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ganism Treponema pallidum, manifests as a genital ulcerative

disease. While the prevalence of syphilis in the United
States reached historically low levels in 2000 and 2001, the rate
of primary and secondary syphilis has increased almost every
year since, up 6.8% between 2019 and 2020 alone.

Syphilis transmission can occur either horizontally or
vertically. Sexual transmission (horizontal) of syphilis most
commonly occurs through direct contact with a syphilitic
sore known as a chancre. In scenarios where a pregnant
woman is a carrier of syphilis, vertical transmission to the
developing fetus can occur, leading to congenital syphilis
with potentially serious consequences to the developing fetus
or newborn baby.?

S yphilis, a sexually transmitted infection caused by the or-
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LEARNING OBJECTIVES
Upon completion of this article, the reader will be able to:

1. Discuss healthcare statistics and the causative agent of
syphilis.

2. Describe the different stages of syphilis.

3. Describe detection methods and types of assays for syphilis
and their limitations.

4. Discuss the algorithms used in the diagnosis of syphilis and
their limitations.
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Stages of syphilis disease

The progression of the disease is characterized by primary,
secondary, latent, and tertiary stages.? The primary stage is
typically characterized by the appearance of chancre(s) at the
location where syphilis entered the body. These painless sores
may last up to six weeks and will heal regardless of treatment. In
the absence of treatment, systemic dissemination of T. pallidum
occurs leading to the appearance of skin rashes and/or mucous
membrane lesions that are characteristic of the secondary stage.
Similar to primary syphilis, these symptoms will resolve with or
without treatment. Without treatment, syphilis remains in the
body, and for a period of time there may be no visible signs or
symptoms of infection. This stage of infection is characterized
as latent syphilis and may last for many years. In rare cases, the
disease can progress to tertiary syphilis which occurs 10-30 years
after initial infection with potentially fatal consequences. The
symptoms associated with tertiary syphilis vary depending on
the organ system affected. For example, invasion of the nervous
system, visual system, or auditory and/or vestibular system at
any stage of infection can lead to neurosyphilis, ocular syphilis,
or otosyphilis, respectively.

Testing for syphilis

Syphilis has been called the “great pretender” because it can
present very similar to a large variety of other diseases which
can sometimes complicate the diagnosis, especially in the later
stages.? Since syphilis is a chronic and progressive disease asso-
ciated with significant morbidity and mortality if left untreated,
accurate diagnosis and timely initiation of treatment is critical 2
The diagnosis of syphilis is not based solely on serology, but
considers the patient’s sexual history, current symptomology,
as well as prior syphilis history. Because T. pallidum cannot be
readily cultured, methods that are able to detect the bacterium
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are not widely available leading to the development of other
methods for the presumptive diagnosis of syphilis. These al-
ternative methods can generally be grouped into one of two
categories: direct detection methods or serologic methods.

Direct detection methods

While direct detection methods provide a definitive diagnosis of
syphilis, there is currently no U.S. Food and Drug Administration
(FDA) approved or cleared assay for the direct detection of T. pall-
idum available in the United States. Although such methods could
provide a critically needed tool for diagnosing the earliest stages
of infection, laboratory developed tests (LDTs) are also not widely
available or performed at local, reference, or public health labs.

Dark-field microscopy: Using dark-field microscopy (DFM),
trained personnel examine wet mounts of exudates from lesions,
looking for the characteristic morphology and motility of live T.
Pallidum.* Only specimens collected from primary or secondary
lesions are appropriate for detection by DFM as oral specimens are
likely to have Treponema denticola (normal oral cavity flora), which
is morphologically indistinguishable from T. pallidum.* Although
this method is useful at the point-of-care, especially in sexually
transmitted disease (STD) clinics, it is not routinely performed on
all samples due to a lack of technical skill and/or availability of the
required equipment.® Timing is also critical as motility begins to
disappear approximately 20 minutes after collection.

Molecular assays: A number of nucleic acid amplification
tests (NAATSs) have been described in the literature targeting
a variety of DNA sequences using various methods and have
been summarized elsewhere.*These tests are generally offered
as LDTs, thus is it imperative to ensure that the selected method
has been rigorously validated and is always performed with the
appropriate quality control material. For specimens collected
from mucosal sites, sensitivity of 70% — 95% and specificity of
92% — 98% have been reported.® Because the reported sensi-
tivity of molecular assays using blood and cerebrospinal fluid
specimens is much lower (24% — 32%),” these assays are not
recommended for screening an asymptomatic population.

Immunohistochemistry: Several immunohistochemistry (IHC)
techniques have been evaluated in formalin-fixed, paraffin-em-
bedded tissue specimens, especially the lesion biopsies from
primary and secondary syphilis. The sensitivity of [HC methods
range from 49% — 92% for the diagnosis of secondary syphilis.®
Silver and histological stains are not useful in tertiary disease.*

Serologic methods

Given the challenges with direct detection methods, serolog-
ic tests remain the mainstay of syphilis diagnosis. Serologic
methods include assays that detect either nontreponemal anti-
bodies or antibodies against T. pallidum in all stages of infection.

Nontreponemal assays: Nontreponemal assays do not detect
antibodies specific for syphilis. Instead, they are based on the
ability to detect antibodies against antigens that are released by
the cellular damage caused by T. pallidum infection or released
by the treponeme itself. August Paul von Wasserman developed
the first serologic test for syphilis in 1906; the current standard
nontreponemal test is the Venereal Disease Research Laboratory
(VDRL) slide test, a descendant of the Wasserman test.

The VDRL is a microflocculation test based upon the ability of
heat-inactivated serum to flocculate or agglutinate a standard-
ized suspension of reagin (i.e., a purified mixture of cardiolipin,

lecithin, and cholesterol). This mixture is placed on a glass slide
and viewed at x100 magnification. A sample is interpreted as
reactive/positive if clumping is observed and as nonreactive/
negative if no clumping is observed.

The rapid plasma reagin (RPR) test is based on a similar
principle as the VDRL but is a macroflocculation card-based
test.* As such, it does not require the use of a microscope to
provide an interpretation of the test. Instead, antigen is bound
to a carbon particle that is composed of cardiolipin, lecithin,
cholesterol particles, and activated charcoal. The presence of
a reagin antibody causes agglutination of the antigen, which
can be visualized with the naked eye as a black clump against
a white background due to co-agglutination of the charcoal
particles. If reagin antibodies are not present, no agglutination
will be observed.

A similar card-based test is available that uses toluidine red
pigment in place of charcoal particles.The toluidine red unheated
serum test (TRUST) is reported as reactive/positive when red
clumps appear against a white background and is reported as
negative/nonreactive if the test mixture remains a faint red
color with no observable agglutination.

Nontreponemal assays can be reported as either a qualitative
or quantitative result. Because nontreponemal assays recognize
antibodies produced in response to cell damage, other causes of
membrane damage such as autoimmune disease can stimulate
production of nontreponemal antibody making the specificity
of nontreponemal assays for syphilis relatively low compared
to that of treponemal assays.>’ Importantly, however, non-
treponemal assays typically become nonreactive/negative with
resolution of infection as cell damage resolves and antibodies
wane.Thus, nontreponemal assays are used for the purposes of
screening populations (see Diagnostic algorithms below) and for
the monitoring of disease activity. When nontreponemal tests are
used for monitoring treatment response, it is preferable to use
the same manufacturer for sequential tests to limit variability
in results. Typically, a four-fold change in titer between two
nontreponemal test results is considered clinically significant.?

A significant limitation of nontreponemal assays is a lack
of automation, which leads to their labor-intensive nature.
Performance and interpretation of these tests require trained
personnel, which can have significant impacts on the workflow
for high-volume laboratories. Results from nontreponemal
assays can be affected by the subjective judgement of the
person running the test and thus lead to high intra- and in-
ter-laboratory variability. Of note, three automated nontrepo-
nemal assays are currently FDA cleared. While more studies
are needed, the limited data that are available suggest that
performance between automated and manual nontreponemal
assays is comparable.”” Nontreponemal assays are also sus-
ceptible to false negative results due to a prozone effect where
high levels of reagin antibody can inhibit the agglutination
reaction. This can be overcome through serial dilutions of
a sample, which should be performed in scenarios where
clinical suspicion of syphilis is high. Finally, nontreponemal
assays have demonstrated limited sensitivity in primary and
latent syphilis stages.*

Treponemal assays: Infection leads to production of specific
antibodies (IgG and IgM) directed against T. pallidum antigens
Tp15,Tp17, and Tp47 approximately three weeks after infection.**
Treponemal tests are generally qualitative assays designed to
detect these antibodies and can be used to confirm exposure to
the bacterium. Once positive, treponemal tests usually remain
reactive indefinitely and thus cannot be used to differentiate
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A. RPR or other norvtreponemal test
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v v
TP-PA or other treponemal test Syphilis unlikely
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v v
Syphilis Likely (past or present) Syphilis unlikely

‘Retest in several weeks if clinically indicated

B. Treponemal test (EIA or CIA)

Test Positive Test Negative

v

Quantitative RPR or other non- X

treponemal test Syphilis‘unllkely‘
Test Positive | Test Negative
v v
e Test Positive Tast
Syphilis Likely (past or present) = TP-PA Negative

Figure 1. CDC recommended algorithms for (A) traditional or (B) reverse syphilis screening.

between active infection and a previously treated infection nor
can they be used to monitor response to treatment."

Typically, treponemal assays have high specificity and possibly
higher sensitivity during early and late syphilis stages compared
to nontreponemal tests. Manual treponemal assays include the
microhemagglutination assay (MHA), fluorescent treponemal
antibody absorption assay (FTA-ABS), and the T. pallidum particle
agglutination (TP-PA). Newer automated assay formats include
enzyme immunoassays (EIA), chemiluminescence immunoas-
says (CIA), multiplex flow immunoassay (MFI), and microbead
immunoassays (MBIAs), which provide objective result interpre-
tation with high reproducibility/precision. Although automated
methods require expensive instrumentation leading to a higher
cost per test than nontreponemal assays, the availability of these
FDA-cleared methods provide a high-throughput option for
large volume clinical laboratories. Immunoassays for treponemal
antibodies demonstrate 100% sensitivity in secondary syphilis,
95.2% -100% sensitivity in early latent syphilis, and 86.8% —98.5%
sensitivity in late latent syphilis.?

Treponemal assays are susceptible to false positive results in
the presence of inflammatory diseases or other infections. In
addition, treponemal assays may detect non-venereal spirochete
subspecies (e.g., yaws, bejel, and pinta) as they are antigenically
indistinguishable from venereal syphilis.?

Diagnostic algorithms

The need for diagnostic algorithms is rooted in absence of a
single test that can be used to definitively diagnose untreated
syphilis. These diagnostic algorithms typically include the results
of both treponemal and nontreponemal assays and the choice
of assays and sequence in which they are performed can vary
from laboratory to laboratory. Traditional testing algorithms
utilize a nontreponemal assay as the initial test and a treponemal
assay to confirm.? With the development of fully automated,
sensitive treponemal assays, many laboratories have adopted
a treponemal test as the initial step, with confirmatory testing
provided by either a nontreponemal test or sometimes by a
second treponemal assay.” Initial testing with a treponemal
assay is referred to by various names including reverse-sequence
testing and the reverse algorithm.

Traditional algorithm: This diagnostic approach begins with
a nontreponemal test (Figure 1A). If a patient is asymptomatic
and receives a negative result, no additional testing is required.
Because nontreponemal assays are not specific for syphilis, con-
firmation of a reactive nontreponemal result using a treponemal
assay is necessary to confirm diagnosis. Use of the traditional
algorithm continues to be a mainstay in laboratories with low
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volume of syphilis testing due to the low cost of manual non-
treponemal methods. The results of the traditional algorithm
show good correlation with disease status and this approach
provides a rapid and inexpensive screening method. However,
because the sensitivity of nontreponemal tests is lower in early
and latent disease there is a risk of missed or delayed diagnosis
of syphilis when using the traditional algorithm.*

Reverse algorithm: Because modern treponemal immunoas-
says have demonstrated equivalent sensitivity and specificity
to nontreponemal assays (apart from early primary syphilis)
combined with their ability to be automated using high-through-
put instrumentation, many laboratories have implemented
the reverse algorithm (Figure 1B). Following this approach to
diagnosis, initial screening is performed using a qualitative
treponemal assay. A reactive test result is followed by a quan-
titative nontreponemal test, which provides information on
whether the disease is active as well as to establish a baseline
for monitoring response to treatment.’>1516

The advantages of the reverse algorithm can include detec-
tion of early infection (before nontreponemal antibodies can be
detected), latent infection (after nontreponemal antibodies have
disappeared), automated workflow, and objective results reporting.*
Many countries have moved primarily to the reverse algorithm, and
some identify it as the preferred approach (specifically using an
assay capable of detecting both IgM and IgG,"though traditional
testing is still common. One concern with reverse testing is the
management of discordant results, where the initial treponemal
assay is reactive but the nontreponemal is nonreactive. Resolution
is important, as this could indicate early infection or late-latent
infection in need of treatment, previously treated infection, or a
false-positive result. A false positive rate of approximately 0.6%
when using the reverse algorithm has been reported in the lit-
erature.”*’® The U.S. Centers for Disease Control and Prevention
(CDC) recommends an alternate treponemal test to aid resolution of
discordant results when using the reverse algorithm.>There have
been numerous reports of laboratories independently validating
a signal strength to cutoff ratio of automated treponemal assays
above which there is a high probability of the second confirmatory
treponemal test being positive."* By using signal-to-cutoff ratio in
lieu of additional testing, they report a reduction in unnecessary
confirmatory testing and laboratory costs.**

Choosing a diagnostic algorithm

The CDC currently recognizes both the traditional and reverse
algorithms as acceptable approaches for syphilis screening
and diagnosis.? Of note, the 2020 European Syphilis Guideline
describes a third algorithmic approach that incorporates both
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a treponemal test and a nontreponemal test as the primary
screening tests.” Historically, when both nontreponemal and
treponemal assays were only available in manual formats, tra-
ditional algorithm approach was justified from both a workflow
and cost perspective.? The increasing commercial availability
of automated treponemal assays offered an alternative option
with attractive workflow advantages by screening first with a
treponemal assay, followed by a nontreponemal and/or a second
treponemal assay (based on a different antigen). The choice of
algorithm may largely be driven by the volume of syphilis testing,
with low-volume laboratories opting for the more manual and
less costly traditional algorithm.?

Consideration of the patient population that a laboratory
serves is also critical when choosing which algorithm to offer
for syphilis testing. For example, data suggests that use of the
traditional algorithm can miss untreated cases of syphilis, espe-
cially if the patient is in the late latent stage of disease. During
this stage, seroreactivity to nontreponemal tests declines and
a negative/nonreactive nontreponemal screening test would
not be reflexed to a treponemal assay if using the traditional
algorithm.? Thus, laboratories serving a high-risk population
(e.g., STD clinic) may choose to implement the reverse algorithm
to reduce the risk of missing a patient with primary or latent
syphilis. One caveat to this approach is the potential for an
increase in confirmatory testing due to treponemal test positivity
that persists in patients with a prior history of treated syphilis."

Studies have demonstrated that utilization of the reverse al-
gorithm maintains equivalent diagnostic accuracy as using the
traditional algorithm approach. It is therefore not surprising that
may laboratories have opted to reverse the order in which they
perform nontreponemal and treponemal assays. Despite the
syphilis screening algorithm that is used, communication between
laboratories and treating physicians is critical as nuances between
the algorithms can lead to confusion when interpreting results.
Some laboratories have created a composite report that includes
the algorithm used, the specific test methods that were performed,
as well as a short interpretative comment that was developed in
collaboration between the laboratory and local infectious disease
physicians.”**This additional clarification benefits not just phy-
sicians but also patients who have the ability to access their lab
results immediately via a secure electronic portal.®

Summary

Syphilis serology is important for the testing of at-risk popula-
tions. Advantages of a reverse-testing algorithm using a sensitive,
automated treponemal assay include improved clinical detection
and enhanced workflow. It will be interesting to see what, if any,
impact that the FDA-cleared automated, nontreponemal assays
have on the laboratory’s choice in algorithm as more data become
available on the overall accuracy of the methods and cost per test4
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