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Complexities in the diagnosis of syphilis continue to challenge clinicians. While direct tests (e.g., microscopy or PCR) are helpful in
early syphilis, the mainstay of diagnosis remains serologic tests. The traditional algorithm using a nontreponemal test (NTT) followed
by a treponemal test (TT) remains the standard in many parts of the world. More recently, the ability to automate the TT has led to the
increasingly widespread use of reverse algorithms using treponemal enzyme immunoassays (EIAs). Rapid, point-of-care TTs are in
widespread use in developing countries because of low cost, ease of use, and reasonable performance. However, none of the current
diagnostic algorithms are able to distinguish current from previously treated infections. In addition, the reversal of traditional syphilis
algorithms has led to uncertainty in the clinical management of patients. The interpretation of syphilis tests is further complicated by
the lack of a reliable gold standard for syphilis diagnostics, and the newer tests can result in false-positive reactions similar to those seen
with older tests. Little progress has been made in the area of serologic diagnostics for congenital syphilis, which requires assessment of
maternal treatment and serologic response as well as clinical and laboratory investigation of the neonate for appropriate management.
The diagnosis of neurosyphilis continues to require the collection of cerebrospinal fluid for a combination of NTT and TT, and, while

newer treponemal EIAs look promising, more studies are needed to confirm their utility. This article reviews current tests and dis-
cusses current controversies in syphilis diagnosis, with a focus on serologic tests.

Syphilis, caused by the spirochetal bacterium Treponema palli-
dum subspecies pallidum, remains a challenging and complex
infection to diagnose (1, 2). The inability to readily culture T.
pallidum has forced laboratorians to focus on alternate methods for
diagnosing syphilis. Microscopic examination of the fluid from ulcer-
ative lesions, from regional lymph nodes, or from the infected tissue
has been used since the early 19th century to presumptively diagnose
acute cases (1). However, the utility of this test is limited by the in-
ability of even experienced observers to distinguish the organism
from other, nonpathogenic treponemes in some specimens (1).
While recent advances in molecular methods such as PCR look
promising (3), this test largely remains a research tool as it is still not
available in many diagnostic laboratories.

Serologic tests for syphilis, with the detection of nontrepone-
mal antibodies (cardiolipin) or antibodies against T. pallidum in
all stages of infection, remain the mainstay of diagnosis (1, 2). Non-
treponemal tests (NTT) are largely used to monitor the status of in-
fection, while treponemal tests (TT) are primarily used to confirm the
presence of treponemal infection. The sensitivity and specificity of
both TT and NTT vary with the type of test as well as the stage of
syphilis infection. In addition, although T. pallidum subspecies pal-
lidum is the most common species in developed nations, other T.
pallidum subspecies exist which differ in their pathogenicity but are
>95% homologous by DNA-DNA hybridization (4) and are indis-
tinguishable on serologic testing. This article discusses older tests as
well as recent advances in the diagnosis of syphilis with a focus on
current testing algorithms for syphilis as well as point-of-care tests
(POCT). In addition, current approaches to the diagnosis of congen-
ital and neurosyphilis are discussed.

SEROLOGIC TESTS

Nontreponemal tests. NTT measure levels of immunoglobulin G
(IgG) and immunoglobulin M (IgM) antibodies produced by the
host in response to lipoidal material (mostly cardiolipin) released
from damaged host cells. It also generally believed that some car-
diolipin is released by the spirochetes as well (5).
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Historically, the antigen was obtained by Wasserman et al.
from the liver of an infant that had died of congenital syphilis and
was used in an adaptation of an earlier complement fixation test
(6). However, it was subsequently noted that the antibodies cross-
reacted with other antigens and that an alcohol extract from beef
heart was equally suitable for this purpose (1). The identification
of the phospholipid cardiolipin as the active antigenic component
led to the development of standardized antigens containing car-
diolipin, cholesterol, and lecithin (7).

Several NTT have been developed since 1946. The venereal
disease research laboratory (VDRL) test (7) is a flocculation test
developed using the standardized antigen preparation and re-
mains in use today. The antigen was further modified by the ad-
dition of chlorine chloride and EDTA, to produce the unheated-
serum reagin test (USR), in which either plasma or unheated
serum was an acceptable sample matrix (8).

Later, the rapid plasma reagin (RPR) test was developed. In the
RPR test, the antigen suspension incorporates charcoal particles
to enhance flocculation (9), while in the toluidine red unheated-
serum test (TRUST), the carbon particles were replaced with tolu-
idine red particles (10).

AIINTT detect both IgM and IgG antibodies, which are com-
monly detectable as early as 6 days postinfection (11-13). The
sensitivity of NTT during primary syphilis is approximately 75%
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(14). AIl NTT in current use are flocculation tests, in which the
reaction between the antigen and reagin is evidenced by clumping
of particles. Interpretation of flocculation tests is subjective and
therefore depends on staff experience, with a minimum of a = 1-
dilution margin of error associated with these types of tests.

The NTT, particularly the RPR and VDRL tests, are used
worldwide. The RPR test is mainly used to test serum samples,
while the VDRL test is now used primarily for testing cerebrospi-
nal fluid (CSF) (1).

NTT are primarily used as qualitative assays for screening in
the traditional algorithm or as quantitative assays to help stage
infection and to assess the response to treatment. Screening tests
are performed using undiluted serum. Results are reported as
nonreactive or reactive. Some specimens give a granular or
“rough” appearance. A prozone phenomenon occurs in high-titer
specimens, mostly with secondary syphilis, which return nonre-
active results unless the samples are diluted (15). These cohorts
typically remain untreated unless a TT is done irrespective of the
RPR/VDRL results, which might be very expensive in resource-
limited settings. Most laboratories do not conduct additional test-
ing if the RPR/VDRL test is nonreactive. Reactive specimens are
retested in 2-fold dilution series for quantitative results. Titers
usually decline significantly after successful therapy and are de-
pendent on the syphilis stage as well as on the presence of HIV
coinfection (16-18). Romanowski et al. reported that patients
with high pretreatment titers had a greater rate of decline than
those with lower titers but were less likely to revert to the negative
condition (19). They also reported that patients with repeat infec-
tions of early syphilis were less likely to experience seroreversion
than those with initial infections (19). Treated patients should be
followed for up to 24 months (20); this prolonged follow-up is
necessary to ensure that titers decline to the expected extent.

False-positive reactions occur with NTT (21). These are cate-
gorized as either acute (occurring for less than 6 months) or
chronic. The recognized causes of acute false-positive reactions
include other febrile illnesses, immunizations, and pregnancy
(22). Patients with acute false-positive reactions should be re-
tested in 3 to 6 months. Chronic false-positive reactions are asso-
ciated with hepatitis C virus infection (23), connective tissue dis-
eases, intravenous drug use, malignancy, older age, malaria,
Chagas disease, tuberculosis, and leprosy (1).

NTT, particularly the RPR and VDRL tests, are cheap and sim-
ple to perform but are manual in nature; there is currently no
appetite for commercial enterprises to automate these tests.

Treponemal tests. The TT were developed using the Nichols
strain of T. pallidum (1, 24) and utilizing either whole cells or
antigens derived from cells of T. pallidum. TT assays can detect
either IgM or IgG antibodies, depending upon the specific assay
kit. Most diagnostic laboratories utilize the T. pallidum hemagglu-
tination assay (TPHA), the T. pallidum particle agglutination as-
say (TPPA), and/or the fluorescent treponemal antibody absorp-
tion assay (FTA-ABS) (25, 26). More recently, Western blotting
(WB) and the line immunoassay (LIA) have been added to the
portfolio of treponemal tests. Antibodies detected by treponemal
assays arise earlier than those detected by NTT and typically re-
main detectable for life, even after successful treatment.

The TPHA and TPPA are indirect agglutination tests in which
surface antigens extracted from T. pallidum cells are coated onto
red cells (TPHA) or gelatin particles (TPPA) and mixed with the
test serum. Serum containing specific T. pallidum antibodies re-
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acts with the antigen-sensitized red cells or gel particles, causing
agglutination. However, the sensitivity and specificity of both tests
are not optimal for primary cases. The TPPA has been found to be
superior to TPHA, possibly due to the homogenous structure of
gel particles (27).

The FTA-ABS is an indirect immunofluorescent staining assay
in which fixed cells of the Nichols strain of T. pallidum are exposed
to the test serum after the serum has been absorbed with a sorbent;
the sorbent is an extract from a nonpathogenic T. phagedenis
strain (sometimes referred to as the Reiter strain). After being
washed to remove unbound antibody, the reaction mixtures are
incubated with fluorescein-conjugated anti-human globulin. In a
positive test, the presence of antibodies to T. pallidum in the serum
specimen is indicated by the appearance of fluorescent spirochetes
by examination with a fluorescence microscope. The FTA-ABS is
slightly more sensitive than either the TPHA or the TPPA and is
usually the first serologic test to become reactive, during the pri-
mary stage of the disease (1). However, the reading of the FTA-
ABS is subjective and occasionally gives false-positive (nonspecific
fluorescence) results.

Both IgM WB and IgG WB utilize antigens of T pallidum which
are fractionated in the presence of SDS by polyacrylamide gel elec-
trophoresis. The resolved protein bands are then transferred by
electrophoresis to a nitrocellulose membrane, dried, and cut into
pieces, with one strip used per patient sample. The patient serum
is diluted and incubated with individual T. pallidum antigen
strips. If T. pallidum antibodies are present in the serum, then they
bind to T. pallidum proteins. Results showing reactivity to T. pal-
lidum species-specific bands are considered positive or reactive.
The LIA is an alternate to WB, but this technique utilizes purified
antigens as well as synthetic peptides and involves coating of the
sample onto a nylon strip with plastic backing in the form of
discrete lines. This is easier to read than whole-cell-based Western
blot strips. The strips are available in IgM and IgG formats, but the
majority of clinical laboratories utilize IgG LIA strips containing
TpN 47, TpN 17, TpN 15, and TmpA protein antigens. In one
study, sensitivity ranged from 98.5% to 99.9% and specificity
ranged from 98.1% to 99.9% (28). A potential application of these
assays is to reconcile discordant results, since they allow the users
to visualize the reacting antigens (29-31).

In recent years, newer treponemal tests have been developed
which utilize recombinant antigens derived from T. pallidum.
This approach may allow greater specificity and sensitivity and
also promote standardization. Recombinant treponemal assays
suitable for screening are available in enzyme-linked immunosor-
bent assay (ELISA) format (for IgG, for IgM, and for total immu-
noglobulins), in chemiluminescence immunoassay (CIA) format,
and in multiplex bead enzyme immunoassay (EIA) format. The
chemiluminescence and multiplex bead immunoassays are capa-
ble of high throughput and even random-access testing, but each
is capable of running on the manufacturer’s platform only. Lim-
ited data suggest that the performances of these assays for screen-
ing differ between testing platforms (32-34); however, reproduc-
ibility of results may be better achieved by the CIA (35).

Accumulating experience with treponemal assays as screening
tests suggests that these assays generate a small proportion of false-
positive results which cannot be explained by a history of previous
infections. Since these tests have not been previously been applied
as tests for screening populations, it is not surprising that appar-
ently false-positive results occur in a small proportion of the pop-
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FIG 1 Testing algorithms for syphilis diagnosis. (a) Traditional algorithm. (b) Reverse algorithm. (c) European Centre for Disease Prevention and Control
(ECDC) reverse algorithm. +, positive result; —, negative result; RPR, rapid plasma reagin; TP-PA or TPPA, Treponema pallidum particle agglutination test; EIA,

enzyme immunoassay; CIA, chemiluminescence immunoassay (36, 39, 48).

ulation (36). Similarly to older treponemal assays, these tests can
give false-positive results with other spirochetal infections, such as
borrelial infections, as well as from commensal microorganisms
(37). Further studies will be necessary to quantify the rate of false-
positive results, although, considering their higher analytical sen-
sitivity and also the absence of a gold standard, it is difficult to
prove that positive results obtained using these platforms are nec-
essarily false positives, hence demanding a thorough search into
the patient’s past medical and social history.

DIAGNOSTIC ALGORITHMS

There are currently two commonly used approaches to the sero-
logical diagnosis of syphilis: the traditional algorithm (Fig. 1a) and
asecond algorithm— commonly referred to as a reverse-sequence
algorithm (Fig. 1b). A variation of the reverse-sequence algorithm
is recommended by the European Centre for Disease Prevention
and Control (ECDC) (Fig. 1c). The latter version of the reverse-
sequence algorithm is not currently in use in North America.

Traditional algorithm. Traditionally, syphilis serologic testing
has been performed using a NTT such as the RPR or VDRL test,
with positive results then confirmed using a specific TT such as
TPPA or FTA-ABS (Fig. 1a). This algorithm is currently endorsed
by the U.S. Centers for Disease Control and Prevention (CDC)
(20).

The RPR test is relatively cheap and can be performed in nearly
any laboratory setting. However, traditional RPR-based screening
may not always be followed by a treponemal test, especially in
resource-limited settings, and may therefore miss some previously
treated, early untreated, and late latent cases where the RPR test is
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nonreactive. In 1982, a scientific group convened by the World
Health Organization recommended that both a NTT and a TT be
used for screening and diagnostic purposes but acknowledged that
a NTT alone could be used for screening in areas of high syphilis
prevalence and limited resources (38). This algorithm is cost-ef-
fective for small laboratories with a low volume of specimens but
has significant limitations, including the use of a screening test
that lacks specificity, requires manual operation, and is subjective
(39). Some laboratories prefer to use the VDRL test as the screen-
ing test; however, poorer sensitivity, especially in cases of primary
syphilis, may be an issue (1).

Reverse algorithm. In recent years, due to the need for effi-
ciencies in high-volume screening as well as the need to address
the ergonomic stress of pipetting large numbers of samples, many
laboratories have changed their diagnostic approach and now
screen using automated or semiautomated treponemal antibody
assays in which the blood sample is tested using an EIA. Positive
samples are then tested with a quantitative NTT (e.g., an RPR or
VDRL test). If the test results disagree, the specimen is then tested
using a second treponemal test (Fig. 1b). The TPPA is generally
recommended for use as the confirmatory test based on published
data suggesting the enhanced sensitivity and specificity of this as-
say (40). Other data, however, indicate comparable levels of per-
formance of several treponemal tests (32). This algorithm is cur-
rently endorsed by the Association of Public Health Laboratories,
the United Kingdom Health Protection Agency, and the Interna-
tional Union against Sexually Transmitted Infections (41-43).

All treponemal EIA kits utilize 15.5-kDa, 17-kDa, 45.5-kDa,
and 47-kDa treponemal proteins either singly or in combination.
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Some experts recommend using second- or third-generation
treponemal tests which contain newer and more-specific antigens,
but these tests are not yet commercially available (44). Based on
local laboratory performance data, some laboratories have elected
to use an RPR cutoff value above which further testing is discon-
tinued; for example, in Quebec, Canada, specimens testing EIA
positive with RPR values of =1:8 dilutions almost always have the
positive result confirmed when tested with a second TT, and a
second TT is not routinely done in such situations (Bouchra Ser-
hir, personal communication). Park and colleagues have also sug-
gested the possible utility of the quantitative optical density index
(ODI) value; they showed that a mean ODI value of =12.0, as well
as a higher range of ODI values, was seen in TPPA-positive indi-
viduals (45).

The interpretation of results from and optimal management of
patients testing positive with a screening EIA but with a nonreac-
tive RPR result are unclear. A Centers for Disease Control and
Prevention (CDC) evaluation of treponemal screening tests
among four New York City laboratories showed that 56% of per-
sons with a positive treponemal EIA result had negative results by
a nontreponemal test and that, when a second, different trepone-
mal test was used, 83% of patients tested positive (46). They en-
couraged clinicians to consider providing treatment for late latent
syphilis in such cases (EIA positive, RPR nonreactive, second TT
reactive), unless the history or results of a physical examination
suggested a recent infection, as treatment might reduce the chance
of progression to tertiary complications (46). Park et al. also con-
cluded in their analysis that the use of a second TT is useful to
guide clinical management, especially in low-prevalence settings
(45). It was acknowledged, however, that overtreatment may oc-
cur, as the patients may not recall previous diagnosis or treatment,
infections may have resolved without treatment, or patients may
have received an antibiotic with activity against T. pallidum for
treatment of other infections (45, 46).

If the second TT result is positive, this is generally considered
to confirm a diagnosis of syphilis, but if the second TT result is
negative, a third TT may be helpful and is generally recommended
as a “tie-breaker” (2). At M. G. Morshed’s laboratory (British
Columbia Public Health Microbiology and Reference Labora-
tory), a positive result by the chemiluminescent microparticle im-
munoassay (CMIA) (Siemens) is followed by a NTT as well as a
second TT (TPPA). If the TPPA result is low positive (1+), the
sample is tested using a third TT (Inno LIA). In M. G. Morshed’s
experience, false positivity is greatly reduced by conducting a third
TT but clinical correlation remains challenging in some situa-
tions, e.g., in cases of low (1.1 to <10)-index-titer CMIA samples,
nonreactive RPR, nonreactive and equivocal TPPA, or low-posi-
tive (1+) Inno LIA results. If early infection is suspected, then the
tests should be repeated 2 to 4 weeks later.

Reverse-screening algorithms allow automation and increased
sample throughput but also address ergonomic issues for technol-
ogists and detect more cases of early as well as latent syphilis (35,
47, 48). These algorithms, employing fully automated systems,
have been adopted by many private as well as public laboratories
in Europe and North America.

This approach also has limitations, with an increase in the po-
tential for false positives (36, 46). Furthermore, initial setup costs
as well as ongoing laboratory operational costs may be also be
higher (49, 50).

Recently, the European Centre for Disease Prevention and
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Control (ECDC) modified the CDC reverse algorithm (Fig. 1¢): a
reactive treponemal screening test is followed by a second (and
different) TT but is not accompanied by a NTT (42).

Comparison of the three algorithms. Ideally, a screening test
should be simple and easy to use, provide rapid results to enhance
faster therapeutic interventions, and have the sensitivity, specific-
ity, and positive and negative predictive values suitable for use in
both low- and high-prevalence populations. It also needs to be
cost-effective. Meeting all these testing criteria is not simple, and
each of the previously described testing algorithms has its advan-
tages and limitations.

In a cross-sectional study of 24,124 subjects by Tong et al.,
every serum sample was simultaneously tested using the RPR test,
TPPA, and CIA, and using the results of clinical diagnoses of syph-
ilis as the gold standard, the researchers evaluated the diagnostic
accuracy of each of the 3 algorithms (48). They reported that the
traditional algorithm had a missed-diagnosis rate of 24.2% and
had only 75.81% sensitivity (48). Both the reverse and ECDC al-
gorithms had higher diagnostic efficacy than the traditional algo-
rithm, with sensitivity of 99.38% to 99.85%, specificity of 99.98%
to 100%, and accuracy of 99.93% to 99.96%. While their study
supported the use of the ECDC algorithm, they acknowledged that
anontreponemal assay is recommended for determining serolog-
ical activity and the effect of syphilis treatment.

Owusu-Edusei conducted a cohort decision analysis to esti-
mate the expected costs and effects of the traditional and reverse
algorithms in a low-prevalence setting such as would be found in
the United States (50). They demonstrated that, while the reverse
algorithm resulted in the treatment of 99% of syphilis cases, it was
more expensive overall because it resulted in a significantly higher
number of follow-ups (three times as many) and overtreatment.
Another study by the same authors examined the health and eco-
nomic outcomes of the screening algorithms in low- and high-
prevalence settings (51). The 2-step algorithms detected and
treated the same number of individuals, but the traditional algo-
rithm was more cost-effective in a low-prevalence setting ($1,400
versus $1,500 per adverse outcome prevented) and cost less
($102,000 versus $84,000) in a high-prevalence setting (51).

Mishra et al. conducted a retrospective study of the impact of
reverse screening in the laboratory diagnosis of syphilis and re-
ported that reverse screening identified a higher percentage of
screen-reactive patients (2.24% versus 0.59%) than the traditional
algorithm (47). Although the authors indicated that this may rep-
resent the identification of a large number of individuals who had
received syphilis treatment in the past, it may also have improved
the detection of late latent and early primary syphilis. Another
recent Canadian study reported an increase in the number of late
latent cases of syphilis which required additional public health
follow-up (52). The use of treponemal tests for screening, fol-
lowed by nontreponemal tests, also resulted in higher overall test-
ing costs; this was, largely, due to the substantial increase in the
number and cost of confirmatory tests (51).

Given the pros and cons of each diagnostic algorithm, the de-
cision to use a treponemal or nontreponemal assay as the first
screening test should be based on a combination of factors: local
syphilis prevalence, the expected workload (laboratory and clini-
cal), the requirement for automation, and the available budget for
labor and consumables (49).

Regardless of which algorithm is used, it is important that the
clinician always take other factors such as sexual behavior, medical
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history, previous treatment history of syphilis, etc., into consider-
ation, and if the clinical assessment suggests possible or probable
syphilis and the syphilis screening test is nonreactive, the labora-
tory test should be repeated after 2 to 4 weeks. If the test is still
nonreactive, early syphilis is unlikely.

POCT

Syphilis point-of-care tests (POCT) are widely available for use in
developing countries, where they expand the range of settings in
which sexually transmitted infection (STI) testing can be under-
taken, thus facilitating earlier diagnosis and access to rapid treat-
ment and support (53, 54).

With the global resurgence of syphilis in many developed na-
tions, including among members of harder-to-reach populations
such as men who have sex with men (MSM) and sex trade workers
(55-57), POCT also offer the unique ability to offer immediate
testing and treatment in a single encounter to mitigate further
transmission of syphilis, making this an attractive alternative to
standard testing (53, 58).

Currently, there are of 2 varieties of syphilis POCT in use: (i)
immunochromatographic strip (ICS) tests, which work by having
a test strip with a line that is impregnated with treponemal anti-
gens that react with antibodies to syphilis in whole blood or serum
to produce a visible result on the test strip, and (ii) particle agglu-
tination tests (PATs), which use gelatin particles coated with
treponemal antigens that clump together on a test tray when com-
bined with whole blood or serum containing antibodies to syph-
ilis. Most POCT are ICS-based tests (59).

A systematic review of 15 studies using syphilis POCT con-
ducted at antenatal or STI clinics reported median sensitivity of
0.86 (interquartile range [IQR], 0.75 to 0.94) and median speci-
ficity of 0.99 (IQR, 0.98 to 0.99) (54). The researchers also re-
ported good positive predictive values over a range of syphilis
prevalences. A recent meta-analysis summarized the available per-
formance data from 18 syphilis POCT, most of which were ICS-
based tests (60). The meta-analysis found that the Determine
rapid test (Abbott Diagnostics, United Kingdom) using a serum
sample had the best sensitivity (92.03%j; 95% confidence interval
[CI], 87.2% to 95.8%) and that Syphicheck (Qualpro, India) had
the best specificity (99.4%; 95% CI, 98.9% to 99.8%). An Austra-
lian laboratory-based study of four syphilis POCT using stored
sera reported that the Determine test had the highest overall sen-
sitivity, with significantly higher test sensitivities among high-
RPR-titer (RPR = 1:8) tests (61). POCT results were compared to
treponemal immunoassay reference test results.

Only one test, the Syphilis Health Check (Trinity Biotech,
Jamestown, NY, USA), is Food and Drug Administration (FDA)
approved for use in the United States (62). Limited data are avail-
able to confirm whether the sensitivity of the syphilis POCT is
maintained in HIV-infected individuals (63) and in those with
high RPR titers (63, 64).

Available data on the antenatal cost-effectiveness of POCT
show that the ICS TT tests are cost-effective for the detection of
maternal syphilis in low-resource settings compared to either
standard 2-test algorithms (i.e., NTT followed by TT) or a NTT
alone (65-67). Owusu-Edesei and colleagues recently reported
that a screening strategy employing an ICS TT cost less than a
dual-POCT (TT and NTT) strategy in a high-prevalence setting
but that the dual-POCT strategy may significantly reduce over-
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treatment (68). No cost-effectiveness data are available for devel-
oped countries.

Because a positive treponemal POCT result may indicate new
or old infections, a quantitative nontreponemal test is often help-
ful. However, there are no commercially available nontreponemal
POCT available as a single test at this point. Two commercially
available dual tests are currently available. Castro et al. evaluated a
novel POCT (Chembio Diagnostics System Inc., Medford, NY,
USA) for the simultaneous detection of nontreponemal and
treponemal antibodies in sera (69). The reactive concordance of
the nontreponemal result compared to the RPR test result was
98.4% when the RPR value was =1:2, but when the RPR value was
=1:1, the sensitivity declined to 88%. Compared to the TPPA, the
reactive and nonreactive concordances of the treponemal line
were 96.5% and 95.5%. A recent study from China confirmed
good sensitivity and specificity of this test for both treponemal and
nontreponemal antibodies in serum, plasma, and whole blood
(70). Span Diagnostics (Gujarat, India) also makes a dual test
(http://www.span.co.in/#), but no published data on its perfor-
mance in the field are available.

The choice of test kit and specimen type is important when
deciding which kit will perform optimally in any given field set-
ting. For example, Campos et al. (71) reported lower sensitivities
with whole-blood (finger prick) specimens which may have been
due to inadequate lighting, lack of use of heparinized capillary
tubes for collection of whole blood, false negatives due to previ-
ously treated syphilis, and a low proportion of samples reactive at
low titers.

Because POCT are often performed by inexperienced non-lab-
oratory workers outside a laboratory, results can be variable. Her-
ring et al. (72) reported variability with respect to test lots and
day-to-day testing and differences between testers. Judgment may
be based on interpretation of a band being positive or negative in
an ICS test or of agglutination strength in a PAT. For these rea-
sons, it is generally recommended that procedural manuals be
developed in conjunction with a local reference laboratory to in-
clude a control and proficiency-testing program and that quality
assurance (QA) programs be developed.

It should be noted that, similarly to other screening tests for
syphilis, a single POCT for syphilis may not be adequate for the
diagnosis of syphilis and should follow the recommended testing
algorithms as described above.

NEUROSYPHILIS

“Neuroinvasion,” or spread by T. pallidum to the CSF and menin-
ges, can occur early in infection, even before the clinical manifes-
tations of primary syphilis occur (73). In most cases, the organ-
isms are cleared spontaneously, but in others, symptomatic
disease can occur (74). There are no gold standard tests for the
diagnosis of neurosyphilis, but definitive diagnosis usually re-
quires serologic confirmation of syphilis infection (any stage) to-
gether with a reactive cerebrospinal fluid VDRL test (74). In ad-
dition, the criteria for asymptomatic neurosyphilis have not been
standardized and have been applied inconsistently in research
studies, further complicating the interpretation of tests used to
diagnose neurosyphilis (75, 76).

Most experts and guidelines no longer recommend routine
lumbar puncture (LP) in all patients with syphilis, but all agree
thatitisindicated in patients with neurological symptoms or signs
suggestive of neurosyphilis, including ocular or ophthalmic in-
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volvement (20, 74, 77). It should be noted, however, that the re-
sults of a CSF examination are frequently normal in patients with
auditory involvement (78). Whenever the eye or ear or both are
involved, the patient case is managed as a neurosyphilis infection
regardless of CSF findings (76). The value of identifying asymp-
tomatic neurosyphilis, particularly in HIV-coinfected patients, re-
mains controversial (74, 77). It is generally accepted that HIV-
coinfected persons are more likely to develop neurosyphilis and
that treatment of asymptomatic neurosyphilis prevents the devel-
opment of symptomatic neurosyphilis (74). Current CDC guide-
lines recommend LP in cases of (i) patients who fail to achieve an
adequate serologic decline in serum NTT titer (defined as failure
of the nontreponemal test titer to decline 4-fold in the 12 to 24
months following treatment), (ii) active tertiary syphilis (e.g.,
gumma and aortitis), and (iii) congenital syphilis (20). Several
studies have reported that HIV-coinfected patients with clinical
and CSF abnormalities consistent with neurosyphilis have a CD4
count of =350 cells/ml and/or an RPR titer of =1:32 (79-81).
However, current CDC guidelines do not recommend routine LP
in these settings since management based on CSF examination in
this setting has not been associated with improved clinical out-
comes (20). Some experts, however, continue to recommend LP
in all HIV-coinfected patients and in those with an RPR level of
greater than 1:32 dilutions (74).

The tests available for syphilis detection in CSF can be divided
into direct detection and antibody assay methods. CSF T. pallidum
PCR methods for the molecular detection of treponemes in CSF
were published by Hay et al. in 1990 (82). Subsequent studies have
shown that this assay is not as sensitive as the rabbit infectivity
assay, which can detect as few as 1 to 2 viable treponemes whereas
atleast 10 organisms are needed for PCR positivity (83). Although
available, this assay is generally restricted to reference facilities. At
this stage, PCR is not a sufficiently sensitive tool for the routine
detection of T. pallidum in serum or CSF. When a CSF sample
tests positive for T. pallidum in a well-validated assay, this result is
definitive for the presence of the organism.

Antibody assays include both NTT and TT. The CSF VDRL test
remains the standard for the diagnosis of neurosyphilis today, but
although it has very high (99.8%) specificity, its sensitivity is only
50% (range, 30% to 70%) (84). Consequently, while a negative
CSF VDRL test result does not exclude the possible presence of
neurosyphilis, a positive finding is strongly suggestive of the dis-
ease. Rare false-positive VDRL results do occur, and additional
testing, such as by FTA-ABS, can represent an alternative verifica-
tion assay, together with serologic verification of syphilis infec-
tion. Patients who are serologically negative for syphilis but have a
positive CSF VDRL test result are unlikely to have neurosyphilis.
An additional advantage of this assay is that it is quantitative, and
changing titers can be used to monitor the effectiveness of treat-
ment. The RPR test is easier to perform in CSF samples, but a
recent study reported that it too resulted in a high false-negative
rate and that insufficient data exist at present to replace the VDRL
test with the RPR test in CSF analyses (85).

Earlier data suggested that the CSF FTA-ABS is very sensitive
but not specific and that a negative test result may help to rule out
neurosyphilis (86). A recent systematic review, however, reported
that the negative predictive value was dependent on the specificity
of the test and the prevalence (i.e., pretest probability) of neu-
rosyphilis: the higher the prevalence, the lower the negative pre-
dictive value (87). The authors concluded that a negative CSF

142 cviasm.org

Clinical and Vaccine Immunology

result from a treponeme-specific antibody test may not exclude a
diagnosis of neurosyphilis when the clinical suspicion for neu-
rosyphilis is high (87). In addition, due to the high sensitivity of
the FTA-ABS with respect to detecting very low levels of contam-
inating serum antibody, it is particularly important to prevent
contamination of the CSF specimen with serum or plasma since
small amounts of blood contamination of the CSF may give false-
positive test results with the FTA-ABS (88). Despite effective treat-
ment, the CSF FTA-ABS results can continue to be positive for an
extended period. In serial follow-up testing of treated patients,
CSF FTA-ABS is not useful (89).

Some clinicians have proposed the use of the Treponema palli-
dum particle agglutination assay (TPPA) as an alternative to the
FTA-ABS (90, 91). In two studies, this CSF assay performed sim-
ilarly to the CSF FTA-ABS, with both assays identifying true cases
of neurosyphilis, based upon a reactive VDRL result. However,
both also identified antibody in some control patients with no
evidence of neurosyphilis. The TPPA does not seem to have found
general use in many clinical laboratories, as part of the protocol
requires calculation of a serum or CSF ratio or index (92), which
may not always be possible if a matched blood sample was not
drawn at that time of the lumbar puncture. Although a positive
CSF-VDRL test result is diagnostic, this test is relatively insensi-
tive, and most clinicians rely on indirect markers of central ner-
vous system (CNS) inflammation, such as an elevated white blood
cell (WBC) count or protein in the CSF (93). Patients who are HIV
infected and have low CD4 counts may present with serologic and
CSF findings that are different from those of immunocompetent
hosts (94). Significant differences, including a higher cell count,
higher protein levels, and lower glucose levels in the HIV-infected
group, have been noted in CSF measurements in comparisons of
HIV-positive patients with HIV-negative patients with syphilis;
these changes have been attributed to the presence of HIV itself
(95).

It is generally accepted that patients with a reactive CSF-VDRL
test result should be treated for neurosyphilis (20). As well, those
patients with a CSF white cell count of 5 X 10E6/liter and greater
should also be treated due to the poor sensitivity of the CSF-VDRL
test and the association between abnormal CSF cell counts and
neurosyphilis. Current CDC guidelines (20) also suggest that pa-
tients with a high level (>45 mg/dl) of CSF protein should have
their CSF tested by the FTA-ABS, as it is more sensitive that the
CSF-VDRL test. If the FTA-ABS gives a positive result, this is
highly suggestive evidence for neurosyphilis, especially if the pa-
tient has features compatible with neurosyphilis, which is often a
difficult diagnosis to make given the protean nature of this disease.
HIV-coinfected patients with a reactive CSF-VDRL result, as well
as those with a CSF white cell count of 20 X 10E6/liter and greater,
should be treated for neurosyphilis using the reccommended treat-
ment regimens (20); using a higher cutoff value (>20 WBC/mm?)
might improve the specificity of neurosyphilis diagnosis (79).

Follow-up of patients with neurosyphilis typically involves
clinical monitoring as well as regular follow-up of serum RPR
levels (20). In addition, those with abnormal CSF findings should
have follow-up CSF at 6-month intervals until normalization of
CSF parameters (20).

In adults, CSF pleocytosis is generally the first measure of im-
provement and a decline should occur over about 6 months. The

tially high, but it may take years to revert to negative (96). A per-
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sistent, low CSF-VDRL titer after a course of treatment may war-
rant retreatment, but if CSF pleocytosis and elevated protein levels
have resolved and the serum VDRL titer has not risen, additional
treatment is unlikely to be beneficial (97). Elevated protein levels,
if present, begin to decline during the first 6 months but can take
up to 2 years to return to normal (98). CSF protein levels may
decline more slowly in patients who are neurologically abnormal
than in those who are neurologically normal (99). A normaliza-
tion of serum RPR levels is predictive of normalization of CSF and
clinical abnormalities after treatment of neurosyphilis (100).

All CSF laboratory parameters normalize more slowly in pa-
tients infected with HIV (99). The possibility of treatment failure
should be considered if there is clinical progression or an increase
in RPR/VDRL levels by =2 dilutions at any time or if CSF pleocy-
tosis fails to resolve 2 years posttherapy.

PRENATAL SYPHILIS SCREENING AND CONGENITAL
SYPHILIS

Classically, congenital syphilis is divided into two clinical syn-
dromes: early (diagnosis during the first 2 years of life, including
stillbirths) and late (diagnosis after 2 years of life, with mainly
tooth, bone, and central nervous system manifestations).

Effective prevention and identification of congenital syphilis
depend primarily on the identification of syphilis in pregnant
women and therefore on the routine screening of all pregnant
women for syphilis. A systematic review reported that antenatal
syphilis interventions, including screening, could reduce perinatal
stillbirth and death rates by 50% (101). In addition, antenatal
screening for syphilis has been shown to be cost-beneficial even in
developed countries with a relatively low prevalence of syphilis
(102). Initial screening should ideally be performed in the first
trimester and should be repeated at 28 weeks and again at delivery
in women at high risk of acquiring syphilis (20). More-frequent
screening may be indicated in women at particularly high risk for
acquisition (or reinfection) with syphilis in pregnancy (e.g., sex
trade workers) (103). In addition, consideration should be given
to rescreening all pregnant women in areas experiencing hetero-
sexual outbreaks of syphilis, regardless of the woman’s risk profile;
this is especially important in areas where congenital syphilis cases
have been reported in women with no personal risk factors for
syphilis (103). Screening in the first trimester and at 28 to 32 weeks
is intended to prevent the transmission of syphilis to the fetus by
maternal treatment in pregnancy, while screening near term or at
delivery serves primarily to detect congenital cases and allow for
early treatment.

Any woman delivering a hydropic or stillborn infant at =20
weeks gestation should also be screened for syphilis. No newborn
should be discharged from a hospital prior to confirmation that
either the mother or newborn infant has had syphilis serology
undertaken during pregnancy or at the time of labor or delivery
and that the results will be followed up (20).

Screening of the mother’s serum (rather than testing cord
blood or the infant’s serum) is preferred because of the ease of
obtaining good-quality blood samples and the ability to provide
maternal disease staging. Moreover, serologic tests performed on
infant serum can be nonreactive if the mother’s nontreponemal
serologic test result is of low titer or the mother was infected in late
pregnancy (20). There have been case reports of “missed” congen-
ital syphilis with a negative maternal screen at delivery that likely
represented mothers with early acute syphilis infection and non-
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reactive nontreponemal screening tests at the time of delivery
(104, 105).

Pregnancy may cause false-positive treponemal as well as non-
treponemal tests; therefore, similarly to management of nonpreg-
nant patients, it is important that confirmatory tests be conducted
before making a diagnosis of syphilis (1, 2). Seropositive pregnant
women should be considered infected unless an adequate treat-
ment history is clearly documented and sequential serologic anti-
body titers have declined.

The assessment and management of infants with reactive syph-
ilis serology or born to mothers with reactive syphilis serology are
complex. The stage of maternal syphilis, gestational age of the
fetus at the time of acquisition and treatment of infection, ade-
quacy and timing of maternal treatment, and immunological re-
sponse of the fetus can cause varied manifestations of congenital
syphilis. The diagnosis of congenital syphilis is based on a combi-
nation of clinical and laboratory evaluations (106). Diagnosis is
further complicated because up to 60% of infected infants are
asymptomatic at birth or have subtle, nonspecific findings (107,
108). Common early signs include hepatosplenomegaly, rash, fe-
ver, neurosyphilis, pneumonitis, and snuffles, while common lab-
oratory abnormalities include Coomb’s negative hemolytic ane-
mia (58%) and elevated levels of transaminases and alkaline
phosphatase in blood (106). Results of radiographs of long bones
may also be abnormal.

Serologic tests for syphilis remain the mainstay of diagnostic
tests for congenital syphilis. For serological tests in the newborn,
venous blood should be used in preference to cord blood as the
latter is frequently contaminated with maternal blood (109). Par-
allel testing of both the mother’s serum and the infant’s serum at
delivery with the same nontreponemal test and, preferably, by the
same laboratory will help to determine the significance of the se-
rologic findings in the infant. A titer in the infant’s serum that is
higher than the mother’s titer by 4-fold or greater at delivery is
strongly suggestive of congenital infection (107). However, the
absence of an infant’s titer that is higher than the mother’s titer by
4-fold or greater does not exclude the possibility of congenital
infection as studies of serum pairs from infected mothers and
infants show that fewer than 30% of infants have higher titers than
their mothers (110). IgM antibodies can be detected in more than
80% of symptomatic infants, but data on the sensitivity of anti-
body assays in asymptomatic infants are limited (111, 112). More-
over, the traditional FTA-ABS IgM test is technically difficult to
perform and steps to remove IgG and interference by the presence
of the rheumatoid factor (19S FTA-ABS IgM test) have resulted in
increased specificity but loss of sensitivity with this assay (113).
One assay performed using the IgM capture format and labeled
treponemal antigens was more sensitive than the 19S FTA-ABS
IgM test (111), but the number of patients included in the study
was small. Another study reported an immunoblot assay for IgM
which was more sensitive and specific than the 19S FTA-ABS IgM
test (114), but it was an in-house assay that required special re-
agents and expertise. Due to the poor performance of currently
available IgM tests for syphilis, including a commercially available
immunoglobulin (IgM) test approved for use by the U.S. FDA
(Captia Syphilis-M EIA; Trinity BioTech, Bray, Ireland), they are
not currently recommended by the CDC (20).

NTT titers in infants should decline by age 3 months and
should be nonreactive by age 6 months in cases in which the infant
was not infected (i.e., if the reactive test result was due to passively
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transferred antibodies) or was infected but adequately treated
(20). The serologic response to treatment is expected to be slower
for infants treated after the neonatal period. Stable or rising titers
might indicate persistent infection and are an indication for repeat
evaluation and treatment. The diagnosis of congenital syphilis can
be excluded if the NTT becomes nonreactive before the age of 6
months in an infant who has not received treatment (115). Simi-
larly, a negative TT result can be used to exclude the possibility of
congenital syphilis if the tests are nonreactive before the age of 1
year in an infant who has not received treatment.

TT results can remain positive despite effective treatment. Pas-
sively transferred antibodies can persist in an infant up to age 15
months, and, as such, a reactive TT after age 18 months is diag-
nostic of congenital syphilis; such infants require full evaluation
and treatment for congenital syphilis if treatment was not pro-
vided or if treatment can be deemed to have been inadequate by a
review of the treatment history (116). A study using the FTA-ABS
test showed that only about half of the group of infants with clin-
ical or laboratory evidence of congenital syphilis at birth had re-
active FTA-ABS results at 12 months of age (110). A recent Cana-
dian case series of infants with congenital syphilis reported that
69% of infants showed seroreversion in their treponemal tests by
18 months and that infants who did not show seroreversion in
their TT were statistically more likely to have had delayed treat-
ment and to have had higher maternal RPR titers at birth (117).

Given the similar modes of transmission of syphilis and HIV,
all infants with reactive syphilis tests should also undergo concur-
rent HIV testing (118). Concurrent syphilis infection has been
shown to be associated with vertical transmission of HIV (119).

CONCLUSIONS

An accurate and simple approach to the diagnosis of syphilis re-
mains elusive, and diagnosis continues to require a comprehen-
sive assessment of the patient, including risk exposure, the pres-
ence of compatible clinical symptoms and signs, and laboratory
tests. While direct tests (such as microscopy or PCR) are helpful in
early infection, serologic tests remain the mainstay of syphilis di-
agnosis.

Traditional syphilis algorithms which commence testing with a
NTT have been in place for decades and remain in wide use glob-
ally. A number of rapid, cheap, simple, and accurate treponemal
point-of-care tests are now available worldwide and will have op-
timum benefit in areas with high syphilis prevalence and in mem-
bers of hard-to-reach populations, who are less likely to return for
follow-up. Congenital syphilis continues to remain a scourge
worldwide, and the priority for prevention remains universal
screening of all pregnant women. Due to limited advances in the
serologic diagnosis of congenital syphilis, management still re-
quires an assessment of maternal treatment and serologic re-
sponse as well as clinical and laboratory investigation of the neo-
nate. Diagnosis of neurosyphilis continues to be challenging and
requires the collection of cerebrospinal fluid for a combination of
NTT and TT as well as other CSF parameters.

In recent years, newer syphilis testing algorithms that reverse
the order of testing have used automated assays that detect trepo-
nemal antibodies and have gained in popularity as they are easily
performed on high-volume specimens, thus reducing labor costs.
They have the added benefit of being at least as sensitive as the
nontreponemal screening tests. As shown by reflex testing of pos-
itive immunoassay specimens with a quantitative RPR test and a

144 cviasm.org

Clinical and Vaccine Immunology

second TT, the reverse algorithm is nearly 100% specific. How-
ever, none of the current diagnostic algorithms are able to distin-
guish current from previously treated infections. The decision to
use the traditional or reverse algorithm should be made based on
a combination of the local syphilis prevalence, the expected (clin-
ical and laboratory) workload, the requirement for automation,
and the available budget. Since it is anticipated that more labora-
tories will continue to use or switch to newer algorithms for syph-
ilis testing, laboratorians and clinicians will have to become more
comfortable with interpreting test results when testing starts with
a treponemal EIA. Further research is needed to evaluate the util-
ity of optical density index (ODI) values for the newer EIAs and/or
RPR cutoffs to guide the need for additional testing in reverse
algorithms; if a second or third TT were to be omitted from the
testing algorithm, costs would be significantly reduced. Addi-
tional performance and cost-effectiveness evaluations of dual
POCT in a variety of low- and high-prevalence settings is also
much needed. It is hoped that additional clinical and laboratory
experience with patients diagnosed and managed with the newer
algorithms and tests will ultimately contribute to the goal of im-
proving syphilis prevention and control.
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