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We reviewed the relevant syphilis diagnostic literature to address the following question: what are the performance characteristics, 
stratified by the stage of syphilis, for nontreponemal serologic tests? The database search included key terms related to syphilis and 
nontreponemal tests from 1960–2017, and for data related to the venereal disease research laboratory test from 1940–1960. Based on 
this review, we report the sensitivity and specificity for each stage of syphilis (primary, secondary, early latent, late latent, or unknown 
duration; tertiary as well as neurosyphilis, ocular syphilis, and otic syphilis). We also report on reactive nontreponemal tests in con-
ditions other than syphilis, false negatives, and automated nontreponemal tests. Overall, many studies were limited by their sample 
size, lack of clearly documented clinical staging, and lack of well-defined gold standards. There is a need to better define the perfor-
mance characteristics of nontreponemal tests, particularly in the late stages of syphilis, with clinically well-characterized samples. 
Published data are needed on automated nontreponemal tests. Evidence-based guidelines are needed for optimal prozone titrations. 
Finally, improved criteria and diagnostics for neurosyphilis (as well as ocular and otic syphilis) are needed.
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Since Treponema pallidum cannot be cultured, and direct 
detection methods are not routinely available in most clin-
ical settings, the detection of nonspecific or nontreponemal 
and treponemal antibodies forms the mainstay of syphilis 
laboratory diagnoses. Of note, the terms “nonspecific” or 
“nontreponemal” antibodies would be more accurately termed 
“antiphospholipid” antibodies, since they represent host anti-
bodies made in response to phosphatidylcholine taken up from 
mammalian tissue by T.  pallidum. However, these terms are 
commonly used in the literature and in clinical practice, so we 
have elected, for clarity, to use them in this document. For fur-
ther discussion of treponemal-specific antibodies, please see 
Park et  al in this issue. Antiphospholipid antibodies are used 
in combination with treponemal antibodies in the clinical con-
text to help diagnose infections with T. pallidum. The primary 
antiphospholipid antibody tests in current use are the rapid 
plasma reagin (RPR), the venereal disease research laboratory 
(VDRL) and, to a much lesser extent, the toluidine red un-
heated serum test (TRUST) and unheated serum reagin. Both 
nonautomated and automated platforms are available to detect 
these antibodies. Nontreponemal tests are generally performed 
on serum, but some may also be performed on cerebrospinal 
fluid (CSF) to aid in the diagnosis of neurosyphilis. Finally, 

nontreponemal antibody titers are used to monitor treatment 
responses, although this is not the focus of this review [1].

The diagnosis of any syphilis stage relies on a clinical evalua-
tion of patient symptoms and medical history, as well as on an 
interpretation of laboratory tests. As syphilis rates continue to 
rise throughout the United States, there is a need to systemati-
cally identify the performance characteristics of nontreponemal 
tests to aid laboratorians as they seek to provide support to clin-
icians for syphilis diagnoses. We sought to review the literature 
to address this question: what are the performance charac-
teristics, stratified by the stage of syphilis, for nontreponemal 
serologic tests?

METHODS

We searched Medline, Embase, the Cumulative Index to 
Nursing and Allied Health Literature database, Scopus, and 
the Cochrane Library from January 1960–June 2017 for the 
terms “syphilis” OR “Treponema pallidum” OR “neurosyph-
ilis” AND “serodiagnosis” OR “serum” OR “plasma” OR “test” 
OR “exam” OR “assay” OR “screen” OR “laboratory” OR “di-
agnosis” OR “nontreponemal” OR “algorithm” OR “antibody 
titer” OR “serofast” OR “VDRL” OR “venereal disease research 
laboratory” OR “RPR” OR “rapid plasma reagin” OR “toluidine 
red unheated.” Animal studies and those not written in English 
were excluded. Conference abstracts were excluded. This search 
identified a total of 4452 documents after duplicate exclusions. 
We conducted an additional search for the terms “VDRL” 
OR “venereal disease research laboratory” from 1940–1960, 
and applied similar exclusions. This yielded an additional 82 
documents.
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The combined literature search resulted in 4534 documents. 
Abstracts for these 4534 publications were reviewed, papers 
not relevant to syphilis or to nontreponemal syphilis serologies 
were excluded, and 452 publications were selected for full re-
view. Those that did not address the relevant topic, did not 
include primary data, related solely to the serofast state, or fo-
cused on tests not currently in use were excluded. This yielded 
138 papers that were abstracted. A review of references of these 
138 papers revealed an additional 2 relevant publications for a 
total of 140 papers. Additionally, data were obtained from the 
Food and Drug Administration (FDA) on the 2 approved, au-
tomated nontreponemal tests whose primary data had not yet 
been published.

Papers were assigned to several categories: (1) false negatives; 
(2) positive nontreponemal tests in conditions other than syph-
ilis (including subsections for pregnancy, leprosy, illicit drug 
use, malaria, human immunodeficiency virus [HIV], hepatitis 
C virus, autoimmune diseases, endemic treponematoses, and 
vaccinations); (3) primary syphilis; (4) secondary syphilis; (5) 
early latent syphilis; (6) late latent syphilis; (7) tertiary syphilis; 
(8) neurosyphilis; (9) ocular syphilis; (10) otic syphilis; and (11) 
automated nontreponemal tests. Papers were additionally cat-
egorized by relevance and quality, into those which were most 
relevant and of high quality, those of moderate quality and rel-
evance, and those of lower quality and relevance, based on spe-
cific criteria detailed separately in each syphilis category below. 
Several studies reported on composite endpoints (eg, primary 
and secondary syphilis together or “nonspecific” latent syph-
ilis), which limited their impact. Data abstracted from these 
studies were not included in the findings below.

RESULTS AND DISCUSSION

Overall, many of the studies reviewed were retrospective and 
had small sample sizes. Many were also limited by a lack of 
clearly documented clinical staging and well-defined gold 
standards. Documentation of the treatment status or the time 
interval between treatment and sample collection was not al-
ways clear. There were no published papers examining the 
performance characteristics of the 2 existing FDA-approved, 
automated nontreponemal assays at the time that the literature 
review was conducted. With these caveats, more detailed find-
ings for each subgroup follow below.

Primary Syphilis

For primary syphilis, we identified 13 high-quality papers (see 
Tables 1 and 2) [2–14] with a gold standard based on clinical diag-
noses with a positive darkfield on primary lesions; 8 moderate-
quality papers with a gold standard based on polymerase chain 
reaction (PCR) from lesions or a combination of a clinical di-
agnosis and serology [15–22]; and 9 lower-quality papers with 
a gold standard that was not well defined [23–31]. Based on 

high-quality papers, the sensitivity of VDRL in primary lesions 
ranged from 62.5–78.4%, although 1 high-quality paper re-
ported a sensitivity of 50% based on 76 patients with darkfield-
confirmed primary syphilis [12]. Based on high-quality papers, 
the sensitivity of the RPR ranged from 62.5–76.1%, although 1 
high-quality paper (Huber et al [10]) reported a sensitivity of 
92.7% based on 109 patients with darkfield-confirmed primary 
syphilis. Another high-quality paper reported a sensitivity for 
the reagin screening test of 57.7% [7]. Amongst the papers re-
porting both RPR and VDRL results, the serum RPR was gener-
ally as or slightly more sensitive than the VDRL [2–4, 7, 8, 10]. 
Few studies examined serum nontreponemal test specificity in 
the setting of primary syphilis; however, 1 moderate-quality 
study (Ballard et al [15]; see Table 1) enrolled 868 patients with 
genital ulcer disease and conducted T. pallidum real-time PCR 
testing on them. They found that the RPR had specificities for 
syphilis of 90.6% in people living with HIV and 87.3% in those 
living without HIV in the setting of genital ulcer disease [15].

Conclusions
Serum RPR and VDRL are 62–78% sensitive for the diagnosis 
of primary syphilis.

Secondary Syphilis

For secondary syphilis, we identified 11 high-quality papers 
with a clearly defined gold standard (see Tables  1 and 2) [2, 
4, 6–9, 12, 16–18, 20] and 9 lower-quality papers with a less 
well-defined gold standard [23, 25–31, 101]. There was some 
heterogeneity in gold-standard definitions within the high-
quality papers. Gold standards for the 11 high-quality papers 
included a clinical diagnosis, a clinical diagnosis “with positive 
darkfield,” and a clinical diagnosis with reactive treponemal or 
alternative nontreponemal tests (e.g., RPR, VDRL, or reagin 
screening test). Based on high-quality papers, the sensitivity of 
the VDRL was 100%. RPR was also reported as 100% sensitive, 
with the exception of 1 high-quality paper that reported a sen-
sitivity of 97.2% [8]. No studies reported on specificity in the 
setting of secondary syphilis.

Conclusions
Serum RPR and VDRL are 97–100% sensitive for the diagnosis 
of secondary syphilis.

Early Latent Syphilis

We identified 4 papers on early latent syphilis, and 2 were 
deemed high-quality based on having a well-defined gold 
standard [17, 20] (see Tables 1 and 2). The 2 others with less 
well-defined gold standards [23, 27] were deemed to be of lower 
quality. Based on these 4 studies, the overall sensitivity of VDRL 
ranged from 82.1–100%. Based on the 2 high-quality studies, 
the sensitivity of VDRL ranged from 85–100% [17, 20].
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Conclusions
Based on a small number of studies (2 high-quality and 2 lower-
quality studies), the sensitivity of VDRL for early latent syphilis 
ranges from 82–100% overall, and ranges from 85–100% based 
on the 2 high-quality papers.

Late Latent Syphilis or Syphilis of Unknown Duration

We identified 2 high-quality papers with a clearly defined gold 
standard [17, 21] (see Tables 1 and 2) and 2 lower-quality papers 
with a less well-defined gold standard for late latent syphilis or 
syphilis of an unknown duration (see Table 1) [23, 27]. There 
was 1 high-quality study that reported a sensitivity of 61% for 
RPR [21]. The other 3 studies reported a sensitivity of 64–75% 
for VDRL [17, 23, 27] and the other high-quality study reported 
a sensitivity of 64% for VDRL [17].

Conclusions
Based on a small number of studies (2 high-quality and 2 lower-
quality studies), the sensitivity of RPR and VDRL for diagnosing 
late latent syphilis ranges from 64–75% overall, and ranges from 
61–64% based on the 2 high-quality papers.

Tertiary Syphilis

Only 2 lower-quality papers, for which the gold standard was 
not well defined, were identified for tertiary syphilis (see Tables 
1 and 2) [27, 31]. The first, based on 17 patients, reported a 
VDRL sensitivity of 47% [27]. The second, based on 58 patients, 
reported a VDRL sensitivity of 64% [31].

Conclusions
Based on 2 studies with very limited data, the sensitivity of 
serum VDRL for tertiary syphilis is 47–64%.

Unspecified Syphilis Stage

We identified 12 high-quality studies [16, 74, 89–94, 101–
104] with a well-defined gold standard and 8 [28, 30, 95, 
105–109] lower-quality studies with a less well-defined gold 
standard, all of which provided little or no information on 
the syphilis stage. Without information on the syphilis stage, 
these papers were more difficult to interpret. However, the 
papers which contained data on both RPR and VDRL pro-
vided some useful information. There were 5 high-quality 
papers that reported a similar or higher sensitivity of the 
serum RPR as compared to the serum VDRL, independent 
of syphilis stage [74, 89, 90, 92–94], and 1 study that reported 
a lower sensitivity of RPR as compared with VDRL [91]. We 
found, 3 high-quality studies reported a higher specificity of 
RPR as compared to VDRL [74, 92, 94], while 1 high-quality 
study reported a slightly lower specificity of RPR as com-
pared to VDRL [91]. Importantly, the serum RPR and VDRL 
titers were not equivalent (in 1 study, only 29% of sera had 
concordant titers), suggesting that serum RPR and VDRL 
titers should not be used interchangeably to manage patients 
[93] (see Table 1).

Table 3. Causes of Positive Nontreponemal Tests Other Than Syphilis

Cause Quality of Data

Yaws High 

Leprosy High 

Autoimmune conditions High

Human immunodeficiency virus High

Hepatitis B virus Lower

Hepatitis C virus Lower

Malaria Lower

Drug use (narcotic, methadone) Mixed

For full references, see the text of the paper and Table 1. Data on pregnancy are conflicting.

Table 2. Summary: Nontreponemal Antibodies for Various Stages of Syphilis

Stage of Syphilis Nontreponemal Test Sensitivity Specificity Quality of Studies

Primary Serum RPR 62.5–76.1%a N/A High

Serum VDRL 62.5–78.4%b N/A High

Secondary Serum RPR 100%c N/A High

Serum VDRL 100% N/A High

Early latent Serum VDRL 85–100% N/A High

Late latent or unknown duration Serum RPR 61% N/A High (1 study)

Serum VDRL 64% N/A High (1 study)

Tertiary Serum VDRL 47–64% N/A Lower (2 studies)

Neurosyphilis CSF RPR 51.5–81.8% 81.8–100% High

CSF VDRL 49–87.5% 74–100% High

Ocular CSF VDRL 0–50% N/A Lower

Otic CSF VDRL 5.5–5.6% N/A Lower (2 studies)

For full references, see the text of the paper and Table 1.

Abbreviations: CSF, cerebrospinal fluid; RPR, rapid plasma reagin; VDRL, venereal disease research laboratory.
a1 high-quality paper reported a sensitivity of 92.7%. 
b1 high-quality paper reported a sensitivity of 50%. 
c1 high-quality paper reported a sensitivity of 97.2%.
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Conclusions
In general, serum RPR appears to be more sensitive than serum 
VDRL at detecting nontreponemal antibodies, independent of 
the syphilis stage. Based on more limited data, RPR also appears 
to be more specific than VDRL. Serum RPR and VDRL titers 
should not be used interchangeably to manage patients.

Neurosyphilis

A neurosyphilis diagnosis is challenging, as no single laboratory 
test is perfectly sensitive and specific for a diagnosis. Additionally, 
clinical guidelines focus on obtaining lumbar punctures prima-
rily in situations in which patients are symptomatic, as the sig-
nificance of CSF abnormalities in the absence of symptoms is 
unclear. Assessing the literature was difficult as well. Definitions 
for neurosyphilis differed between studies. Additionally, some 
definitions were circular (for example, CSF VDRL was often 
included as part of the definition of neurosyphilis in studies re-
porting on the sensitivity of CSF VDRL), which complicates an 
interpretation of nontreponemal test performance characteris-
tics. A mixture of symptomatic and asymptomatic patients was 
included in many studies, and it was not always possible to de-
termine nontreponemal test characteristics separately for these 
groups. We identified 4 high-quality studies with a gold standard 
that did not include a CSF nontreponemal test [32–35] (see 
Tables 1 and 2); 13 moderate-quality studies where the gold-
standard definition was partially circular (ie, included some el-
ement of the nontreponemal test itself) [17, 40, 110–120]; and 2 
lower-quality studies with a less well-defined gold standard [121, 
122]. We identified 2 high-quality case reports [36, 38] (and 2 
lower-quality reports [123, 124]) and 1 high-quality study re-
porting on the amount of CSF blood contamination required to 
show a false-positive CSF VDRL [37] (see Table 1).

Based on the 4 high-quality studies, the sensitivity of the CSF 
VDRL ranged from 49–87.5% and the specificity ranged from 
74–100% for diagnosing neurosyphilis [32–35]. In the studies 
in which the specificity was <90%, the gold standard was either 
CSF PCR for T. pallidum, symptoms (defined as new vision or 
hearing loss), clinical signs and symptoms with a positive CSF 
Treponema pallidum particle agglutination (TPPA) assay, or CSF 
white blood cells ≥ 10 and a positive CSF TPPA assay [33–35]. 
The gold standard for the study showing 99% specificity was pos-
itive serologies, reactive CSF fluorescent treponemal antibody 
(FTA), increased CSF protein >45 mg/dL, and CSF pleocytosis 
≥10 cells/mm3 [32]. The sensitivity of CSF RPR ranged from 
51.5–81.8% and the specificity ranged from 81.8–100% [32, 34, 
35]. For symptomatic neurosyphilis, the sensitivity of CSF VDRL 
ranged from 66.7–87.5% and the specificity ranged from 78.2–
90.2% [32–35]. For symptomatic neurosyphilis, the sensitivity 
of CSF RPR ranged from 51.5–100% and the specificity ranged 
from 89.7–90.2% [32, 34, 35]. However case definitions for symp-
tomatic neurosyphilis had significant heterogeneity (2 studies 
by Marra et al [33, 34] defined symptoms as “vision or hearing 

loss”; for the remaining studies, symptoms were not further de-
fined). There was 1 high-quality study that reported a sensitivity 
of 76.2% and specificity of 93.1% for CSF TRUST [35]. Limited 
data suggest that the sensitivity of CSF RPR may be lower than 
that of CSF VDRL [34]. There were 2 good-quality case reports 
describing false positive CSF VDRL results in the setting of cen-
tral nervous system malignancy [36, 38]. Finally, 1 paper reported 
on a laboratory experiment in which syphilitic blood was added 
to CSF, demonstrating the principle that bloody contamination of 
the CSF during a traumatic tap could lead to a false-positive CSF 
VDRL in a patient with syphilis, particularly a patient with a high 
VDRL serum titer [37]. (For a discussion of the use of CSF trep-
onemal antibodies in neurosyphilis, please see Park et al in this 
issue.) Studies have suggested the neurosyphilis risk is highest in 
persons living with HIV with a serum RPR of >1:32 [125–127].

Conclusions
A neurosyphilis diagnosis is challenging. Different definitions 
for neurosyphilis across studies, the heterogeneity of gold stand-
ards used, and the inclusion of a mixture of symptomatic and 
asymptomatic patients were highlighted as limitations. Based 
on current data, there is no recommendation for the use of 1 
assay over the other in the laboratory diagnosis of neurosyphilis, 
though limited data suggest that CSF RPR may be less sensitive 
than CSF VDRL. CSF VDRL is 49–87% sensitive and 74–100% 
specific for diagnosing neurosyphilis. CSF RPR is 51–82% sen-
sitive and 82–100% specific for diagnosing neurosyphilis. Due 
to significant heterogeneity in case definitions, a lack of gold 
standards, and the wide range of results, it is not possible to 
give definitive information on the performance characteristics 
of CSF nontreponemal tests in neurosyphilis diagnosis.

Ocular Syphilis

The diagnosis of ocular syphilis is heavily reliant on a clin-
ical assessment in the setting of reactive serum serologies, as 
the CSF may be completely normal in up to 40% of patients. 
Furthermore, there is not a particular pathognomonic sign or 
symptom of ocular syphilis. We found 18 lower-quality studies 
[39–56] relating to ocular syphilis (see Tables 1 and 2). Most 
were small cases series with limited numbers. Based on these 
studies, the sensitivity of CSF VDRL ranged from 0–50%, with 
many studies reporting a sensitivity of ≤30% [39–56]. There 
were 5 studies that reported a sensitivity of 24–100% for serum 
VDRL [39, 42, 45, 50, 54] and 5 studies that reported a sensi-
tivity of serum RPR of 85–92.3% [44, 46, 50, 52, 55].

Conclusions
The sensitivity of CSF VDRL in ocular syphilis is <50%.

Otic Syphilis

Similar to ocular syphilis, the diagnosis of otic syphilis relies on 
a clinical assessment in the setting of reactive serum serologies, 
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as over 90% of persons with otic syphilis may have normal CSF 
parameters. We identified 4 lower-quality papers, all cases se-
ries (see Table 1) [57–60]. Of these, 2 reported a sensitivity of 
CSF VDRL ranging from 5.4–5.6% [59, 60] (see Table 2). The 
sensitivity of serum VDRL was reported in 1 study at 22.2% 
[59], and the sensitivity of serum RPR was reported in 2 studies 
at 55–88.9% [57, 58].

Conclusions
Limited data suggest that the sensitivity of CSF VDRL is poor 
(<10%) in otosyphilis.

False Negatives: Prozone Reaction

We identified 2 high-quality papers with a clear gold standard 
[61, 63] and 1 high-quality case report [62], as well as 2 lower-
quality case reports [128, 129] (see Table  1). Based on the 2 
high-quality papers, the prevalence of false-negative results 
from nontreponemal syphilis tests is rare (<0.85% of those 
tested) [61, 63] The prozone reaction generally refers to a false-
negative response arising from cases in which high antibody 
titers interfere with the antigen-antibody lattice network for-
mation necessary to visualize a positive flocculation test [57]. 
The prozone reaction can occur during any stage of syphilis 
but is more common in primary and secondary syphilis; neu-
rosyphilis and pregnancy may increase the risk of the prozone 
reaction [61, 63]. There was 1 large study of 46  856 samples 
that reported that a third of prozone reactions may occur when 
titers are ≤1:16 [63]. Finally, 1 study reported that a cold centri-
fuge led to false negatives [62]. There was no formal guidance 
on the optimal number of serial dilutions when investigating a 
possible prozone reaction. In 1 study, titers were rechecked with 
serial dilutions up to 16-fold [61]; in the other, they were diluted 
from 1:1 to 1:32 [63].

Conclusions
The prevalence of false-negative results from nontreponemal 
syphilis tests is rare (<0.85% of those tested.) The prozone phe-
nomenon can occur during any stage of syphilis but is more 
common in primary and secondary syphilis; neurosyphilis 
and pregnancy may increase the risk of the prozone reaction. 
A third of prozone reactions may occur when titers are ≤1:16. 
False negatives may be more common if sera are centrifuged at 
colder temperatures (eg, 4℃ vs 27℃).

Causes of Reactive Nontreponemal Tests Other than Syphilis

We identified 51 papers [12, 14, 16, 27, 28, 61, 64–88, 91, 
106, 108, 130–146] that reported on causes of reactive 
nontreponemal tests other than syphilis—that is, biological 
false positives (BFPs)—with some focusing on positives in spe-
cific populations or conditions (such as pregnancy, old age, 
leprosy, illicit drug use, malaria, HIV, hepatitis C virus, other 
treponemal diseases, autoimmune diseases, and vaccines; see 

Tables 1 and 3). The studies were of mixed quality: many were 
small, and comparator groups were often lacking. In most large 
studies with a well-defined gold standard (generally a nega-
tive treponemal test), the overall prevalence of BFPs in those 
general populations tested for syphilis was ≤1.5% [14, 64–69]. 
Several factors were associated with BFPs, including older age, 
certain autoimmune diseases, leprosy, yaws, and HIV [68, 71, 
75–81]. More limited data exist on the associations of malaria, 
hepatitis B infection, hepatitis C infection, and injecting drugs 
with increased risks of BFPs [79, 82–86]. The data for the as-
sociation of BFPs and pregnancy are conflicting [61, 72, 74]. 
The data do not suggest a significant impact of vaccination on 
BFPs [87, 88]. In general, BFPs are more likely to occur when 
the nontreponemal titers are low, usually ≤1:8 [69, 72] (but 
there is clear documentation of exceptions where BFPs occur 
with higher nontreponemal titers; in general, those titers were 
usually ≤1:64) [73, 82, 85]. The duration of BFPs may depend 
on their underlying etiology. BFPs, in most cases, tend to revert 
to nonreactive. A small study suggests that the majority (83.3%) 
serorevert within approximately 10 weeks [70]. In another small 
study of patients with narcotics addictions, the average duration 
of the BFP was 25 months [85].

Conclusions
In most large studies with a well-defined gold standard (gener-
ally a reactive treponemal test), the overall prevalence of BFPs 
in the general populations tested for syphilis was ≤1.5%. Several 
factors were associated with BFPs, including older age, certain 
autoimmune diseases, leprosy, yaws, and HIV. More limited 
data exist on the associations of malaria, hepatitis B infection, 
hepatitis C infection, and injecting drugs with increased risks 
of BFPs. The data for the association of BFPs and pregnancy 
are conflicting. The data do not suggest a significant impact of 
vaccination on BFPs. In general, BFPs tend to occur when the 
nontreponemal titers are low, but there is clear documentation 
of exceptions where BFPs occur with higher nontreponemal 
titers. The duration of BFPs may depend on their underlying 
etiology. BFPs, in most cases, tend to revert to nonreactive.

Automated Nontreponemal Tests

There are limited data available comparing automated 
nontreponemal tests (platforms which allow for the automated 
qualitative and quantitative detection of nontreponemal anti-
bodies in serum or plasma) and manual nontreponemal tests 
[28, 89, 95–98]. Only 2 automated assays are currently FDA ap-
proved (see Table  1) [99, 100]. Data vary, but studies suggest 
similar overall performances of automated and nonautomated 
tests. A  large number of samples were tested in the unpub-
lished data submitted to the FDA, although not all the sample 
testing was relevant. For 1 test where the comparator was an 
RPR card test, the overall agreement was close to 100%, with the 
percent positive agreement (PPA) ranging from 95–100% and 
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the percent negative agreement ranging from 99.1–100% [99]. 
For the other, in which the comparator was “an FDA-approved 
RPR test,” the PPA ranged from 81.5–100% (with 1 instance, 
with only 6 samples where PPA was 0%) and the percent neg-
ative agreement ranged from 80.7–98% [100]. The automated 
tests may only provide a limited range of titer dilutions, beyond 
which manual procedures are necessary to achieve endpoint ti-
tration. Endpoint titers are necessary for patient management 
and should be obtained in all cases, without exception.

Conclusions
Based on limited data (including some unpublished 
manufacturer’s data submitted to the FDA), the automated 
nontreponemal tests appear to have reasonable performance as 
compared to the nonautomated tests. However, manual proced-
ures may be necessary to achieve endpoint titration, which is 
critical for patient management.

GAPS IN THE FIELD AND OVERALL CONCLUSIONS

Overall, there is a need to better define the performance character-
istics of nontreponemal tests, particularly in neurosyphilis and the 
latent stages of syphilis, with clinically well-characterized samples, 
including in populations living with and without HIV. Published 
data are needed on FDA-approved, automated nontreponemal 
tests. Additionally, questions remain regarding whether titers 
from automated tests are interchangeable with manual tests, and 
what recommendations should be made regarding manual testing 
proficiency (especially as expertise declines with the introduction 
of the automated tests). Data are needed to better define the per-
formance characteristics of nontreponemal tests in neurosyphilis. 
Studies which exclude the nontreponemal test in question as part 
of the gold-standard definition would be particularly valuable. 
Additional data are needed to gain a better understanding of the 
relationship between disease activity and nontreponemal anti-
body titers. Evidence-based guidelines for prozone titrations and 
improved criteria and diagnostics for neurosyphilis (as well as oc-
ular and otic syphilis) are needed.

Notes
Acknowledgments. The authors thank the members of the Centers for 

Disease Control and Prevention Sexually Transmitted Disease Laboratory 
group and external experts who developed or reviewed the key questions 
or supported the systematic literature reviews, and our colleague, Dr John 
Papp, for his insightful review of this manuscript.

Disclaimer. The findings and conclusions in this report are those of 
the authors and do not necessarily represent the views of the Centers for 
Disease Control and Prevention.

Financial support. This work was supported by the Centers for 
Disease Control and Prevention (to S. K.). S. T. is supported by NIH grant 
K23AI125715 (PI: Tuddenham).

Supplement sponsorship. This article appears as part of the supplement 
National Coalition of STD Directors, sponsored by the CDC.

Potential conflicts of interest. S.  S. K.  is a federal employee at and 
has received personal fees from the US Centers for Disease Control and 

Prevention. S. T. has been a consultant for Biofire Diagnostics and Roche 
Molecular Diagnostics, and has received a speaker honorarium from Roche 
Molecular Diagnostics. K. G. G. reports no potential conflicts. All authors 
have submitted the ICMJE Form for Disclosure of Potential Conflicts of 
Interest. Conflicts that the editors consider relevant to the content of the 
manuscript have been disclosed.

References
1. Clement ME, Okeke NL, Hicks CB. Treatment of syphilis: a systematic review. 

JAMA 2014; 312:1905–17.
2. Bossak HN, Duncan WP, Harris A, Falcone VH. Assay of tests for syphilis on un-

heated serum. Public Health Rep 1960; 75:196–8.
3. Creegan L, Bauer HM, Samuel MC, Klausner J, Liska S, Bolan G. An evaluation 

of the relative sensitivities of the venereal disease research laboratory test and the 
Treponema pallidum particle agglutination test among patients diagnosed with 
primary syphilis. Sex Transm Dis 2007; 34:1016–8.

4. Dyckman JD, Gatenbein D, Wende RD, Williams RP. Clinical evaluation of a new 
screening test for syphilis. Am J Clin Pathol 1978; 70:918–21.

5. Dyckman JD, Storms S, Huber TW. Reactivity of microhemagglutination, fluo-
rescent treponemal antibody absorption, and venereal disease research laboratory 
tests in primary syphilis. J Clin Microbiol 1980; 12:629–30.

6. Dyckman JD, Wende RD. Comparison of serum and plasma specimens for syph-
ilis serology using the reagin screen test. J Clin Microbiol 1980; 11:16–8.

7. Dyckman  JD, Wende  RD, Gantenbein  D, Williams  RP. Evaluation of reagin 
screen, a new serological test for syphilis. J Clin Microbiol 1976; 4:145–50.

8. Falcone VH, Stout GW, Moore MB Jr. Evaluation of rapid plasma reagin (CIRCLE) 
card test. Public Health Rep 1964; 79:491–5.

9. Greaves  AB. A comparative study of serologic tests in early syphilis. Arch 
Dermatol 1962; 85: 641–3.

10. Huber  TW, Storms  S, Young  P, et  al. Reactivity of microhemagglutination, 
fluorescent treponemal antibody absorption, venereal disease research lab-
oratory, and rapid plasma reagin tests in primary syphilis. J Clin Microbiol 
1983; 17:405–9.

11. Lassus A, Mustakallio KK, Aho K, Putkonen T. The order of appearance of re-
activity to treponemal and lipoidal tests in early syphilis. Acta Pathol Microbiol 
Scand 1967; 69:612–3.

12. Moore MB Jr, Knox JM. Sensitivity and specificity in syphilis serology: clinical 
implications. South Med J 1965; 58:963–8.

13. Wende RD, Mudd RL, Knox JM, Holder WR. The VDRL slide test in 322 cases of 
darkfield positive primary syphilis. South Med J 1971; 64:633–4.

14. Sischy A, da L’Exposto F, Dangor Y, et al. Syphilis serology in patients with pri-
mary syphilis and non-treponemal sexually transmitted diseases in southern 
Africa. Genitourin Med 1991; 67:129–32.

15. Ballard RC, Koornhof HJ, Chen CY, Radebe F, Fehler HG, Htun Y. The influence 
of concomitant HIV infection on the serological diagnosis of primary syphilis in 
southern Africa. S Afr Med J 2007; 97:1151–4.

16. Castro R, Prieto ES, Santo I, Azevedo J, Exposto Fda L. Evaluation of an enzyme 
immunoassay technique for detection of antibodies against Treponema pallidum. 
J Clin Microbiol 2003; 41:250–3.

17. Gibowski  M, Zaba  R, Machonko  T. Detection of specific IgM-CLASS 
antitreponemal antibodies in blood serum of patients with syphilis with the use of 
CAPTIA syphilis-M reaction and comparing it with VDRL, FTA-ABS and TPHA 
reactions. Med Sci Monit 1998; 4:882–8.

18. Glicksman J, Short D, Wende RD, Knox J. Instant syphilis screening; evaluation of 
the rapid plasma reagin teardrop card test. Tex Med 1967; 63:46–8.

19. Gratzer B, Pohl D, Hotton AL. Evaluation of diagnostic serological results in cases 
of suspected primary syphilis infection. Sex Transm Dis 2014; 41:285–9.

20. McMillan A, Young H. Qualitative and quantitative aspects of the serological di-
agnosis of early syphilis. Int J STD AIDS 2008; 19:620–4.

21. Singh AE, Wong T, De P. Characteristics of primary and late latent syphilis cases 
which were initially non-reactive with the rapid plasma reagin as the screening 
test. Int J STD AIDS 2008; 19:464–8.

22. Talwar S, Tutakne MA, Tiwari VD. VDRL titres in early syphilis before and after 
treatment. Genitourin Med 1992; 68:120–2.

23. Backhouse JL, Nesteroff SI. Treponema pallidum Western blot: comparison with 
the FTA-ABS test as a confirmatory test for syphilis. Diagn Microbiol Infect Dis 
2001; 39:9–14.

24. Brown  WJ, Donohue  JF, Price  EV. Evaluation of RPR card test for syphilis 
screening in field investigations. Public Health Rep 1964; 79:496–500.

25. Dandoy S. Initial serological reactions in infectious syphilis. Br J Vener Dis 1967; 
43:105–10.

26. Dang Q, Feng J, Lu X, et al. Evaluation of specific antibodies for early diagnosis 
and management of syphilis. Int J Dermatol 2006; 45:1169–71.



Nontreponemal Tests for Syphilis • cid 2020:71 (Suppl 1) • S41

27. de Lemos EA, Belém ZR, Santos A, Ferreira AW. Characterization of the Western 
blotting IgG reactivity patterns in the clinical phases of acquired syphilis. Diagn 
Microbiol Infect Dis 2007; 58:177–83.

28. McGrew BE, DuCros MJ, Stout GW, Falcone VH. Automation of a flocculation 
test for syphilis. Am J Clin Pathol 1968; 50:52–9.

29. Portnoy J, Bossak HN, Falcone VH, Harris A. Rapid reagin test with unheated 
serum and new improved antigen suspension. Public Health Rep 1961; 76:933–5.

30. Stone  DL, Moheng  MC, Rolih  S, Sinor  LT. Capture-S, a nontreponemal solid-
phase erythrocyte adherence assay for serological detection of syphilis. J Clin 
Microbiol 1997; 35:217–22.

31. Thakar  YS, Chande  C, Mahalley  AD, Saoji  AM. Seroprevalence of syphilis by 
TPHA test. Indian J Pathol Microbiol 1996; 39:135–8.

32. Castro  R, Prieto  ES, da  Luz  Martins  Pereira  F. Nontreponemal tests in the di-
agnosis of neurosyphilis: an evaluation of the venereal disease research labo-
ratory (VDRL) and the rapid plasma reagin (RPR) tests. J Clin Lab Anal 2008; 
22:257–61.

33. Marra CM, Maxwell CL, Dunaway SB, Sahi SK, Tantalo LC. Cerebrospinal fluid 
Treponema pallidum particle agglutination assay for neurosyphilis diagnosis. J 
Clin Microbiol 2017; 55:1865–70.

34. Marra CM, Tantalo LC, Maxwell CL, Ho EL, Sahi SK, Jones T. The rapid plasma 
reagin test cannot replace the venereal disease research laboratory test for neuro-
syphilis diagnosis. Sex Transm Dis 2012; 39:453–7.

35. Zhu L, Gu X, Peng RR, et al. Comparison of the cerebrospinal fluid (CSF) tolui-
dine red unheated serum test and the CSF rapid plasma reagin test with the CSF 
venereal disease research laboratory test for diagnosis of neurosyphilis among 
HIV-negative syphilis patients in China. J Clin Microbiol 2014; 52:736–40.

36. Delaney P. False positive serology in cerebrospinal fluid associated with a spinal 
cord tumor. Neurology 1976; 26:591–3.

37. Izzat  NN, Bartruff  JK, Glicksman  JM, Holder  WR, Knox  JM. Validity of the 
VDRL test on cerebrospinal fluid contaminated by blood. Br J Vener Dis 1971; 
47:162–4.

38. Madiedo  G, Ho  KC, Walsh  P. False-positive VDRL and FTA in cerebrospinal 
fluid. JAMA 1980; 244:688–9.

39. Spoor TC, Ramocki JM, Nesi FA, Sorscher M. Ocular syphilis 1986. Prevalence 
of FTA-ABS reactivity and cerebrospinal fluid findings. J Clin Neuro-
Ophthalmology 1987; 7:191–5.

40. Tuddenham S, Obeng C, Ghanem KG. Neurosyphilis and ophthalmic syphilis in 
persons with negative rapid plasma reagin and positive treponemal antibody test 
results. Sex Transm Dis 2015; 42:347–9.

41. Kunkel J, Schürmann D, Pleyer U, et al. Ocular syphilis–indicator of previously 
unknown HIV-infection. J Infect 2009; 58:32–6.

42. Parc CE, Chahed S, Patel SV, Salmon-Ceron D. Manifestations and treatment of 
ocular syphilis during an epidemic in France. Sex Transm Dis 2007; 34:553–6.

43. Ormerod LD, Puklin JE, Sobel JD. Syphilitic posterior uveitis: correlative findings 
and significance. Clin Infect Dis 2001; 32:1661–73.

44. Browning  DJ. Posterior segment manifestations of active ocular syphilis, their 
response to a neurosyphilis regimen of penicillin therapy, and the influence 
of human immunodeficiency virus status on response. Ophthalmology 2000; 
107:2015–23.

45. Bollemeijer JG, Wieringa WG, Missotten TO, et al. Clinical manifestations and 
outcome of syphilitic uveitis. Invest Ophthalmol Vis Sci 2016; 57:404–11.

46. Villanueva AV, Sahouri MJ, Ormerod LD, Puklin JE, Reyes MP. Posterior uveitis 
in patients with positive serology for syphilis. Clin Infect Dis 2000; 30:479–85.

47. Li  SY, Birnbaum  AD, Tessler  HH, Goldstein  DA. Posterior syphilitic uveitis: 
clinical characteristics, co-infection with HIV, response to treatment. Jpn J 
Ophthalmol 2011; 55:486–94.

48. Restivo  L, Abbouda  A, Nardella  C, Bruscolini  A, Pirraglia  MP, Pivetti  Pezzi  P. 
Uveitis heralding previously unknown luetic and HIV infection. Syphilitic uveitis 
in an Italian referral center. Ann Ist Super Sanita 2013; 49:133–7.

49. Dai T, Wu X, Zhou S, Wang Q, Li D. Clinical manifestations and cerebrospinal 
fluid status in ocular syphilis in HIV-negative patients. BMC Infect Dis 2016; 
16:245. PMID: 27266701.

50. Kim  Y, Yu  SY, Kwak  HW. Non-human immunodeficiency virus-related ocular 
syphilis in a Korean population: clinical manifestations and treatment outcomes. 
Korean J Ophthalmol 2016; 30:360–8.

51. Lee SY, Cheng V, Rodger D, Rao N. Clinical and laboratory characteristics of oc-
ular syphilis: a new face in the era of HIV co-infection. J Ophthalmic Inflamm 
Infect 2015; 5:26.

52. Shen J, Feng L, Li Y. Ocular syphilis: an alarming infectious eye disease. Int J Clin 
Exp Med 2015; 8:7770–7.

53. Mathew RG, Goh BT, Westcott MC. British Ocular Syphilis Study (BOSS): 2-year 
national surveillance study of intraocular inflammation secondary to ocular 
syphilis. Invest Ophthalmol Vis Sci 2014; 55:5394–400.

54. Rodrigues  RA, Nascimento  HM, Muccioli  C. Yellowish dots in the retina: a 
finding of ocular syphilis? Arq Bras Oftalmol 2014; 77:324–6.

55. Yap SC, Tan YL, Chio MT, Teoh SC. Syphilitic uveitis in a Singaporean popula-
tion. Ocul Immunol Inflamm 2014; 22:9–14.

56. Puech C, Gennai S, Pavese P, et al. Ocular manifestations of syphilis: recent cases 
over a 2.5-year period. Graefes Arch Clin Exp Ophthalmol 2010; 248:1623–9.

57. Hughes GB, Rutherford I. Predictive value of serologic tests for syphilis in otology. 
Ann Otol Rhinol Laryngol 1986; 95(3, Pt 1):250–9.

58. Abuzeid WM, Ruckenstein MJ. Spirochetes in otology: are we testing for the right 
pathogens? Otolaryngol Head Neck Surg 2008; 138:107–9.

59. Gleich  LL, Linstrom  CJ, Kimmelman  CP. Otosyphilis: a diagnostic and thera-
peutic dilemma. Laryngoscope 1992; 102:1255–9.

60. Yimtae K, Srirompotong S, Lertsukprasert K. Otosyphilis: a review of 85 cases. 
Otolaryngol Head Neck Surg 2007; 136:67–71.

61. el-Zaatari MM, Martens MG, Anderson GD. Incidence of the prozone phenom-
enon in syphilis serology. Obstet Gynecol 1994; 84:609–12.

62. el-Zaatari MM, Martens MG. False-negative syphilis screening due to change in 
temperature. Sex Transm Dis 1994; 21:243–6.

63. Liu LL, Lin LR, Tong ML, et al. Incidence and risk factors for the prozone phenom-
enon in serologic testing for syphilis in a large cohort. Clin Infect Dis 2014; 59:384–9.

64. Walker AN. Rapid plasma reagin (RPR) card test. A screening method for trepo-
nemal disease. Br J Vener Dis 1971; 47:259–62.

65. Omer EF, El Sheikh FS, Khalil  IA. Evaluation of VDRL test in Sudanese blood 
donors. Trop Doct 1982; 12:61–2.

66. Liu  F, Liu  LL, Guo  XJ, et  al. Characterization of the classical biological false-
positive reaction in the serological test for syphilis in the modern era. Int 
Immunopharmacol 2014; 20:331–6.

67. Johansson EA, Lassus A, Förström L. Three lipoidal tests in screening for syphilis 
and biological false-positive reactions in a dermatological series. Ann Clin Res 
1970; 2:42–6.

68. Geusau A, Kittler H, Hein U, Dangl-Erlach E, Stingl G, Tschachler E. Biological 
false-positive tests comprise a high proportion of venereal disease research labo-
ratory reactions in an analysis of 300,000 sera. Int J STD AIDS 2005; 16:722–6.

69. Bala M, Toor A, Malhotra M, Kakran M, Muralidhar S, Ramesh V. Evaluation of 
the usefulness of Treponema pallidum hemagglutination test in the diagnosis of 
syphilis in weak reactive venereal disease research laboratory sera. Indian J Sex 
Transm Dis AIDS 2012; 33:102–6.

70. Wiwanitkit  V. Biological false reactive VDRL tests: when to re-test? Southeast 
Asian J Trop Med Public Health 2002; 33(Suppl 3):131–2.

71. Tuffanelli  DL. Ageing and false positive reactions for syphilis. Br J Vener Dis 
1966; 42:40–1.

72. Smikle MF, James OB, Prabhakar P. Biological false positive serological tests for 
syphilis in the Jamaican population. Genitourin Med 1990; 66:76–8.

73. Glatt AE, Stoffer HR, Forlenza S, Altieri RH. High-titer positive nontreponemal tests 
with negative specific treponemal serology in patients with HIV infection and/or in-
travenous substance use. J Acquir Immune Defic Syndr (1988) 1991; 4:861–4.

74. Harrison  K, Maurer  D, McKenna  H. An evaluation of the C.S.L.  rapid plasma 
reagin (R.P.R.) test for syphilis. Aust J Med Technol 1976; 7:30–2.

75. Dorwart BB, Myers AR. Comparison of rapid plasma reagin card test and vene-
real disease research laboratory test in the detection of biological false positive 
reactions in systemic lupus erythematosus. Br J Vener Dis 1974; 50:435–6.

76. Achimastos A, Papadopoulos G, Kouzoutzakoglou K, Tolis G. Occurrence of bio-
logic false positive reactions with RPR (circle) card test on leprosy patients. Public 
Health Rep 1970; 85:66–8.

77. Garner MF. The biological false positive reaction to serological tests for syphilis. J 
Clin Pathol 1970; 23:31–4.

78. Chi KH, Danavall D, Taleo F, et al. Molecular differentiation of Treponema pallidum 
subspecies in skin ulceration clinically suspected as yaws in Vanuatu using real-time 
multiplex PCR and serological methods. Am J Trop Med Hyg 2015; 92:134–8.

79. Hernández-Aguado I, Bolumar F, Moreno R, et al. False-positive tests for syphilis 
associated with human immunodeficiency virus and hepatitis B virus infection 
among intravenous drug abusers. Valencian Study Group on HIV Epidemiology. 
Eur J Clin Microbiol Infect Dis 1998; 17:784–7.

80. Rompalo  AM, Cannon  RO, Quinn  TC, Hook  EW 3rd. Association of biologic 
false-positive reactions for syphilis with human immunodeficiency virus infec-
tion. J Infect Dis 1992; 165:1124–6.

81. Augenbraun MH, DeHovitz JA, Feldman J, Clarke L, Landesman S, Minkoff HM. 
Biological false-positive syphilis test results for women infected with human im-
munodeficiency virus. Clin Infect Dis 1994; 19:1040–4.

82. Maves RC, Dean K, Gadea N, Halsey ES, Graf PC, Lescano AG. False-positive 
rapid plasma reagin testing in patients with acute Plasmodium vivax malaria: a 
case control study. Travel Med Infect Dis 2014; 12:268–73.

83. Thomas  DL, Rompalo  AM, Zenilman  J, Hoover  D, Hook  EW 3rd, Quinn  TC. 
Association of hepatitis C virus infection with false-positive tests for syphilis. J 
Infect Dis 1994; 170:1579–81.

84. Sonmez E, Ozerol IH, Senol M, Kizilkaya N, Sahin K, Ozbilge H. False-positive 
reaction between syphilis and hepatitis C infection. Isr J Med Sci 1997; 33:724–7.



S42 • cid 2020:71 (Suppl 1) • Tuddenham et al

85. Tuffanelli  DL. Narcotic addiction with false-positive reaction for syphilis. 
Immunologic studies. Acta Derm Venereol 1968; 48:542–6.

86. Cushman P Jr, Sherman C. Biologic false-positive reactions in serologic tests for 
syphilis in narcotic addiction. Reduced incidence during methadone mainte-
nance treatment. Am J Clin Pathol 1974; 61:346–51.

87. Schueller WA, Izuno GT. Immunizations and false positive VDRL tests in military 
recruits. Mil Med 1976; 141:93–4.

88. Grossman LJ, Peery TM. Biologically false-positive serologic tests for syphilis due 
to smallpox vaccination. Am J Clin Pathol 1969; 51:375–8.

89. Wilkinson AE, Scrimgeour G, Rodin P. A comparison of the absorbed fluorescent 
treponemal antibody (FTA-ABS) test and other screening tests for treponemal di-
sease in patients attending a venereal disease clinic. J Clin Pathol 1972; 25:437–40.

90. Sharma S, Ganguly NK, Mahajan RC, Chitkara NL. Comparison of TPHA test 
with RPR card test, VDRL test and FTA-ABS test in diagnosis of syphilis. Indian J 
Pathol Microbiol 1977; 20:151–5.

91. Angue Y, Yauieb A, Mola G, Duke T, Amoa AB. Syphilis serology testing: a com-
parative study of abbot determine, rapid plasma reagin (RPR) card test and vene-
real disease research laboratory (VDRL) methods. PNG Med J 2005; 48:168–73.

92. Fowler E, Gilbert MK, Allen RH. A comparison of four screening tests for the 
detection of syphilis. Can J Public Health 1976; 67:482–4.

93. Stevens RW, Gombel K, Gaafar HA. Evaluation of reagin card tests for syphilis. 
Health Lab Sci 1978; 15:81–5.

94. Malm K, Andersson S, Fredlund H, et al. Analytical evaluation of nine serological 
assays for diagnosis of syphilis. J Eur Acad Dermatol Venereol 2015; 29:2369–76.

95. Cate TR, Tiemann GG, Prince J. Sensitivity and specificity of automated serologic 
tests for syphilis. Am J Clin Pathol 1971; 55:735–9.

96. 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.

97. Yukimasa  N, Miura  K, Miyagawa  Y, Fukuchi  K. Evaluation of new automated 
syphilis test reagents ‘IMMUNOTICLES AUTO3’ series: performance, biochem-
ical reactivity, and clinical significance. J Infect Chemother 2015; 21:1–7.

98. Stevens RW, Stroebel E. The automated reagin test: results compared with VDRL 
and FTA-ABS tests. Am J Clin Pathol 1970; 53:32–4.

99. United States Food and Drug Administration (Administration UFaD). 510k sub-
stantial equivalence determination decision summary (K150358). 2015. Available 
at: https://www.accessdata.fda.gov/cdrh_docs/reviews/K150358.pdf. Accessed 1 
April 2018.

100. Administration UFaD. 510k substantial equivalence determination decision 
summary (K170413) Bioplex 2200 syphilis total and RPR kit. 2017.Available 
at: https://www.accessdata.fda.gov/cdrh_docs/reviews/K170413.pdf. Accessed 1 
April 2018.

101. White TJ, Fuller SA. Visuwell reagin, a non-treponemal enzyme-linked immuno-
sorbent assay for the serodiagnosis of syphilis. J Clin Microbiol 1989; 27:2300–4.

102. Harris  A, Olansky  S, Bossak  HN. Comparative reactivity of the VDRL slide 
and other tests for syphilis in random population groups (including Treponema 
pallidum immobilization test). Am J Syph Gonorrhea Vener Dis 1954; 38:295–303.

103. Muic V, Vodopija I, Ljubicic M, Mayer V. Limitations and consequences of basing 
late syphilis seroassessments on VDRL test. Acta Dermatovenerologica Alpina 
Panonica et Adriatica 1997; 6:87–91.

104. Williams  GW, Bowman  HE. Reproducibility of syphilis serology results. Am J 
Clin Pathol 1980; 74:586–8.

105. Franken AA, Oliver JH, Litwin CM. Comparison of a combined nontreponemal 
(VDRL) and treponemal immunoblot to traditional nontreponemal and trepo-
nemal assays. J Clin Lab Anal 2015; 29:68–73.

106. Marangoni A, Moroni A, Accardo S, Cevenini R. Laboratory diagnosis of syphilis 
with automated immunoassays. J Clin Lab Anal 2009; 23:1–6.

107. Saral Y, Dilek AR, Dilek N, Bahceci I, Ulusan DZ. Serologic diagnosis of syphilis: 
comparison of different diagnostic methods. Acta Dermatovenerologica Croatica 
2012; 20: 84–8.

108. Silletti RP. Comparison of CAPTIA syphilis G enzyme immunoassay with rapid 
plasma reagin test for detection of syphilis. J Clin Microbiol 1995; 33:1829–31.

109. Theodoropoulos N, Jaramillo A, Penugonda S, et al. Improving syphilis screening 
in deceased organ donors. Transplantation 2015; 99:438–43.

110. Burke  JM, Schaberg  DR. Neurosyphilis in the antibiotic era. Neurology 1985; 
35:1368–71.

111. Chen  YY, Zhang  YF, Qiu  XH, et  al. Clinical and laboratory characteristics in 
patients suffering from general paresis in the modern era. J Neurol Sci 2015; 
350:79–83.

112. Davis LE, Schmitt JW. Clinical significance of cerebrospinal fluid tests for neuro-
syphilis. Ann Neurol 1989; 25:50–5.

113. Dharmasaroja PA, Dharmasaroja P. Serum and cerebrospinal fluid profiles for syphilis 
in Thai patients with acute ischaemic stroke. Int J STD AIDS 2012; 23:340–5.

114. Hooshmand H, Escobar MR, Kopf SW. Neurosyphilis. A study of 241 patients. 
JAMA 1972; 219:726–9.

115. Jiang Y, Chen X, Ma X, Yang Y, Peng F, Hu X. The usefulness of toluidine red un-
heated serum test in the diagnosis of HIV-negative neurosyphilis. Sex Transm Dis 
2011; 38:244–5.

116. Lukehart  SA, Hook  EW 3rd, Baker-Zander  SA, Collier  AC, Critchlow  CW, 
Handsfield HH. Invasion of the central nervous system by Treponema pallidum: 
implications for diagnosis and treatment. Ann Intern Med 1988; 109:855–62.

117. Russouw  HG, Roberts  MC, Emsley  RA, Joubert  JJ. The usefulness of cerebro-
spinal fluid tests for neurosyphilis. S Afr Med J 1994; 84:682–4.

118. Timmermans M, Carr J. Neurosyphilis in the modern era. J Neurol Neurosurg 
Psychiatry 2004; 75:1727–30.

119. Wöhrl S, Geusau A. Neurosyphilis is unlikely in patients with late latent syphilis 
and a negative blood VDRL-test. Acta Derm Venereol 2006; 86:335–9.

120. Zhang YQ, Huang M, Jia XY, Zou YF, Chen D. A clinical study of new cases of 
parenchymal neurosyphilis: has tabes dorsalis disappeared or been missed? J 
Neuropsychiatry Clin Neurosci 2015; 27:e17–21.

121. Merins V, Hahn K. Syphilis and neurosyphilis: HIV-coinfection and value of diag-
nostic parameters in cerebrospinal fluid. Eur J Med Res 2015; 20:81.

122. Muic V, Vodopija I, Ljubicic M. Role of routine syphilis serotests in late neuro-
syphilis detection. Neurologia Croatica 1998; 47:229–237.

123. Feraru ER, Aronow HA, Lipton RB. Neurosyphilis in AIDS patients: initial CSF 
VDRL may be negative. Neurology 1990; 40:541–3.

124. Gran A, Cunha BA. False-positive venereal disease research laboratory tests in the cere-
brospinal fluid with meningeal carcinomatosis. Infect Dis Clin Pract 2015; 23: e13-e4.

125. Marra CM, Maxwell CL, Smith SL, et al. Cerebrospinal fluid abnormalities in pa-
tients with syphilis: association with clinical and laboratory features. J Infect Dis 
2004; 189:369–76.

126. Ghanem KG, Moore RD, Rompalo AM, Erbelding EJ, Zenilman JM, Gebo KA. 
Lumbar puncture in HIV-infected patients with syphilis and no neurologic symp-
toms. Clin Infect Dis 2009; 48:816–21.

127. Libois A, De Wit S, Poll B, et al. HIV and syphilis: when to perform a lumbar 
puncture. Sex Transm Dis 2007; 34:141–4.

128. Post JJ, Khor C, Furner V, Smith DE, Whybin LR, Robertson PW. Case report and 
evaluation of the frequency of the prozone phenomenon in syphilis serology - an 
infrequent but important laboratory phenomenon. Sex Health 2012; 9:488–90.

129. Wuepper KD, Tuffanelli DL. False-positive reaction to VDRL test with prozone 
phenomena. Association with lymphosarcoma. JAMA 1966; 195:868–9.

130. Ashkar FS, Miller R. Serological tests for syphilis in diseases of the thyroid. JAMA 
1970; 213:872.

131. Brede HD, Willey KD, Kindermann RA, Finlayson MH. Detection of biological 
false positive syphilis serum reactions. S Afr Med J 1974; 48:1191–4.

132. Buck AA, Mayer H. Comparative studies of the rapid plasma reagin card test for 
syphilis and the VDRL slide test in Ethiopia. Am J Hyg 1964; 80:85–90.

133. Chuthanondn R, Petchclai B, Benjaponges W. VDRL in malaria. Ann Intern Med 
1972; 77:660–1.

134. Constable SA, Parry CM, Enevoldson TP, Bradley M. Positive serological tests for 
syphilis and administration of intravenous immunoglobulin. Sex Transm Infect 
2007; 83:57–8.

135. Goldman JN, Lantz MA. FTA-ABS and VDRL slide test reactivity in a population 
of nuns. JAMA 1971; 217:53–5.

136. Hare MJ. Serological tests for treponemal disease in pregnancy. J Obstet Gynaecol 
Br Commonw 1973; 80:515–9.

137. Jessop S, Botha P. False-positive test results for syphilis in relatives of a patient 
with systemic lupus erythematosus. Br J Vener Dis 1979; 55:292–4.

138. Johansson EA, Lassus A, Apajalahti A, Aho K. Serological tests for syphilis in the 
elderly. Ann Clin Res 1970; 2:47–50.

139. Joyanes  P, Borobio  MV, Arquez  JM, Perea  EJ. The association of false-positive 
rapid plasma reagin results and HIV infection. Sex Transm Dis 1998; 25:569–71.

140. Kaufman RE, Weiss S, Moore JD, Falcone V, Wiesner PJ. Biological false positive 
serological tests for syphilis among drug addicts. Br J Vener Dis 1974; 50:350–3.

141. Knight A, Wilkinson RD. The clinical significance of the biological false positive 
serologic reactor: a study of 113 cases. Can Med Assoc J 1963; 88:1193–5.

142. Kostant GH. Familial chronic biologic false-positive seroreactions for syphilis. Report 
of two families, one with three generations affected. JAMA 1972; 219:45–8.

143. Lee  CT, Lam  KK, Liao  SC, Chen  JB, Hsu  KT. The significance of syphilis se-
rology tests on long-term hemodialysis patients. Changgeng Yi Xue Za Zhi 1998; 
21:447–52.

144. Parco S, Vascotto F, Visconti P. Public banking of umbilical cord blood or storage 
in a private bank: testing social and ethical policy in northeastern Italy. J Blood 
Med 2013; 4:23–9.

145. Rusnak JM, Butzin C, McGlasson D, Blatt SP. False-positive rapid plasma reagin tests 
in human immunodeficiency virus infection and relationship to anti-cardiolipin an-
tibody and serum immunoglobulin levels. J Infect Dis 1994; 169:1356–9.

146. Salo OP, Sievers K, Ahvonen P, Aho K. Low frequency of chronic biological false 
positive reactors to serological tests for syphilis in rheumatoid arthritis and anky-
losing spondylitis. Ann Rheum Dis 1968; 27:261–3.

https://www.accessdata.fda.gov/cdrh_docs/reviews/K150358.pdf
https://www.accessdata.fda.gov/cdrh_docs/reviews/K170413.pdf

