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We describe the first direct comparison of the reverse and traditional syphilis screening algorithms in a population with a low
prevalence of syphilis. Among 1,000 patients tested, the results for 6 patients were falsely reactive by reverse screening, compared
to none by traditional testing. However, reverse screening identified 2 patients with possible latent syphilis that were not de-
tected by rapid plasma reagin (RPR).

The diagnosis of syphilis is challenging and is typically made
by serologic testing. Traditionally, syphilis screening has

been performed using a nontreponemal test, such as rapid
plasma reagin (RPR), with screen-reactive samples being tested
by a treponemal assay (e.g., fluorescent treponemal antibody
[FTA]) for confirmation. In recent years, many clinical labora-
tories have implemented a reverse screening algorithm, in
which sera are screened using an automated, treponemal test
(e.g., enzyme immunoassay [EIA]). Samples that are reactive
by EIA are then tested by RPR to assess disease and treatment
status and provide a supplemental marker of infection (1, 2, 6).
The implementation of reverse screening has allowed clinical
laboratories to meet increasing demands for syphilis testing by
providing an automated screening test that yields an objective
interpretation of results (4). However, the results of reverse
screening often cause confusion and anxiety among health care
providers and patients, especially when the results of EIA
screening and RPR are discordant (e.g., reactive by EIA and
non-reactive by RPR). Although these results typically reflect
past, successfully treated syphilis, they may also occur in pa-
tients with (i) no syphilis (e.g., a falsely reactive EIA) or (ii)
early or late/latent syphilis, when the sensitivity of RPR is low
(2, 6).

To assist in the interpretation of discordant EIA and RPR
results, the Centers for Disease Control and Prevention (CDC)
recently recommended that sera testing reactive by EIA but
nonreactive by RPR be analyzed by the Treponema pallidum
particle agglutination (TP-PA) assay (2). A nonreactive TP-PA
result would suggest that the results of EIA screening were
falsely reactive, while a reactive TP-PA result would support an
interpretation of either (i) past, successfully treated syphilis or
(ii) late/latent syphilis (2).

To assess the potential impact of reverse screening on the
diagnosis of syphilis, the CDC analyzed the results of 140,176
sera screened by a treponemal EIA or chemiluminescence im-
munoassay (CIA) (2). The samples were collected from pa-
tients living in areas with either low or high prevalence for
syphilis. Among the 140,176 samples tested by EIA/CIA, 4,834
(3.4%) were reactive by the screening test, and of these screen-
reactive sera, 2,743 (56.7%) were subsequently nonreactive by
RPR. Importantly, these discordant samples (n � 2,743) were
tested by TP-PA or FTA, which gave nonreactive results for 833

(31.6%) sera, suggesting a falsely reactive EIA/CIA screening
result (2). These findings supported past work (3) suggesting
that reverse screening may detect a higher rate of screen-
reactive patients compared to traditional testing by RPR. In
addition, these data raised concerns that reverse screening may
yield an elevated percentage of falsely reactive results.

Although these findings are critical in assessing the perfor-
mance of the reverse screening algorithm, an inherent limita-
tion of these initial studies was the lack of parallel RPR screen-
ing on all samples. Therefore, it is impossible to conclude from
these data whether reverse screening yielded a higher false-
reactive rate than screening by the traditional screening algo-
rithm. Because of these limitations, we sought to directly com-
pare the reverse and traditional screening algorithms in a
patient population with a low prevalence of syphilis.

Prospectively collected sera (n � 1,000; one sample per pa-
tient) were submitted for routine syphilis testing in our labo-
ratory, which consists of reverse screening using the BioPlex
2200 syphilis IgG multiplex flow immunoassay (MFI) (Bio-Rad
Laboratories, Hercules, CA) (4). Samples testing reactive by the
BioPlex assay were tested by RPR (Becton Dickinson, Franklin
Lakes, NJ); if RPR gave a positive result, the titer of the serum
sample was determined to an endpoint. In addition, sera test-
ing reactive by the BioPlex were also analyzed by TP-PA (Fu-
jirebio Diagnostics, Malvern, PA). In addition to the reverse
screening algorithm, each sample was also screened by RPR,
with the performing technologist unaware of the results of
other testing. The titers of sera that were reactive by RPR were
determined to an endpoint and subsequently tested by TP-PA
(Fig. 1). All testing was performed according to the manufac-
turers’ recommendations.

Among the 1,000 samples tested, 15 (1.5%) were reactive by
reverse screening (BioPlex IgG) compared to 4 (0.4%) by the tra-
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ditional screening test (RPR) (P � 0.01). The four samples that
were reactive by RPR were confirmed to be positive by TP-PA;
notably, these same four patients were also detected by the reverse
screening algorithm (Table 1, patients 1 to 4). Patient 1 had un-
derlying HIV infection and was subsequently diagnosed and
treated for neurosyphilis based on a positive venereal disease re-
search laboratory (VDRL) result from a cerebrospinal fluid (CSF)
sample. Patients 2 to 4 each had a past diagnosis of syphilis, and
sera were submitted to monitor their response to therapy. Each of

these patients had a low RPR titer (reciprocal endpoint of 1) and
were confirmed to be positive by TP-PA.

In addition to these 4 patients, the results of reverse screening
were reactive in an additional 11 patients that were not detected by
RPR. A review of each patient’s medical records was performed to
determine the reason for testing and the final clinical interpreta-
tion of results. Three patients (Table 1, patients 5 to 7) had a
history of past, successfully treated syphilis and were not retreated
based on these results. All three patients had a reactive TP-PA
result, which supported the findings of the BioPlex IgG assay. Two
additional patients (patients 8 and 9) were reactive by the BioPlex
IgG assay and TP-PA but nonreactive by RPR. These patients were
examined as a component of routine immigration or pretrans-
plant evaluation and had no history of syphilis or treatment. Both
patients were diagnosed with possible latent syphilis and were
treated appropriately. Finally, 6 patients (patients 10 to 15) were
reactive by the BioPlex IgG assay but nonreactive by RPR and
TP-PA. These findings were interpreted as falsely reactive screen-
ing results based on an alternative diagnosis and/or negative
TP-PA result, and these patients were not treated for syphilis
(Table 1).

This is the first direct comparison of the reverse and traditional
syphilis screening algorithms in a population with a low preva-
lence of syphilis. The results suggest that reverse screening yields a
higher false-reactive rate than traditional testing does (0.6% ver-
sus 0.0%, respectively; P � 0.03). Interestingly, the overall false-
reactive rate by reverse screening in our study (6/1,000 [0.6%])
was the same as the rate previously reported by the CDC (866/
140,176 [0.6%]) (2). Despite the increased false-reactive rate, the
reverse syphilis screening algorithm detected two patients with
possible latent syphilis that went undetected by RPR screening.
Whether or not these two patients had (i) latent, untreated syph-
ilis, or (ii) past, resolved syphilis that had been treated unknow-
ingly is impossible to determine. However, our findings support
prior data suggesting that reverse screening may enhance the sen-

FIG 1 Study design. One thousand prospective serum samples (one per pa-
tient) were tested by both the reverse and traditional syphilis screening algo-
rithms in a blinded fashion. RPR, rapid plasma reagin; TP-PA, Treponema
pallidum particle agglutination.

TABLE 1 Clinical data and results of traditional and reverse syphilis screening algorithms for patients with a positive screening result (n � 15)

Patient

Traditional algorithma Reverse algorithma

Interpretationb Reason for testingcRPR (titer) TP-PA BioPlex RPR (titer) TP-PA

1 � (128) � � � (128) � Active syphilis (treated) HIV, neurosyphilis
2 � (1) � � � (1) � Past, treated syphilis Past syphilis
3 � (1) � � � (1) � Past, treated syphilis HIV, neurosyphilis
4 � (1) � � � (1) � Past, treated syphilis HIV, past syphilis
5 � N/A � � � Past, treated syphilis STD screen
6 � N/A � � � Past, treated syphilis Pretransplant exam
7 � N/A � � � Past, treated syphilis Penile discharge
8 � N/A � � � Latent syphilis (treated) Immigration exam
9 � N/A � � � Latent syphilis (treated) Pretransplant exam
10 � N/A � � � Falsely reactive IgG Cognitive disorder
11 � N/A � � � Falsely reactive IgG Cognitive disorder
12 � N/A � � � Falsely reactive IgG Cognitive disorder
13 � N/A � � � Falsely reactive IgG Pretransplant exam
14 � N/A � � � Falsely reactive IgG Urinary incontinence
15 � N/A � � � Falsely reactive IgG Vaginal discharge
a The results of traditional and reverse syphilis screening algorithms are shown. The tests are abbreviated as follows: RPR, rapid plasma reagin; TP-PA, Treponema pallidum particle
agglutination; BioPlex, BioPlex syphilis IgG immunoassay. The test results are shown as follows: �, reactive; �, nonreactive; N/A, not applicable. If the rapid plasma reagin test
gave a reactive result, the reciprocal endpoint titer is provided in parentheses.
b Patients that were treated as a result of testing are indicated in parentheses. An interpretation of “Past, treated syphilis” was based on provider documentation or patient
communication of past treatment for syphilis.
c STD, sexually transmitted disease.
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sitivity for detection of early or late/latent disease (5). Taken to-
gether, these data underscore the importance of performing a sec-
ond treponemal assay (e.g., TP-PA) when the results of reverse
screening and RPR are discordant. Future studies should expand
on these findings by directly comparing both algorithms in a pop-
ulation with a high prevalence of syphilis.
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