitivity, specificity, positive
predictive value, and negative predictive value were calculated for
the RST compared with the traditional screening algorithm and the
TP-PA. The 95% exact confidence intervals (CI) were calculated with
the assumption of a Poisson distribution.McNemar tests were used to
check for consistency between the RSTand comparators. Participants
with missing test results were excluded from the analysis. Statistical
significance was indicated by a 2-sided P value less than 0.05. All
analyses were performed using SAS (SAS Institute), version 9.4.

This study was approved by the Henry Ford Hospital Insti-
tutional Review Board and was approved by CDC through a re-
search determination in accordance with federal human subject
protection regulations and CDC policies and procedures.13

RESULTS
From July 2015 to April 2016, 999 men participated in our

study and 965 were tested for antibodies to syphilis with the RST,
RPR, and TP-PA. The median age of participants was 25 years and
87.4% were black (Table 1). Medicaid was the most prevalent
health insurance (43.4%) and 27.2% of participants were unin-
sured. At their ED visit, symptoms related to HIV or STDs were
reported by 19.9% of participants and 40.1% had a history (by ei-
ther self-report or medical record) of an STD including 26 (2.7%)
participants with HIV infection and 17 (1.7%) participants with a
history of syphilis. The RSTwas reactive in 20 (2.1%) participants.
A higher proportion of RSTs were reactive in MSM compared to
non-MSM (10.9% vs. 1.5%; P < 0.01), in HIV-infected compared
with HIV negative participants (23.1% vs. 1.5%; P < 0.01), and in
participants with a self-reported history of syphilis compared to
those with no history of syphilis (41.2% vs. 1.4%; P < 0.01). ED
physicians made a treatment decision based only on the RST re-
sult, and their clinical evaluation. Among participants with a reac-
tive RST, 11were treated in the ED, 3 were verified to have already
received treatment, and 6 were scheduled for a follow-up with a
clinical care provider. There were no adverse events associated
with IM penicillin treatment of the 11 participants in the ED, but
none of the 6 untreated participants scheduled for follow-up
attended their appointment.

Compared with the traditional testing algorithm using an
RPR test and TP-PA, 10 specimens tested with the RSTwere con-
cordant positive and 13 specimens were discordant (Table 2;
ually Transmitted Diseases • Volume 46, Number 7, July 2019



TABLE 1.Demographic Characteristics, Reason for Emergency RoomVisit, and STDHistory AmongMen Aged 18–34 Years Screened for Syph-
ilis in an ED, 2015–2016

Screened Rapid Syphilis Test Positive Odds Ratio

n % n % (95% CI)

Total 965 100.0 20 2.1
Age (yr)
18–24 411 42.6 7 1.7 Reference
25–29 347 36.0 8 2.3 1.4 (0.5–3.8)
30–34 207 21.5 5 2.4 1.4 (0.5–4.6)

Race and ethnicity
African American/black, non-Hispanic 843 87.4 17 2 1.3 (0.2–10.1)
White, non-Hispanic 65 6.7 1 1.5 Reference
Hispanic 38 3.9 1 2.6 1.7 (0.1–28.5)
Other/unknown 19 2.0 1 5.3 3.6 (0.2–59.7)

Type of health insurance
Medicaid 419 43.4 7 1.7 Reference
Other Insurance 284 29.4 9 3.2 1.9 (0.7–5.2)
Uninsured 262 27.2 4 1.5 0.9 (0.3–3.2)

Reason for emergency room visit
HIVor STD-related symptom 192 19.9 3 2.2 0.7 (0.2–2.4)
Other 773 80.1 17 1.6 Reference

Ever had sex with men
Yes 55 5.7 6 10.9 7.8 (2.9–21.3)
No 910 94.3 14 1.5 Reference

History of syphilis
Yes 17 1.8 7 41.2 48.1 (12.1–191.5)
No 279 28.9 4 1.4 Reference
Unknown 669 69.3 9 1.4 0.9 (0.3–3.1)

HIV infection
Yes 26 2.7 6 23.1 19.8 (6.9–56.9)
No 939 97.3 14 1.5 Reference

History of other STD
Yes 387 40.1 11 2.8 1.9 (0.8–4.5)
No 578 59.9 9 1.6 Reference

CI, confidence interval; ED, emergency department.

Syphilis Screening With a Rapid Treponemal Test
McNemar's test P = 0.05). Among the discordant results, 10 RST
reactive specimens were negative by the RPR-TP-PA sequential
algorithm and 3 RST negative specimens were positive by the
RPR-TP-PA sequential algorithm. The RST sensitivity was
76.9%, (95% CI, 46.2–95.0%), specificity was 99.0%, and the
positive predictive value was 50.0% compared with the RPR-
TP-PA sequential algorithm (Table 2). The RPR titers for the 3
discordant specimens that were negative with the RSTwere all 1:1
compared with a median titer of 1:16 (range, 1:4 to 1:128) among
the 10 concordant positive specimens. Two of the discordant RST
reactive and RPR negative specimens were from patients with a
chancre consistent with primary syphilis on physical examination.
Among HIV-infected participants (n = 26), 4 of the 6 RST
positive results were concordant positive by the RPR-TP-PA
TABLE 2. Performance Characteristics of the Rapid Syphilis Test in an ED

Rapid Syphilis Test

RPR and TP-PA

Negative Positive
Sensitivity
(95% CI)

S
(9

Negative 942 3 76.9% (46.2%–95.0%) 99.0% (
Positive 10 10
Rapid syphilis test TP-PA*

Negative Positive
Negative 930 13 50.0% (29.9%–70.1%) 99.4% (
Positive 6 13

* Three participants, RPR nonreactive and TP-PA Indeterminate were remov
CI, confidence interval; ED, emergency department; RPR, rapid plasma reag
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sequential algorithm and only 1 of 20 RST negative results had a
discordant, positive result by the RPR-TP-PA sequential algorithm.

Compared with TP-PA testing only, 13 specimens tested
with the RSTwere concordant positive and 19 specimenswere dis-
cordant (Table 2;McNemar's testP = 0.11). Among the discordant
results, 6 RST reactive specimens were TP-PA negative, and 13
rapid syphilis negative specimens were TP-PA positive. The RST
sensitivity was 50.0%, the specificity was 99.4%, and the positive
predictive value was 68.4% compared with the TP-PA testing
alone (Table 2). Among these RST and TP-PA discordant results,
EIA testing confirmed the TP-PA result in 16 of 18 specimens
tested. Among study participants, 17 had a known history of
syphilis infection. The information was obtained by self-reports
(n = 13), medical chart review (n = 2), and from state surveillance
, 2015–2016

pecificity
5% CI)

Positive Predictive
Value (95% CI)

Negative Predictive
Value (95% CI) P

98.1%–99.5%) 50.0% (27.2%–72.8%) 99.7% (99.1%–99.9%) 0.05

98.6%–99.8%) 68.4% (43.5%–87.4%) 98.6% (97.7%–99.3%) 0.11

ed from this analysis.
in; TP-PA, Treponema pallidum particle agglutination assay.
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data (n = 2). Of these 17, 12 participants had concordant results (7
concordant positive and 5 concordant negative) and 5 participants
had discordant results (all RST negative and TP-PA positive).
DISCUSSION
In our evaluation of the performance of an RST, a substan-

tial proportion (76.9%; 95% CI, 46.2–95.0%) of participants who
were RPR and TP-PA reactive, were detected with the RST, indi-
cating that this assay could potentially be a useful tool to screen
for syphilis infection in settings where access to laboratory testing
is not feasible or where an immediate result is necessary. Although
the specificity of the assay was high (99.0%), the positive predic-
tive value in this setting was 50% suggesting this test is better
suited for a high prevalence (eg, MSM) than a low prevalence
(eg, pregnant women) setting. Of interest, the RST did not miss
a syphilis infection in any participant with a positive TP-PA and
an RPR titer of 1:2 or greater dilutions, and was positive in less
than 20% of participants with a positive TP-PA and negative
RPR. If these findings are confirmed, it may have relevance for
how the rapid syphilis test is utilized and interpreted in populations
with a high prevalence of past syphilis infection. In addition, 2 per-
sons clinically confirmed to have primary syphilis had a positive
RST but a negative RPR. This finding is consistent with studies that
have demonstrated that in early syphilis, treponemal antibodies are
detectable earlier in the course of infection than nontreponemal an-
tibodies.14,15 Our finding suggests that the RST might be useful to
detect early primary infection, but further studies of the test's perfor-
mance by stage of infection are needed.

The sensitivity of the RST in this evaluation was similar to
its sensitivity in a population tested at an STD clinic (71.4% com-
pared with an EIA result),10 and from a meta-analysis of similar
rapid assays used in resource limited settings,16 but substantially
lower than the sensitivity described in the product package insert
(98%).11 In the STD clinic study, as in our evaluation, most of
the RPR reactive patients had a reactive RST result.10 Our ob-
served specificity (99.0%) was higher than that in the STD clinic
study (91.5%),10 and similar to the specificity of other assays used
in resource limited settings (95.9–99.6%).16 Of note, the rapid
syphilis test was also reactive in 2 participants with primary syphilis
who had nonreactive RPR results, and this detection is a potential
benefit of treponemal tests which become reactive on average
3 weeks postinfection compared with the RPR assay which be-
comes reactive on average 6 weeks postinfection.15

Unexpectedly, in this study, the RSTwas reactive in all par-
ticipants with an RPR titer 1:2 or greater and a positive TP-PA but
less than 20% of participants with a nonreactive RPR and positive
TP-PA. We assumed the RSTwhich detects treponemal antibodies
would perform more similar to the treponemal TP-PA assay than
the nontreponemal RPR test which detects nonspecific antibodies
to a complex antigen that contains cardiolipin, lecithin, and choles-
terol that can indicate active syphilis infection.17 In addition to being
a rapid flow-through assay that can use a whole blood specimen, an
important difference between the assays is that the RST detects trep-
onemal antibodies using purified recombinant TP antigen proteins,
whereas the TP-PA assay uses native treponemal antigens.11,18,19

Both assays detect treponemal IgG and IgM antibodies, and trepone-
mal IgG antibodies usually persist for life regardless of treatment.15

Whether the total complement of treponemal antigens in the TP-PA
accounts for an increased sensitivity compared with the recombinant
treponemal antigens of the RST requires further evaluation.

It is notable that none of the 6 individuals with a positive
RST result, and who had scheduled follow-up appointments for
treatment, attended their appointments. That several patients did
not follow-up with their referral suggests the RST is very useful
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in a setting, such as ED or other venues with large number of pa-
tients in at-risk populations.

The ability of the RST to detect early syphilis, as it did in
our study in persons both with early primary infection and with
both detectable treponemal and nontreponemal antibodies, offers
public health advantages. Although this result should be con-
firmed in other settings because it has important implications for
how the RST results are interpreted. Diagnosis and treatment of
early syphilis infection is important to prevent the transmission
of syphilis because it is most infectious in its early stages. The re-
sults from all RST should be confirmed with standard laboratory
testing, especially the RPR, to be able to correctly diagnose the pa-
tient. Clinical history and examination are also critical to detect
symptoms and signs of early syphilis.

Although the rapid syphilis test provides an immediate result,
it still must be confirmed with nontreponemal testing. Presumptive
treatment of syphilis is indicated for patients with clinical signs of pri-
mary or secondary syphilis or with a recent exposure. Although syph-
ilis treatment with IM penicillin is generally safe,16 treatment of
asymptomatic patients with a positive RST is not indicated without
additional clinical or testing results. Further studies are needed to de-
termine if there are settingswhere treatment would be indicated based
on a positive RST, especially where treatment is immediately avail-
able but a loss to follow-up might be likely. Further studies are also
needed to determine settings where an RST can be used effectively
to link persons to care for confirmatory testing and treatment.

There were several limitations to our study. In this popula-
tion, we had only a few positives which led to a very precise esti-
mate of specificity, but wide CI on the estimated sensitivity.
Screening for syphilis was conducted in an ED among a young
population with a low prevalence of previous syphilis infection
and the performance characteristics of the RST might vary in set-
tings with either a higher prevalence of previous syphilis infection
or an older population with more comorbid medical conditions.
We also only included men in our study, and the performance of
the rapid syphilis test may be different in pregnant women. Finally,
our analysis was cross-sectional, we do not have longitudinal data
on rapid syphilis test results over time in a patient previously
treated and whose RPR titer declines to nonreactive.

In summary, the use of a rapid syphilis test in a busy ED
was an effective screening intervention that identified people
who were likely active syphilis cases enrolled in our study,
and provided an opportunity for immediate treatment. Addi-
tional research, however, is needed to understand if the detec-
tion of a high proportion of participants with active syphilis is
confirmed in other settings and populations, especially MSM
in community settings. As the incidence of syphilis continues
to rise in the United States, novel approaches that facilitate
the diagnosis and treatment of syphilis may be able to improve
our public health response.
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